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ABSTRACT (in English)

Human activity has been transforming our planetteffor a long time, but the impact of urbanization
our environment has never been as intense as laghfew decades. Yet, our understanding on fectsf

on wildlife and on the changes it generates inagiohl driving mechanisms is very scanty. This ithes
investigates some of the population and individeak! effects of urbanization on a typical human
commensalist bird, the house sparr@@asser domesticuswhich is perhaps the most familiar bird
species in the world. We conducted indoor and autdxperiments, breeding biology monitoring and
intensive ringing and data collection along urbanrtral habitat gradients and (i) assessed adult
sparrows’ body condition and health state, (i) pamed the reproductive success and nestling
development in differently urbanized populatioris) (assessed the relative importance of genatit a
environmental factors during the chick-rearing péyri(iv) also assessed urban and rural birds’ pexde
predation risk inferred from their risk-taking b&ta and (v) introduced and validated a semi-autecha
method to quantify degree of habitat urbanizatimmf land-cover characteristics. Our results suggest
that, compared to their rural conspecifics, adulian sparrows are smaller but do not show signs of
elevated stress levels (i.e. they are not in infeiody condition). We also showed that sparrowa in
more urbanized habitat suffer from higher ratesesftling mortality and also fledge significantlyaiar
young, probably because the nestling diet is ofrgroquality in cities than in rural sites. We afsond

that urban adult sparrows responded more stronglgimulated predator attacks, implying higher
predation risk in their habitats, at least posedpgrrowhawks. The combined results presentedisn th
thesis provide insights into the effects of urbatian on the house sparrow, and along with the wol
proposed for quantifying urbanization it may cdmiie to the better understanding of the ecology of
urban bird populations.



ABSTRACT (auf Deutsch)

In den letzen Jahrzehnten formen die Menschen idisl®& Erde immer schneller und intensiver um. Die
Verstadterung — die Umgestaltung des natirlichdrehsraums zur Stadte — ist ein bedeutendes Treil vo
diesem Prozess. Gegen ihre Wichtigkeit sind die kMvigen der Verstadterung auf das einzige
Lebenswesen und auf die Populationen bestimmend@togischen Prozessen nicht befriedigend
bekannt. Diese Dissertation pruft die Einzel- undpiationswirkungen der Urbanisation, ihre
Modellrasse ist der Haussperlingasser domesticysder vielleicht die bekannteste Vogel an der ganz
Welt infolge seines menschenfreundlichen Lebessigil Wahrend unserer Untersuchungen wurden in
dem Freie und in der Gefangenschaft lebende Vageh den Urbanisationgradientverfahren beobachtet
und geprift und die Zuchtbiologie in mehreren Pafoih gefolgt. Unsere Ziele waren (i) die Kondition
der stadtischen und landlichen Végel zu vergleicki@nhre reproduktive Erfolge und Zuchtentwichiy
gegenlberzustellen, (iii) die Wichtigkeit der Umgel in der Nachkommenerziehungssperiod zu
messen, (iv) die Risikolbernahme der stadtischenlamdlichen Vogel gegen Raubtiere zu vergleichen,
(v) und ein Verfahren vorzustellen und Uberzupriifiem dem man das Mal} der Verstadterung aus
Erdoberlachedaten ausrechnen kann. Laut unserebiiisgen sind die urbanisierten Vogel kleiner, aber
sie zeigen keine Signale des verstarkten Stressh&lden auch nachgewiesen, dass die Nummer und die
GroRRe der urbanisierten Jungvégel geringer als ldedlichen waren, wahrscheinlich wegen der
schlechtere Nahrungsqualitat im Fruhperiod. DieeBrjsse erweisen starkere Nachwirkungen bei
urbanisierten Vogeln wéahrend eines simulierten ISgrangriffs, aus denen wir darauf erschliel3en
kénnen, dass diese Vogel gegen einer groReren Ri@upefahr in ihrem natirlichen stadtischen
Lebensort kampfen. Zusammenfassend geben uns uBsgebnisse und das neue Verfahren einen
tieferen Einblick in die Wirkungen der Verstadteguauf den Haussperlingen und diese helfen hoftamtli
die Okologie der urbanisierten Vogel besser veesteh



KIVONAT (magyarul)

Az utbbbi évtizedekben az ember egyre gyorsul6 bieemés egyre nagyobb mértékben alakitja at a Fold
arculatdt — ennek részeként nagyon jélenszerepet jatszik az urbanizacio, vagyis a teretész
éloshelyek véarosi teruletekké alakitasa. Jéle@ge ellenére az urbanizaciéléhyekre és azok populacioit
szabalyoz6 Okologiai folyamatokra gyakorolt hatasaindmaig nem ismertek kielégén. Jelen
tanulmany az urbanizacio egyedi és populacidésishatasait vizsgalja, modellfajaul pedig a hazi beré
(Passer domesticusjzolgél, mely madéar, az emberi telepulésekheddko€letmodja okan, talan a
legismertebb madarfaj az egész vilagon. Vizsgdlltaiordn az urbanizaciés gradiens megkozelitést
alkalmazva, szabadon ¢élés fogsagban |év madarakon egyarant végeztink megfigyeléseket és
kisérleteket, valamint t6bb populacioban is nyorkémettik a fészkelési sikert. Célunk volt, hogy (i)
O0sszehasonlitsuk a varosi és kevésbé urbanizaletek felbtt madarainak kondiciogjat, (ii) 6sszevessik
a szaporodasi sikert és fiokatglest kilonbo& urbanizaltsagu éhelyek madarai kozott, (iii) felmérjuk a
kornyezeti és genetikai ténydezjelenttségét a fidkafefidési idsszakban, (iv) valamint dsszehasonlitsuk
a varosi és vidéki 8helyekil szarmazé verebek ragadozéokkal szembeni kockdlsdfsinak mérteket,

(v) tovabba validaljunk és bemutassunk egy olyardsmért, mellyel az 8hely-urbanizacié mértéke
szamszdfsithet felszinboritasi adatokbol. Eredményeink szerintdeosokban él kifejlett egyedek
kisebb mérdtek, &m nem mutatjak fokozott stressz jeleit (azamsenek rosszabb kondicioban).
Kimutattuk tovabba, az urbanizaltablélétlyeken kdkh parok mind kiroptetett fiokaik szamat, mind azok
meéreteit tekintve elmaradnak vidéki fajtarsaik mibg@ tapasztalt kulénbségekért pedig a rosszabb
minésedi fiokakori taplalék lehet felék. Tovabbi eredményeink szerint a szimulélt kanéahadasok
esetén drsebb viselkedési valaszokat mértiink a varosi vérebetében, mely arra enged kévetkeztetni,
hogy ezek a madarak eredetiflyeiken is nagyobb karvalyok jelentette preda&ideskazatnak vannak
kitéve. Osszegezve, a jelen tanulmanyban kozolineéayek és az urbanizacié szamézerérésére
bemutatott modszer egyltt mélyebb betekintést emaedaz urbanizacié hézi verébre gyakorolt
hatasaiba, igy reméllédeg seqitik a varosi madarpopuléciok okologidjaakaposabb megismerését is.



CHAPTER |

General introduction

1. Urbanization as a worldwide phenomenon

Our planet is urbanizing inevitably as Earth’s uroiavelling human population is swelling by one
million per week nowadays. While in 1950 only 30%tlee world’s people lived in cities, in 2008 the
urban population has exceeded the world’s ruralfadipn — and this ratio is expected to reach 7% b
around 2050 (UN-habitat 2010/11). This growth riateéhe last decades has been particularly rapid in
developing countries of Africa, Asia and Latin Ancer (Lee 2007). With this urbanization related
demographic expansion the number and extensiomroBh settlements are also increasing rapidly, and
so do the global environmental pressures wakinghm heels of urbanization. In our recent life
urbanization is one of the major factors shaping manet’'s face by creating heterotrophic ecosystem
that do not depend primarily on local natural reses to exist (Collinet al. 2000). Cities can be
characterized by seriously altered energy fluxrieaot cycles, hydrology and heat balance, highly
elevated pollution levels (e.g. Collies al. 2000), and are generating several other problarfields like
global economy, demography, public health or humel-being (UN-habitat 2010/11). Urbanized areas
are also examples of extreme anthropogenic landdcapsformations. The changes in land-use, that gre
proportion of artificial and impermeable surfaces@ings (e.g. buildings, paved areas), the alteradi
maintained vegetation, the introduction of exopeaes, the high human population densities ant vas
amounts of garbage have deep impacts on biodiyeasd ecosystems (Pickett al. 2011). Thus, urban
landscapes represent unique ecosystems differstipetly from natural or rural ones in several tgas.

2. Urbanization: effects on various components ohe environment

Human activities related to urbanization substéiytater a diverse array of environmental compdsen
such as meteorological factors (e.g. air polluttemperature, wind) that influence urban climateri@®v
2011) and urban-associated flora and fauna. Thegohenon called “urban heat island effect” is one of
the best documented climatic feature of citiesemr@ig to the higher temperatures of urban areas
compared to their surroundings (Colliesal. 2000; Kalnay & Cei 2003). The difference betweeénan

and non-urban temperatures can be several degneageoage, especially noticeable after sunset when
the absorbed heat during daytime is reemitted @@t al. 2011). Animal and plant populations may
respond to the elevated temperature in several,veags reflected in their phenology (Chace & Walsh
2006; Neil & Wu 2006; Rauppt al. 2010) which have important implications in popidatdynamics
and animal-plant interactions.

Cities are also sources of many types of pollutieitthy concentrations several times higher than
the global average. Air, soil and water pollutieng( gas emissions from industry, traffic and megtor
nutrient loads to water bodies) cause changes dagebichemical and nutrient cycles and primary
production (e.g. Grimnet al. 2008); although the pollutants’ exact mode of actare still not well
understood (Pickettt al. 2011). Their effects may expand even well beydhdlmundaries and can be
detrimental for many organisms, as in the casemiesflowering plants (e.g. Neil & Wu 2006), terrest
arthropods from decomposer and predator guildsr&e& Kozlov 2010), amphibians (e.g. Snodgrass
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et al. 2008) or birds (e.g. Eevet al. 1998, 2003), especially when they are at highgphic levels,
bioaccumulating greater amounts of heavy metatkeir tissues. However, the effects of pollutantg/m
even be beneficial to organisms both at individuad at population levels, as it was suggesteddytiee
enhanced growth of some plants (Gregcal. 2003) or the increased populations of certain ikierb
arthropods, the latter being probably due to tlengks in their hosts’ quality (Rauppal.2010).

Ecological light pollution is another charactedstlisturbance related to urban settlements,
altering natural light regimes in terrestrial amguatic ecosystems. It has complex and subtle sffect
mainly on animal behaviour via affecting animalsieatation, migration, foraging, reproduction and
communication (reviewed by Longcore & Rich 2004)danay result in forming new interactions of
resource competition (e.g. Petren & Case 1996)redgior-prey relationships (Perry & Fisher 2006)
between species that would not meet normally. i&idf nightlighting has demonstrable effects onidewn
range of animal taxa including flying insects (HBiseis & Hanel 2009), diurnal and nocturnal ampmmbia
and reptiles (Buchanan 2006; Salmon 2006; Retrg}. 2008), nocturnal mammals (Beier 2006; Boldogh
et al.2007) and birds (Gauthreaux & Belser 2006).

Anthropogenic noise pollution refers to the alteradoustic environment of cities and
transportation networks. It has impacts on aninmahmunication systems and behaviour by masking
acoustic signals related to territorial defencetenadtraction, alarm calls, pair-bond maintainiatjscetc.
(Warrenet al. 2006). For example, a recent study (Schroeded. 2012) on house sparrows has found
that parents breeding in chronic noise reach lawproductive success compared to parents of control
areas — supposedly because elevated noise magkg-péspring vocal communication. Noise pollution
may also affect other aspects of behavior, e.qiay interfere with sounds playing important roles i
predator-prey interactions (Barber al. 2009). For example, in elevated background nosdfiaches
(Fringilla coeleb3 are demonstrated to increase their vigilance r@utlice their pecking rate during
foraging (Quinnet al. 2006), and in tree swallow3dchycineta bicolgrexperimentally elevated static
noise reduced nestlings’ ability to respond patesitam calls properly (Mcintyre 2013). The potenhti
effects of anthropogenic noise are studied mainlypats on anuran chorus behaviour and urban birds’
songs (e.g. reviewed by Barbet al. 2009); since anthropogenic noise is concentratelynat low
frequencies (Warrent al. 2006), bird species using high-frequency songsketh less by urban noise)
supposed to be in selective advantage compargueties with lower-frequency songs — this may result
in the success or failure of certain species inamrenvironments. In European robi(trithacus
rubecula) it has been experimentally demonstrated that nieigel affects both spatial distribution of
males (they are avoiding noise emitting sourced)their singing behaviour (McLaughlin & Kunc 2013).
However, it seems that both some bird species 8korn & Peet 2003; Brumm 2004; Slabbeekorn &
den Boer-Visser 2006; Wood & Yezerinac 2006) andram species (Parrit al. 2009) can be able to
compensate for elevated noise level by alteringr thignal characteristics due to either behavioural
plasticity or evolutionary adaptation. Interestinghoise pollution may also offer an explanatiorthe
phenomenon of nocturnal singing of diurnal birdgities: it could be an adaptive behavioural respon
by which birds try to avoid daytime acoustic inezgince while singing (Fullet al. 2007).

Roads are prominent features of urbanized landscap#uencing directly and indirectly the
flora and fauna, and ecological processes well lme\ytbeir physical boundaries (Forman 2003). Roads
are sources of various types of pollutants viateeldraffic, they alter a number of abiotic envimental
components and modify hydrological systems (Co2d®7). Besides these, they pose additional threats
to wildlife, including habitat loss and fragmentati (‘barrier effect’), direct mortality by collisis
(Andrews et al. 2008) and they are also sources of increasedsstedtering behaviour of animals
(Benitez-Lopezt al. 2010). Roads serve as blockades or filters tolWaldhovement, and the combined
effects of increased mortality and the barrierffamvement may result in a considerable impact oalloc
populations — it decreases the rate of genetic amgth between breeding populations, lowering their
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viability (van der Dee 2008). The population fragieg role of infrastructure has been described in
wide array of animal taxa (Coffin 2007) and conivégt among habitat patches in cities is known & b
low in general, however, this varies from spectesgecies. Roads are also altering species corguosit
as they serve as conduits for dispersion and eiparms certain plant and animal species, often non-
indigenous in local communities (e.g. Forman & Adeder; 1998; Coffin 2007).

Perhaps the most characteristic components of imdmandscapes are buildings, affecting the
urban flora and fauna expansively. Building covepaiches are associated with increased human
activity, pets, pollution, noise and light distunica and reduced vegetation, thus, might be avdiged
species susceptible to disturbance while moredotespecies may gain benefits from them (Mideal.
2001). For example, certain bird or bat specietepeatially roost or breed in houses and the prayiof
buildings may serve as a thermal shelter for ouatiering individuals (e.g. in arthropods; reviewed b
Rauppet al. 2010). Human made structures are also sourceslafized light pollution (i.e. their
artificial surfaces reflect incoming light, altegirits direction of polarization). Since a divergeag of
animal groups relies on polarized light for navigat(e.g. insects, ambhibians or birds), such iaidif
surfaces may act as ecological traps, affectingntive habitat selection, orientation or predatioeypr
interactions (Horvattet al. 2009). As of the latter, certain urban-breedingl lspecies (including the
house sparrowasser domesticysan utilize these buildings as feeders and foragasects caught by
polarized light pollution (Robertsoet al. 2010). Collision mortality in birds is also highiycreased by
the presence of buildings. Long distant migrantsngutheir annual spring and fall routes are esylsci
vulnerable to such risks; however, a recent studyNworth-American birds failed to find positive
correlation between collision mortality and longatepopulation trends (Arnold & Zink 2011). Last but
not least, with increasing building density theface covered by vegetation is generally reduced and
spatially more heterogeneous, adversely affectimgydistribution, abundance and species richness of
many native animal taxa. Reduced vegetation is @soof the major factors responsible for urbart hea
islands (see above), as vegetation cover decréfasesnount of absorbed solar radiation, and caols a
temperature by evapotranspiration (Pickatttal. 2011). Besides composition the phenology of urban
vegetation has also changed: many studies demtatstearlier blooming dates and prolonged growth
period in urban compared to wildland areas, in Wighenomena the reduced risk of springtime frost in
cities suggested to play a remarkable role (exgewed by Neil & Wu 2006). Different flowering time
may lead to reproductive isolation between urbad adjacent plant populations (i.e. decreased
synchrony of pollination), and the earlier peakpbftophagousrthropod nhumbers may also reduce the
overlapping timeframe with nestling rearing periaddong distant migrant, insectivorous bird spscie
(Pefuelas & Filella 2001; Both et al. 2006).

The above section is far from a complete list dftlad altered components affecting wildlife
environment in urban areas, though it demonstthesomplex, wide range and mostly negative effects
of urbanization on organisms living in man-madeitadb. However, while some of these abiotic factors
seem to be unique characteristics of cities (eegt slands, various pollution types, severe distnces)
they can also be found far from human dominatedtdtab Hence, urban environment is not unequalled
because of its novel types of disturbances, but dbmbination, intensity and extent of these
environmental features (Faethal. 2011).

3. Effects of urbanization on biodiversity and spees composition

Human activities extensively alter the speciesméds (i.e. number of species) of animal and plant
communities. Many of urbanization’s aspects memwtibim the former section (e.g. pollutions, great
amount of paved surfaces, fragmentation) havendetial impacts on several species, hence decrease
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species diversity in urban areas. However, nothaleffects of urbanization are necessarily negattiv
urban ecosystems. By transforming landscapes, hatianty creates new types of habitats with aliere
environmental characteristics that never existefibrbe Studies on plants show that overall species
richness increases in urban areas, probably nmeguftiom the heterogeneous habitat patches, and
introduction and maintenance of exotic ornamerpiacies (Zippereet al. 1997; Grimmet al. 2008). In
animals, the most studied groups (arthropods, kamts mammals) exhibit lower species richness in
general, with the lowest diversities documentedrlvan core areas (reviewed by McKinney 2002, 2008).
However, decrease in species richness with ingrgasibanization is not strictly monotonic, as avian
species richness often tends to peak at interneedkakls of urbanization (e.g. Marlzuff 2001, 2005;
Chace & Walsh 2006), but such pattern is also knfowrbutterflies (Blair & Launer, 1997; Blair 1999;
or reviewed by Rauppt al. 2010). Less studied taxa (e.g. amphibians) alsevsiecreased species
richness, simplified community structure and lovganetic variability with increasing urbanization
(Hamer & McDonnell 2008).

Besides biodiversity, urbanization also influenspscies composition of the avifauna. According
to the terminology of Blair (1996), bird specieswban areas can be categorized as ‘urban avaiders’
‘urban adapters’ and ‘urban exploiters’, differiagy. in the degree to which they can utilize ang oe
human-provided resources (McKinney 2002). Typigdlan avoidersare species that are very sensitive
to human-related disturbances (e.g. large raptorsire habitat specialists, e.g. nesting on toergt or
feeding on arthropods. These species are mostiyenit a community and can be found in relatively
undisturbed habitats (consisting mainly of natiwgetation) outside of cities. Urban avoiders ae th
most adversely affected by urbanization, resultnthpeir abundance to be the lowest in urban arBaes.
next subset of birds, therban adaptersare often ‘edge species’, residing in areas witiermediate
levels of disturbance (e.g. suburbs), and besidasal resources they facultatively utilize a rekahte
proportion of human provided resources, e.g. feothfgarbage or bird feeders. Cavity or shrub ngster
and omnivore and ground feeding species are typicahis category, such as members of families
Corvidae or Paridae (e.g. Crociet al. 2008) or many ground feeding finch species. Urban adapter
include both native and non-native species, ang tdwed to be dominant in the rural to urban tramsit
areas (intermediate development), where land-us®s#t heterogeneous. The abundance peak of tle thir
group, theurban exploitergor synanthropic species, referring to that they @habiting with humans;
Johnston 2001) can be found in the most urbaniregisawhere native habitats are scarce and human-
altered conditions are predominant. These comnasdie characterized by a few prevailing and often
alien species, and by very few of local native of@shermore, their diversity and abundance isallgu
not dependent upon vegetation (e.g. reviewed by iNte#y 2006). These species not only exploit but
often have become dependent on sources providdtuimans (Shochatt al. 2006); the feral pigeon
(Columba livia) house sparrow, European starlig®urnus vulgaris)house crowCorvus splendens),
common myngAcridotheres tristisin Australia or India, the house finghlaemorhous mexicanu§)
North America, or birds of prey like the peregrfatcon (Falco peregrinusare common examples in this
category. Compared to urban adapters, which aen afarly successional species from more natural
habitats adjacent to cities, exploiters are welpaed to human-dominated landscapes, often sharing
long common history with humans (e.g. the houserepa Ericson 1997; Saetet al.2012).

Further general aspects of species compositiothatehe proportion of exotic species increases
toward heavily urbanized areas (Marlzuff 2001; Mukgy 2006; Lepczylkt al. 2008; van Rensburet
al. 2009) and that urban bird communities are stradijusimpler compared to those of more natural
areas. This pattern is the consequence of humaritiastrelated to cities, in terms of both intr@ihg
non-native individuals (willingly or accidentallyand by creating habitats that are similar to eatbler
(especially in urban cores) even if they are irfedént regions of Earth (McKinney 2006; Sorace &
Gustin 2008). Accordingly, in Britain, Evaret al. (2009d) did not find latitudinal gradient in avian
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species richness in cities, despite the fact thah gradients have been shown in non-urban areas of
Europe. These altered habitats support only a lewber of generalist species that are often the same
many cities. These species are proposed to beafiaeded to human-created conditions, thus aretable
flourish in urban areas all over the world, whitenpetitively exclude non-synanthropic species (8abc

et al. 2010). This phenomenon has been referred to aicbhomogenization’ (McKinney 2006),
including both taxonomic (reduced number of spgcasl functional homogenization (dominance of
generalist over specialist species). Not surpriginthe retention of native vegetation enhances the
response of native faunal elements and also, isicrg@egetation cover also increases species 1gshine

the urban matrix (reviewed by Luck & Smallbone 2010

4. Mechanisms generating changes in urban avian conunities

Besides the reduced biodiversity, an other chanattepattern of urban bird communities is theeaft
dramatic increase in overall population densitiemgared to adjacent, natural ecosystems; although,
usually only a few species contribute the majoatyindividuals (e.g. Marlzuff 2001; Chace & Walsh
2006). Human-related factors affecting the urbafaama have been partially covered abaosection 2,
including many negative, mostly indirect effectowever, there are a few positive effects of human
activities to birds, e.g. the availability of extnast sites (nest boxes, roofs, crevices) andritreased
food abundance — the latter of which is probabdytiost important one of them. According to thig th
remarkable difference between urban and rural aptgulation densities is suggested to be driven by
human-influenced food webs, i.e. by the highly #ased and predictable food resources and the low
predation risk associated with urban areas (Shdzb@d; Shochagt al. 2006; Anderieset al. 2007). |
will discuss both of these assumptions in detdduwe

The changes in resource-based forces (‘bottom-tgctdf either as the increased primary
productivity from human activities or the human \pded food sources (e.g. seed in bird feeders and
communal waste) are profound interventions to urfioad supply dynamics. Since these supplementary
food sources reduce the risk of starvation and emiance reproduction (Rokeb al. 2008), the increase
in abundance and predictability of food is oftewegted as a major driver of the extremely increased
avian biomass of urban areas (Fultral. 2008). However, this bottom-up effect is paradakisince
despite the abundant resources (at population)l¢hwelhigh density of consumers may reduce the per
capita amount of food (at individual level) duethe supposedly strong competition. This could tasul
a resource overmatching where, ultimately, mosamiibdividuals may not reach higher fithness comgpare
to individuals of nonurban areas. A competition elo¢credit card hypothesis’; Shochat 2004) hambee
suggested to resolve this paradox by emphasiziagdle of continuous and predictable food input in
cities. The theory suggests that, on the one hdmedjncreased avian biomass in urban areas consists
mainly of poor quality individuals with inferior agpetitive abilities and low body reserves that bem
only on a day-to-day basis in cities but would &®moved by natural selection in environments withiano
unpredictable resource renewal. They are the lagdre competition, ‘living on the credit of tonmow’.
Such individuals’ contribution to next generatiensmall, however they are accounting for a sigarfic
proportion of urban populations. On the other haine ,case of competition’s winners is just the gt
they constitute the minority of the urban populatiavhile only they are able to maintain high body
reserves enough to successfully reproduce. Furtiterniood predictability is hypothesized to altee t
reproduction investment of these winners, as thay imvest in producing more offspring with lower
body condition as a response to the increased ehainpost-fledging survival. Additionally, it is sd
important to note that though the overall food ditarmay be elevated in cities, the altered palefte
available food sources contains high proportioramthropogenic food — which can be appropriate for
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adult individuals, but not so for nestlings, furtlventributing to fledglings’ reduced body conditi¢e.qg.

in European starlings, Mennechez & Clergeau 200Q620r Western gulld@rus occidentalisPierotti

& Annett 2001). Therefore, according to the thesrgssumptions, we should find larger populatiortb wi
individuals of generally inferior body condition daicompetitive performance, and lower average fégnes
in urban areas, and also higher variance in thags.t

The consumer-based forces of urban food webs @@ @lbstantially influenced by human
activities. The changes in ‘top-down control’ aather complex and their importance as a driveroén
bird community dynamics is poorly understood. Tkemt ‘top-down effect’ refers to the common
assumption of reduced predation pressure in urtEasgalso known as ‘safe zone hypothesis’) whsch i
mainly based on urban birds’ reduced fearfulnestiumans and the low abundance of their native
predators (Gering & Blair 1999; Shocledtal. 2006). This predation relaxation is suggestedatiigdly
explain the great biomass of avian prey speciadties. On one hand, there are studies reportighdni
or similar survival rates of prey species in urbagas (e.g. reviewed by Evans 2010; Fiseted. 2012)
which may be due to lower predation rates compapetural habitats. This is an indirect approach,
however, as higher survival rates may result frenesal other factors (e.g. more predictable footjen
climate or decreased mortality as a consequencedoted migratoriness). On the other hand, cohtrari
to the predation relaxation assumption, the ovealindances of certain potential predators, likeids
(Jokimaki & Huhta 2000; Marlzuffet al. 2001b; Marlzuff & Neatherlin 2006) or mammalian,
omnivorous mesopredators (e.g. raccoons, mustdhidsigeet al. 2003; Herret al. 2008; Tothet al.
2011) are frequently higher in urban environmentsngared to adjacent, more natural habitats
(Rodewaldet al. 2011). Likewise, non-native mesopredator spe@ds, the domestic caF¢lis catu3
can reach extremely high densities in cities, edicgethe numbers of any of the native predator isgec
far above natural carrying capacity (Lepcatkal. 2003; Bakeret al. 2008; Simset al. 2008). The fact
that these predators reach the highest numbenban thabitats (e.g. Haskedt al. 2001; Sorace 2002),
yet their avian prey species also thrive therergagnumbers, entail contradictory predictions lo@ t
importance of ‘top-down control’, leading to a ‘dedion paradox’ which seems to be a widespread
phenomenon in urban habitats (Fisckeral. 2012). However, different types of predation canbe
treated as one; it is important to draw distinctimtween predation in egg/nestling and adult stafes
prey species as both the involved predator specidghe predation risk may be different. This paxad
questions if urban bird populations are strongly-down regulated (Shochat 2004) and it is challemgi
to resolve this contradiction, because a numbeeasons make it difficult to assess the actual anpt
urban predators to the avifauna.

First, response of predators to human environmeitatation is complex. Like in the case of
prey species, urbanization filters different predapecies as well, favoring generalists over spists
along the urbanization gradient (e.g. Jokimaki &hku2000; Sorace & Gustin 2008). Besides, the
absence of vulnerable apex-predator species maly tieamesopredator release’ (Ritchie & Johnson
2009) in urbanized areas, indirectly increasinglatien rates of both nests and fledged birds (Roger
Caro 1998; Crooks & Soulé 1999). Response of ragpecies to urbanization is also highly species-
specific: some carnivorous bird species that wermérly absent as breeders in urban areas, have bee
documented to establish breeding populations wittiiies recently, like the Eurasian sparrowhawk
(Accipiter nisu¥, the northern goshawld¢cipiter gentili3 or the Eurasian kestrefFdlco tinnunculuy
supposedly following their abundant prey populadiorto cities (e.g. Kiblegt al. 2005; Chace & Walsh
2006; Rutz 2008). As a general pattern it seenisléinge bodied carnivores and snake species respond
negatively to urbanization, while generalist birtlaomnivorous mammal predators fare much better in
urban environments reaching high abundances, edlydai the case of some introduced predators. Thus
as a conclusion it is possible that the total dgrafi vertebrate predators in urbanized habitasnslar
to or exceeds that of exurban areas (Fisehat.2012).
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Second, despite the high densities of urban presidtés debated that whether these potential
predators act as actual predators or rather relse oo less on anthropogenic, easily accessible food
sources (e.g. garbage or food subsidized for pitejnnivorous predators shift their diet and cansu
alternative food sources instead of hunting, it cesult in lower actual predation rates on preycise
than it would be assumed simply by predators’ ahond alone (e.g. Rodewadtal. 2011).

Third, predation on fledged birds (juveniles andlts) and predation on nests are two different
scenarios, involving different species as main gt@s. These two groups of predators may have
different abundances in cities, thereby havingediht impact on avian communities. Raptor species
prevailingly prey upon adult birds; domestic cadsgose threat mainly to fledged birds (especitdly
juveniles), however, their role as nest predatorsrban areas is also documented (Rodewald & Kearns
2011; Stracey 2011). Given their densities it it swrprising that cat predation is considered antbeg
most important human-related causes of bird meytéakeret al. 2005; Dauphinét al. 2009). At the
same time many feral, mammalian mesopredators andds (magpies, jays and crows) are usually
known to prey upon eggs and nestlings (e.g. JokidKuhta 2000; Marlzuffet al. 2001b) and are
reported to depredate more nests in urbanized amahpa rural habitats (Rodewald & Kearns 2011)p als
reflecting relationships between predator commuodyposition and level of urbanization.

A major implication of all these points is thatiesition of predation pressure based solely on
predator density in urban areas is not satisfygigce high predator abundance does not necessarily
indicate high actual predation pressure. Predatdfstts on prey populations are complex and méhifo
as predation risk may change behavior of prey, eiemdirect effects, being detrimental to pregsps
(Cresswell 2008); predators can decrease prey atpulsize by killing; and natural selection due to
modified predation pressure may lead to morpholdgdc behavioral adaptations of prey in cities. §hu
different approaches are needed to get a morespr@otture on how predation pressure changes along
the urbanization gradient.

5. Adaptations to urbanization

As urbanization poses a significant threat to hiedity it is important to identify the biologicthits of
successfully urbanized bird species that help ttwdenate or adapt to urban environments. Accordling
the results of a global interspecific comparatittedg (Bonieret al. 2007), urbanization tends to favour,
in general, species that possess broader envirdahteterance (indicated by their broader elevation
and latitudinal breeding ranges), i.e. being gdistsa Further studies suggest that successfulnurba
species are characterized by omnivorous or gramidodiet, nesting on open rock surfaces (i.e. on
buildings) or in cavities, in addition living in @l groups and being non-migratory (Chace & Walsh
2006; Karket al. 2007). High annual fecundity (i.e. short generatimes and multiple broods per year)
is also suggested to enhance successful urbamzztgpecies (e.g. Mgller 2009), as it may pronfuatén

the relative fast appearance of genetic adaptatmmsvel environments and also population recovery
from disturbance. Beyond these there are othetstadi successful urban invaders, like high dispersa
ability, reduced fear of humans, large relativarbsize, high levels of innovative ability and betwaral
flexibility (e.g. Sol et al. 2002; Mgller 2009). It seems, thus, that no sirtghét can indicate a bird
species’ success in urbanized habitats, but a ecatibn of them (Crocet al. 2008). However, a recent
study (Evanset al. 2011) that applied the ratio of urban to rural gapan densities of bird species
instead of other, formerly used indices (e.g. hindassification [i.e. a species is present / hiregpéih
urban areas, or not] or urban population dens#lese) has found results contrary to those of forme
studies. Evanst al. reported limited evidence for links between urkation and traits such as breeding
range size, long-distance migration, dispersalitgbihigh annual fecundity, relative brain size and

14



invertebrate adult diet. However, similarly to famworks (e.g. Chace & Walsh 2006), they reported
lower urbanization in ground-nesting species, artdnaency for higher urban densities of species tha
have plant material in their adult diet, supposdmiigause of taking advantage of supplementaryrigedi
Their results also supported that in cities geisrapecies are favoured over specialist onesijtélie

was dependent of the exact manner of defining Gegohl specialization’. An other, supposedly
important trait of successful urban-dweller birdstheir reduced fearfulness to humans. A recemtystu
(Carrete & Tella 2011) conducted in newly urbanizgdas of South America, has found that urban
invader species are characterized by large reldirnaén size (a surrogate often applied to measure
behavioural flexibility), and high inter-individuafariability in fearfulness. Large relative braiaescan

be important as behavioural flexibility may yieldness benefits to individuals in altered or novel
environments (Sakt al. 2005), while the latter finding fits into the thgdhat in species exhibiting high
variability in fear response in their natural hatst urban invader individuals may be the subsebtifer
individuals (Mgller 2010). Increased boldness talvanthropogenic disturbances is hypothesized to be
beneficial in urban areas, thus evolved as an atapt(Mgller 2008), when most of the passing husnan
do not pose threat to an individual. Additionallgcreased boldness may also affect other aspects of
behaviour. For example, in song sparroMelpspiza melodiaboth increased boldness to humans and
increased territorial aggression was found in urb@mpared to rural populations (J. Evatsl 2010),

the increased aggressiveness may possibly drivéimeblyigher population densities in cities.

The European blackbir{Turdus merula)is a good example of a successfully urbanized bird
species. Since the early 19th century it has exg@uid range into many cities both within its nativ
range (Western Palearctic) and in different paftthe world (Solet al. 2002), possibly as a result of
several independent colonization events (Eveinal. 2009a). Since selection pressures differ between
urban and adjacent natural habitats, it is plaagiblexpect trait divergence between a specieal aurd
urban populations. Populations of the Europeankbiad provide examples of such urbanization related
trait divergence: the species’ urban individuals kess fearful of humans, breed and moult earies,
less migratory, have longer period of daily acyiviParteckeet al. 2006a) and show lower stress
responses compared to forest-living individualgt@tkeet al. 2006b). However, it is a question whether
these ‘urbanized traits’ result from genetic aditeor from mainly phenotypic plasticity (whichfsens
the force of natural selection on genetic varigtidtesults of common-garden experiments on theiepec
suggest that genetic differences are responsiblectianges in urban individuals’ stress physiology
(Parteckeet al. 2006b), urban males’ reduced migratoriness antieeannual gonad development
(Partecke & Gwinner 2007). Lower acute stress nespads supposed to be beneficial for urbanizedsbird
since with such down-regulation mechanisms theytal@nate more frequent anthropogenic disturbances.
As of a consequence, their populations may betalfleurish in cities where other species (withsuth
modification of stress response) may not so. Simao#ties the chance of overwinter survival is g&sed
due to milder climate (see ‘urban heat island’ @jfeand continuous food supply, reduced migratoay m
be profitable for an individual as it can occupyritery earlier and start breeding before migratory
competitors arrive. Albeit the above, divergenttsrare likely involve genetic changes, a studgesed
at randomly selected neutral loci has not demotestrgenetic divergence between individuals of urban
and adjacent non-urban areas, although it invobrdyg one forest and one urban population (Partetke
al. 2006a). Recently, however, a larger-scale studyelidret al. 2013) conducted in 12 urban and rural
population pairs of blackbirds compared severaldichate genes expected to be important in
urbanization. One of the candidate loci (SERT gesupposedly playing role in harm avoidance
behaviour) has been found to show genetic divemyencthe great majority of the studied paired
populations. As this gene is linked to anxietytedatraits, it has been suggested that the adaydive
of such behaviours may be different between runal highly disturbed urban environments, in this
manner it may be a target of directional selecti®ach rapid evolution and trait divergence is also
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documented in the case of dark-eyed jurdosco hyemalisyvhere a small population of individuals has
colonized and became established in an urban emaent. During the roughly two decades of urban life
the population has lost approximately 22% of wiitdoration in tail feathers compared to the members
of the original, mountain-dwelling population; tikbange has been attributed to the result of relaxed
sexual selection in the urban environment (Yeh 2004

Many species’ urban populations are geneticallyejgnt from rural ones (i.e. intraspecific
variation) and exhibit reduced genetic diversit§h@ugh the variation in the magnitude of both dene
differentiation and reduction is widely differenetiveen species and locations (Evans 2010). Such
divergence may arise, in part, from new genetigtad®ns to altered selection pressures in cigesg @s
in the blackbird, see above) or may be the reduliriban populations’ reduced genetic diversity viahic
seems to be typical compared to nonurban popukatiBrans 2010). According to this, observed trait
divergences between urban and rural populationsbeaynrelated to habitat-specific adaptationseambt
being the outcome of founder effect (due to a dalog population’s bottleneck), or limited dispdrsa
capacity (Evangt al. 2009a; Evans 2010). The house sparrow could givexample to the latter, as in
Belgium, Vangestel reported small-scale genetiaifadipn structure in urban and rural house sparrows
higher levels of average relatedness in urban iddals (suggested to be the result of more limited
dispersal in urban populations; Vangestehl. 2011b) and smaller home ranges in the city (Vaetes
al. 2010). In rural England, Holet al. (2002) reported significant genetic differencesnseen locally
isolated rural sparrow populations, aichilarly to this, urban individuals of the Europealackbird tend
to be more sedentary (Partecke & Gwinner 2007)clvimay further promote urban populations’ genetic
divergence. However, genetic divergence of poputatiis highly affected by local topological
heterogeneity and geographical connectivity betweeal populations. For example, a study on Finnish
house sparrow populations concluded that in th&®4 88 whole country’s population was panmictic and
genetically very homogenous (Kekkonehal. 2011), in contrast with island populations in Nagw
(Jenseret al. 2013) where even relatively close populations sftbgenetic divergence in microsatellite
loci and signatures of population bottlenecks, sgtgd to be due to the more heterogeneous landscape

However, the European blackbird is a rare exampéespecies in which several traits have been
studied in response to urbanization. Our knowlenlyérait divergence and its fithess consequenbes, t
rate of differentiation between rural and urbanuagpons and the drivers is still very scanty foawling
generalized conclusions about how birds adaptiiaruenvironments (Evans 2010).

6. General introduction of the human commensalismrad recent status of house sparrow

The house sparrow belongs to the sparrow fa(RiBsseridag)order passering®asseriformes)and is

one of the most familiar and abundant land birccigseacross the world. The species is a very saftdes
human commensalist, and unique in the term of @peddence on human presence. It has taken
advantage of human-altered habitats, and curréntign be found across the urban-rural gradieotnfr
remote farmlands to metropolitan core regions. idat#ts original breeding range (Asia, Europe and
Northern Africa), the house sparrow has been inited to all of the continents (except Antarcticadl a

to many oceanic islands, where it has spread ssfttiggAnderson 2006).

It is clear that the species has a long commeaionship with sedentary humans. The house
sparrow is assumed to have evolved as a specibeg iMiddle East, approximately 400.000 years ago,
and proposed to have spread across its native @mgydorm its commensal relationship with humans
with agriculture somewhat 10.000 years ago (JomnstoKlitz 1977). However, its earliest fossil
evidences suggest a much earlier relationship Wwitmans, long before the advent of agriculture
(Anderson 2006). As of alternatives of its origstiidies based on enzyme polymorphism (Parkin 1988)
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and mitochondrial DNA (Allendet al. 2001) date its speciation either to a much mocenteor earlier
date, respectively. Concerning the origin of itsnoeensalism, two main hypotheses have arisen. One of
them suggests an early split of the ancestral @parresulting two major lines (the Palearctamesticus
and the Orientaindicus groups), implying that synanthropism evolved ia tlvo regions after the split,
independently. The other hypothesis suggests eiparitom a single source, followed by a recent
morphological differentiation between the two grsughus assuming that commensalism has arisen only
once in the ancient population (Anderson 2006).eg&ent study, based on the genetic analysis of
mitochondrial DNA found no evidence of any earljitspetween the two subgroups, thus supports the
theory of single origin of commensalism and a raghiergence in recent plumage traits (Saetral.
2012). The authors also suggest that the specipsinsion occurred 3500-7000 years ago, followirgg th
rise and spread of agriculture and human settlespant that ancient sparrows’ ecology might hawnbe
similar to that of the subspeci®s d. bactrianuswhich is the sole exception in the group withnigei
migratory and breeding preferentially in naturahggland habitats. All in all, the house sparrow is
suggested to have arisen as an obligate human aogaineecause of the year-round access to stored
grain in human settlements and since then it stakesy long, common history with humans (Anderson
2006).

Despite its worldwide success in human-made habiiathe last few decades populations of the
house sparrow have undergone remarkable declinesiny areas of its range. This trend gained much
attention (e.g. Summers-Smith 2003; De Laet & Sursrnith 2007), especially in Britain where the
species’ population dynamics is the best documef@ed Robinsort al. 2005). However, this pattern is
complicated, as there are areas without signs ofinge(e.g. Scotland and Wales; Siriwardeztaal.
2002), including some European cities (e.g. Manehes Berlin; De Laet & Summers-Smith 2007), and
also because in populations that suffered maj&, kb timing and the magnitude of decline are=dgffit
in urban and rural areas (Criek al. 2002). This fact and the supposedly little intamde between rural
and urban populations suggest that different mash@nare driving the changes in rural and urban
habitats. While the Britain farmland population lifeed to 60% and seems to have stabilized at éva |
in the 1980’s, it appears that population declih@se been far more prominent in urban regions
(Summers-Smith 2005), at least in North-Westernoger(for an overview of population trends in
European big cities see Shatval. 2008). However, the view that different causesrasponsible for the
urbanization-dependent decline is not unequivondl lzas been questioned by some studies Beil.
2010; Bell 2011).

A number of causal factors have been proposed ted@onsible for the decline in urban areas
(e.g. see the reports of Summers-Smith 2003 ok@tial. 2002), Factors behind the species’ decline
may include increased predation by free-ranging pat urbanized raptors (e.g. Bakeal. 2008; Bellet
al. 2010); changes in human socioeconomic statuddier proportion of unbuilt, brown field areasdan
higher proportion of exotic plants, loss of suitablesting sites in modernized buildings; Shetwal.
2008); diseases; shortage of invertebrate nedthiogd (e.g. Peacht al. 2008) or environmental pollution
(e.g. Summers-Smith 2003). As the general trendh@fspecies’ decline are not consistent, it can be
assumed that a combination of the above factoesigonsible for the dramatic decline of urban gpesr
I will discuss the possible causes of decline itaidlen Chapters1V andVIlI.

Liker and colleagues (2008) investigated the refehip between habitat urbanization and
morphological characteristics of house sparrowdHimgary. They measured more than 1000 adult
individuals from 7 different sites along the urlmation gradient, and found that birds’ body mass$ an
tarsus length (i.e. body size) differed signifidanh respect to urbanization, with individuals mmore
urbanized habitats being lighter and smaller tiweeir rural conspecifics. Similarly to this, redudeady
size in urban areas was found in a variety of otleetebrate and invertebrate taxa (Evans 2010).
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A further interesting finding of the Likeat al. (2008) study was that the difference in body mass
between urban and rural sparrows persisted evem ey were kept for months in aviaries among
identical conditions, with unconstrained food sypflhe authors concluded that reduced body mass was
not the detrimental effect of limited food accedsuoban adults, since urban sparrows have not
compensated for their lower body mass during th@ivity. Instead, the authors suggested that lower
body size and mass might be (a) an adaptive respufngrban populations to higher predation pressure
and / or to milder microclimate in cities (directad selection), or (b) due to habitat differencesestling
development (i.e. inadequate quality and/or guanfitnestling food). However, based on their resitlt
cannot be excluded that lower body mass and sizseawandicator of urban individuals’ inferior qugli
being a consequence of elevated levels of stregeags pollutions, lower food quality, or stronger
competition) in cities, as predicted by Shoch&@0d) theory.
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CHAPTER I

Thesis objectives

In this thesis my general aim was to better undadsithe effects of urbanization on birds, both at
individual and at population levels. In the follogi studies | used the house sparrow as a modekspec
and investigated individual body condition, bregdperformance, nestling development and perceived
predation risk along the urban-rural gradient. Aiddally, since quantifying the urban-rural gradién
essential for studying animals’ response to hahitatnization, | also introduced a newly developed,
semi-automated method to quantitatively estimate itfiensity of habitat urbanization from satellite
images. Finally, my further intent was to contribt the understanding of the reasons lying bettiad
puzzling, general decline of house sparrow in mpasts of its range, particularly in urban arease Th
studies below were carried out in collaboratiorhviite Ornithological Research Group at the Univgrsi
of Pannonia. | participated in all phases of thekndetailed in the following chapters, from plariof

the studies to the writing of the manuscripts.

1. Individual quality and body condition of adult house sparrows in differently urbanized habitats

In Chapter 111 we investigated the relationship between adulishibody condition and the degree of
their habitats’ urbanization. The starting pointtbis study was that Liker and colleagues (2008) ha
found urban sparrows to be smaller compared td amas (as described above). This smaller body size
could be the result of inferior individual qualitjhyus may indicate suboptimal environmental coodgi

in urban habitats. Urbanization exposes organisnaswide range of altered environmental factors;yma
of these are proposed to be stressors (se€eheral introductiorin Chapter 1). Furthermore, the large
amounts of highly predictable (but often lower dayalfood sources and the higher densities of urban
exploiter species predict strong competition foodpresulting in low per capita amount of food and,
finally, in individuals with inferior body conditio— as it was suggested by some studies (e.g. 8hoch
2004; Shochatt al. 2006; Anderies 2007). To investigate whether timalker body size and mass
indicates inferior body condition, we used severdices of morphological, hematological, hormonad a
plumage traits of birds from differently urbanizkdbitats to assess and compare their individuay bod
condition.

2. Differences in reproductive success and nestlingevelopment of free-living urban and rural
house sparrows

In the first part ofChapter 1V our aim was to study and present population treofddhe species in
Hungary between 1999 and 2011 and, furthermoreotopare the reproductive success and nestling
development of sparrows between differently urbeshihabitats. We were also curious whether the
formerly identified smaller size of urban adult spavs appears at individuals’ early developmental
stage, and if it does, can it be explained by aifferénces in parents’ provisioning efforts and/or
differences in nestling’s diet. To answer thesestjaes we monitored sparrows’ breeding performance
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several habitats throughout two consecutive yesnd, also collected observations on parents’ feeding
behavior from three years by video recording palgmbvisioning at rural and suburban nests.

3. Assessing the importance of genetic factors venvironmental conditions during nestling
development

In the second part afhapter |V we investigated whether the observed habitat diffees in nestlings’
body size and mass result mainly from genetic dieece or are determined by the environmental
conditions during nestling development. To ans\Wey we conducted two experiments, designed tdftest
nestlings originating from different habitats grolfferently under identical conditions. First, wested
whether urban and rural breeding adults differ @productive success, chick feeding and nestling
development in captivity in the same environméummon-garden experimeniecond, in a field
experiment we swapped few days-old hatchlings betwearban and rural nests and monitored their
developmen({cross-fostering experiment)

4. Differences in perceived predation risk of urbarand rural house sparrows

In Chapter V the goal was to compare the perceived predatginai urban and rural house sparrows.
Because both lower and higher predation risk has bgpothesized in cities compared to rural arad,

it is difficult to test these differences from pator abundances, we chose to study the birds’ pedte
predation risk as inferred from their behaviorapenses. We exposed adult sparrows from differently
urbanized habitats to simulated predator attacksraeasured their subsequent risk-taking behavior to
gain information about the predation risk they rbayexposed to in their original habitats.

5. Quantifying the degree of habitat urbanization ging satellite images

The ecological gradient approach has been appliethny of the last decade’s urban-ecology resesyche
and a crucial component of such studies is the adetbgy of measuring urbanization. @mapter VI we
describe a recently developed, semi-automated meihauantify the degree of habitat urbanization.
Based on the manual scoring process formerly inted by Liker and colleagues (2008), we developed
a software to measure the degree of habitat urdtmizand to generate an ‘urbanization index’, gisin
land-cover patterns from freely available sateliifeages. We validated the ‘urbanization indices’
generated by our method by comparing it to measemé&produced by both subjective human scoring
and widely accepted geoinformatics measurementsthétinore, we investigated the ecological
applicability of the semi-automated ‘urbanizatioices’ by applying them to the same dataset wd use
in Chapter 11 and comparing the results of the two analyses. pridgpose this method for studies
conducted along urban-rural gradients, to promuoég integration into a common context with common
methodology.
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CHAPTER I

Multiple indices of body condition reveal no negatie effect
of urbanization in adult house sparrows

Veronika Bokony, Gabor Seress, Szabolcs Nagy, Adabendvai & Andras Liker

ABSTRACT
As urbanized areas expand and develop througheutvtrld, the importance of understanding their

effects on wildlife increases. Living in cities mbg stressful for animals but may also provide fitnat

the same time, and the sum of these effects shoatifest in the body condition of individuals. Sesl
addressing this phenomenon tend to evaluate ofesvandices of body condition, each of which may be
subject to various confounding effects and seasdraiges. In this study we used multiple approatthes
assess the effects of urbanization on adult bodyiton in house sparrows, a passerine undergoing
population declines in urban habitats. In line wéarlier studies, we found that sparrows in more
urbanized habitats have reduced body mass. Howbids had similar scaled mass index (body mass
corrected for body size) along the urbanizatiordignat at all times of the year, contradicting theubous
result on type-1 regression residuals. In the meediing season, urban and rural birds had sinelal$

of corticosterone, hematocrit, and heterophil:lyopfie ratio. In the molting season, hematocrit
indicated better condition in rural birds whereas Iatio showed the opposite; however, these trends
were not consistent between age groups. Two conditependent plumage traits, male bib size and wing
bar size, showed no systematic variation alongythdient of urbanization. These results suggesthiea
environmental conditions experienced by adult hamerows are not more stressful in more urbanized
habitats, and they also highlight the importancearfsidering multiple indices of body condition.

This chapter is an extended version of the reseatatie “Bokony, V., Seress, G., Nagy, S., Lengvai
Z., & Liker, A. (2012). Multiple indices of body adition reveal no negative effect of urbanization i
adult house sparrowkandscape and Urban Planningj04: 75-84.”
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1. INTRODUCTION

Natural habitats are being human-modified and cdadénto urbanized areas at an accelerating aat,
this process has powerful and complex effects asystems (Marzlufét al. 2001, 2008). Urbanization
exposes animals to potentially detrimental factarsh as human disturbance, toxins, noise, andcaatif
lighting on the one hand, but can provide advargtdige richer or more predictable sources of fond a
water, and milder climate on the other hand (Shibehal. 2006). Responses to these effects are species-
specific, depending on the life-history and ecatagicharacteristics of each species (Cwical. 2008;
Mgller 2009; Evanst al. 2011). As a result, urbanization alters the stmgctof native communities,
which further changes the ecological conditions dpecies colonizing or inhabiting cities as theg ar
facing a novel set of competitors, predators angies (Marzluffet al. 2001; Shochaet al. 2006;
McKinney 2008). Understanding and predicting theseesses requires thorough mechanistic ecological
studies at the level of individuals (Shocktgl. 2006).

One of the most fundamental questions is how udadion affects the body condition of animals.
Individual condition is a “composite of factors inding nutritional state, level of health, expedenand
amount of physiological wear and tear” (SchluteG&stafsson 1993) that can be a major determinant of
fitness and may indicate environmental stress (Refreen 2009, 2010). Despite its crucial impor@anc
in animal ecology, body condition remains diffictdtmeasure and there is currently no consensug abo
the most appropriate method for quantifying it iman-destructive way (Peig & Green 2010). For
example, vertebrates react to stressful challengelsiding those attributable to urbanization, bguste
of neuroendocrine processes, central to whicheisattute release of glucocorticoid hormones tha¢gov
metabolic and behavioral responses, enabling tihmeadsto overcome those challenges (Romero 2004;
Wikelski & Cooke 2006). However, prolonged or rejgeglaexposure to stressors can be harmful by
inhibiting growth, immune functions, and reprodaoat{Wingfield & Sapolsky 2003); such chronic stress
may be diagnosed at several scales of body condiloonstraet al. 1998; Clinchyet al. 2004). At the
hormonal scale, it may lead to increased concémtrabf glucocorticoids in the blood stream duéhi®
enlargement of adrenals (although certain chromessors can lead to decreased glucocorticoiddgevel
Rich & Romero 2005; Cyr & Romero 2007). At the héohagical scale, chronic stress may cause anemia
(red blood cell loss, reflected by a lower hematpand alter the distribution of white blood celtfue to
changes in immune function), often resulting inighlr heterophil to lymphocyte (H:L) ratio (Daes
al. 2008). At the morphological scale, loss of bodyighit may result since glucocorticoids stimulate
energy mobilization and inhibit energy storage. fEat these measures has the potential to reveal
individual differences in body condition, althoutteir utility may vary greatly depending on specesl
the extent by which confounding sources of variat@we taken into account (O&$ al. 1998; Romero
2004; Fairet al.2007; Daviset al. 2008; Peig & Green 2009, 2010).

Up to now, several studies have investigated tlwwebspects of individual condition in relation
to urbanization, ranging from lizards (Frerethal. 2008) to bears (Beckmann & Berger 2003), with most
research focused on birds. Collectively, theseistudo not outline a general effect of urbanizatias
their results differ not only among but also witlépecies (e.g. Otst al. 1998; Horaket al. 2004;
Parteckeet al. 2005; Evanst al. 2009b), and these differences cannot be fully aaien for by each
species’ adaptability to urbanization (Fokidisal. 2008, 2009). For example, in urban compared tal rur
populations, baseline levels of corticosterone ftlaén avian glucocorticoid hormone) were highetrae
sparrows Passer montanysZhanget al. 2011) and male (but not in female) white-crownpdrsows
(Zonotricha leucophrysBonier et al. 2007) but lower in Florida scrub-jayAghelocoma coerulescens
Schoechet al. 2007), whereas corticosterone levels in respoose dstandard acute stressor (i.e. stress
response) were higher in the scrub-jays (Schaxcal. 2007) but lower in captive-reared blackbirds
(Parteckeet al. 2006b). One reason for such an inconsistencynairfgs may be that most studies were
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“snapshots” at different scales of body conditidémlifferent species in different life-history stag&ince
each measure of body condition can be influencedeweral extrinsic and intrinsic factors and may be
sensitive to different aspects of environmentasstr(Fairet al. 2007; Lendvakt al. 2007; Daviset al.
2008; Lendvai & Chastel 2008), using only one ow fmdicators of body condition might lead to
incorrect or incomplete conclusions.

In this study, our aim is to draw a more detailectyve of the effects of urbanization on
individual condition. Our study species is the howparrow, one of the most intriguing cases of
urbanization. Being a human commensalist, thisispdtas accompanied man for centuries and became
the most successfully urbanized bird until the d®@80s; then its populations started to decline atym
locations worldwide, especially in European cit{8hawet al. 2008). Several hypotheses have been put
forward to explain the decline of urban sparrows|uding increased pollution by traffic and predati
by domestic cats and sparrowhawks, and loss ofingesites and food sources due to cities’
socioeconomic changes (Summers-Smith 2003; Sttaml. 2008). Recent studies showed that adults’
body size and mass in the non-breeding season aflesnin more urbanized populations of house
sparrows, suggesting inferior body condition fobam birds (Fokidiset al. 2008; Likeret al, 2008;
Bokonyet al. 2010). Altogether, we can thus hypothesize thateniobanized habitats are more stressful
to house sparrows.

To test this idea, here we examine various indifemnvironmental stress along the urbanization
gradient in adult sparrows. Specifically, first esaluated hormonal and hematological measureménts o
body condition during molt and at the end of the-boeeding season to test whether birds in more
urbanized habitats have higher baseline and simdssed levels of corticosterone, lower hematdcet
less red blood cells), and higher H:L ratio. Thea xamined two morphological aspects of body
condition. Firstly, we re-assessed whether theahetmnount of energy reserves, expressed as body mas
corrected for body size (Peig & Green 2009, 20M¥creases with increasing degree of habitat
urbanization throughout the year, as found eabieusing a different analytical approach (Liledral.
2008). Secondly, we investigated two condition-chejemt traits of plumage coloration: the size of the
black bib that is influenced by, among other fagttine body condition of males (Nakagastaal. 2007)
and the size of the white wing bar that is sensitv nutritional conditions i.e. protein intake §Rm et
al. 2005). Sparrows are expected to grow consistesttigller plumage ornaments in more urbanized
habitats if the latter are more stressful, e.gptoviding inferior feeding conditions during moltain less
urbanized habitats.

2. METHODS
2.1. Urbanization intensity measurement

We studied house sparrows at several sites alaagithanization gradient in Hungary, ranging from
small, isolated farms through villages and subtiobthe most heavily built-up city centers (Tablell).

We sampled the gradient of urbanization not asagmgphical gradient around a single city but as a
variety of differently urbanized sites at severaographic locations (McDonnell & Hahs 2008).
Urbanization of these sites was quantified as ketet al. (2008) from digital aerial photographs. In
short, vegetation cover, building density, and fthesence of roads were scored for 100 cells okl
area around each capture site. For each site vemllatidd urbanization score by extracting the first
principal component from a principal component gsial (PCA) of five urbanization measures (mean
building density, number of cells with high buildinlensity, number of cells with road, mean vegemati
density, number of cells with high vegetation dgnssee Table Ill. 1.). The PCA extracted one
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component with >1 eigenvalue that accounted foR%2of the total variance and correlated strongly
(component loadings0.90) with reduced vegetation density and increagsubsities of buildings and
roads (Table II.1). We used this principal computrees measure of urbanization in the analyses.

For each analysis, we chose study sites that mprasdependent local populations, i.e. are
sufficiently far from each other to prevent sigoéint exchange of birds between them (Table 1IThe
house sparrow is a very sedentary bird: dispeiistdrites are typically 1-2 km (reviewed by Anderson
2006) and movements in the non-breeding seasomsasdly <500 m (Likeet al. 2009; Vangesteadt al.
2010). Distances between our capture sites rang2@31km; note that even the closest study sites can
differ considerably in the birds’ body size and mésker et al. 2008) with very little movement of birds
between them (Likeet al.2009b).

2.2. Body condition measurements

We captured house sparrows in differently urbantzggitats in Hungary between 1997-2009 using mist-
nets (Table Ill.1). For all birds we measured tarfangth £ 0.1 mm) and body mas& Q.1 g) upon
capture, whereas other measurements were takenvirdous subsets of birds as described below. All
capture procedures were in accordance with thevaeteHungarian laws and licensed by the local
authorities (permission numbers: 847/3/2003, 9108142 2255/2008).

2.2.1. Physiological indices

We captured 132 sparrows in 2009 in the end ohtdrebreeding season (January—March) at 12 sites and
157 birds in the molting season (September—Octadtet) sites (Table 111.1). In the winter, birdsrere
sampled for corticosterone assay by taking up @ @%lood within 3 minutes from capture. Because
sparrows usually hit the net in flocks, we coulthpée corticosterone only for some of the capturiedsb
Within this short time frame (156 4 sec) corticosterone concentrations did not asewith handling
time in our sample (slope + SE = 0.006 + 0.02%).13,P=0.886,N=35; P obtained by permutation test
using the ‘coin’ package of R; R 2.11.0, R DevelepmCore Team 2010), so we refer to these as
“baseline” (Wingfield 1994; Romero & Reed 2005).e8k birds were then kept in a cloth bag for 30
minutes, after which a second blood sample wasntdi@nm the other wing to measure the level of
corticosterone induced by acute stress (captuteamas protocol; Wingfield 1994). In house sparrows
corticosterone concentrations are maximal 30 mgateer the initial stressor (Romero & Romero 2002)
As the amount of blood required for corticosterassay is relatively large for sparrows, we did tage

any more blood from birds sampled for corticosterdfrom the rest of the captured birds we collected
two blood samples from the brachial vein withini53.75 minutes from the time of capture: up to 400
blood into a heparinized capillary tube for heméatameasurement, and a smear from a d-arop of
blood on a microscope slide for blood cell couttsthe molting season we took blood samples for
hematocrit and smears but not for corticosteroneesihe latter is at very low levels during molofRero

et al. 2005).

Smears were air-dried, fixed in absolute methaaod] stained with Hemacolor staining set (Merck
KGaA, Darmstadt, Germany); then examined undeinmihersion at 1000x magnification to count the
proportion of different types of leukocytes in @aloof 100 leukocytes per smear. Blood samples were
stored on ice until transport to the laboratoryhmt8 h; they were then centrifuged for 5 min a0@0
rpm. Hematocrit was measured as the relative amolunéd blood cells in total blood volume in the
capillary tubes.
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Table Ill. 1. Degree of urbanizatioof the capture sites and the number of birds ceptat each site (datasets: a:
physiological indices, b: scaled mass index, c:mage coloration). Sites are listed in decreasindeorof
urbanization; “other sites” include 4 sites for athiurbanization was not measured because theyta@idose to at
least one of our study sites to be treated as gmlignt sites for the analyses of urbanizationsSitarked with
asterisk had been sampled by Likeial. (2008).

Capture site Mean Mean Number of Number of Number of Urbanization Dataset
vegetation building cells with  cells with  cells with score (sample
density density road high (> high (> size)
score score 50%) 50%)

vegetation building
density density

Budapest, VI. ker. 0.54 1.97 99 1 97 1.841 ab (14)
47°3020” N, 19°0D1" E

Budapest, AOTK campus* 0.80 1.85 99 3 85 1.588 bc (20)
47°30177 N, 19°028" E

Székesfehérvar 0.78 1.65 87 6 65 1.290 ab (27)
47°1122” N, 18°229" E

Budapest, Lurdy Haz 0.71 1.21 70 8 40 0.864 abc (14)
47°2808" N, 19°048” E

Veszprém, Hotel 1.03 1.15 93 11 37 0.812 abc (21)
47°05'29”N, 17°54°43" E

Budapest, Kbanya-Kispest 1.15 1.33 98 19 37 0.811 abc (22)
47°27°43”N, 19°09°00" E

Budapest, Zoo* 1.16 1.25 87 22 39 0.706 bc (55)
47°3111” N, 19°0%68" E

Varpalota 1.13 1.16 95 15 19 0.634 ab (10)
47°1205” N, 18°0&82" E

Csepel 1.18 1.17 80 18 23 0.533 abc (18)
47°24227 N, 19°049” E

Veszprém, PE campus* 1.34 1.20 84 35 29 0.448 abc (105)
47°0812" N, 17°5D7" E

Veszprém, Cholnoky 1.41 0.77 56 49 13 -0.107 abc (13)
47°05°15"N, 17°55°36" E

Veszprém, Zoo* 1.80 0.75 58 80 17 -0.415 bc (1123)
47°0832" N, 17°5313" E

Dunakeszi, Alag* 1.96 0.69 56 86 8 -0.616 b (301)
47°3712” N, 19°0&65" E

Nemesvamos 1.71 0.49 27 75 11 -0.682 bc (56)
47°03'16" N, 17°51°'52" E

Hajmaskér 1.88 0.25 41 88 0 -0.904 abc (21)
47°08°14”N, 18°00°15" E

Salféld 1.84 0.17 27 84 1 -0.975 ab (31)
46°50°14" N, 17°32’'57"E

Ulls, Déramajor* 1.97 0.35 26 97 1 -1.045 abc (248)
47°2043” N, 19°196" E

Band 1.95 0.16 29 95 0 -1.082 ab (12)
47°07°17"N, 17°47°34"E

Szentgal 2.00 0.03 20 100 0 -1.236 ab (26)
47°06°08" N, 17°42°20" E

Hortobagy, Nyugati Fogad6* 2.00 0.11 14 100 0 -1.245 bc (36)
47°3824” N, 20°515" E

Vilmapuszta 2.00 0.06 0 100 0 -1.352 ab (9)
47°05°05"N, 17°52°03" E

Other sites b (163)

For corticosterone measurement, blood plasma waacted and kept at -20 °C until radioimmunoassay
at the Centre d’Etudes Biologiques de Chizé follaythe protocol that was validated for house spasTo
(Lendvaiet al. 2011). Briefly, total plasma corticosterone wasameed in samples (25ul) after ethyl-
ether extraction by radioimmunoassay using a comiadeantiserum. Duplicate aliquots of the extracts
were incubated overnight at 4°C with 3H-Corticoster and antiserum. Bound and free corticosterone
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was separated by adding dextran-coated charcaal édntrifugation, the bound fraction was courited
a liquid scintillation counter. Two assays were,rinmra-assay and inter-assay coefficients of wiana
were 4.67% and 5.35%, respectively, f8e6 duplicates of reference samples. Minimal detdeta
corticosterone levels were 0.52 ng/ml (lowest mesment: 1.47 ng/ml). Pooled plasma of different
house sparrows produced a dose-response curygatiadieled the corticosterone standard curve.

In the molting season, for each bird we recordeddfage of molt (the number of freshly molted
primaries), and we assigned them into one of twe dgsses: “young” (first-year juveniles that fledg
late in the season and had remnants of nestlintngde) and “older” (birds with completed molt,
including both juveniles fledged early in the seasmd adults older than one year). In the wintering
season, the age of the birds could not be detednbyethat time all birds were considered as adults

2.2.2. Scaled mass index

To quantify the birds’ body mass relative to thbody size, we calculated the scaled mass index
following Peig and Green (2009, 2010). This inddjuats the mass of all individuals to that whickyh
would have if they had the same body size, usiagetfuation of the linear regression of log-maskgn
length estimated by type-2 (standardized major;aRidA) regression. For the calculation of this
equation, we used the body mass and tarsus lemagghofl 2345 adult sparrows from 30 sites, captured
throughout the year between 1997-2009 (Table IINDte that this dataset partially overlaps with th
one used by Likeet al. (2008), however, in that study type-1 regressesiduals were analyzed which is
a less reliable index of body condition becaussierestimates the true mass~length slope andhbus
residuals are systematically biased towards largividuals (Peig & Green 2009, 2010). After exchgl

13 outliers (i.e. |[standardized residual| > 3),rdgression slope was 1.71, whereas average tarsyih
was 19 mm. Thus we calculated the scaled mass iasidbody mass x (19 / tarsus lenfth(Peig &
Green 2009, 2010). We chose tarsus length as thxy jpor skeletal body size as this measure had been
routinely taken during our captures. Wing lengthlL(mm) and bill length# 0.1 mm) were measured for
smaller subsets of birds; we used these data ify werr scaled mass index (see Results of this @mpp

2.2.3. Plumage coloration

Bib size of 314 males was measured by a singleopeat seven sites between 1997-2008 (Table Iil.1).
The maximum length and width of the bib was meaime ruler to the nearest mm, and bib size was
calculated following Veiga (1993). This estimatebith size is highly repeatable (Liker & Barta 2001)
We used data only from November to April each yeagxclude birds from the molting season (we had
no comparable data for most study sites from tieeding season). We repeated the analysis of &b siz
using a smaller sample of maldd=89) whose bib size was measured from digital piratohs (see
below), but since we obtained qualitatively idealticesults (i.e. no relationship with urbanizaticege
below), here we report results only for the larggmple (i.e. bib size measured by ruler).

Wing bar size was measured in 89 males and 80 ésnwaptured at 10 sites between 2007-2009
(Table 111.1) from digital photographs as descritied@okonyet al. (2006) and Bokonet al. (2008). The
photos were taken between November—March (i.e. oly-molting birds were photographed) and
measured by a single person with very high repdayapR=0.95, 95% confidence interval: 0.82—0.99,
Fo,15~38.6,P<0.001)sensuLessells and Boag (1987) using Scionimage soft\(se Bokonyet al. 2006,
2008). As indicators of age, we measured wing leragtd tail length£ 1 mm; Selander & Johnston,
1967; Nakagawa & Burke 2008) and male mask siegethe maximum length of the black mask on one
side of the face{ 0.1 mm; Nakagawa & Burke 2008).
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2.3. Data analysis

Measures of body condition were analyzed in limaated-effect (LME) models that contained capture
site as random factor to control for the non-inaejeace of individuals captured at the same sitéh. Fu
models of corticosterone levels included urbanizetfi.e. the principal component score), sex, date
(number of days since 1 September i.e. the peatotifng season each year), and time of day (nurber
minutes since 7:00 each day) as predictors (xedfieffects). Because preliminary analyses of basel
corticosterone revealed heterogeneity in the vaearbetween the sexes, we used a constant variance
structure (‘varldent’ function in R) that allowsrfdifferent variances in males and females. Fultet®

of hematological indices (i.e. hematocrit and Hatia) included urbanization, sex, date, time of,day
handling time (number of minutes from capture ubtdod sampling) and, for the molting season, age
and molting stage (note that since the latter degawere only available for the molting season iaoid

for winter, data from the two seasons were analgegahrately). The full model of the scaled massnd
included urbanization, date, time of day, sex, agd (i.e. juvenile or adult); juveniles capturedMay—
September were omitted from this analysis becaos@g birds might not finish growth until October
(MacLeodet al. 2006). Full models of plumage coloration includetianization, date and, for wing bar
size, sex. Since the body size of sparrows is knmne related to urbanization (Liket al. 2008), we
controlled for body size in the analyses of bikesind wing bar size by including body mass intoftitie
models and retaining this predictor throughoutstdbs of model reduction (see below). Each full ehod
also included all 2-way interactions between urbation and the other predictors. All models were
checked for linearity by inspecting diagnostic drapf residuals and fitted values; in no case kigbe
indicate a non-linear relationship between urbdiirnaand body condition indices.

As our research question was whether habitat uzbion has a considerable effect on the body
condition indices, we preferred the frequentise.(inull-hypothesis testing) paradigm over the
information-theoretic approach during our analy®eghe following reasons. First, frequentist metfo
provide well established, efficient statistical tseegor bivariate comparisons (Richards al. 2011).
Second, in the case of multivariate analyses, @mal gvas to infer the effect of urbanization while
controlling for potentially confounding variablesther than to compare the relative importancellof a
initially considered predictors. The inference gedd by the information-theoretic method depends
critically on the set of candidate models choseegiil & Garamszegi 2011); how the potentially
confounding variables interact to influence eaateinof body condition is beyond both our knowledge
and the scope of this study. Therefore, we handledmultivariate models in the following way. We
reduced each full model stepwise by excluding thdf@unding variable with the highest p-value inteac
step until onlyP<0.05 predictors remained; we inspected the mddedach step and never excluded our
predictor of interest, i.e. urbanization. The aifrilds process was to increase the accuracy otteiee
estimates for urbanization since effect sizes ih rhodels are usually inaccurate due to noise terms
(Hegyi & Garamszegi 2011). Note that our final misdgelded qualitatively the same conclusions &s th
full models (i.e. when no stepwise selection wasejoWe present effect size estimates (Cohdnigith
95% confidence intervals for the variables retaimedthe final models, meas SE for bivariate
comparisons and two-tailed p-values throughoutptiyger. All statistical analyses were performechin t
R computing environment (R 2.11.0; R DevelopmenteCbeam 2010), using the ‘nlme’ and ‘smatr’
packages. Sample size of each analysis is giv&alie I1.2.
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Table Ill. 2. Final LME models of body condition indices. Urbaatipn was retained in each model during model
reduction, and body mass was retained in the madddib size and wing bar size; other predictorsenexcluded if

they hadP>0.05.

N (birds; sites) Intercept + SE b+ SE P Cohen'sd (95% CI)
Corticosterone levels (ng/ml)
Baseline 37;9 3.47+£0.34
sex (male vs. female) 3.19+0.89 0.001 1.23(0.49; 2.10)
urbanization 0.05+0.41 0.903 0.04 (-0.64; 0.73)
Stress-induced 35;9 43.37 £1.60
urbanization -1.80+£2.10 0.418 -0.30 (-1.03; 0.40)
Hematocrit (%)
Winter 85; 12 57.40 £ 0.54
urbanization 0.08 +0.61 0.896 0.03 (-041; 0.47)
Molting season 147; 10 74.07 +10.88
molt stage 0.66 +0.19 <0.0010.59 (0.26; 0.94)
date -0.11+0.04 0.039 -0.43(-0.77;-0.10)
age (older vs. young) 0.004 +0.82 0.997 0.001 (-0.33;0.33)
urbanization 0.48 +0.47 0.346 0.17 (-0.16; 0.50)
age x urbanization -1.15+£054 0.035 -0.36 (-0.70; -0.03)
H:L ratio
Winter * 41;8 0.22+0.12
handling time 0.005+0.002 0.061 0.63(-0.02; 1.34)
urbanization 0.009 +0.083 0.922 0.03 (-0.61; 0.68)
Molting season 144 ;10 0.16 £0.05
handling time 0.002 +0.001 0.011 0.43(0.10;0.78)
urbanization -0.06 £ 0.02 0.019 -0.50 (-0.84; -0.16)
Scaled mass index 1695; 21 28.49£0.19
date -0.002 £ 0.001 <0.001 -0.17 (-0.27; -0.08)
time of day 0.003 +0.001 <0.0010.38 (0.28; 0.48)
sex (male vs. female) -0.39£0.10 <0.001-0.19 (-0.29; -0.10)
urbanization -0.22 £0.16 0.205 -0.07 (-0.16; 0.03)
Body mass 1695; 21 28.50 £0.15
date -0.003 £ 0.001 <0.001 -0.21 (-0.31; -0.11)
time of day 0.003 +0.001 <0.0010.42 (0.32; 0.52)
sex (male vs. female) -0.68 £ 0.09 <0.001-0.37 (-0.47; -0.27)
urbanization -0.76 £0.12 <0.001-0.30 (-0.40; -0.20)
Tarsus length 1809; 21 19.02 £ 0.04
sex (male vs. female) -0.13+£0.04 <0.001-0.17 (-0.26; -0.08)
urbanization -0.23+£0.04  <0.001-0.25 (-0.34; -0.16)
Bib size (mnf) 314;7 179.99 + 43.74
date 0.27 £0.07 <0.0010.42 (0.19; 0.65)
body mass 4.03+1.44 0.006 0.32(0.09; 0.55)
urbanization 1.95+6.22 0.766 0.04 (-0.19; 0.26)
Wing bar size (mnf) 169; 10 46.14 + 40.80
date 0.13 £0.07 0.048 0.31(0.01; 0.62)
sex (male vs. female) 68.27 +4.28 <0.0012.49 (2.03; 3.01)
body mass -0.61+1.37 0.655 -0.07 (-0.38; 0.23)
urbanization -0.70 £ 2.79 0.809 -0.04 (-0.327)

! Excluding the marginally non-significant effect ledindling time, the final model contains only urlzation:b +
SE = 0.084 £ 0.096 (intercept: 0.385 + 0.070.410, Cohen'd (95% CI) = 0.27 (-0.34; 0.90N=45 birds from 9

sites.
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3. RESULTS

3.1. Physiological indices

Corticosterone levels of wintering birds were nelated to habitat urbanization either in baseline o
stress-induced blood samples (Table II1.2).

Hematocrit was significantly higher in winter (5&2.4 %) than in the molting season (50.6.3
%; t23=14.55,P<0.001). Hematocrit was unrelated to urbanizatiowinter (Table I1.2), whereas in the
molting season we found a significant interacti@etzen urbanization and age (Table II.2). In young
birds, rural individuals tended to have lower hesnet than urban individuals, whereas older adults
showed the opposite trend (Fig. Ill.1a); thus hewdt increased with age in rural but not in urldms
(Fig. lll.1a).

H:L ratio was significantly higher in winter (0.400.05) than in the molting season (029.02;
t10s=2.35,P=0.020), and increased slightly with handling timeboth seasons (Table 111.2); the rate of
this increase was similar in differently urbanizedbitats (urbanization x handling time: p>0.109).
Urbanization showed no significant relationshipha:L ratio in winter (Table 111.2), whereas in the
molting season rural birds had higher H:L rationthaban birds (Table I1.2). The latter differenwas
apparently due to older rather than young birdg.(Rl.1b) although the interaction between age and
urbanization was not statistically significaRt=0.226).
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Fig. lll. 1. Hematocrit (a) and H:L ratio (b) in relation tdbanization and age in the molting season. Fostiliive
purposes, habitat urbanization score is simpliisd‘rural” (negative scores; open circles) and am'b(positive
scores; filled circles). Young birds are first-yeatults with remnants of juvenile plumage; oldedbiare adults
with completed molt. Sample sizes (number of biaig)shown above each bar.

3.2. Scaled mass index

The slope of the SMA regression of log-mass ont&gus was similar for males and females(Q.141)
and for juveniles and adult$£0.960). The scaled mass index was not correlati¢idl wing length
(r=0.03,P=0.198,N=1690) or bill length (=—0.03,P=0.228,N=1401). These two lines of results imply
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that by calculating the scaled mass index we sstufs controlled for body size differences among
individuals. The scaled mass index showed no camiselationship with urbanization (Table Ill.2gF
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This was also the case when we restricted the sisaly those individuals that had been studied
by Liker et al. (2008; slope + SE for urbanization: -0.28 + 0.B20.428). In contrast, both body mass
and tarsus length decreased significantly withdasing degree of urbanization (Table 111.2, Fig2)L

3.3. Plumage coloration

Bib size and wing bar size were not significantyated to urbanization (Table 111.2). We found no
relationship between urbanization and any age a@tdicafter controlling for body mass by partial
correlations (male mask size=—0.16,P=0.886,N=85; male wing lengthr=—0.03,P=0.632,N=311,
female wing lengthr=0.13,P=0.379,N=45; male tail lengthr=0.02,P=0.907,N=60; female tail length:
r=—0.001,P=0.993,N=44).

4. DISCUSSION

Several negative effects of ongoing urbanization loa expected to manifest in the body condition of
house sparrows, such as increasing pollution oredsing availability of human waste as food ressurc
(Summers-Smith 2003; Shaat al. 2008). Despite these expectations, we found ndeacie that habitat
urbanization was affecting adult sparrows’ physijatal or morphological condition. This study
integrates a decade of investigations in varioustats along the urbanization gradient at sevefal |
history phases, utilizing several potential indioé$ody condition. Out of these indices, only Hdtio
and only in the molting season showed a consis&dationship with the degree of habitat urbanizatio
unexpectedly indicating better condition in morbamized habitats. This latter result, combined wth
lack of habitat differences in the rest of our gmas, suggests that urbanization is unlikely toehav
general negative effect on the well-being of adolise sparrows.

Individuals in poor body condition, such as thoséfesing from starvation or pollution, often
circulate chronically elevated levels of glucoomrstds (Romero 2004; Wikelski & Cooke 2006). Beside
reflecting the current health state of the indikliaseline glucocorticoid concentrations can plealict
(or even determine) later fitness; for example,deosiparrows with lower baseline corticosteronenen t
pre-breeding season produce more fledglings duhedreeding season (Ouyagigal. 2011). Thus our
finding that sparrows across the urbanization gratdhad similar levels of baseline corticosterontha
end of the wintering season (on average at the siameeas in Ouyanet al’s study) suggests not only
that they were in similar physiological conditiontkalso that they might have had similar prospéats
reproductive investment. Acute stress-induced &wfl glucocorticoids are more difficult to compare
among populations, as chronic stress may eithearex@or attenuate the stress response (Romero; 2004)
furthermore, a few studies imply that animals maywé adapted to urbanization by reduced stress-
responsiveness (Partecke al. 2006b; Fokidiset al. 2009). Our result that urban and rural sparrows
mounted similar stress responses does not fitresttenario, suggesting that adult sparrows mayeperc
differently urbanized habitats equally stressfulatcordance with our findings, two recent studtesd
no difference in various corticosterone concerdgretiamong differently urbanized sparrow populations
in the non-breeding season (Fokidisal. 2009; Chavez-Zichinelket al. 2010). Although Fokidi€t al.
(2009) detected higher corticosterone levels ilrtiran in urban sparrows in the breeding seasan in
small sample of birds, such a comparison is pabytconfounded by reproductive effort and brood
value (Lendvakt al. 2007; Lendvai & Chastel 2008) that may well beeetféd by urbanization (Peaeh
al. 2008).

Similarly to corticosterone levels, hematocrit dtidl ratio showed no consistent relationship with
urbanization in the winter, which is also in acarde with earlier results (Gavett & Wakeley 1986;
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Fokidiset al.2008). In the molting season, we obtained conttadj results, as hematocrit showed better
condition in rural adults whereas H:L ratio showbe opposite; furthermore, these differences were
weaker or even inverted in younger individuals. ikrour trans-sectional sample we can infer that
hematocrit increased with age in rural but notripam populations. Increasing hematocrit from haighi
to fledging and later to adulthood seems to begdreeral pattern in birds (Faet al. 2007), but our urban
birds failed to fit this pattern. This could beignal of impaired erythropoiesis in adults; howethe
observation that young urban birds tended to hagleeh hematocrit than rural counterparts suggests a
adaptive explanation by which individuals may prpéwely circumvent the adverse conditions during
early development. We believe that our hematoldégmeasurements were reasonable because they
exhibited biologically meaningful relationshipsettower hematocrits of heavily molting birds (Table
l11.2) and the increase of H:L ratio with handlitigne (Table 1Il.2) support that both measures are
indicative of stress in general. Nevertheless, wghtmot have been able to control for all confangd
effects; for example, both hematocrit and H:L ratén be influenced by the individual's parasitedioa
which may or may not be related to urbanizatiorir(Eal. 2007; Fokidiset al. 2008); e.g. the lower H:L
ratio of urban birds might have been due to reduegel of parasitic infections (Evamrs$ al. 2009c).
Notably, H:L ratio had by far the largest coeffitieof variation (CV; 95%) among our indices of body
condition (7-63%). Although hematocrit seemed leesy (9% CV), it differed mainly among older
birds, a group in which individuals might have earigreatly in their exact age from first-year up to
several years. Therefore, whether habitat urbdoizaffects the hematological condition of molting
birds in interaction with their age, and whethas #ffect is attributable to pathogenic infectiansother
stressors, requires further investigations.

Additionally, we found that neither bib size nomgibar size varied consistently with urbanization,
implying that differently urbanized populations exence similar nutritional conditions during the
molting season. Although plumage coloration maynifileenced by several intrinsic and extrinsic fasto
these are unlikely to have confounded or biasedresults concerning urbanization for the following
reasons. First, age may be an important determiofaptumage coloration in sparrows (Nakagawa &
Burke 2008), however, plumage traits such as malekmize, wing length and tail length that all ase
with age in sparrows (Selander & Johnston 1967;ayawa & Burke 2008) showed no indication that
urbanization alters the age structure of populatiddecond, both bib size and wing bar size may be
subject to sexual selection, the strength of wimety differ between differently urbanized habitatg. e
due to competition for differently available negtisites (Yeh 2004; Pricet al. 2008). However, the final
model for wing bar size did not include the inté¢i@cterm between urbanization and sex, sugge#tisig
the degree of sexual dimorphism, a proxy for tlengjth of sexual selection, was not related tothabi
urbanization across our study sites. Furthermonecant meta-analysis found very little evidence fo
sexual selection currently acting on bib size (Nmeaet al. 2007). Although bib size signals dominance
status in male sparrows (Nakagaetaal. 2007), previous results on competitive behavioiggsst that
there is no considerable difference in the intgnsftcompetition between urban and rural populaion
(Bbékony et al. 2010). Thus, our result that neither bib size aodwing bar size varies systematically
along the urbanization gradient is in agreemenh Wit repeated finding that urban and rural sparow
retain their differences in body mass even wheaivatw) the same diet under identical captive cooos
(Liker et al. 2008; Bdkonyet al. 2010), implying that adult sparrows are unlikety face different
nutritional conditions at differently urbanized litaks.

The most frequently applied index of body conditionanimal ecology studies is body mass
corrected for body size, which can express the amofienergy reserves such as fat and muscle and
thereby reflect nutritional state (Peig & Green 20R010). When this index was calculated as rekidua
body mass from type-1 (ordinary least-squares, Gk§jession with tarsus length, it showed a negativ
relationship with the degree of habitat urbaniza{ibiker et al. 2008). However, this method has several
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drawbacks (Peig & Green 2009, 2010); thereforee lvee re-evaluated this analysis by using a more
reliable measure of body condition, the scaled madsx, and extending the earlier dataset by 14
additional capture sites, summing up to more thamand a half thousand individuals. While this sedi
and extended study corroborated the previous rékait sparrows’ body mass is reduced in more
urbanized habitats (Likezt al. 2008), we found no consistent relationship betwedranization and the
scaled mass index. Furthermore, the final modehdidnclude the interaction term between urbaionat
and date, suggesting that the scaled mass indedut sparrows did not differ among differently
urbanized habitats at any time of the year, i.ann life-history phase after the first molt. Theously
found relationship between urbanization and OLSdueds (Likeret al. 2008) is probably an artifact
simply reflecting the smaller size of urban birdecause the OLS method inflates residuals with
increasing length (Peig & Green 2009, 2010).

Therefore, our results indicate that while aduftibiseem to fare comparably well in both habitats,
urban individuals are considerably smaller butleater compared to their rural conspecifics (Likeal.
2008; Bokonyet al. 2010; this study). The smaller body size of urbads may be a consequence of
inadequate growth during early development (Pe=ichl. 2008), adaptation to predation by cats and
sparrowhawks (Beckermaat al. 2007; Bellet al. 2010;Chapter V), or may be an adaptive response to
the urban heat island effect (Evagisal. 2009b) or the less fluctuating food availability wbanized
habitats may also allow smaller size. The spediésstyle may provide explanation for adult urban
sparrows' comparably fair body condition. It is Wmothat the proportion of arthropod food is deciegs
with nestling age, and older chicks consume mogetable material, switching to primarily seed diet
after independence (however, in breeding seasspecilly during egg-laying periods, the diet ofilad
females also contain insect food; Anderson 200fgctes with granivorous diet often show positive
response to urbanizatiofl{apter 1) as continuous anthropogenic food input reducss of starvation
and may enhances adults’ physical condition (Rettdd. 2008). Beyond communal waste and other food
sources this species willingly utilize, subsidizegd in bird feeders is an especially importanéhé of
urbanization, as bird feeding is a very populaivitgtin several parts of the world (Evaasal.2009d).

Besides the methods applied in this study, thezeotlrer approaches to assess individual condition
and measure environmental stress effects on ani@aks of these is to measure fluctuating asymmetry
(FA). In bilaterally symmetric animals the phenadtygleviation from the perfect left-right symmetry
during development can be attributed to environalesttess (among other factors). Since this d@nati
is not directional at the population level (i.earmiven trait its direction is random between vittlials),
it is termed ‘fluctuating’ asymmetry; its statistianean (i.e. left minus right values of the givemit) is
zero and its variation is normally distributed arduzero in a population. However, increased
environmental stress is suggested to enhancevbls lef FA in a population, therefore populationl
under different levels of stress are expected tferdin the magnitude of FA (this approach and its
potential drawbacks are reviewed e.g. Gralamal. 2010). Vangestel (2011a) studied the relationship
between the extent of FA (in tarsus and rectrixglep and nutritional stress (as reflected by
ptilochronological feather marks) in free-living use sparrows of differently urbanized habitats, and
found no support for any habitat-related differenicethe extent of FA. This finding is in line withose
of this study.

Ptilochronology (the study of feathers’ growth Iséme; Grubb 1989) is also an approach to detect
severe environmental stress affecting an individiuaing its feather development. The basic assumgti
of the method are (a) that dark and light growtihsbare alternating according to the birds’ diurnal
activity (i.e. light bands are associated with @stliblood pressure during sleep, thus one pairaftd
bars represents a 24 hour-period), and (b) thabwar bar sizes reflect poorer nutritional periods,
hindered feather development (Grubb 2006). Vanbéx40) also applied ptilochronology to study adul
house sparrows’ nutritional condition along an arigaadient in Ghent, Belgium, and reported the ssign
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of the strongest nutritional stress in urban papata. The reason might be that urban birds’ hawaller
home ranges consisting of highly fragmented vegetags the author suggests. However, that study
monitored the urban population of only one studgaarthereby it lacks the potential for further
generalizations and its conclusion has to be tea#h caution because growth bar widths were
measured on normally grown feathers for which tlethod is less well validated than for feathers with
experimentally induced growth (Kern & Cowie 2002atysiokova & Remes 2010).

Taken together, this study demonstrates that hduite sparrows in urbanized areas are unlikely to
be in inferior body condition compared to their gpacifics in more natural habitats. Thus, this ltesu
does not support the predictions of the ‘crediddaypothesis’ (Shochat 2004). This theory, on the o
hand, predicts overexploitation (instead of reseumtatching) in cities, leading urban birds to be in
generally inferior body condition as a result oflweed top-down control, increased food predictibili
and competition in cities. Another prediction oé thypothesis, that urban populations consist mastly
poor competitors (‘the losers’), was formerly digaied by some results of Békorgt al. (2010), who
compared the competitive performance of urban anal sparrows and did not find any habitat related
differences. Moreover, they did not find any relatibetween individual's body mass and competitive
success, which also underscores my results heme,utban birds’ smaller body size may not be the
consequence of their inferior physical conditionpoorer competitive abilities. A study (Rodewald &
Shustack 2008) conducted in USA on a successfubrdiiropic species, the Northern cardinal
(Cardinalis cardinali estimated the species’ density in urban forestsetfour times higher compared to
rural areas, yet it did not find any significantbitat differences in annual breeding success (nofan
fledged chicks per pair), apparent survival rated lbody condition. These results are also contragic
to the credit card hypothesis’ proposal that symamic species gain lower per capita resourcesrigad
inferior condition in urban habitats.

Recent research shows that urban and rural spatraves similar reproductive efforts in terms of
clutch size and annual number of breeding attenipis,nestlings’ growth and survival is reduced in
urban nests (Peagt al. 2008; and se€hapter 1V). Combined with our present results that neithdek
of body condition supports an inferior health stateurban adults in any period of their yearly eycl
these findings imply that urbanized habitats areentigely to constitute a stressful environmentliouse
sparrows in early developmental phases ratherithtoeir adulthood.

Finally, the inconsistencies found between différeody condition indices (Likeet al. 2008; this
study) emphasize that drawing conclusions frormglsimeasure of individual state can be misleading.
Therefore, studies aimed at the monitoring of urbzmagement effects on wildlife should rely on
multiple approaches, taking alternative measuresnentarious life-history phases.
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CHAPTER IV

Urbanization, nestling growth and reproductive sucess in a
moderately declining house sparrow population

Gabor Seress, Veronika Bokony, Ivett Pipoly, TiBaep, Karoly Nagy & Andrés Liker

ABSTRACT
Ecological conditions are likely to change withrig&sing urbanization, influencing the demography an

size of animal populations. Although being onehaf most tightly linked species to humans, the house
sparrow has been suffering a significant declinéldwade, especially in European cities. Severatdex
have been proposed to explain this conspicuous dbsgban sparrows, but studies evaluating these
factors are usually restricted to Britain where ttezline was very drastic, and it is unclear whethe
similar or different processes are affecting urpapulations of the species elsewhere. In this stuey
investigated the reproductive success of urbamramad sparrows in a central European country, Hanga
where our census data indicate a moderate declinagdthe last decade. We found that rural pairs
produced more and larger fledglings than suburlzars pand the difference remained consistent in two
years with very contrasting meteorological condisi@uring breeding. This difference is likely expél

by habitat differences in nestling diet, becausgouad that (1) rural parents provided large pteyns
more often than suburban parents, (2) birds froffergintly urbanized habitats produced fledglings of
similar number and size in captivity under iderltiggaring conditions with ample food for nestlingsd

(3) in a cross-fostering experiment, nestlings ¢&ehto grow larger in rural than in suburban nests
irrespective of their hatching environment. Thessults agree with those found in a recent Britisid\g
indicating that poor nestling development and salvidue to inadequate diet may be widespread
phenomena in urbanized habitats.

This chapter is an extended version of the reseatitie ,Seress, G., Békony, V., Pipoly, I., Szép,
Nagy, K. and Liker, A. (2012), Urbanization, nesgligrowth and reproductive success in a moderately
declining house sparrow populatidrmurnal of Avian Biology43: 403—-414.”
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1. INTRODUCTION

The house sparrow became one of the most widesameddibundant avian species by following man
throughout the world (Anderson 2006). Despite thistorical success, the species has been declining
since the early 1980’s at several parts of the gglafcluding many countries across Europe (Kelcey &
Rheinwald 2005; Murgui & Macias 2010; Kekkonetnal. 2011), North America (Erskine 2006; Lowther
2006), Australia (Olsert al. 2003) and India (Ghosét al. 2010). This phenomenon is especially well
documented in Britain where the most drastic deslinave been detected, particularly in urbanizedsar
(Robinsoret al. 2005; De Laet & Summers-Smith 2007). As a resiét,house sparrow is now listed as a
species of conservation concern in Europe (SPE€yoat 3) and of special conservation concern (Red
List) in Britain (Baillieet al. 2009).

As the timing and rate of decline was found toatifbetween rural and urbanized populations
(Chamberlainet al 2005; Robinsoret al. 2005; Erskine 2006), it has been suggested tHgrelit
mechanisms are driving population trends in diffiéfeabitats with respect to urbanization (De Laet &
Summers-Smith 2007; Shast al. 2008). Studies of rural populations in Britain gegted that reduced
annual survival is likely to be responsible for ttecreasing trends in farmland areas, probablyuseca
recent changes in agricultural practices limit &hailability of food supplies for wintering sparrsw
(Crick et al. 2002; Holeet al. 2002). In contrast, suburban sparrows were foarekperience higher nest
failure rates (Criclet al 2002) mostly due to reduced nestling survivab@Pet al. 2008) compared to
their rural counterparts in Britain, thus decreassggtoductive success has been suggested to adoount
the decline of urbanized populations. These stuididicate that investigating demographic difference
between habitats may help us understand the efééaisanges in land use and urbanization, and might
also shed light on the causes of population decline

Several reasons have been proposed for the repgnogluailure of urban sparrows. First,
nestlings require an arthropod diet, and parentsheaunable to find nestling food of sufficient qtity
and/or quality due to the scarcity of native vetieta Recent development of cities often resultlsses
of green space such as gardens being replaced/by parking lots (Shaet al. 2008), and even existing
vegetation may harbor poor insect fauna if it cetssimainly of exotic or evergreen plants (Southwood
1961). Supporting this view, a study in and arothlcity of Leicester, Britain found that the swaliof
sparrow nestlings correlated negatively with highoants of vegetable material in their diet and
positively with high abundance of aphids aroundribet (Peaclt al. 2008). Second, arthropod density
may be reduced in cities by environmental pollutiespecially traffic emissions (Summers-Smith 2007)
Although the effects of traffic-related air pollata on animals are not well understood, they méscaf
invertebrates (Rauppt al. 2010; Zvereva & Kozlov 2010); furthermore, theyghti also have direct
adverse impact on vertebrates such as the nesdmygdults birds (Eewt al. 2003; Swaileh & Sansur
2006). The Leicester study also found reduced ingsgrowth in areas with high nitrogen-dioxide air
pollution (Peachet al. 2008). Third, urban parents may suffer increasexdtatity by collisions with
vehicles (Heij & Moeliker 1990) or predation by tgeowing numbers of domestic cats (Woadsal.
2003) and urbanizing raptors (Belt al. 2010). Moreover, increased predator density mayae the
breeding success of house sparrows via indirebt]ethal effects such as decreased foraging efiogie
(Beckermaret al. 2007) and impaired reproductive capacity due tgsjgogical stress (Boonstet al.
1998).

Each of the above hypotheses has received somelatanal evidence recently (Peaehal.
2008; Shawet al. 2008; Bellet al. 2010), thus it is possible that the combinatiorseferal factors is
responsible for the urban declines of house sparélewever, it is yet unclear which of these fastor
have the largest effects. As detailed above, ejtheznts or nestlings or both may be negativelgciéd
by increasingly urbanized environments; separatiege effects should help to focus conservaticortsff
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(i.e. by identifying whether adults or young shoblel protected more, and whether from predators or
from food shortage). Furthermore, the extent andes of house sparrow population declines have been
studied in much greater detail in Britain than elsere (Cricket al. 2002; Holeet al. 2002; Peaclet al.
2008; Shavet al. 2008), therefore it is difficult to assess whettier dramatic British decline is a special
case or rather represents a more general trenduiop& or even worldwide. To our knowledge, no
comparative study of urban and rural house spairbregding success or survival has been conducted
outside Britain after the onset of population deedi, yet such studies would be of crucial impoeaioc
assessing whether the potential mechanisms aném@ition recommendations identified in Britain are
relevant for protecting the species in the restsafange.

In the present study, our aims were four-fold. tFinge assessed the status of the house sparrow
population in a Central European country, Hungargtidying temporal trends between 1999 and 2011.
Second, we investigated the species’ breeding sacaed nestling growth in differently urbanized
habitats. Third, we observed the parents’ chicktieg behavior to compare the quantity and quality o
nestling food between habitats. Finally, we conddctwo experiments to assess the importance of
environmental conditions during nestling developtnbna common garden experiment we allowed adult
sparrows from urban and rural sites to reprodudcbérsame environment in captivity, to see if thbgw
any difference in parental qualities. If urbaniaatiexerts long-term negative effects on adult b{edg.
infertility, maternally derived toxins), we expdbese to manifest in the common environment as \vell
the second, cross-fostering experiment we swap@eddfys-old nestlings between suburban and rural
nests, thereby separating genetic and pre-natairommental effects from those of the rearing
environment. If urbanization mainly affects negfinby the actual environmental conditions (e.gt)die
experienced between hatching and fledging, we eéxpstling growth to be influenced by rearing hatbit
to a greater extent than by birth habitat.

2. METHODS
2.1. Population trends

Data for the analysis of population trend of theud® sparrow in Hungary were collected by the
Hungarian Common Bird Monitoring Scheme (MMM; Sz &ibbons 2000). MMM is a country-wide
monitoring scheme in which ca. 1000 participatifgervers carry out 5 minutes double point counts
during the breeding season (15th April - 10th Mayd 10th May - 10th June) at 15 randomly selected,
100 m radius observation points situated in semiloanly selected 2.5x2.5 km UTM squares (Szép &
Gibbons 2000). This monitoring scheme has beenimgmsince 1999 in Hungary, with on average 150-
300 UTM squares being surveyed yearly. The sanmguleds cover the country and the distribution of the
main habitat types in the sampled areas is sirtoléine country total (Szép & Nagy 2002). For trentt
analysis only those observations are consideredhwheet the standard protocol of the field survey,

the observer was able to identify the species, rghiens took place between 5-10 a.m. in two days
separated by at least two weeks in the given seaswhthere was no rain or strong wind during the
census (Szép & Gibbons 2000). For the house spa®2vUTM squares were surveyed between 1999-
2011. We analyzed these count data by the TRIM wso# (Pannekoek & Strien 2001,
http://www.ebcc.info/trim.html), an efficient impieentation of Poisson regression to analyze timeser
of count data collected at many sites with imputimigsing data, and to produce indices and assdciate
standard errors that describe the changes in pigulaize relative to a reference census (populatio
estimate for the first year).
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Sites included to the national monitoring schemendboverlap with the localities we used for
studying breeding success (see below), thereforadlaveot have population trend estimates for our
specific study sites. Nevertheless, as a proxyréards in local population size, we provide anrdath
on nest box occupancy (% of available nest boxeshith sparrow breeding was recorded) and total
number of fledglings (see below) between 2005-2@t@ur suburban site (we do not have comparable
data for rural sites).

Table IV.1. Characteristics of the study sites (in order ofrdasing degree of urbanization) for each dataset (F
reproduction and nestling growth in the field, @8mmon garden experiment, CF: cross-fostering éxyert).

Study site Mean Mean Number Number of cells Number of cells Data
vegetation  building of cells with high (> with high (> set
density density with 50%) vegetation 50%) building

score score road density density
Budapest, Kbanya- 1.03 1.15 93 11 37 CG
Kispest
47°27°43"N, 19°09°00" E
Veszprém, Hotel 1.15 1.33 98 19 37 CG
47°0529” N, 17°54°43" E
Veszprém, Zoo 1.80 0.75 58 80 17 F, CF
47°0832" N, 17°5313" E
Nemesvamos 1.71 0.49 27 75 11 CG
47°03'16” N, 17°51'52" E
Ulls, Déramajor 1.97 0.35 26 97 1 CG
47°2043" N, 19°1916" E
Hidegkut 1.95 0.21 18 95 1 F
46°59'57” N, 17°49°45" E
Szentgdl 2.00 0.03 20 100 0 F, CF
47°06°08" N, 17°42°20" E
Harskut 2.00 0.12 12 100 0 F
47°11°09” N, 17°47°53" E
Vilmapuszta 2.00 0.06 0 100 0 F

47°05°05” N, 17°52°03" E

2.2. Reproduction, nestling growth and chick feedig in the field

We studied free-living house sparrows breedinguialrand suburban nests in 2009—2010. Rural nests
were monitored at two farm sites (Szentgal and ¥poszta; Table IV.1, Fig IV.1) and at the edges of
two small villages (Hidegkut and Harskut; Table 1VFig 1V.1); these sites are characterized by high
vegetation density with a few buildings and rogsisarrows at these sites breed both in nest boxks an
other available nesting sites (e.g. roofs). Suburpests were monitored in Veszprém, in the tesritdr
Veszprém Zoo (Table 1V.1) which is situated at ¢age of the town, directly connected to a residénti
area with mostly large blocks of houses and roaith woderate to heavy traffic. This site is
characterized by more buildings and paved surftas the rural sites (Table 1V.1) and a high lesfel
human disturbance due to intensive daily maintemamx construction work and large visitor numbers
(ca. 700-2000 people per day from April to AuguBrthermore, the zoo site is similar to suburbaah a
urban sites in that its vegetation consists mostlprnamental, evergreen and exotic species such as
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Pinus nigra Here we studied sparrows using nest boxes; dar fdam earlier years at this site showed
that natural and box nests did not differ in brea (median = 3 in both types of negttest:y*%=3.81,
p=0.577, n=71 nests) or nestling size (body ma3£120.44 vs. 23.4%0.34 g, $,,=0.30, p=0.768; tarsus
length: 18.520.10 vs. 18.460.09 g, $:5=0.49, p=0.625). We could not study inner-city sestcause
these were not accessible and urban sparrows tiacnapy the nest boxes we had provided (as infPeac
et al. 2008). The mean distance between our study saesl®.5 + 1.5 km in a range of 2.2—-20.5 km (Fig
IV.1). Given that the house sparrow is a very s&grspecies (e.g. Anderson 2006, Likgral 2009,
Vangestelet al. 2010, 2011b) our sites were supposed to be faugindrom each other to prevent
significant exchange of sparrows amongst them.

B HélrskutO C
Szentgég @Veszprém
Vilmapuszta®
]

Nemesvamos

Hidegkut’

15 km U6 - Déramajor

Fig. IV.1: Locations of the study sites in Hungary. Dots reprg sites of the field study and cross-fostering
experiment, whereas squares represent the cajtesegbirds in the common garden experiment. Rstdburban,
and urban sites are marked by white, grey, andkitdgmbols, respectively.

We verified in two ways that our suburban site espnts a more urbanized habitat for house sparrows
than our rural sites. First, we quantified the éegof habitat urbanization following Liket al. (2008) by
scoring vegetation cover, building density, and ghesence of paved roads in 100 cells of a 1 &rea

around the center of each site (Table IV.1). Thalmer of cells with high (>50%) vegetation densitgswv
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less, whereas the number of cells with roads agidl (x50%) building density was higher in the sulaurb
habitat than in the rural habitats (see Tablg®ltests:x*>15.74, p<0.001). Second, we compared the
morphology of adult birds captured in autumn witlstrmets between the Veszprém Zoo and Szentgal
(i.e. the site at which 91% of our rural nests wstedied). In accordance with our earlier resudt th
sparrows are smaller in more urbanized habitatse(lat al 2008), we found that birds at our suburban
site had on average 0HB27 g less body masso=3.49, p<0.001) and 1.38.52 mm shorter tarsi
(tes=7.81, p<0.001) than birds at the rural site.

During both years, we checked all nests regularlgast twice a week from April to August (i.e.
the breeding season of house sparrows in Hungarggdord the dates of laying and hatching, and the
number of eggs and chicks in the nests. We meashiecblody masst(0.1 g), tarsus lengti (0.1 mm),
and wing length £ 1 mm) of nestlings when they were 8-12 days ol8%{7of the nestlings were
measured at 9-11 days of age). Brood size at tesima good predictor of recruitment rate in house
sparrows (Schwagmeyer & Mock 2008); since disturlriests with older nestlings can cause premature
fledging, we used the number of nestlings at tfme tof measuring (i.e. pre-fledging age) as proxittie
number of fledglings. Nestling measurements wel@rtaby two persons with high inter-person
repeatability.

During the breeding season, weather conditions wene favorable in the®lyear as maximal
daily temperatures were on average 1.91 £ 0.46i§keh (paired t-test;4~=4.15, p<0.001) and the daily
amount of rainfall was 1.53 = 0.77 mm lower (paik&fdcoxon test, V=1583.5, p=0.043) than in tH& 2
year. The total amounts of rainfall in the breedsegsons were 290 mm and 525 mm in 2009 and 2010,
respectively (data on weather were recorded in pész between 1 April and 31 August in both years),
making the latter year's breeding season unusuadtyand (sometimes) cold.

In 2010-2012 we also used data on parents’ chie#lifey activity from 71 broods (52 rural, 19
suburban). We conducted 1-4 surveys on each oé thesds, between 8:00-15:00, at nestling agef 4-
(in a few cases 3 or 8) days old (mean age in e&@s5.97 + 0.13 SE in rural, 5.37 + 0.21 SE in
suburban nests). We observed the nests from andéseither by spotting scope or by video-camera for
30-35 minutes, and recorded the number of visitedégh parent. Also, for each visit we recorded the
parent’s sex, and categorized the size of the famd delivered as small, medium, large or unknown
following Schwagmeyer and Mock (2008) who found tine delivery rate of large food items (enormous
prey or ‘e-prey’) strongly predicted nestling massl recruitment in house sparrows. For the comparis
of feeding rates, we used all observations in whicleast one of the parents visited the nestast lene
time (193 observations: 134 rural and 59 suburbBaoj. the study of prey size, we used only those
observations in which the parent delivered at least recognizable sized food item (i.e. small, medi
or large), thus we had 137 observations (96 rdrhlsuburban) in 61 broods (44 rural, 17 suburban) i
total.

2.3. Manipulations of the rearing environment
(a) Common garden experiment

To study reproductive success and nestling growtleuidentical environmental conditions, we brought
adult sparrows from 2 urban and 2 rural sites oaptivity. We captured 20 males and 20 females by
mist-nets in September-October 2007 at four sitddungary (Table IV.1; for further details see Bako

et al. 2010). The mean distance between our study siéssA8.7 £ 21.6 km in a range of 4.6-117.3 km
(Fig IV.1). The two inner-city sites had much lesgetation cover and higher density of roads and
buildings than the two farm sites (see Tablg?$>26.66, p<0.001); urban birds were smaller thaalrur
birds (Bokonyet al. 2010). We ringed each bird with a unigue combaratf a numbered metal ring and
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three plastic color rings. We formed 4 flocks ofiti@ividuals: 2 groups of urban and 2 groups oakur
birds. We kept urban and rural birds in separatek# to make sure that breeding pairs are formed
between members of the same habitat type (i.enusbaural). Each flock consisted of equal numbfer o
males and females from both sites of the respetial@tat type, and we housed them in four outdoor
aviaries in the Veszprém Zoo. Each aviary was aa.l8gh and 3 x 4 m large, and contained artificial
roosting trees and at least 15 nest boxes. Birde pmvidedad libitumfood (a mixture of millet, wheat,
and sunflower seeds) and water with multivitamiopdets throughout the study. All captures and haysi

of the birds were in accordance with the relevaongrian laws and were licensed by The Middle
Transdanubian Inspectorate for Environmental Ptiatec Natural Protection and Water Management
(permission number: 2255/2008).

During the breeding seasons (March-August) of 2808 2009, birds were supplied plenty of
nesting material (hay and chicken feathers) and foo the nestlings (mainly mealworms abgptera
larvae, occasionally amended by boiled eggs, aad,foarrots and apples). Regular observations were
made to ascertain the breeding status of eachiéhdilv During the first year, birds did not starééding
until June and only 9 pairs formed, so to minimitgturbance we checked the nests only once a week
and collected data only on the body mass of nestlprior to fledging. In the second year, birdsteth
breeding at the end of March without any sign oésg and almost all of them paired up, so we cltecke
nests at least twice a week to monitor clutch silate and success of hatching, and to count, miglg a
measure the nestlings at the standard age of @ld Hlestlings were ringed similarly to adults, amelr
body mass, tarsus length and wing length were medsbe same way as for nestlings in the field. We
also recorded the parents’ chick-feeding activityilarly to that of free-living birds (see abovéjach
nest was observed for 30 minutes from a hide 4gtiroace at the nestlings’ age of 4-6, 7-9, 10-12, a
13-15 days, respectively. Because captive birde iegding their nestlings almost exclusively witle t
mealworms andipteralarvae we had provided, we did not record the sfagelivered prey during these
observations.

Mortality of the captive adults was low comparedtib@ natural annual rates of ca. 40-50%
(Anderson 2006): 7 out of 40 died during the twadgtyears. Birds in the aviaries reproduced well in
terms of brood size and nestling growth (see R&sWlortality of captive young was high in the post
fledging period, similarly to the 42-92% naturailes (Anderson 2006): 13 out of 26, and only 10ajut
112 ringed nestlings survived until September i08@&nd 2009, respectively. The particularly high
fledgling mortality in the second year was due to @utbreak of coccidiosis and mycoplasmal
conjunctivitis which we were unsuccessful at préwvenand treating by medication. Following the
epidemic, however, all surviving birds were in gamhdition during autumn and winter 2009.

In September each year, when young had becomeédndept of their parents, we captured and
weighed them again, and moved them from their hgroap to the other group of the same habitat type
to prevent parent-offspring inbreeding. Young bitlalst hatched in 2008 and survived to the nexngpri
(n=7) were allowed to breed in 2009. In spring 204l0 birds were released at their site of capture;
captive-reared birds were released along with flaeniliar flock-mates.

(b) Cross-fostering experiment

In 2010, we conducted a field experiment in whial swapped hatchlings between rural (Szentgéal) and
suburban (Veszprém Zoo) nests (distance betweesitd® was 15.2 km). We chose pairs of rural and
suburban broods that hatched on the same day @y)l dnd we swapped half of the broods between
them 0-3 days after hatching (if brood sizes wefferént, half of the smaller brood was swappechwit
the same number of hatchlings from the other brodd)mark each hatchling individually, we applied
paint markings (Deco Painter, Marabu Co., Germamg small plastic bands on their legs. When the
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nestlings reached the age of 9-11 days, we measiheadbody mass, tarsus length and wing length as
described above.

Due to the adverse weather conditions of 2010, dimge attempts were few and poorly
synchronized, so we could swap hatchlings only betw8 pairs of nests (30 hatchlings were swapped,
39 hatchlings remained in their home nest), andlduiban and 4 rural broods died completely before
reaching the age of 9-11 days. The resulting seatiple size precluded powerful statistical anatyzes
therefore we only report the mearSE measurements of nestling growth without stetistests. Broods
and nestlings involved in this experiment were inotuded in any analysis of reproductive perfornganc
and nestling growth of free-living birds.

2.4. Data analysis

Measures of breeding success were analyzed in ajezeel linear mixed-effects (LME) models that
contained nest site ID as a random factor to combrothe potential non-independence of subsequent
broods at a given nest site (as these often bdioripe same pair). We used Poisson distribution in
models of clutch size and brood size, and binowistribution in models of hatching success (i.e th
proportion of eggs hatched, for all nests in whintubation had started) and fledging success ttie.
proportion of hatched nestlings that were alivéhatage of 9-11 days, for nests that hatched at tege
nestling); Pearson’s goodness of fit tests inditate overdispersion in any of these models (p>0Q.753
As predictors, we included habitat (i.e. suburbamueal), year, and date (number of days since dil Ap
i.e. the start of breeding season each year). Thwar of broods raised successively in a given Inest

or nest site was used as an estimate for the anomaber of broods raised per pair (Peathl. 2008);
this variable was analyzed in a generalized limeadel with Poisson distribution (dispersion paranet
0.29) including habitat and year as predictors. $deas of nestling size were analyzed in LME models
that contained nest site ID and brood ID as nestedom factors to control for the non-independesfce
nestlings within a given brood. The models inclutaditat, year, date, identity of the measuringper
brood size and nestling age at the time of meag@spredictors.

For each feeding surveys we calculated the ‘e-prat¢ as the number of delivered large food
items divided by the number of all certainly reciagd food items (i.e. we excluded parental feeding
visits of ‘unknown’ category). ‘E-prey’ rate wasalysed in generalized LME models with quasibinomial
distribution that contained nesting site (deriveohf the year and nest site ID) and brood as random
factors. The initial model included year, date diof day, length of the observation, number of |mes,
age of nestlings, sex of the parent and habitat §uburban or rural) as predictors. Chick-feedatgs
were calculated as the number of parental visitthéonest divided by the number of nestlings, and
analyzed by LME with Poisson distribution with th@me predictors and random factors as in the above
‘e-prey’ rate model. The model included year, dtitee of day, length of the observation sex of pgre
and habitat as predictors and nest site ID as @orarfactor (i.e. male and female feeding rateat t
same nest were treated as repeated measures).

Data from the common garden experiment were andlgmmilarly to the data of field nests,
except that pair ID was used instead of nest Sitad a random factor since the identity of pairs wa
known in these cases. In the analysis of chickifepthtes we also included the interaction of iegs!
age and parent's sex as data on age were colldotaaghout the entire nestling period and becaliae t
the feeding rate of males and females are knowratg differently with brood age in house sparrows
(Anderson 2006). When testing the effect of halfitat rural or urban origin of breeding birds), aauld
not control for potential differences between aesibecause urban and rural birds were kept iereifit
aviaries; however, we found no significant differes between aviaries in any measure of reproductive
success or nestling size (LME: all p>0.163).
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Each initial model also included all 2-way intefans between urbanization and the other
predictors, and the date x year interaction. Wdepred the frequentist (i.e. null-hypothesis tegtin
paradigm over the information-theoretic approachinduour analyses since our goal was to infer the
effect of urbanization while controlling for potéity confounding variables, rather than to compiue
relative importance of all initially considered gretors. The inference yielded by the information-
theoretic method depends critically on the setasfdidate models chosen (Hegyi & Garamszegi 2011);
how the potentially confounding variables intercinfluence each dependent variable we measured is
beyond both our knowledge and the scope of thidystlherefore, we handled our multivariate models i
the following way. We reduced each initial modapstise by excluding the confounding variable with
the highest p-value in each step until only p<Qéddjztors remained; we inspected the models in each
step and never excluded our predictor of intefasturbanization. The aim of this process wastodase
the accuracy of effect size estimates for urbammmaeffect sizes in full models are usually inaata
because there are many noise terms (Hegyi & Gaegn2011). Note that our final models yielded
gualitatively the same conclusions as the full n®dee. when no stepwise selection was done). We
present effect size estimates (Cohead)'svith 95% confidence intervals for the variablesamed in the
final models, mear SE for bivariate comparisons and two-tailed p-galthroughout the paper. All
statistical analyses were performed in the R comguénvironment (R 2.11.0; R Development Core
Team 2010), using the ‘nlme’ package.

3. RESULTS

3.1. Population trends

The TRIM analysis indicated a significant, moder@geline of the house sparrow in Hungesy(SE = -
0.022 + 0.008, p<0.01) during the studied periad.(FV.2). This country-wide decline was paralleley

a decrease in nest box occupancy and total nunfilflerdglings produced per year at our suburbanystud
site in 2005-2010, over 6 years of the studiedageffrig. 1V.2).
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Fig. IV.2. Temporal trends in house sparrow population sizduingary. Population index refers to the diffeesirc
population size between the given year and theirsgayear of the monitoring scheme (1999; markedalgotted
line). Nest box occupancy and total nhumber of yoamg shown for the suburban site of the field stofy
reproduction.
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3.2. Reproduction, nestling growth and chick feedig in the field

Median clutch size was 5 eggs in both habitats k@it years (Table IV.2). Hatching success was not
different between rural and suburban nests (Ta¥l2)] median number of hatchlings was 4 in both
habitats and both years. In contrast, the numberesflings before fledging was significantly higher
rural than in suburban nests (Table 1V.2, Fig. W&hd broods in both habitats were larger in 20@&

in 2010 (habitat x year interaction: p=0.671; Tabe, Fig. IV.3). Thereby fledging success washeg

in rural than in suburban nests and in 2009 th&0itD (habitat x year interaction: p=0.146; TaMe2).

The number of broods raised successively in a gt was similar in both habitats in both yea{@
IV.2). Suburban nestlings had significantly smalerdy size at the same pre-fledging age than rural
nestlings (Table 1IV.2, Fig. IV.5): the former had average ca. 4 g less weight, 0.7 mm shorter aachi

2 mm shorter wings than the latter. The differebegveen suburban and rural habitats was similtran
two years for body mass and wing length, but ileshto be greater for tarsus length in 2010 (TAh2,

Fig. IV.5).

Table IV. 2. Generalized linear mixed-effects models of bregdimccess and nestling growth in field nests (aabit
suburban compared to rural; year: 2010 compare®@8).

b+ SE p Cohen'sd (ClI)

Clutch size(196 broods at 115 nest sit

intercep 1.56+ 0.02 - -

yeal -0.017 £ 0.03 0.60¢ -0.10-0.47;0.27

habita 0.006 +0.03 0.86t 0.03+-0.34;0.41
Hatching succes¢173 broods at 108 nest sit

intercep -0.32+ 0.0¢ -- --

yeal 0.061 +0.06 0.31¢ 0.16 +0.15;0.46

habita 0.075+0.06 0.21¢ 0.19+0.11;0.49
Pre-fledging brood size(146 broods at 93 nest sit

intercep 1.31+0.0¢ -- --

yeal -0.24 +0.10 0.02¢ -0.48 -0.92;-0.07

habita -0.352+0.10 0.001 -0.7 (-1.15;-0.27
Fledging succes$146 broods at 93 nest sit

intercep -0.08+ 0.0¢ -- --

yeal -0.208 £ 0.09 0.03¢ -0.45+-0.89;-0.03

habita -0.3+£0.09¢ 0.00¢ -0.64-1.09;-0.22
Number of broods per nest sitg109 nest site

intercep 0.43+0.0¢ -- --

yeal -0.078 £ 0.09 0.40¢ -0.16 -0.55;0.22

habita 0.043£0.09 0.657 0.09+-0.30;0.47
Nestling body masg455 nestlings from 137 broods at 98 nest ¢

intercep 25.03+ 0.6( -- --

yeal -1.649+0.66 0.01¢ -0.51+0.94;-0.1)

habita -4.381 £ 0.69 <0.001 -1.3(-1.81;-0.84
Nestling tarsus length(453 nestlings from 136 broods at 97 nest ¢

intercep 14.4 +0.9¢ -- -

yeal 0.598 £0.27 0.03: 0.46 (0.05; 0.8¢

date 0.009 +0.00 0.00¢ 0.62(0.21; 1.06

brood siz 0.185+0.07 0.021 0.51 (0.1; 0.9«

age 0.22+0.07 0.00¢ 0.62(0.2; 1.0¢

habita -0.709 £ 0.32 0.03Z -0.46 -0.89;-0.05;

habitat x yee -0.955+0.48 0.051 -0.42+-0.84;-0.01
Nestling wing length(436 nestlings fron133 broods at 97 nest sit

intercep 11.00+ 3.61 -- --

yeal -1.403+0.87 0.111 -0.33 -0.75; 0.07

age 3.289+0.32 <0.001 2.1(1.56;2.7¢

habita -2.249£0.94 0.01¢ -0.5(0.93;-0.09
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The chick-feeding rates (i.e. number of feedingdgtling / observation) was similar in rural (08D.06
SE) and suburban nests (0#D.12 SE; Table IV. 3). In contrast, rural paretétivered more ‘e-prey’
to their chicks: the exp-transformed parametenes® of Table IV. 3 indicates that there is ca. 1886
chance for e-prey deliveries in suburban compavdtié rural habitat. Furthermore, date (i.e. nunder
days passed from April and greater brood size also predicted incredsimgey’ rate (i.e. large food
items / all recognized food items; Table 1V.3)haligh we found no significant difference in nesglin
numbers of the surveyed rural (4.07 + 0.13 SE) aarmlirban (4.15 + 0.16 SE) nests (Welch tgst -
0.35,P = 0.725). ‘E-prey’ was delivered typically < In during a food delivery survey (0.75 + 0.08 in
rural, 0.3 £ 0.07 in suburban broods).

Table IV. 3. Final generalized linear mixed-effects model opfey’ rate in field nests (habitat: suburban coragar
to rural). We considered every food item as anr&ypwhen it was larger than the parent’s bill ¢8).

b+ SE p Cohen'sd (CI)
Parents’ feeding rate(71 broods, 193 observations)
intercept 62€.48 + 129.2¢ --
date -0. 004 = 0.002 0.04 -0.3 (-0.59;-0.02)
year -0.31+0.06 <0.001 -0.7 (-1.01;-0.41)
habitat -0.12+0.12 0.322 -0.15 (-0.43; 0.14)
number of nestlings -0.26 +0.04 <0.001 -0.94 (-1.27; -0.64)
“E-prey” rate (61 broods, 137 observations)
intercept -3.01+ 0.84 - --
date 0.019 =+ 0.005 0.002 0.56 (0.23; 0.93)
habitat -1.09+0.414 0.013  -0.45(-0.81;-0,11)
number of nestlings 0.307 £ 0.149 0.047 0.35 (0.01; 0.70)
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3.3. Manipulations of the rearing environment
(a) Common garden experiment

In the aviaries in 2008, nestlings of urban paad kimilar body mass prior to fledging (18.14 +73¢;
n=10 nestlings by n=2 pairs) as nestlings of rpaits (19.56 + 3.31 g, n=16 nestlings by n=5 pairs;
LME: t5=0.45, p=0.674). In 2009, median clutch size waggs for both rural and urban pairs (Table
IV.4); 18 out of 38 rural and 9 out of 30 urban tives attempts failed to hatch nestlings. The appéwe
higher rate of unsuccessful nesting attempts ial thirds was mainly due to one pair who laid 7 chets
that all failed to hatch. Among the nests that Ihedicat least one nestling, hatching success was not
different between rural and urban pairs (Table )Vmdedian number of hatchlings was 3.5 for ruratga
and 3 for urban pairs. The median number of neglimefore fledging was 3 for both rural and urban
pairs (Table 1V.4, Fig. IV.3), thus they had simifeedging success (Table 1V.4). Nestlings’ bodyssia
tarsus length, and wing length did not differ siigraintly between rural and urban pairs (Table IN\NE#y.
IV.5). Among the 23 young that survived to adulttiqoe. September), birds of urban and rural origin
had similar body mass (27.02 + 2.69versus27.22 + 2.25 g; LME:g0.54, p=0.605) in both years
(habitat x year interaction: p=0.164). Urban anchlryparents fed their nestlings at similar frequenc
(Table IV.4).

Captive birds’ brood size was similar to (Fig. IY&hd nestling body mass was larger than (Fig.
IV.5) those observed in the ‘neighboring’ free4tigi suburban sparrows in the same yeéa=(.94,
p<0.001). The proportion of hatched nestlings shavived until pre-fledging age per brood (0498.03)
was also significantly higher than the survivakrate observed in suburban broods in the field (&.66
0.05;tgs=4.09, p<0.001).
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Table IV. 4. Generalized linear mixed-effects models of breedingcess and nestling growth in the common
garden experiment in 2009 (habitat refers to thgiroof captive birds, i.e. urban compared to rural

b+ SE p Cohen'd (ClI)

Clutch size'

habitat -0.098 + 0.096 0.322 -0.47 (-1.5; 0.46)
Hatching success

date -0.003 + 0.002 0.044 -1.08 (-2.36; -0.05)

habitat -0.050 £ 0.138 0.721 -0.18 (-1.23; 0.82)
Pre-fledging brood sizé

date -0.006 + 0.003 0.041 -1.09 (-2.38; -0.06)

habitat 0.070 £0.171 0.686 0.21 (-0.79; 1.26)
Fledging success

habitat 0.216 £0.132 0.122 0.79 (-0.21; 1.98)
Nestling body mas$

habitat 0.368 +0.872 0.678 0.20 (-0.8; 1.25)
Nestling tarsus length

age 0.350 £0.176 0.064 1.00 (-0.02; 2.26)

habitat 0.254 +0.275 0.368 0.46 (-0.53; 1.56)
Nestling wing lengtH

age 4.973 +0.843 <0.001 2.95 (1.49; 5.13)

habitat 1.041 £1.110 0.362 0.47 (-0.52; 1.58)
Parents’ feeding raté

nestlings’ age 0.145 +0.041 <0.001 0.42 (0.1850.6

parent’s sex 0.163 + 0.560 0.771 0.03 (-0.20; 0.26)

sex x age -0.231 £ 0.057 <0.001 -0.47 (-0.71; 0.24

date 0.008 £ 0.004 0.069 0.22 (-0.02; 0.45)

habitat 0.112 +0.360 0.759 0.04 (-0.19; 0.27)

! Intercept: 1.480.06; n=68 broods by 21 pairs

2 Intercept: -0.080.18; n=41 broods by 19 pairs

3 Intercept: 1.580.27; n=41 broods by 19 pairs

* Intercept: -0.250.09; n=41 broods by 19 pairs

® Intercept: 24.390.64; n=112 nestlings from 36 broods by 19 pairs

® Intercept: 14.861.65; n=111 nestlings from 36 broods by 19 pairs

"Intercept: 30.481.82; n=111 nestlings from 36 broods by 19 pairs

8 Intercept: 0.860.55; n=294 observations for 37 broods by 19 pairs

(b) Cross-fostering experiment

Irrespective of their origin (i.e. hatching enviment), nestlings in rural nests tended to growdatgan
nestlings developing in suburban nests; this trgas most pronounced for tarsus length (Fig. IVCH).

the other hand, nestlings that hatched in diffehaditats but were raised in the same habitat sthdegs
consistent tendencies in body size differences,rual-hatched nestlings had somewhat smaller body
mass and wing length but similar or slightly longgnsi than suburban-hatched nestlings when rdared
the same environment (Fig. IV.5).
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4. DISCUSSION

This study investigated several aspects of breeparfprmance of rural and suburban house sparrows,
and has provided four key results. First, the mationonitoring data indicate a moderate declinthen
Hungarian house sparrow population for the lasadegcthat is paralleled by the decreasing nest box
occupancy and fledgling number in our suburbanystsite. Second, we found that the growth and
survival of nestlings was reduced in suburban nestsonstrating that house sparrows may have simila
difficulties with breeding in urbanized habitatsdar moderately declining central-European popaoitati

as in the rapidly declining British population. Tidhi our direct observations of parents’ food deir®
revealed that suburban sparrows brought less ‘g-pyeheir nestlings than rural parents, thus limegs
received less and/or lower quality food in moreamibed areas. Finally, we obtained two independent
lines of experimental evidence that the rearingrenment of nestlings plays a key role in the obsér
habitat differences in house sparrows’ breedingesge We provide a detailed discussion of theggtses
below.

The limited information that is available on thatas of house sparrow populations in central
European countries indicates a slight to moderatdiree in this region (Kelcey & Rheinwald 2005; Rei
et al. 2006). Our data on the Hungarian population reackal similar trend, supporting the anecdotes we
often hear about ‘disappearing’ sparrows. Despitedifference between Hungary and Britain in béid t
status of house sparrow populations and the steicfuurban and rural habitats, our comparativeltes
on the sparrows’ reproductive performance shovkistisimilarity to those of Peaatt al. (2008). In
both studies, suburban and rural birds had singilaich sizes and number of broods (at the same nest
site) but the former raised consistently less meglper nesting attempt than the latter due toced
survival between hatching and fledging. Also, sblburfledglings were smaller than rural fledglings i
both studies, suggesting that the former had retlubances of post-fledging survival (Schwagmeyer &
Mock 2008) and, even if they reach adulthood, tteeynot make up for their arrears in body size (Like
et al. 2008). Interestingly, the difference between habitvas approximately twice as large in our study
as those reported in the Leicester study (Peaeth 2008) for both brood size (ca. 1 versus 0.4 mesl
per nest) and nestlings’ body size (4.38 g vers85s @). Furthermore, our rural birds produced naore
larger offspring than their suburban counterpaotsomly in the ‘good year’ (as in the Leicesterdstubut
also in the ‘bad year’. Whereas Pea&tlal (2008) found that weather conditions had stroregfact on
the sparrows’ breeding success than habitat clegistads (although nitrogen-dioxide levels seemed
similarly important as temperature), differencessMeen rural and suburban nests in our study were at
least as large as, or even larger (see Fig. \ha@h differences between the two years with markedly
different weather. Altogether, these results sugfest the poor productivity of suburban sparrows i
Britain and Hungary may represent a general trand,even the less steeply declining populations may
be vulnerable to any further negative effects diitag urbanization (such as increased predatidfirisn
urbanizing sparrowhawks, Be#it al. 2010) since they are already suffering decreasesproductive
success in the suburbs.

Some of our results are in line with the generélgpas reported for urban passerines, as they are
usually characterized by lower nestling body mamssfawer fledglings per breeding attempt (e.g.thee
meta-analysis of Chamberlagt al. 2009a). Contrarily to the findings of this metadgess, however, our
suburban and rural nests did not differ markedilyeziin average clutch size or in hatching succasdg,
we did not find differences in the estimated numifesubsequent broods per pair. Earlier egg-layizig
in cities is also a general phenomenon (assumbd toresponse to the more predictable food soarabs
milder microclimate; e.g. Chamberlaah al. 2009a; Evans 2010), but we could not investigatealpect
of breeding biology between our populations duth&lack of sufficient amount of standardized data
laying dates.
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The reduced body mass, size and the lower numbigedtfed chicks in our suburban population
might be due to the elevated anthropogenic noisd tbat characterizes e.g. urbanized habitatthdir
study Schroedeet al. (2012) found that sparrow females of noisy terié®rdelivered less food and
reared chicks of lower number and reduced qualdgngared to those nesting in less noisy areas.
Although we suppose that our suburban study sgerteed higher noise levels (we do not have atgy da
on it), none of our suburban nest-boxes was in sxtheme noisy environment than nests in the
Schroeder-study, and we did not find any signifiadifferences in habitat-related parental food ey
rates as it would be presumed by the results céitioee study.

It is known that availability of nestling food ime of the most crucial factors limiting birds’
reproductive success (also called as the ‘bottlénet successful parental care) with higher food
availability generally resulting in better chickvedopment and survival. The length of the periotheen
sparrows’ hatching and fledging is short (c.a. 2kgein our region) and characterised by continwames
intensive development of nestlings. Also, tarsugtle nearly reaches its maximum at about 10 days of
age (Anderson 2006; personal observations); heheegarly nutritional conditions strongly affecttibo
chicks’ survival and skeletal development. Whilasitgenerally accepted that urban areas have higher
densities of more predictable food sources (e.goclkét 2004), a great proportion of these are
anthropogenic originated, lower quality food. Inquate nestling diet is often assumed to be a major
cause for the low productivity and thereby the ihed observed in urbanized sparrows (De Laet &
Summers-Smith 2007; Shaet al 2008; Peaclet al. 2008; Chamberlaiet al. 2009a). Although our
results do not show any habitat-related differenoeeverall parental food delivery rates, it praasd
direct evidence for the hypothesis that suburbatlings receive diet of lower quality and/or qugnts
their parents delivered significantly fewer largeyitems e.g. large caterpillars or orthopterdrent
those in rural habitats. These ‘e-prey’ seems tahegemost valuable type of nestling food since its
delivery rate strongly predicts fledging mass asctuitment (Schwagmeyer &Mock 2008). Furthermore,
such differences in nestling diet is likely to affenot only nestling mortality, but the results sWime
experimental studies in the house sparrow (Ande@@d6) and song sparrowélospiza melodia;
Searcyet al. 2004) suggest that such developmental fallbackgaried over to adulthood.

Thus, from these results, we suggest that lowepgtmn of large food items and the reduced
reproductive output of suburban pairs may reflbet shortage of key arthropod prey for nestlings in
urbanized areas. For example, the increased |dgutslotants in urban habitats may also affect spas
adversely in both directly (physiological and bientical responses) or indirectly (e.g. effects omdfo
base). In urban areas enhanced levels of bioacetiomlof such contaminants (e.g. heavy metals) has
already been demonstrated in sparrows (Kekkoner;2Bichet 2013), their detrimental, synergistic
effects on birds’ physiology is documented by salstudies (e.g. Outridge & Scheuhammer 1993; Eeva
& Lehikoinen 1996) and it also known that young iuduals are more sensitive in general
(Scheuhammer 1987), suffering e.g. from higher alityt reduced body mass and condition (e.g.
Janssengt al. 2003). Additionally, as an indirect effect it alptausible that these contaminants may
reduce the available invertebrate food in urbamamghich is essential for proper chick development.
This theory has been underscored by Peact. (2008) who reported some correlative findings et
traffic-related air pollution and poor reproductienccess in house sparrows. As a consequence of low
arthropod density, parents may be forced to congiensy collecting whatever they can, e.g. seedsdor
crumbs, subsidized food for pets and other hougebmiaps which do not contain the essential ndgrien
that are beneficial for chicks’ growth (e.g. Vint@005; Anderson 2006). In their study Schwagmeyer
Mock (2008) made an attempt to translate invertebfaod size into food value and estimated that a
single large prey item’s (c.a. >2 cm) dry weight30-40 times greater, thus it is significantly enor
valuable than a small one (< 0.6 cm). It is notkmdwn, however, whether ‘e-prey’ is superior megrel
due to the disproportionately larger quantity ofriemts it provides (Schwagmeyer & Mock 2008) or
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because it represents specific taxa of particuldaritonal value (e.g. spiders contain high levefs
taurine, Ramsay & Houston 2003). In either caseamization is likely to reduce diet quality for smav
nestlings because they are primarily fed by beetaterpillars, flies, spiders and aphids (Anderson
2006). With the exception of aphids, these taxa tt'enshow reduced abundance and/or diversity with
increasing urbanization (Shoclettal. 2004; Mcintyre & Rango 2009; Niemela & Kotze 206%uppet

al. 2010), whereas arthropods un- or positively affiédty urbanization are typically smaller sized fsuc
as aphids) or unavailable for sparrows (e.g. leaimg moths or gall-forming taxa; Raug al 2010).
Furthermore, the size of individual arthropods witkexa is also reduced in urbanized and polluted
environments (Niemeld & Kotze 2009; Zvereva & Kazl@010), which may further decrease the
availability of ‘e-prey’. Peactet al. (2008) found that nestling survival was positivelyrrelated with
aphid abundance which might indicate that the tack-prey’ could be (at least in part) compensdted

by smaller prey that is available in urban envirents. However, the authors suggested that thelimiin
reflects a correlation between the abundance dtia@nd other invertebrates rather than any deperde
of sparrow nestlings on aphids.

Additionally, the importance of nestling diet isrther highlighted by our common garden
experiment, which showed that urban and rural sparperform equally well in every aspect of
reproduction if they live in the same environmeithvample supplies of arthropod prey. Birds caplure
at urban sites showed no sign of reduced fertilitparental quality as an eventual consequenckedf t
previous urban life. Thus, although adult sparrénesn more urbanized habitats have smaller body mass
(Liker et al 2008; Bokonyet al 2010,Chapter 111), their reproductive capacity does not seem to be
inferior to that of rural sparrows. Furthermoreg ttaptive birds’ nestlings grew larger than thosthe
free-living suburban birds, reaching similar sisef@e chicks of the free-living rural birds (seg.AV.3).
Because the captive birds experienced the samédereainditions and pollution levels as the fre@byv
suburban birds but haat libitumaccess to nestling food, we might infer that &iteel may be the most
important determinant of breeding success for spawhile weather and pollution seems to affectrithe
via their effects on the availability of arthropodshex than directly. However, our rural and suburban
study sites may have also differed in predatiosgree, which may affect chick’s growth via influeng
their parents’ behavior. Higher perceived predatmessure on adults may either limit their food
gathering behaviour, or also, parents may decitddeear smaller fledgelings as smaller size may be
adaptive when predation risk is elevated.

The trends revealed by our cross-fostering experinmrovide additional support for the
importance of environmental conditions during negttlevelopment. Despite the limited sample siz¢ th
was forced upon us by the harsh weather condibd2910 which resulted in the birds’ low willingrees
to breed and high nest failure rates, the direatioevery difference observed between rural andiddn
birds was in accordance with our predictions. Spdly, irrespective of their origin, nestlingsisad in
rural nests tended to grow larger than those raisesuburban nests, whereas birth habitat had no
consistent effect on nestling growth, i.e. ruraichad nestlings reached similar (or even slightialéer)
size than suburban-hatched nestlings under simelaing conditions. Coupled with the results of the
common garden experiment, these findings strengthenevidence for causality in the relationship
between urbanization and decreased breeding sugtdssuse sparrows that has been suggested by
correlative studies in both Britain (Peaehal. 2008) and Hungary (this study). As sparrow negsin
cannot be sexed by appearance, we cannot excledeossibility that sexual dimorphism in nestlings’
body size might have influenced our results. Howethee effect of sex on nestling morphology is $mal
compared to the effect of habitat we have founditiginot consistent for different body parts (Kard
& Westneat 2009) whereas in our study all morphicligmeasures differed consistently between
suburban and rural birds.
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Finally, our results also provide some information the effects of urbanization on adult
sparrows in the breeding season. Both in the f@ld in the common garden experiment, adult birds of
differently urbanized habitats did not differ inutdh size, hatching success, and the number ofdbroo
raised successively per nest site which may beatide of the seasonal breeding success per gaser
findings suggest that adults are unlikely to benferior body condition or poor health at more urzad
sites, supporting the conclusion of our previousligts on sparrows’ competitive performance (Békeny
al. 2010) and body condition indice€Hapter 111). Although urban sparrows have consistently smalle
body mass than rural conspecifics (Liktral. 2008; Bdkonyet al. 2010, 2012), this seems to be a life-
long consequence of impaired nestling growth resulin reduced body size but apparently similar
individual quality.

Taken together, our results consistently suppaitt flor house sparrows, the primary 'victims’ of
habitat urbanization are the nestlings, suffermgeased mortality and reduced growth due to ttle d&
adequate food such as ‘e-prey’. Similarly to owmdiings, the nestlings of European starlin§tufnus
vulgaris) and American crowsQorvus brachyrhynchdsvere also found to reach inferior body size in
more urbanized habitats compared to those of rarabs due to the insufficient nestling diet
(Mennenchez & Clergeau 2006; Heitsal.2009). The major implication of our study for congdion is
that these negative effects may well be at work ardy in conspicuously declining house sparrow
populations but also in those that appear steadgyen in those that are not being considered fxagn
conservational aspect.
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CHAPTER V

Response to predation risk in urban and rural house
sparrows

Gabor Seress, Veronika Békony, JAnos Heszbergemdkas Liker

ABSTRACT
Habitat urbanization may change the density of giead, and it is often assumed that such changes le

to altered predation risk for urban populationgtefir prey. Although it is difficult to study pretian
hazard directly, behavior responses of prey spemiag be informative in inferring such habitat
differences. In this study, we compared the ri#ng behavior of urban and rural house sparrower aft
simulated attacks by two of their important predatsparrowhawk and domestic cat). The birds were
startled by moving dummies of these predators asgeactive control objects, and their risk takingswa
estimated as their latency to feed after the stavtle found that sparrows responded more stromglgt (
longer post-startle feeding latencies) to sparravkhattacks than to the control object, and their
responses differed between the habitats. Firdt, teking of urban birds strongly decreased with age
(older birds had longer latencies than young bjrdlle there was no such age difference in ruralsb
Second, young urban birds responded less stromiliye older urban birds responded more strongly to
the sparrowhawk than the same age groupsof rurds,biespectively. We did not succeed in evoking
antipredatory response by simulated cat attackguse birds responded similarly to the dummy ard th
control object. Our results support that predatisk, posed at least by avian predators, is diffene
urban and rural habitats of house sparrows. Thee@sed wariness of older, hence presumably more
experienced, urban birds implies that sparrows bb@agnore exposed to predation in cities.

This chapter is an extended version of the researitie: “Seress, G., Bokony, V., Heszberger, J. &
Liker, A. (2011). Response to predation risk inamrland rural house sparrovieghology 117: 896—907.”
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1. INTRODUCTION

Habitat urbanization alters several ecologicaldexthat shape the composition and structure ahalni
communities (Shochadt al. 2006). One of the most important ecological fastsr predation pressure,
which may have a strong effect on prey populatitmeugh lethal and non-lethal effects (Cresswell
2008). Despite its crucial role in population dymesnit is controversial how predation risk for yre
species changes along the urbanization gradient.

Predator densities often differ between differentivpanized sites. For example, domestic and
feral predators (e.g. cats and dogs) may attaig kegh densities in urban areas (Sorace 2002). The
abundance of native predators may be either red{Rlad 2004) or increased, e.g. populations of som
raptor species are currently increasing in citiésace & Walsh 2006; Rutz 2008). A recent largeescal
study by Sorace & Gustin (2008) found that the almee of predators changed in a complex manner
with urbanization, e.g. differed between generafistspecialist species. In addition to these ceritis,
the density of predators in itself may not refléet actual predation risk. For example, cats mayaac
predators of small birds and mammals (Lepozlykl. 2003; Woodst al. 2003; Bakeeet al. 2008), but it
is unclear whether they cause significant mortadgythey may also rely on refuse or food providgd b
humans. Urban prey may attract rural raptors ihedities to hunt (Newton 1986), which may lead to
greater predation than that suggested by the mgedénsities of urban raptors. Finally, the mere
presence of predators may be detrimental for pogulations via indirect effects such as starvabon
suppressed breeding, which may be greater thamdntlity effect (Cresswell 2008). Prey behaviod an
life history can reflect the risk of predation, shproviding a useful alternative approach to stodlitat
differences. To date, the results are similarlyetbe as those inferred from predator densities. For
example, field studies of birds’ foraging behavimggested lower predation risk in cities than deser
areas (Shochagt al. 2004) and for more urbanized species (Tsweinal. 2008). Chamberlairet al.
(2009a) reported lower adult mortalities in urbapyations of some passerines, although it is @ncle
whether this was the result of reduced predatiamil&ly, the looseness of the rump feathers, which
thought to be an antipredatory adaptation, wasddoenbe reduced in urban bird species compared to
closely related rural species, implying that tharfer are less affected by density-dependent praadati
rates than the latter (Mgller 2009). On the otlaard) another study (Mgller 2008) found that spewi¢s
greater proportion of their population breedinguiban habitats are more susceptible to predatien (i
occur more frequently in the diet of sparrowhawhant expected by chance), suggesting that increased
abundance of urban birds (Mgller 2009) makes thereasingly preferred as prey by the sparrowhawk
(Mgller 2008). House fichesCarpodacus mexicanusvere also found to show increased levels of
antipredatory behaviors in more urbanized habifdtdcarcel & Fernandez-Juricic 2009). In sum, the
evidence of the relationship between habitat udzdimmn and pre-dation risk is ambiguous. Although
lower predation pressure on adult birds in citiesai central assumption of some models of urban
population dynamics (Shochat 2004; Andeeesl. 2007), the effect of urbanization on predation may
well be species-specific in terms of both predatad prey species (Sorace & Gustin 2008).

In this study, we focus on predation risk expergghby urban and rural house sparrows. This
species is common in many differently urbanizedithéd and is an important avian prey of several
predators such as feral cats and sparrowhawks {(8o0tiphant 1993; Gotmark & Post 1996; Gillies &
Clout 2003; Bakeet al. 2005). Whereas sparrow populations have beenntiegiworldwide (Summers-
Smith 2003; Shavet al. 2008), several populations of their predatorsiacesasing in urban habitats,
including the sparrowhawk (Risdt al. 1996; Kelcey & Rheinwald 2005; Bérces 2007; Chamabeet
al. 2009b; Bellet al. 2010), other raptors (Sodhi & Oliphant 1992; Salea al. 1999; Morandini 2006;
Rutz 2006), and the domestic cat (Woetlal. 2003; Beckermamt al. 2007). To test whether sparrows
in differently urbanized habitats experience ddfarlevels of predation risk, we exposed wild-cdaugh
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birds from several urban and rural populations imukated predator attacks and measured their
subsequent risk-taking behavior. The assumptiorindebur study was that the birds’ responses to
predator exposure reflect the level of predati@k they have adapted to in their original habitéats.
accordance with this assumption, a meta-analyss/ath that experience with predators amplifies the
perception of risk, i.e. animals are generally mat@y when they are more frequently exposed to
predators (Stankowich & Blumstein 2005). For examplernandez-Juriciet al. (2004) found that birds
preferentially attacked by magpieRiga picg increased their scanning time in the presenamagipies
relative to less often attacked species. Studiethime-spined stickleback&ésterosteuaculeatu¥ and
water fleas Daphnia magngexperimentally demonstrated higher risk aver&mhigh-predation than in
low-predation populations (De Meester 1996; Brydefesl. 2008). Therefore, if urban and rural sparrows
experience consistently different levels of premtatiisk, we expect that the birds from the riskiabitat
take less risk.

2. METHODS
2.1. Study subjects

In September 2009, we captured 58 house sparrowsiftynets at five urban and five rural sites in
Hungary (Table V.1). Urban sites were heavily buptareas in centers of four cities (two sites &8
apart from each other were used in Budapest), whild sites were located on small farms in vegetat
areas remote from city borders and also from edioér oWe chose study sites that represent indepénde
local populations by being sufficiently far fromobaother to prevent significant exchange of birds
between them (x + SE distance between sites: 64.4 km, range: 3.5-145.6 km). The house sparrow is
a very sedentary bird: dispersal distances arecdilpi 1-2 km (reviewed by Anderson 2006), and
movements in the non-breeding season are usudl rb(Likeret al. 2009; Vangestadt al. 2010).

Upon capture, we measured body mass (+0.1 g) asdstdength (+0.1 mm) and ringed birds
with a numbered aluminum ring and three color rirBg the development of the birds’ plumage, we
assigned them to two age categories: (1) young birat did not have their complete adult plumag# an
(2) older birds with full adult plumage that weither adults older than 1 yr or juveniles fledgealgin
the breeding season of 2009. (We were not ablegarate these two latter groups, but in any case th
were older than the individuals categorized as gduirds.)

Birds were transported to Veszprém and were howsedtdoor aviaries. These aviaries were ca.
3 m high and 3-4 m large, protected from rain ammtained nest boxes and roosting trees. Birdsaldad
libitum access to food (millet, wheat, and sun-flower spadd water amended by multivitamin droplets.
During the first 3 mo, birds were left undisturbaad kept in four mixed flocks of similar size ineth
aviaries, all containing birds from all captureesito control for any eventual aviary effect. Beftine
risk-taking tests, ten birds died for unknown remsdiowever, the rest of the birds remained in good
health and condition. This rate of mortality wasaintompared to that observed in free-living house
sparrows (Anderson 2006) and similar to other stwidvhere sparrows were kept in aviaries (Liker &
Bokony 2009; Bokont al. 2010). Captures and housing were in accordandethét relevant Hungarian
laws and were licensed by the Balaton Upland Nati®ark (permission number: 9138{04).

2.2. Test procedure

We tested each bird individually by exposing themmioving sparrowhawk and domestic cat dummies.
These risk-taking tests were conducted in Jan.—2@t0 during 1-week-long test periods. At the sbért

55



each test period, we captured two urban and twal iindividuals from the aviary flocks; they were
chosen randomly with the constraint that they wieom different capture sites. Each bird participaite

the experiment only once (i.e. was included in dneeek test period). The identity of birds to be
captured from the aviaries for each test period etermined before the beginning of the experiment;
thus, the ease by which each individual could bgtwwad had no effect on the order in which it
participated in the experiment. During the wholedgt a similar number of birds were tested fromheac
capture site (rural capture sites: Vilmapuszta,n&gd, Uls-Doramajor, Band, Salféld; urban capture
sites: Varpalota, Veszprém, BudapestbEnya-Kispest, Székesfehérvar, Budapest: VI. kee; details

in Table 111.1). After weighing (pre-test body masthe birds were put into individual indoor cagés

cm high, 80 x 45 cm large) containing a feederagewcup, three horizontal perches, a shelter doc,a
small artificial bush. The wire grid bottom of tlvages prevented the birds from accessing the seed
spilled from the feeder. Birds were left undistuttber the next 3 d witlad libitumfood and water.

On the following 4 d, we tested one bird per dagctebird participated in four consecutive tests,
all conducted on the same day. Birds were testedroom separated from the other birds. We altethat
the testing of rural and urban birds, and the ahaicthe first bird of the week was randomized. rigve
individual's test consisted of two types of aefalpredator and a control) and two types of gro(and
predator and a control) treatments, and the sequeihteatments was randomized. At 3:00 p.m. before
the test day, the actual test bird was placed éntéist cage that was identical to the housing cagds
contained the same food. The bird was left alonéeéa until 4:00 p.m., and then the feeder lid was
closed, so an overnight fasting preceded the nexsdests. At 8:00 a.m. on the test day, the fithe
feeder cup was opened remotely (from another rdynpulling a string. When the bird first peckednfro
the feeder, we startled it instantly by one of tfe&atment objects. If an individual did not pecnr the
feeder at all, the startle occurred 15 min afterfdeder’s opening. After the startle, the bird bpdo 30
min to approach the feeder again and then had dGanifeeding. After this period (or after 30 mifrthie
bird did not resume feeding after the startle) lithef the feeder was closed remotely, and a 68-Hwng
fasting period followed to ensure the birds’ motioa for feeding in the next test. After the four
consecutive tests, the bird was free to feed Gr@iD p.m.; then, we put it back to its former hogstage
and moved the next bird to the test cage. Afterdiietest of the 4th individual (i.e. at the endtioé
week), all four birds were weighed again (post-testy mass) and released back to the aviaries.

The aerial predator was a taxidermy-mounted spdvamk with body and wings in gliding
posture and was moved on a wire ca. 1 m aboveeti€age. The dummy was remotely pulled out from a
hide at one end of the test room and, after pasdioge the cage, disappeared behind another htte at
other end. It was visible for ca. 3 s for the tastls. A light brown paper box, operated in the samay,
was used as control (it had approx. the same sitleeasparrowhawk: 15 cm high and 30 x 20 cm large)
The ground predator was a taxidermy-mounted caiclatid onto a rolling board (a wooden plate
equipped with four wheels). It was pulled out franhide, moved ca. 1.5 m in front of the test cagel,
after it was visible for ca. 4 s, it disappearetibe another hide at the other side of the room.us&x a
light brown paper box of similar size as contrdh @n high and 45 -30 cm large) that was moved en th
same lane as the cat dummy. We used one dummyegmatpr type throughout the experiment, assuming
that the birds’ responses to these dummies areseptative of responses to live predators in the wi

During the tests, the test bird was observed tHragne-way window and the feeder’s lid and
the test objects were operated by a single expatanédrom an adjoining room. The bird’s presence on
the feeder was detected by a small infrared datgttced at the top of the test cage: each ttm@ @1 s)
of arriving at and departing from the feeder wa®rded on a computer. Additionally, the behaviothef
test bird was recorded by a video camera. In tteyaes, we used the infrared detector’'s recordings
because these provided the most accurate measugemkrthe latencies, and the experimenter’s
observations and the video recordings were usdduble-check these data.
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2.3. Data analysis

To assess the birds’ body condition prior to thetstewe quantified their body mass relative tortbeidy
size by calculating the scaled mass index as re@mded by Peig and Green (2009, 2010). This index
adjusts the mass of all individuals to that whicéyt would have if they had the same body size gusia
equation of the linear regression of log-mass @psiae estimated by type-2 (standardized major; axis
SMA) regression. For the calculation of this equatiwe used our earlier data on the body mass and
tarsus length of 2345 adult house sparrows (ouublighed data). The regression slope was 1.71, and
average tarsus length was 19 mm, thus we calcullagescaled mass index as pre-test body mass & (19
tarsus length)’* (Peig & Green, 2009, 2010).

Out of the 48 test birds, one died before its it for unknown reasons and another one
escaped, so we could finally use the data of 4éshim total (30 young, 16 older). Using the infdare
detector’s data we calculated two variables fohdadividual in every test situation: (1) latenoyfirst
feeding, measured from the opening of the feedme{startle latency’); (2) latency to feed aftee th
startle, measured from the appearance of the mmedaimmy or the control object (‘startle latency’).
Birds that did not feed before and/or after thetigatimulus were given maximum latencies (900/and
1800 sec, respectively). Out of the total of 92ishesind 92 ground tests, pre-startle latencies were
maximal in 18 aerial and 16 ground tests, wheréatles latencies were maximal in 17 aerial and 11
ground tests. Only one individual did not feed kt(ize. had maximal latencies in each of its tgsts
additionally, 2 birds in the aerial tests and 2Ibiin the ground tests did not feed both in the dyrand
its control tests.

To compare the response (i.e. startle latenciesjlzin and rural sparrows we used linear mixed-
effects models that contained the following randanctors: bird ID (i.e. the latencies of each bimcthe
control and predator tests were treated as norpérdient measures), capture site, test group ljieed t
birds tested in the same weekly test period) ardothsition of the housing cage. Separate models wer
used for the analysis of the aerial and the grdrestments to avoid interactions between more thiae
variables, because anti-predatory responses tereiiff predators may show different interactions wit
variables such as habitat and age. Both modelsaicaut the following predictors: pre-startle latency
date, test day (order of the test birds withinwleek), and the scaled mass index as covariatesmieat
type (control object or predator dummy), sex anel @@ung or older) as factors; and scaled masxirde
habitat, sex x habitat, and habitat x age x treatrype interactions. Additionally, we tested thteets
of treatment order by including the following thrpeedictors. To test for habituation or sensitizati
during the day, we used a covariate giving the remdb treatments the individual had received before
the actual treatment (ranging 0-3; hereafter treatrorder). Because experience in previous tesiitmi
affect the response to predatory attacks, we usedfactors to encode whether the individual had
received the respective control treatment (hereafttrol-predator order) and the other predator
treatment (hereafter cat-sparrowhawk order) bedoadter the predator treatment being analyzed.

We report the full model as recommended by Forgtmand Schielzeth (2011). Then we reduced
the full model by omitting the effect with the higgtP-value step by step until only significaft € 0.05)
effects remained, but never omitted habitat and rdr@lom factor. We also report the final model
obtained by this approach, as recommended by HmgyiGaramszegi (2011). We favored this model
selection technique over the information-theoretaproach because it was suggested that the latter
reduces the accuracy of effect size estimatiorefperiments designed to test the effect of onevor t
treatments (Richardst al. 2011), and our aim was to infer whether or notitaathas a considerable
effect while controlling for confounding variablesther than to compare the strength of evidence fo
each predictor. To check the robustness of oultsgsue re-ran all the analyses by omitting thoases
in which the birds had maximal startle latency eal(n=17 tests in aerial and n=11 tests in groesis}x
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We also tested whether urban and rural birds diffén body mass change during the experiment
because this may reflect their sensitivity to Stresused by the experimental conditions. For eadhnz
calculated the difference between pre-test mass Wihen the bird was captured from the aviary) and
post-test mass (i.e. when the bird was releasekl intx the aviary). The full linear mixed-effectodel
for body mass change contained habitat, sex, adjéeshday as fixed factors, date as covariatesdhex
habitat, age x habitat and date x habitat intevastiand capture site, test group, and housing asge
random factors. Stepwise model selection was peddras described above but we never omitted the
age x habitat interaction.

Finally, to assess the potential effect of habtatage differences in neophobia (i.e. fear of
novelty) on the birds’ responses in the test dibnat we also analyzed (1) the birds’ first praitda
latencies, i.e. those after the first opening & teeder (note that feeder lids were always opetien
housing cages), and (2) the birds’ startle latentiehe ground control treatment by using lineared-
effects models. Responses in these novel situati@nghe first encounter with the feeder lid dpgrup
and the paper box moving on the ground, may refleetbirds’ neophobia. The full models contained
habitat, sex, age, pre-test body mass, date, &gstathd habitat x age, habitat x mass and habisatxx
interactions; and additionally, treatment order anetstartle latency in the analysis of startleda in
the ground control treatment. Capture site, testigrand housing cage were included as randomr§acto
We performed stepwise model selection as descriddsule but never omitted the habitat x age
interaction. Since the full model yielded qualitaty the same results as the final stepwise madehch
case, for these additional analyses we only repertinal models.

All statistical analyses were performed in the Ripating environment (R 2.6.1; R Development
Core Team 2010), using the nlme package. Stalisissumptions of linear models were checked and
validated by diagnostic plots. Results are preseatemearr SE, and all tests are two-tailed with a 5%
significance level.

3. RESULTS
3.1. Birds’ responses in test situations

Aerial treatments were successful in evoking badraliresponse, as startle latencies were significan
higher than pre-startle latencies in both the gpdrawk test (mean difference: 361.9 + 79.3 secppat
test:t4s = 4.66,P < 0.001; Fig. V.1) and in the aerial control téstean difference: 180.2 + 59.3 sec;
paired t-testt,s = 4.13,P < 0.001; Fig. V.1). In the cat test, birds hadigliy but non-significantly longer
latencies after than before the startle (mean rdiffee: 102.9 + 49.9 sec; paired t-tdgi:= 1.75,P =
0.086; Fig. V.1), but not in the ground controlttéeean difference: 98.7 + 71.2 sec; paired t-test:
0.39,P = 0.696; Fig. V.1).

The birds’ startle latency was significantly longarthe sparrowhawk test than in the aerial
control test (mean difference: 221.5 + 102.3 sadrep t-testiy;s = 2.93,P = 0.005; Fig. V.1); however,
there was no significant difference in the stadtencies between the cat test and the groundatdast
(mean difference 75.9 + 97.6 sec; paired t-tgst: 0.71,P = 0.479; Fig. V.1).
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Fig. V.2 Response to the sparrowhawk dummy, expressed afiftbeence in residual startle latency between the
raptor treatment and the aerial control treatmentglation to habitat and birds’ age. Residuattitdatencies were
calculated from a linear model containing pre-gtdétency as predictor.
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3.2. Differences between urban and rural birds

In the aerial treatments we found a strong habitage x treatment type interaction effect on thdbi
startle latencies (Table V.1). Relative to the oontreatment, risk taking after the sparrowhawlaci
strongly decreased with age in urban birds (i.deobirds had longer latencies than young birdsjlev
there was no such difference in rural birds (Fig2)VYoung urban birds responded less stronglylewhi
older urban birds responded more strongly to tleereprhawk attack than the same age groups of rural
birds, respectively (Fig. V.2). Startle latencytlive aerial tests was not significantly relatedh® $caled
mass index and its interaction with habitat (Tablg); using body mass instead of the scaled makexin
yielded the same result (not shown). Startle Iatehd not vary consistently with test day and tnesrnt
order (Table V.1), suggesting that birds showedhabituation or sensitization overall during the
experiment. However, the effect of control-predatoder was significant (Table V.2): birds that had
previous experience with the aerial control treathrowed weaker response to the sparrowhawk than
those without such experience. Other predictoridted in the initial model had no significant effen

the response to the sparrowhawk, except pre-statdacy (Table V.1). Omitting birds with maximal
startle latencies did not change our results qualély in any analysis (habitat x age x treatntgpe
interaction in the aerial test8:= 0.046 in the full model and = 0.011 in the final model, n = 42 birds).

In the ground treatments, startle latencies wereralated significantly to any predictor or
interaction considered; urban and rural birds dit differ in their response to the cat dummy (urban
birds: mean 215.2 £+ 84.1 sec; rural birds: mean4431136.3 sec; t-tests;t; = 0.52,P = 0.604) and the
effect of the habitat x age x treatment type irtéoa was non-significant (linear mixed-effect mbdg;
=-0.25,P =0.801).

Urban birds had smaller pre-test body mass thaal hirds, and this difference was similar in
both age groups (linear model, habitat:=t -2.41,P = 0.020, age:;t = -0.89,P = 0.379, habitat x age
interaction: i, = -0.29,P = 0.777; n=46 birds). The tarsus length of urbedsbwas also smaller (linear
model, habitat:;p = -2.49,P = 0.017, age,t = 1.48,P = 0.147, habitat x age interactiogy: £ -0.95,P =
0.348; n=46 birds), therefore the scaled mass imtigxnot differ between urban and rural birds @ne
model, habitat:;6 = -0.13, P = 0.899, age, t -1.98,P = 0.054, habitat x age interactiog: + 0.44,P =
0.664). Furthermore, we found no significant hetbit age interaction in body mass loss during the
experiment (Table V.2a). Our analyzes on the pateatfect of neophobia on birds’ responses showed
that the habitat x age interaction was not sigaifidor either the first pre-startle latency of teet day
(Table V.2b) or the startle latency in the groundteol treatment (Table V.2c).
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Table V.1. (a)Full and(b) final linear mixed-effects model of birds’ startiencies in the aerial treatments (n=46).

p+SE t P Cohen’'s d (CI)
@
intercept 7.38 £3.50 2.11 0.038 0.80 (0.18; 1.49)
pre-startle latency 0.56 + 0.08 7.17 <0.001 2.71(1.81;3.85)
date 0.00 +0.01 0.29 0.772 0.11 (-0.49;0.72)
test day 0.17 +0.14 1.25 0.216  0.47(-0.13;1.12)
habitat -5.79 + 4.38 -1.32 0.191 -0.49 (-1.15; 0.10)
agé 0.29 +0.59 0.48 0.630 0.18 (-0.42; 0.79)
treatment type -0.52 +0.32 -1.60 0.113 -0.60 (-1.26; 0.00)
treatment order 0.01 +0.09 0.11 0.913  0.04 (-0.56; 0.65)
scaled body mass -0.16 +0.11 -1.42 0.159  -0.54 (-1.19;0.07)
control-predator ordér -0.80 +0.38 -2.14 0.036 -0.81 (-1.50; -0.19)
cat-sparrowhawk order -0.05 +0.35 -0.14 0.889 -0.05 (-0.66; 0.55)
sel 0.41 +0.40 1.01 0.313 0.38 (-0.22; 1.02)
habitat x sex -0.89 +0.58 -1.54 0.128  -0.58(-1.24;0.02)
habitat x scaled body mass 0.18 +0.15 1.18 0.240 0.45(-0.16; 1.09)
habitat x age 1.79 +0.77 2.32 0.023  0.88(0.25;1.58)
habitat x treatment type 0.95 + 0.49 1.91 0.060 0.72(1.09; 1.39)
age x treatment type -0.19 +0.61 -0.32 0.750 -0.12(-0.73; 0.49)
habitat x age x treatment type -2.29 +0.83 -2.77  .00D -1.05 (-1.78; -0.41)
(b)
intercept 3.43+0.44 7.86 <0.001 2.62(1.73;3.74)
pre-startle latency 0.56 +0.07 8.23 <0.001 2.74(1.84;3.90)
habitat -1.14 +0.44 -2.61 0.011 -0.87 (-1.57;-0.25)
age 0.49 £0.53 0.93 0.355 0.31 (-0.29; 0.94)
treatment type -0.53 +£0.32 -1.65 0.103 -0.55 (-1.20; 0.05)
control-predator order -0.69 +0.28 -2.48 0.015  -0.83(-1.52;-0.21)
habitat x age 1.66 +0.73 2.29 0.025  0.76 (0.15; 1.45)
habitat x treatment type 0.95 +0.49 1.95 0.055 0.66 (-0.04;1.34)
age x treatment type -0.19 +0.59 -0.33 0.743  -0.11(0.73;0.50)
habitat x age x treatment type -2.28 +0.82 -2.80  .00® -0.31 (-0.95; -0.30)

The models included bird ID, capture site, testugroand housing cage as random factors. Effectestienates
(Cohen’s d) are given with 95% confidence intery@s). Non-significant terms included in the habitaage x
treatment type interaction were retained in thalfimodel. Parameter estimat@3 €xpress the effects of factors as
differences between factor levels as followsural — urban,young — old,?predator dummy — control object,
*control first — predator firsBcat first — sparrowhawk firstfemale — male.
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Table V.2. Final linear mixed-effects models of the birds) fdy mass loss during the experiment, (b) first p
startle latencies during the test day and (c)Istéatencies in the ground control treatment (n=46)

B+ SE t P Cohen’'s d (CI)
@)
intercept 2.91+0.49 5.91 <0.001 1.85(1.09;2.77)
habitat -0.46 +0.53 -0.85 0.398  -0.26 (-0.89; 0.34)
age -1.08 + 0.67 -1.62 0.112  -0.50 (-1.16; 0.10)
habitat x age 0.34 +0.78 0.43 0.665 0.13(-0.48 0.76)
(b)
intercept 6.19 +0.79 7.79 <0.001 2.46 (1.61; 3.54)
habitat 0.43 £0.66 0.64 0.522 0.20 (-0.39; 0.82)
age 0.79 +0.89 0.89 0.380 0.28 (-0.32; 0.90)
sex -1.28 £0.55 -2.34 0.024 -0.74 (-1.42; -0.13)
date -0.03+0.01 -2.16 0.036  -0.68 (-1.35; -0.07)
habitat x age -1.11+1.12 -0.99 0.325 -0.31(-0.94;0.29)
(c)
intercept 1.63+0.67 2.44 0.019 0.76 (0.14; 1.45)
pre-startle latency 0.67 £0.12 5.74 <0.001 1.79 (1.06; 2.69)
habitat 0.26 £0.47 0.54 0.590 0.17 (-0.43; 0,79)
age -0.36 + 0.58 -0.63 0.534  -0.20 (-0.82; 0.40)
habitat x age 0.04 +0.80 0.05 0.958 0.02 (-0.60; 0.62)

The models included capture site, test group, ansing cage as random factors. Effect size estsr(@ehen’s d)
are given with 95% confidence intervals (Cl). Sedl€ V.1 for explanation of the parameter estimates

4. DISCUSSION

In this study we investigated whether there arethatelated differences in house sparrows’ respsns

the predation risk by two of their typical predatothe sparrowhawk and the domestic cat. We
successfully simulated predation risk by sparrowjavecause birds’ startle latencies were highen tha
their pre-startle latencies, and startle latensiese higher following the sparrowhawk attack than
following its control treatment. Our results showtbdt the risk taking of birds after the sparrowkaw
attacks was related to both their age and oridiahltat in an interacting way. These findings suptiat
sparrows are likely to experience different levalgredation risk in cities and rural sites, altgbuhe
behavioral consequences are different in youngodaher birds. Because we included birds from several
rural and urban localities, these results areyikelrepresent a general trend in our region aridh®
particular situation at a specific locality.

Two lines of evidence from this sparrowhawk tegjgast that sparrows in cities may be exposed
to greater predation risk than in rural habitatgstF response to the sparrowhawk attack increased
strongly with age in the urban group, while no simdiease was detected in rural birds. Such ardifitee
is expected when predator attacks are more freqnemban habitats, and gaining more experiench wit
predators during an individual's life causes adarmcrease in the birds’ risk aversion (Stankow&ch
Blumstein 2005). Second, among older, hence prdslynmore experienced, birds, urban individuals
responded more strongly than rural individuals,chis also consistent with a higher predation nsk
urban habitats. Only the comparison of young, inadht inexperienced sparrows did not conform te thi
scenario, i.e. habitat difference was the oppoagein older birds, for which we do not have an
unequivocal explanation. One possibility is thatiyg birds might be safer from avian predators & th
cities than at rural sites, when, for example, hpgidation pressure is strongly seasonal in urlbditdts
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— in this case the young urban birds capturedenatitumn could be rather unexpreienced, compared to
their rural conspecifics. Alternatively, in the kaof strongly developed antipredator responsespgou
birds’ feeding latencies might have been influenpddharily by factors other than the actual preafati
risk. For example, their readiness to resume fegditer startle may reflect differences mostly ey
reserves, in which case the higher body mass afigyoural sparrows would permit them to wait longer
than the relatively smaller urban birds. Howevargduse the scaled mass index did not differ between
urban and rural birds, it is unlikely that theyfdred considerably in their energy reserves. Boghlatter
finding and the fact that the birds’ response tdptors was not significantly related to their edahass
index may be due to our experimental design, ie.deliberately tried to minimize the differences in
individuals’ body condition (thus, their motivatiphy allowing them to feedd libitum prior their test
day.

Nevertheless, the smaller body mass and size ainuoirds might have affected their responses
to predators independently of their energy resefvesexample, it is possible that increased bodigiat
and thereby increased wing loading of rural birttglér their maneuvering ability, which could reduce
their willingness to take predation risk (e.g. \&figet al. 1994; Lindet al. 1999).

The reduced risk taking of urban sparrows after dkitack by aerial predators such as the
sparrowhawk is consistent with several observatiodg&ating increased raptor densities in citiese T
sparrowhawk is a main predator of the house spamod its numbers are increasing in several urbdniz
habitats (Chamberlaiet al. 2009b; Bellet al. 2010), reaching high densities in large Europetiesdike
Hamburg (Risclet al. 1996) or Prague (Kelcey & Rheinwald 2005). In Boeklst (where two of our urban
capture sites were located), breeding sparrowhasispresent from the early 1980s (Bagyura 1985);
since then, their population has been increasimd,ima 2007, the number of breeding pairs was esticha
to 200 (Bérces 2007), which exceeds the breedimgityeof sparrowhawks in many natural habitats
(Newton 1986). Furthermore, the number of sparravidisahunting in Budapest during winters is
estimated to reach 500-600 individuals (Z. Bajarsp comm.). Other raptors such as the Kestrel, the
Merlin (Falco columbariuy and the Northern goshawk also readily occupyropelitan areas in both
Europe and North America (Sodhi & Oliphant 1992Iv&a et al. 1999; Morandini 2006; Rutz 2006).
Additionally, raptors such as the kestrel and #nenty owl Strix alucg readily adapt their diet to the
altered prey species composition of cities by tgkimore birds, including house sparrows, than iiir the
natural habitats (Goszczynséi al. 1993; Kelcey & Rheinwald 2005; Kublet al. 2005). Although an
interspecific comparison of birds’ foraging behanvindicated reduced sensitivity to predation riskhe
house sparrow compared to the more rural Spanesiicsp Passer hispaniolengisthat study used only
one foraging patch per species in a single subunbaitat where the two species co-occurred (Tsetim
al. 2008).

The higher sensitivity of urban sparrows to prematiisk is also consistent with our previous
results that sparrows have smaller body mass ady &ime in more urbanized habitats than at rutaksi
(seeChapter 111), a difference that persists in captivity for se@nonths (Likeret al. 2008). This may
be the result, at least in part, of selection foaker weight on an evolutionary scale, becauseaed
body mass may be adaptive when the risk of predaitigh (Gosleet al. 1995; Pérez-Trist al. 2004;
although other factors such as poor-quality dietitres might also be important; see Mennechez &
Clergeau 2006; Peat al. 2008;Chapter 1V). In line with this idea, house sparrows have &ndilody
mass in areas with higher predation risk posedplayrewhawks (MacLeodt al. 2006). Similar to these
earlier findings, in our present study, rural biwdsre heavier than urban birds. Heavier birds ntases
more fat and therefore be less motivated to takerigk of predation, which might have biased the
outcome of our experiment. However, differencegnergy reserves are unlikely to explain the habitat
differences in risk taking in our experiment, ataded earlier.
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Birds of different age and habitat might differthreir sensitivity to stress, which might have an
impact on their behavioral responses. However, mendt find any significant difference in birds’ ¢y
mass change related to habitat, age, or theiraictien; thus, it is unlikely that differences inpirng with
the stress of captivity influenced our results.f@&#énces in the level of neophobia between urbah an
rural birds might also influence their behaviorakponses, as more complex urbanized habitats may
contribute to reduced neophobia (Greenberg 200Be¥rria & Vassallo 2008). However, we found no
significant habitak age interaction either in the first pre-startemey (i.e. the bird’s response to the first
opening of the feeder’s lid on the test day) aihim startle latency in the ground control test ¢(he bird’'s
response to a paper box moving on the ground)n&with these results, previous studies have found
that the object neophobia of urban house sparrewst different from, or even somewhat higher than,
the neophobia of rural conspecifics (Echeverriaasaallo 2008; Liker & Bokony 2009).

Besides the one we applied here, there are alteenatethods to assess actual predation risk
perceived by prey. One of these operates with flight initiation distance’ (FID). FID measures the
distance at an animal flushes away when a poteptedator or novel object approaches; hence, it is
thought to be informative on predation risk in eiffnt environments as birds exposed to greater
predation risk are expected to show longer FI&s fiush earlier; Stankowich & Blumstein 2005). Whe
comparing populations of the same species, FIDscansistently shorter in urban areas (e.g. Mgller
2008). Furthermore FIDs are found to be much higméarger-bodied, predatory species (Mgller 2012).
Both of these findings suggest lower predation iiskurban areas: because prey populations’ tamer
behavior may refer to relaxed predation pressudeadso because the ubiquitous presence of humans in
cities is more detrimental to predators than tpedty species due to the differences in their FlDuis,
urban areas with high human densities may servefages for prey species. However, FID is usually
measured as a reaction to approaching humansirfetloe above studies), yet it is used as a proxy fo
representing general predation risk perceived bysbiThis may be false if birds distinguish humand
other predators in terms of dangerousness, whichbea plausible as most humans do not hunt or
persecute birds in urban areas (but this can speaia region-specific, s€ducas & Marzluff 2012)
opposed to e.g. sparrowhawks, cats or other pregpézies. Thus, whether FID is a reliable apprdach
assessing perceived predation risk in generakstllires further investigations.

In the cat test, we did not manage to evoke awtilgior response as there was no difference in
the birds’ responses given to the dummy cat andaitgrol object. One reason for this may be th& ca
might pose little threat for adult birds, e.g. hesm they may mostly catch recently fledged young.
Another possible explanation could be that sparrdigsnot perceive the dummy as dangerous because
the cat was passing by the test cage instead ohgeoward the bird, and its eye-gaze direction wais
focused on the cage. This is likely because batdttection of the predator's movement (Stankowdich
Blumstein 2005) and their face orientation and ggee focus (Hampton 1994; Watseal. 2002; Carter
et al. 2008) are known to be used as cues for risk aseeddy birds. Because pet cats are regularly fed
by humans and do not necessarily have to rely oirigy it could be adaptive for sparrows to assess
actual risk by the behavior of the cat and adjusirtresponse to it.

In conclusion, our findings do not support a redupeedation risk for urban house sparrows. The
increased wariness of older, hence presumably exerienced, urban birds suggests that sparrows are
more exposed to predation in cities. As our cat vess not effective, further studies are needed to
investigate whether the stronger antipredatoryaesg of urban sparrows is specific to the sparrawkha
(or raptors) or represents a more general resgor@edation risk.
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CHAPTER VI

Quantifying the urban gradient: an easy method forbroad
measurements

Gabor Seress, Agnes Lipovits, Veronika Bokony ladskl6 Czani

ABSTRACT

The process of habitat urbanization has intensenzamifold effects on the biota that we need todvett
understand. The urbanization gradient approachcdsasingly used in ecological research to study th
responses of communities and populations of plam animals to different degrees of landscape
urbanization. However, the methods used for quantfthe urbanization gradient are heterogeneous.
Here, first we validate a manual method designedbfoad measures of landscape urbanization, based o
major land-cover characteristics calculated fromahémages, that has been applied in former sfydie
and compare its results to measurements takenamititely accepted geoinformatics software. Second,
on the basis of this manual scoring method we dhice a recently developed, easily feasible, semi-
automated method of measuring degree of urbanizatibich uses only freely and worldwide accessible
satellite imagery. Finally, we compare the resolitained by the three methods and the conclushans t
yield within the framework of an ecological studgnducted on birds. Our results show that the three
methods quantify the urbanization gradient simylads the ‘urbanization scores’ they provide are
strongly correlated and the results of the ecokldganalyses are highly repeatable across the three
approaches. Since the semi-automated method ghasigserformance at far the lowest cost of time, we
propose it as a useful tool for broad measuren@nigbanization and its application can promoteatge
integrity between studies of urbanization effects wildlife around the world. We also provide a
download link to the free application of our semteanated method.

Unpublished manuscript.
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1. INTRODUCTION

There is an ever growing need to detect and préakéceffects of changes in our environment occgrrin
either as a result of natural processes or humiritacOne of the most actual environmental chanige
the escalating process of landscape urbanizatianp@net’s human population is growing rapidly and
alters natural landscapes at an accelerating hadeighout the world as the number and extension of
urban settlements are increasing (Griminal. 2008; Hammonet al. 2011). The ‘ecological footprint’ of
urban areas has become of great interest to valdiiearchers in the last decades, as urbanization
natural landscapes into highly altered habitaté itificial surfaces, industrial pollution, antpagenic
disturbance, and severely altered energy flux ademt cycles (e.g. Lee 2007; McDonnell & Hahs,
2009). This phenomenon is considered to be onlgeafibst important causes of biodiversity loss, iggec
endangerment and extinction (Lepcaykal. 2008; McKinney 2006; McDonald & Marcotullio 2011).
Thus, while researchers of basic ecological sciesm#eavour to understand the complex effects of
urbanization on animal and plant communities angufations, conservation biologists seek the causes
and remedies when species cannot adapt to urbaairdtbnments (Marlzufet al. 2001; McKinney
2006; Schochagt al. 2006). For both kinds of research, it is cruatatitiantify the intensity of landscape
urbanization in a way that is most relevant forghedied wildlife community or species.

Many animal-ecological studies on urbanizationiz¢d simple comparisons of habitats labeled by
various and poorly defined terms such as urbanyraln, and rural (e.g. reviewed by Marlzeffal,
2001; Theobald 2004). While this approach has thtential to reveal important differences between
populations, it hinders the replication of suchdsts, the integration of their results, and the
generalization of predictions and conservation mgoendations because these terms carry different
meanings in different regions of the Earth (Marzleff al. 2001). Although there were suggestions for
standardized terminology for categories of diffélenrbanized landscapes (e.g. Marlzatfal. 2001),
such categories are relatively broad, not necéggatevant for the studied system and certain tasbi
might not even fit into any category. Instead, @iplquantitative measures of relevant landscape
characteristics can provide a more useful apprdaitite the introduction of the concept of urbarnirat
gradient (McDonnell & Pickett 1990) it has becomérequently and effectively used framework for
studying ecological issues of human settlementsDdmnell & Hahs 2008). The term ‘urbanization
gradient’ refers to the spatial variation of enmimgental factors in relation to the intensity of amtzation,
from natural landscapes to the most heavily urleghiareas (McDonnell & Hahs 2008). The simplest
urban gradient would be a linear transect fromciientryside to the city centre whereby the intgnsit
urbanization and its environmental impacts decreasenotonically with distance from the centre, but
such a gradient approach would be oversimplified. (81cKinney 2006). Urban structures are rarely
monocentric, with core regions being surroundedasymmetric mosaics of differently urbanized
landscapes such as industrial and residential ioigsfe.g. Blair 1996; McDonnell & Hahs 2008;
McDonnell et al. 2009). In this way the urban gradient is not neasly a geographical transect but a
continuum of a combination of landscape features$ ¥ary systematically as a result of anthropogenic
environmental change (McDonnell & Hahs 2008).

When quantifying urban gradients, the number ofsuesd environmental variables can vary at a
wide scale depending on the purpose of study amddesired level of precision (Hahs & McDonnell
2006). In landscape ecology for example, landscapeposition (i.e. percentage of types of landscape
cover) and heterogeneity (i.e. degree of contagawe)suitable predictors of ecological conditioos f
animals and serve as proxies for the structuratacieristics of urbanization gradients (Albegti al.
2001). Landscape gradients are often charactebyethe proportion of areas covered by vegetation,
buildings and roads (McDonnell & Hahs 2008), andsth metrics often predict animal communities’
species composition, abundance and species riclab@sg the urbanization gradient (e.g. Blair 1996;
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Clergeauet al. 1998; Germainet al. 1998; Germaine & Wakeling 2001; Pillsbury & Mill2008). This

is probably because these types of landscape ceflect components of urbanization that are crucial

a wide range of species, e.g. more vegetation mayidge more sites for foraging, nesting and roagtin
the number and density of buildings is probablyasged with altered native vegetation, disturbamge
humans and pets, noise and light pollution; andisomay increase pollution by traffic and direct
mortality by collision (Milleret al. 2001; van der Ree 2009). The effects of thesedomeasures of
landscape cover can be fine-tuned by more spauciiiasures of urbanization for particular species. Fo
example, the abundance of some bird species iregarith median housing age in urban areas whereas
other species show the opposite effect (leiss. 2009), and even factors as subtle as the derfsitgsih
bins can have important influence on the numbersesfain species (Jerzak 2001). Measuring such
specific aspects of urbanization can be a very powvapproach to identify the mechanisms respoasibl
for observed ecological patterns such as the lbspecies richness with increasing urbanizatiom an
thereby to aid conservation efforts. However, stiata are often location-specific, difficult andarstly

to obtain, or even non-available for various stailgs, limiting the extent to which studies basedine
measurements can be reproduced at or extendedfecedt locations. In contrast, broad measures of
urban gradients using land-cover features can geogi common context and integrity between urban-
ecology studies throughout the world (McDonnell &Hs 2008) while still capturing reasonably high
amounts of variability in the patterns of urbanizat{Hahs & McDonnell 2006).

Recently, the improving quality of remote sensingd @mage capturing techniques, and the
increasing availability of airborne and satelliteeiges enables these techniques to be used effycamt
extensively in biological surveys such as urbamligrd measurements (e.g. Hereldal. 2002; Schneider
et al. 2010). The visual processing and evaluation othsimagery help us to analyze landscape
characteristics accurately with consistent methaglplfor different areas around the world. However,
accessing sufficiently high resolution and standamdal or satellite images is often expensivejiiages
from different locations are not equally availablenot comparable, and evaluating them by complex
geoinformatics softwares requires special experfisedate the continental-scale monitoring poliog a
environmental assessments differ between the Nénterican continent, Europe and Australia. For
example, the CORINE land-cover database providespacable digital maps of land cover for each
country for much of Europe based on spectral aisabfssatellite imagery (Kleeschulte & Buttner 2008
This database is widely used in national and iatigonal environmental studies, but its resolutiosa. 25
hectares minimum mapping unit, 100 meters minimudtiwof linear elements) restricts its applicalilit
for study systems that require relatively high gpatsolution. Its land-cover classes are differfeom
the classes of the United States National Land Cbeg¢aset as well as from the Australian Land Cover
and Land Use Dataset; furthermore, all three detase based on different data and different quafit
satellite images (Barsoet al. 2008; Homeret al. 2008). When standardized quantitative data are not
available, researchers can rely on freely accessibhgery (e.g. GoogleEarth) and simple scoring
methods to rank their study sites along the urlvadignt (Bokonyet al. 2010; Likeret al. 2008; Zhanget
al. 2011; Zhang & Zheng 201@hapter I11). This approach provides an easy, inexpensive ofay
measuring urbanization, but it is very time conswgrand its adequacy has not been investigated yet.

In this study our aim is to introduce and validateuickly feasible and freely available broad
method for quantifying the intensity of urbanizatibased on landscape cover. This recently developed
method (Czunet al. 2012) is a semi-automated approach based on theahscoring system of Likeat
al. (2008), requiring public satellite images or deplaotographs and some marginal manual work only.
Using 21 study sites from an urban gradient, firstcompare the ‘urbanization scores’ generatedotly b
the original manual method and the newly developeahi-automated method to strictly quantitative
measurements obtained by a widely accepted, exgeggioinformatics software. We also assess the
measurement error of both the manual and semi-ateuirscoring methods. Finally, we investigate the
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ecological applicability of the scoring methodsrepeating the analyses of a published st@hapter

[11) using each of the three methods and testingegpeatability of resultChapter |11 studied the effects
of urbanization on various measures of individugdlth condition in a bird species, the house sparro
(Passer domesticughat is undergoing population declines in severatsof the world, especially in
urban areas (De Laet & Summers-Smith 20Qhapter V). The authors measured 11 indices of
environmental stress on adult birds to test wheithdividuals in more urbanized habitats are in wors
physiological state. We chose this study becauselitdes several ecologically relevant variablest t
were examined in relation to urbanization and atnatly large number of study sites (i.e. the s&he
sites we focused in this study), quantified by thenual scoring method of Likat al. (2008), thus it
provided a relatively large set of manual ‘urbatimascores’ to build upon.

2. METHODS

For the 21 differently urbanized sites studied ®@yapter 11, we took digital aerial images from
GoogleMaps (Fig. Al). Each study site was represeiily a 1 km x 1 km rectangular area with the
location of bird captures in the center. We qué#edithe intensity of urbanization from these imaljgs
three approaches as described below.

2.1. Manual scoring

We applied the manual scoring method (Likemal, 2008) on the images of 1 km x 1 km areas divided
into 10 x 10 cells for each study site. We evaldidhe content of each cell considering the typthde
major land-cover characteristics, namely buildifBys vegetation VY, including agricultural areas and
brownfields), and paved surfacé® (mostly roads and parking lots), as follows:

0 if proportionof building coverisO
B =<1 if proportionof building coveris between0-50%
if proportionof building coveris above50%

if proportionof vegetatio coverisO
V =<1 if proportionof vegetation coveris between0-50%
if proportionof vegetatian coveris above50%

N

R= 0 if nopavedurfaceispresent
1 i pavedurfaces present

From these cell scores we calculated the follovsognmary land-cover measures for each study site:
mean building density score (potential range OnBjnber of cells with high building density (>50%
cover; range 0-100), number of cells with pavedasas (range 0—-100), mean vegetation density score
(range 0-2), and number of cells with high vegetatlensity (>50% cover; range 0—-100). For eachystud
site, we then calculated the ‘urbanization scostg the PC1 score from a principal component a@naly
(PCA) of the five variables described above. Wé reiler to this measure as manual scores henceforth
The manual scores of the 21 study sites f@mapter 111 that were compiled by 3 observers (i.e.
each observer scored a non-overlapping subseteo®1hsites). The PCA i€@hapter |11 extracted one
principal component (PC1) that accounted for 92df%he total variance and correlated strongly with
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reduced vegetation cover and increased densityitdibgs and roads. To assess the measurement error
of this method, two of us (G.S. and V.B.) scoredheaite twice (with ca. 2 weeks between each
observer’s first and second scorings) and genet@dsets of manual ‘urbanization scores’ (deneted
GS1, GS2, VB1, and VB2, respectively) by PCA (TaklleAl). We used these scores to test the
repeatability of ‘urbanization scores’ (i.e. thdatwe ranking of sites along the urban gradierd)hb
within and between observers (see below). Furthexmo assess measurement error at the level geima
cells, we chose one suburban site situated in tidlenpart of the urban gradient (the Veszprém aashp
and obtained manual scores for it from 10 independbservers not aware of the aims of our studg, an
from the two above researchers with experienceanual scoring (i.e. 12 observers in total). We used
these scores to test the agreement of manual gdegimveen observers at the level of image celld tan
compare this to the agreement between semi-autdraaté manual scoring (see below). Additionally, 10
observers (including G.S. and V.B.) scored thiglsirsite twice, with at least 5 days between thest

and second scoring. We used these data to tesiitthia-observer repeatability of manual scoringheg
level of image cells (see below). Note that marsgaking is very labor intensive and time consunsag
re-scoring of all sites by many observers was easible.

2.2. Semi-automated scoring

The semi-automated scoring method, based on thevaqp of Likeret al. (2008), was developed by
Czuniet al. (2012). This method is a trained classificatiorthod based on analysis of several image
features; its aim is to greatly reduce the timeunegl for scoring while retaining as much precisam
possible.

First we created the appropriate general classificanodel which ultimately generates the cell
scores foB, V andR categories (Fig. VI.1). We took satellite imagesjpeg format from GoogleMaps of
the 1 km x 1 km areas studied Giiapter I11. Since these satellite images have different utisol, we
normalized image size for 164 cm/pixel, and diviéedh image to 100 image cells; these cells seased
the units of analysis for the classifications (20000 m of physical terrain size). We took the Réssin
the order as ranked by the manual scoreShaipter |11 and chose every second image to represent the
entire urban-rural gradient. For these selectedy@nave extracted relevant image features by image
processing methods to obtain high-dimensional dat#ors for our classification models. For eachgena
cell we measured the values of 52 different featlr@sed on colour, texture, and local contrastg®dg
and corners) information, as described in detailGgini et al. (2012). Briefly, we calculated the
following features: number of edge points detedigdhe Canny edge detector (Canny 1986) applied in
19 different settings (19 values); number of polmtonging to each of the 5 specified segment etass
grass, tree/bush, building, road, others, with fledint window size settings of the Laws classifi2d
values; Laws 1980); number of corner points detebtethe Harris corner detector (Harris & Stephens
1988) applied in 6 different settings (6 valueskerage value of Red, Green and Blue channels within
block (3 values), average and modus of Hue (o8& colour space), and the corresponding variafice o
Hue (4 values).

Finally, we established the relation, by three pafedent classification models, between the high-
dimensional data vectors and the cell scores adddaby manually scoring the values Bf V and R,
respectively. For this purpose, we used a set ofuadascores (GS3) by a single observer (G.S.) vas h
extensive practice with manual scoring. For thesifecation task we used the Support Vector Machine
(SVM) algorithm (Vapnik 2006), which is a robusassification and regression technique that maxisnize
the predictive accuracy of a model without ovérfgtthe training data. After establishing the medgk.
training), we used the remaining images to compghes manually assigned scores with the scores
predicted by the SVM model (i.e. testing).
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Select 3-7 Training Extract Relevant

Features by Image

Points per Image
Take Satellite

Images

Processing . o
Build Classification

Model

Manual Scoring

Fig. VI.1. Process of the building of the classification mdadehe semi-automated scoring method.

Once the classification model is established, iit loa used to generate the ‘urbanization scores’
for other areas the user wishes to study (Fig.)yYh2re we simply applied the SVM model to the 21
images (100% of cells) we had used for training &@sting the model. As landscape objects of theesam
type can highly vary in appearance both within dedween images (e.g. buildings may look very
different), we improved the SVM model’s classificat efficiency by adapting the Laws classifier with
manually selecting a very few, typically 1-5, tiamp points for each of the three major land-cover
characteristicsg, V andR) per image. Then we predicted the valueBpt andR for each cell by
applying the three respective SVM models, calcdlate five summary land-cover measures of Lider
al. (2008) from the predicted values Bf VandR, and used them in a PCA to obtain the ‘urbanimatio
score’ (Table VI.A1). We will refer to the ‘urbamition scores’ gained from this measure as semi-
automated scores henceforth.

Our classification models obtained by the abowning process can be used to generate the
semi-automated scores of urbanization for any 1xkrh km area by our application, which can be
downloaded freely, along with a user’s guide ard@zuni et al. (2012) paper, from the following URL
https://www.dropbox.com/sh/i9ik1novs680xbz/PYvOk s

Take Satellite Select 3-7 Training Extract Relevant Classification C.aICLfIate
Images Points per Image Features byllmage Using the Model Urbanization Index
Processing

Fig. VI.2. Process of calculating ‘urbanization score’ in semtiomated scoring method.

2.3. Geoinformatics measurements

To obtain strictly quantitative measurements ofdlaover characteristics of each study site, we
conducted measurements using the ArcGIS 10.0 (28H)) geoinformatics software. All measurements
were done by a single person who had previous e with ArcGIS and was not aware of the aims of
our study. In each image all polygons of landscalpiects were traced and categorized as vegetation,
buildings, paved surfaces, or other (e.g. railwayester bodies). Then we calculated the total pdaggn
area of each cover type by summing the area opdhggons of each of the four categories. Finallg, w
extracted an ‘urbanization score’ from a PCA inghgdthe percentage cover of the three relevant
categories (i.e. vegetation, buildings, and pavethses; Table VI.A1l).We will refer to this measa®
‘ArcGIS scores’ henceforth. For certain analyses, a@nverted the proportion of cover by buildings,
vegetation and paved surfaces for each cell inteegeof 0, 1, or 2 according to Liket al. (2008).
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2.4. Data analysis

We assessed the measurement error of both scomtigods by several approaches. For the manual
scoring, first we tested the agreement within aetivben observers at the level of image cell sciares
the Veszprém campus site using the kappa statigticCohen’s kappa with squared weights for the
agreement between two sets of scores by the sasseve (n=10), and Fleiss’ kappa for the agreement
between observers (n=12 ; Peat, 2002). We expnedgvel of agreement as the % of cells receivireg t
same score from the observer®%and 2“ scoring (within-observer repeatability) for eadsserver, and
the % of cells receiving the modal value of theab®ervers’ I scores for that cell (between-observer
repeatability).

Second, we tested the repeatability of the maraalrgy at the level of images (sites) both within
and between observers (i.e. ‘urbanization scor&,&S2, VB1, and VB2) by calculating the intrassla
correlation coefficient (ICC, see below) betweenhepair of ‘urbanization scores’. We also testeg th
repeatability between these scores and the originadnization scores ofhapter 111 which were
compiled by 3 observers.

Third, we evaluated the agreement between the rhanaees and the semi-automated scores in
multiple ways. We measured the performance of kassification model by the % of correctly classifie
cells during both the training (i.e. the first haff the images) and the testing (i.e. the othef dfathe
images) phase, and by calculating the area unéeR@C (receiver operator characteristic) curvee Th
ROC curve plots the proportion of true positivessifications in relation to the proportion of false
positive classifications; the area under this cusvé for perfect models and 0.5 when classificai®
random. Then we tested the agreement between thieas¢domated scores and the manual scores on
which the classification model was built on (GS8)tbat the level of cells for the Veszprém camptes s
(Cohen's kappa) and at the level of images ofiEEgICC). We also tested the repeatability betwibe
semi-automated scores and the other sets manuekg€aS1, GS2, VB1, and VB2).

Finally, we compared the ‘urbanization scores’ gatezl by the manual method (i.e. the original
manual scorings oChapter 111, GS1, GS2, GS3, VB1, and VB2) and the newly deysiiosemi-
automated scoring method to those extracted framAticGIS measurements, at the level of sites, using
ICC. We did not assess the error of the ArcGIS oetlis we treated this as a “yardstick” for reldgive
accurate quantification of landscape cover.

To investigate the ecological applicability of teeoring methods we repeated the analyses of
Chapter 111 that tested the effects of landscape urbanizatiorbirds’ body condition, and then we
compared the results. In short, we used linear dréféect (LME) models that contained each of the 11
measures of environmental stress as dependenbleriarbanization score’ and various confounding
variables as predictors, and capture site as ranfimtor to control for the non-independence of
individuals captured at the same site. Then we aediuthe initial models by backwards stepwise
selection, omitting the effect with the high&svalue step by step until only significaf<0.05) effects
remained, but never excluded our predictor of @geri.e. urbanization and the random factor (forem
details on data analysis s€kapter 111). We ran the models with ‘urbanization scoresvied either by
the semi-automated scoring method or by ArcGIS omeasents, and compared the results with those
published inChapter 111 based on their manual scores. We took the paramstienate for ‘urbanization
score’ from each of the 11 models and tested theatability (ICC) over the three approaches pagewi

Statistical analyses were run in R 3.0.1, using ‘tbe’ function of the ‘irr’ package for
calculating the ICC, with 95% confidence intervalthe ICC approach tests for repeatability by
expressing the proportion of variance in a chara@ey. ‘urbanization score’) that occurs amondeat
than within groups (e.g. different methods or diéfg observers); for further details see LesselBofig
(1987).
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3. RESULTS

3.1. Agreement at the image cell level
By investigating within-observer repeatability, f@ind that the manual scores for image cells of the
Veszprém campus site showed high agreement betiedinst and second scorings of the 10 observers,
including 8 observers who had no previous expeeenith the manual scoring method (Table VI.1a;
p<0.012 for all kappa tests). As for between-obmemepeatability, the percentage of 12 obsevers
assigning the modal value (i.e. the most frequeadbigned score) for a cell averaged 70-90% fol @ite
cells, showing that most observers agreed sigmifigan the scores of most cells (Table VI.1b; @80
for all kappa tests). Between-observer repeatghihit each land-cover type varied with the amount o
cover, as measured in ArcGIS, in each cell (FigA®). For buildings we found the highest uncertaint
of manual scoring (i.e. the lowest % of agreemetit the modal value) for cells with intermediatever
(ca. 20-30% of buildings per cell), whereas foretatjon and paved surfaces the observers agreed the
least when cell cover was close to zero (Fig. V).A2

The agreement between the semi-automated scoreshandhanual scores used for training
classifier (GS3) was also significant for the Vagrp campus site (Table VI.1c; p<0.001 for all kappa
tests) and was comparable to the agreement betwapunal scores of different observers (see Table 1b)
Overall, the performance of the classification nieder the three land-cover categories for the 2108
cells (i.e. all sites) was around 80% during bdih training and the testing phase of the semi-aaiiedn
method (Table VI.2). The area under the ROC curae higher than 0.7 in each case, showing that the
expected performance of the SVM classifiers was@pjate for our purposes (Table VI.2).

3.2. Agreement at the ‘urbanization gradient’ level

The ‘urbanization scores’ for the full set of 21esi gained by the repeated manual scorings of two
observers (GS1-GS2 and VB1-VB2) showed very highimsobserver repeatability (Table V1.3) as can
be seen from the remarkable overlap of points alivegy axis on Fig. VI1.3a. For vegetation, both
observers attained the highest repeatability ferl#fast urbanized sites with high vegetation cqkey.
VI.A3), whereas for buildings and paved surfacesy tvere the least consistent when scoring sitds wit
intermediate urbanization (Fig. VI.A3).

The between-observer repeatability amongst the aldaotbanization scores’ by G.S, V.B. and
Chapter 11 was high and significant in all comparisons (Ta¥le3; Fig. VI1.3a). Repeatability was also
high and significant between the ‘urbanization esbrielded by the semi-automated method and the
various manual scorings (Table VI.3; Fig. VI.3mdaetween the ArcGIS measurements and all manual
and semi-automated scorings (Table VI.3; Fig. J.3the agreement between the manual scores of
Chapter Il and the scores calculated from ArcGIS measuremeasshighest when vegetation cover
was high and the cover of buildings and paved sadavas either very small or very large (Fig. VA4
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Table VI.1. Agreement of scores across 100 cells for the fésagampus site.

buildings vegetation paved surfaces

(B) (W) (R)

(a) Repeatability within observer (% of agreement) - - -
Observer KD 99 99 97
Observer GS 95 93 96
Observer CL 96 93 82
Observer LA 80 83 100
Observer VPZ 90 74 91
Observer NGA 80 84 88
Observer AGY 76 75 92
Observer GM 70 73 95
Observer SZG 70 73 95
Observer VB 64 68 86
Average of 10 observers 83 82 093

(b) Repee_ltat_)ility between 12 observers (% 20 74 91

assigning the modal value)
(c) Repeatability between semi-automatic and 67 69 91

manual cell scores (GS3)

Table VI.2. Overall accuracy of thB, VandR classification models in the semi-automated sc¢pmirethod.

Training Testing Area under the ROC curve (+SE)
Building 82.09% 80.1% 0.734 + 0.050
Vegetation 86.09% 76.7% 0.746 £0.062
Road 84.45% 86.3% 0.708 £0.090

3.3. Agreement of ecological results

Models of avian body condition containing differambanization scores yielded qualitatively idertica
results for each of the body condition indices stigated (Fig. VI1.4; see the details of the finaldwals in
Table VI.A2). Parameter estimates for the effectudfanization were highly repeatable between the
manual scores dChapter 111 and both the semi-automated scores (ICC=0.838,0040N=21) and the
ArcGIS scores (ICC=0.938, p<0.001, N=21). There wasomewhat lower but still highly significant
repeatability between the semi-automated scoresAao@|S scores (ICC=0.73, p=0.003, N=21; Fig.
V1.4).

73



Table VI.3. The intra-class correlation coefficients (ICCjMaeen ‘urbanization scores’ obtained by various
methods. For all comparisons, p < 0.001

Chapterlll| GS1 | Gs2| vB1| VB2 aufgn”:;te J Arcais
Chapter Il - 0.994| 0.991| 098§ 0988  0.979 0.970
GS1 0994 | - | 0997 o988 098d 0.985 0.95%
GS2 0991 | 0997 - | 0987 0989 0976 0.955
VB1 0986 | 0.983] 098] - [ 0998| 0.6 0.972
VB2 0.988 | 0.988] 098d 099 - 0.958 0.977
aufgmgte 4| 0979 | 09ss| 097§ 09¢ 095 - 0.925
ArcGIS 0970 | 0.958] 0954 097 o097 092 -

Fig. VI.3. Agreement of ‘urbanization scores’ for 21 sitaglfetween various manual scores, (b) betweeretihé s
automated and manual scores, and c) between ArcglSi-automated, and manual scores. The line stfnds
perfect agreement (i.e. y=x).
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Fig. VI.4. Agreement of parameter estimates for the effectrbénization on various measures of bird heattimfr
LME models including ‘urbanization scores’ genedatby manual or semi-automated scoring or ArcGIS
measurements (see Appendix: Table VI.A2). Thediamds for perfect agreement (i.e. y=x).
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4. DISCUSSION

The study of urbanization gradients has been & quaipular research area in the latest decade,umhd s
studies use a great variety of methods to quattidyintensity of urbanization. Here we compare@édhr
broad approaches within the framework of an ecoldgiroblem to assess the reliability and applidsbi

of two scoring methods against well-accepted geométics measurements. Although several similar
approaches and global maps have been applied tdifyudifferences across urban-rural gradients gisin
remote-sensing data (e.g. Ariebal. 2007; Bartholome & Belward 2005; Elvidge al. 2007; Imhoffet

al. 1997; Schneidest al. 2010; Sextoret al.2013), finding a globally applicable way of measgriand-
cover features on a relatively fine scale remairchallenge. Global maps usually have coarse spatial
resolution (mostly 1-2 km) and their applicabilitgries across differently developed regions (reegw
by Schneideret al. 2010), whereas databases with finer spatial réeale.g. 30-300 m) are typically
specific to certain regions or time intervals ardst systems (e.g. Arinet al. 2007; Prinset al. 2005;
Sextonet al. 2013). Within each of these frameworks, urbaniaezhs are represented as a function of
different features such as population numbers,ttingé lights, and satellite-derived land-cover sk
resulting in inconsistencies in how they depictuhgan landscape (Schneidet al. 2010). The approach
we propose here offers a simple alternative forntifyang relative levels of urbanization in a
standardized way in whatever region of the Eartfinat spatial scale, and allows researchers tabigx
choose the type of landscape features without dipgron national land-cover datasets and regionally
specified parameters. As a starting step, here xamimed the performance of this approach using a
particular setup of ca. 1.6 m resolution and 3 méad-cover types within one “urban ecoregion”
(Schneideet al. 2010).

First we evaluated the manual scoring method inited by Likeret al. (2008). Although this
method has been applied in a handful of studiekdByet al., 2010; Likeret al. 2008; Zhanget al.
2011; Zhang & Zheng 201@hapter I11), its validity had not been addressed empiricallge main
advantages of the manual scoring method are itg siemple classification rules with large tolerance
ranges and its easy applicability to any kind aiadémage of study areas, including freely acdassi
GoogleMaps images. However, its results are inelit@rone to the subjective evaluating decisions
made by different observers during the processasisdying the land-cover contents of each imade ce
Here we have shown that there is indeed considerablation both within and between observers when
assigning the values of 0, 1 or 2 to the samefsetage cells, especially when the amount of laodec
to be evaluated in a given cell is intermediate Biaildings) or small (for vegetation and pavedaces).
This variation well reflects the different and sdimes inconsistent cognitive classification rulgplaed
by the observers; for example, small and/or seadtpatches of vegetation or paved surfaces covsred
canopy can be easily missed from considerationil&@imto this, estimating whether total buildingwer
is below or above 50% in an image cell (resultingciassification value of 1 or 2) proved to be the
hardest task for observers when scoring cells imtdrmediate amounts of building cover.

Despite these uncertainties at the image-cell Jevelvever, we have found that the manual
scoring method is still a robust way of assesshey degree of urbanization of sites across different
landscapes. First, at image cell level, the agreéineth within and between observers was often,high
indicating that despite the above mentioned uniceiga, even completely inexperienced people agree
more than they differ when scoring the same imagjes.cWith some practice, one can reach >90%
repeatability as shown by the re-scorings of Gi$hiis chapter, but similar accuracy can also léeged
by inexperienced observers (see Table Vl.1a). Skcamd more importantly, the repeatability between
the ‘urbanization scores’ generated for the sameok@1 sites by different observers was very high,
demonstrating that they ranked the sites similarith respect to urbanization. Since the goal of the
scoring method is to provide a relative measurerbinization, its validity ultimately depends os it
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performance at the level of sites. Different obeesy or even the same person at different timas, ca
differ in their cognitive rules by which they assigell scores, but as long as they are consistettieise
rules across sites, they will still produce cormsistscores for placing the sites along the gradiasit
shown by the >98% repeatabilities of manual ‘urbaton scores’. Finally, the various manual scarfes
urbanization were also highly repeatable with tberes generated from the more objective and aeturat
measurements taken with ArcGIS, suggesting thathtimean eye is fairly effective in assessing the
amount of cover by vegetation, buildings and raad=all across images.

Having found that the manual scoring method isablgt for quantifying the urban-rural gradient,
our next goal was to find and validate a less laloiensive alternative. The manual scoring requat
least one order of magnitude less time than theiggemeasurements with ArcGIS (for example,
measuring a complex urban site takes ca. 10-12shwith ArcGIS and ca. 1 hour with the manual
scoring); however, the manual method still getsteqtime-consuming as the number of study sites
increases. Also, more scoring probably leads toedsing performance due to its monotony and the
accumulation of human errors such as overlookingllsetails or mistyping the assigned values.
Therefore we took the approach of Czéhal. (2012) who developed the semi-automation of thauak
scoring method, with fewer subjective errors amphigicantly less time required. Finding an appraf#i
approach to quantify urbanization based on aut@mwadual processing is challenging, since pixeleas
algorithms are not effective enough due to the kigtability in the visual appearance of an objgptk,
depending on image resolution, season of the tiez,of the day, prevailing weather, type of vetjeta
and building structure, etc. (Czueti al.2012). Thus, the semi-automated scoring methasifies image
blocks instead of pixels, following the logic oftimanual scoring, based on 52 visual features. Were
have shown that this method replicates the manaebygned cell scores similarly well as non-trained
humans’ scores agree with each other, and the riigbi@on scores’ for the study sites are highly
repeatable between the semi-automated method difteEent sets of manual scoring. Furthermore, the
semi-automated scores of urbanization were alduyhigpeatable with the scores from the more pegcis
polygon-based ArcGIS measurements. For both mamisemi-automated scores, we found that the
agreement with ArcGIS scores was the highest fadso(Fig. VI.A2 & VI.A4), probably because
determining the presence or absence of paved sgsrfac the easiest task during the land-cover
classification process. We found the poorest agee¢mat sites with intermediate urbanization, prdpab
due to the difficulties in scoring image cells @ning several buildings interspersed with patcbies
vegetation and other land-cover objects, as detaib®ve. The slightly sigmoid-like relationship Big.
3c is likely a reflection of the difference betwedbr scoring methods and ArcGIS, i.e. intermediatesr
may be overestimated and very large cover may derestimated by the simplifying rules of image-cell
scoring; however, these differences had little iotp@s the repeatability of ‘urbanization scores’swa
>90% between ArcGIS and both scoring methods.

As a final step of validating both the manual anel $emi-automated scoring methods, we used
the ‘urbanization scores’ generated by each metbothe 21 study sites dfhapter 111 and repeated
their analyses to investigate the effects of laagscurbanization on the body condition of adultdsou
sparrows. We found that, in all 11 analyses of boalydition indices, both the semi-automated method
and the ArcGIS measurements yielded qualitatively $ame results as the manual method, i.e. the
predictor variables retained in the final modelsl avhether or not they had significant effects were
identical to the results dChapter 111. Furthermore, the three different scores of urbsion received
very similar parameter estimate values in most ;aas demonstrated by the high and significant
repeatabilities among them. There were only twaegds which the three methods yielded relatively
different parameter estimates; however, there wadias between the three methods as the semi-
automated scoring under-estimated the effect ofnigation in one case and over-estimated it in the
other compared to the other two methods. We ddkmowv the reason for this difference, but since both
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dependent variables were plumage coloration t(hits size and wing bar size) we might speculaté tha
measurement error might have been higher for ttrage than for the rest of the body condition oed.
Nevertheless, due to the higher uncertainty ofehestimates the result was qualitatively unaffected
suggesting that the power of these two analysesitnfigve been limited anyway. In analyses with
obviously high power (i.e. scaled mass index, bowss, tarsus length), the three methods resulted in
almost exactly the same parameter estimate vatuwestianization.

Thus, we propose that the semi-automated scorirtgadas a reliable tool for standardized and
time-efficient quantification of urban gradientgadat is open for further development to test angriove
its applicability to a greater variability of laradpe types. Firstly, since all the areas studiedetgelop
(see Czuniet al. 2012) and ecologically validate our semi-automategthod are located in Hungary,
Europe, it remains to be seen how well the metlaodbe applied to other geographical regions. Algou
our study sites represent a very wide range ofithanization gradient from almost 100% vegetatmn t
almost 100% building cover (see Fig. VI.Al), thare very different landscape compositions in other
parts of the world, with diverse city structureslagpes of buildings and vegetation. The clasdifica
models we built here are likely to work well fontiscapes similar to ours and can be applied t@scor
such new sites with our software, however, theyhtnigot be suitable for study sites looking very
differently from ours; for such sites the semi-améded method should be trained and tested with adanu
scores obtained for those sites. Secondly, althewgkested our method’s applicability in the conteix
avian ecology, we propose it to be useful in ottedy systems. As different types of landscapeaufeat
could be relevant for different organisms (e.g.cCat al. 2008), incorporating further types of landscape
cover into the classification process may be necgsse.g. separating woods from other types of
vegetation, or including water bodies, railwaysnstouction areas, golf courses, rubbish-shoots, etc
Furthermore, while our method works well with stuahgas of 500 m x 500 m (Cz(etial. 2012) and 1
km x 1 km (this study) and images with pixel siZel64 cm, this spatial scale and resolution may be
inappropriate for some study systems such as angenivith very small size and/or limited home range.
Validating the method for much smaller or largeaar and study sites of variable size may furthtameix
the method’s applicability. With these future impements our method could be useful for investigatin
a wide spectrum of animal taxa and research quesstelated to landscape urbanization.

To sum up, we have demonstrated that both the rhanadng method of Likeet al. (2008) and
the semi-automated scoring method of Caftral. (2012) can be used to reliably quantify the initgref
urbanization along the urban-rural gradient. Bo#tthnds generated scores of urbanization that ranked
the study sites along the gradient in a way thatcaessistent with more objective and precise
geoinformatics measurements, and all three methiawed for the same biological conclusions in a
study of bird health indices. Thus, we propose thatsemi-automated scoring method is a powerfll to
for broad studies of urbanization, because it glesireasonable accuracy while it does not require
expensive imagery and software, it is easy to usk perhaps most importantly, allows researchers
around the world to apply a standardized methodofog quantifying urbanization. This method can be
used in any study that does not aim to investigatpredict the effect of the exact amount of vasiou
land-cover types within habitats, such as basitogomal research and even certain areas of consamva
biology and landscape planning. With further depeient, the semi-automated method can be expanded
to include other types of land-cover features applyato other spatial scales than those studied.her
Therefore this methodology has the potential torigieda common context and greater integrity between
urbanization studies conducted at different locetiof the Earth, thereby helping us to draw better
general conclusions about the impacts of urbamizatn the world around us.
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5. SUPPLEMENTARY MATERIAL TO CHAPTER VI

Fig. VI.LAL. Images of the 21 study sites, dowloaded from Gaddgfes on 27 March 2012.
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Fig. VI.LA2. Agreement of manual cell scores by 12 observenglation to % of the respective type of covethat
cell as measured with ArcGIS for the Veszprém casmgite. Agreement is expressed as the % of obsethat
assigned the modal value to the respective celkd are fitted LOESS lines.
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Fig. VI.A3. Within-observer agreement of manual urbanizatimoress for each site, in relation to the urbanizatio
score of sites calculated from the observer’s ficstring. Agreement is expressed as the % of ¢alisof 100 cells

per image) assigned the same manual score twitgehespective observer. Lines are fitted LOESE&slin
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Fig. VI.A4. Agreement between the manual scoring by Bokora).2012) and ArcGIS measurements. kfeis
shows the total % of the respective land-covergmateat the image level, as measured in ArcGlSthery axis the
agreement is expressed as the % of cells (out @fcélls per image) receiving the same cell scorthénmanual
scoring and in the ArcGIS measurements. Linesiteel fLOESS lines.

- > 2 I
g " 3 @ e b we .
(I) zlo 4I0 6Io 0 20 40 60 80 100 (IJ 5| 1 |0 1 I5 2|0
% cover by buildings % cover by vegetation % cover by roads
Table VI.Al. PCA results for various scoring methods.
PCA loadings Number gf Mean Mean Number of | Number of Eigen- | Explained
cells with | building | vegetation| cells >50% | cells >50% 9 b
. . o ) value |variance %
roads density density buildings | vegetation
Manual (VB1) 0.95 0.98 -0.98 0.82 -0.97 4.43 88.614
Manual (VB2) 0.94 0.97 -0.98 0.76 -0.97 4.30 85.96
Manual (SG1) 0.96 0.98 -0.98 0.95 -0.98 4.72 94.47
Manual (SG2) 0.96 0.98 -0.98 0.94 -0.98 4.70 94.01
Manual (SG3) 0.98 0.99 -0.98 0.97 -0.99 4.81 96.11
Semi-automated 0.97 0.99 -0.98 0.97 -0.99 4.85 197.0
ArcGIS' 0.93 0.93 -0.96 0.77 -0.96 418 83.61
ArcGIS 0.97 0.96 -0.96 2.79 92.96

! Proportion of cover by buildings, vegetation ansigzhsurfaces for each cell was converted into wahid, lor 2,
according to Likeet al.2008.

2 Proportion of cover by buildings, vegetation ansigzhsurfaces for each site was used in the PCA.
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Table VI.A2. Final LME models of birds’ body condition indicesth the manual Chapter 111), semi-automated
and ArcGIS urbanization scores. The number of bamts sites used: 37, 9;% 35, 9;% 85, 12:* 147, 10> 41, 8;
6: 144, 107: 1695, 218 1695, 21°% 1809, 211% 314, 7:*%: 169, 10.

Explanatory Manual scores Semi-automated scores AGIS scores
variables b+ SE P b+ SE P b+ SE P
Corticosterone Baseliné - = = _ _ Z
levels (ng/ml) Intercept 3.47 + 0.34 - 3.47 + 0.34 - 3.480 84
Sex (male vs. female) | 3.19 + 0.89 0001 3.19.89 0.001 | 3.18 + 0.89 0.001
Urbanization 0.05 + 0.41 0.903 0.07+ 0.36 0.852 0.03 + 0.52 0.949
Stress—induced - - - - - -
Intercept 4337 + 160 - 4355 + 1.58 - 4381.63 -
Urbanization -1.80 + 210 0418 -2.13 + 1.81 278. | -1.89 + 255  0.481
Hematocrit (%) Winter® - - - - - -
Intercept 57.40 + 054 - 57.33 + 0.54 - 578M.54
Urbanization 0.08 + 0.61 0.89¢ -0.02 + 0.61 76.9 | 0.23+ 0.63 0.724
Molting seasoh - - - - - -
Intercept 74.07 + 10.88 - 73.89 + 10.88 - 7345083 -
Molt stage 0.66 + 0.19 <0.001 0.66 + 0.19 <0.0Q 0.66 + 0.19 <0.00]
Date -0.11 + 0.04  0.039] -0.11 + 0.04 0.04 -0H1D.04  0.04
Age (older vs. young)| 0.004 + 0.82 0997 -06@.82 0939 | -0.01 + 0.82  0.993
Urbanization 0.48 + 0.47 0.34 0.52+ 0.48 0.317 0.57 + 0.55 0.335
Age x urbanization -1.15 + 054  0.03% -1.23 560 0.03 -1.3 + 0.61 0.034
H:L ratio Winter - - - - - -
Intercept 0.22+ 0.12 - 0.22+ 0.12 - 0214601 -
handling time 0.005 + 0.002 0.061 0.005 + 0.002 0.05 0.005 + 0.002  0.048
Urbanization 0.009 + 0.083 0922 0.01 * 0.07 890. | -0.012 + 0.099 0.906
Molting seasoh - - - - - -
Intercept 0.16 + 0.05 - 0.15 + 0.05 - 0.15085 -
handling time 0.002 + 0.001 0.011 0.002 + 0.001 0.011 | 0.002 + 0.001  0.009
Urbanization -0.06 + 0.02 0019 -0.07 + 0.02 020. | -0.066 + 0.02 0.021
Scaled mass index Intercept 28.49 + 0.19 - 28.49 + 0.19 = 28.49 * 0.19 -
Date -0.002 + 0.001 <0.001 -0.002 # 0.001 <0.00 -0.002 * 0.001 <0.001
Time of day 0.003 + 0.001  <0.0d1 0.003 + 0.001 <0.001 | 0.003 + 0.001  <0.0q1
Sex (male vs. female) | -0.39 + 0.10  <0.01 -(39.10 <0.001 | -0.39 + 0.10  <0.001
Urbanization -022 + 016 0205 -0.21 + 0.16 218. | -0.19 + 0.17  0.268
Body mas$ Intercept 28,50 + 0.15 - 28.50 + 0.15 = 28,50 + 0.16 -
Date -0.003 + 0.001 <0.001 -0.003 * 0.001 <0.00 -0.002 + 0.001 <0.00]
Time of day 0.003 + 0.001  <0.0d1 0.003 + 0.001 <0.001 | 0.003 + 0.001  <0.0q1
Sex (male vs. female) | -0.68 + 0.09  <0.01 -(69.09 <0.001 | -0.68 + 0.09  <0.001
Urbanization -0.76 + 0.12  <0.0J1 -0.76 * 0.12 0.001 | -0.71 + 0.14  <0.00f
Tarsus length’ Intercept 19.02 + 0.04 - 19.02 + 0.04 - 19.02 + 0.04 -
Sex (male vs. female] -0.13 + 0.04  <0.01 3010.04 <0.001 | -0.13 + 0.04  <0.001
Urbanization -0.23 + 0.04  <0.0J1 -0.22 + 0.04 0.001 | -0.22 + 0.05  <0.00[L
Bib size (mm2}* Intercept 179.99 + 43.74 - 181.97 + 4355 - 178.16 + 432 -
Date 0.27 + 0.07 <0.001 0.26 + 0.07 <0.001 (20.07 <0.001]
Body mass 403 + 1.44 0.00§ 3.98 + 1.44 0.006 .09 4 1.43 0.004
Urbanization 1.95 + 6.22 0.76 094+ 6.11 0.884 3.19 + 556 0.59
Wing bar size (mnf)** | Intercept 46.14 + 40.80 51.87 + 40.68 - 44.63 + 40.25 -
Date 0.13 + 0.07 0.048) 0.13 + 0.07 0.05 0.18.47 0.044
Sex (male vs. female) | 68.27 + 428  <0.J01 684%.28 <0.001 | 68.22 + 427  <0.001
Body mass -0.61 + 1.37  0.655 -0.61 + 1.37 0.567-0.57 + 1.36  0.675
Urbanization -070 £ 279 0809 -2.14 + 3.3 516. | -0.64 + 4.06 0.879
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CHAPTER VII

Summary and general conclusions

During my thesis | studied some of the populatiod andividual level effects of urbanization on allwe
known synanthropic bird species, the house sparmuhis final chapter | briefly summarize the main
findings and conclusions, | overview some of thegidle causes of the species’ recent populatioh los
and also suggest some directions for possibledigiudies.

In Chapter |11 | investigated the prediction that urban life nteeymore stressful for adult birds, reflected
by their body condition (Shochat 2004), thus mightone of the reasons responsible for the smader s
of urban sparrows (Likeet al. 2008). This hypothesis was not confirmed by osults, as we did not
find urban individuals to be leaner only to be pdipnally smaller (when body mass was controlied t
body size) compared to their rural conspecificg] arither haematological or hormonal nor plumage
traits we studied showed consistent habitat-reldifferences. Taken together, these condition eslido
not indicate more urbanized environments to be mtessful for adult house sparrows.

In Chapter IV | studied the population trend of the house spairoHungary based on census data and
found a moderately declining population trend dyrine last decade. This chapter also investigdted t
urbanization-related differences in the specieseting performance, both within the framework efdi
studies and experimental approaches. We showedut#tpairs fledge more (ca. by one fledgling) and
larger (e.g. in body mass ca. 4 g) young per bngeditempt on average, and that these differences
remained significant in both years of the studyspite the strikingly different weather conditions
prevailing. The fact that rural and suburban bragidsnot differ in their average clutch size andchang
success suggested differences in the nestling al@velint stage. This was also strengthened by habitat
related differences in parental food deliveries amdults of our two environmental manipulation
experiments. This chapter raises a possible exjtemtnat the lack of proper invertebrate food nay
responsible for higher nestling mortality and hirdkedevelopment in urbanized habitats, and alsthfor
lower body mass found in urban sparrows.

In Chapter V | evoked the question whether predation pressereepred by birds varies in relation to
urbanization. We investigated this potential relaship in laboratory conditions by experimentally
manipulating predation risk of house sparrows apdsuring their risk taking behaviour. We showed tha
birds’ fearfulness after simulated sparrowhawkckisahighly increased with age (from young to older
birds) in urban but not in rural sparrows. Further® comparing the older birds, urban sparrows
responded more strongly to the predator attacks tinal birds. These results suggest that predaissn
(at least posed by sparrowhawks) may be elevatedi@s instead of being lower — which is contrasy
the assumptions that urban areas are generally aaigrban bird populations are relaxed from tog+to
control (e.g. Shochat al.2006; Mgller 2012).

Chapter VI validated a tool (based on the manual method kérét al. 2008 and the recent work of
Czuniet al. 2012a) for a wide range of ecological studies Wlapply the urban-rural gradient approach
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to measure the degree of habitat urbanization. 3énisi-automated method objectively ranks diffegentl
urbanized habitats by using surface cover data fire@ly accessible aerial images. We showed that,
when ranking differently urbanized habitats alomguaban-rural gradient, our semi-automated method
performs equally well compared to the manual meihtdduced by Likeet al. (2008) and to the more
precise, polygon based surface classification coeduin ArcGIS. We also demonstrated that when
replicating the analyses G@hapter |11 (using the same dataset), the application ofttheeturbanization-
measuring methods lead to the same biological osmis. However, the semi-automated method
requires significantly less time than the other approaches.

These results, that adult sparrows do not haverlbagy condition in cities, reaching lower reprotive
success while are potentially exposed to highedgiren risk (at least posed by sparrowhawks) coegpar
to their rural conspecifics, are consistent witd thlaxed ‘bottom-up control’ theory attributedudan
environments, and do not fit to the predictionshef ‘credit-card hypothesis’ (Shochat 2004). Thiselr
model assumes resource overexploitation and abontlainly bottom-up regulation drives urban bird
communities (via enhanced intra- and interspecifimpetition), eventually leading to high densitiés
urban individuals with generally inferior body catimh. This latter assumption was not supportea by
results. Furthermore, the findings @hapter 111 and IV (the common garden experiment) also
complement the former results of Bokoay al. (2010) who compared urban and rural sparrows and
found neither condition dependency in their competiperformance nor reduced competitive ability in
urban individuals. The ‘credit card hypothesis’calsssumes that, compared to wildlands, the relative
importance of ‘top-down control’ (i.e. populatioegulation by predators) is altered in cities anggests
predation relaxation for avian prey populationsaliy resulting in their higher densities. The fesin
Chapter V indicate higher perceived predation risk for adhiltds in cities, at least posed by the
sparrowhawk, which does not conform into the framdwof Shochat's model.

At first glance, the smaller body mass of urbanltadigeeChapter 111 and reported formerly by
Liker et al. 2008) may also imply increased predation riskities, due to the theories of mass-dependent
predation risk and strategic mass regulation oy.p8nall birds are building up their fat reservedyd
the amount of which is assumed to reflect a trdfieatween predatory and starvation risks. Thigddra
off arises because increased fat reserves pronmiadasidual’s survival probability (due to reduced
starvation risk, especially under unpredictableditions) while, on the other hand, greater fat load
restricts manoeuvring abilities or hinders accéienaduring an escape flight (Wittet al. 1994). Thus,
this theory predicts that when perceived predatiskis high (and food predictability allows it)rqy is
expected to keep its fat reserves at lower lesetsade-off between the risks of predation andratam).
This prediction has gained some support from baffeemental (e.g. in great fRarus major;Gentle &
Gosler 2011) and correlative studies (e.g. in hapsarows; MacLeoét al. 2006). However, as in the
study byLiker et al. (2008) both urban and rural adultg kignificant weight during captivity and the
mass difference between habitats persisted duh@gtudy the authors concluded that urban sparrows’
smaller body mass was likely not the result of asilg reversible condition of strategic mass retjoita
Instead, this finding and that of urban birds hawealler tarsi might refer to either morphological
adaptation to high predation pressure (genetic tatap; see Gosleet al. 1995) or to environmental
stress during early nestling development, or bthwever, findings ofChapter 1V do not conform into
this concept: results of both the common-gardenthadhestling-swapping experiments underscore that
environmental conditions during nestling developtrean be responsible for smaller body size, instead
of inherent factors. Here, despite the lack of pfobgenetic adaptation to strong predation argedaon
results ofChapter V, we can speculate that predation risk by sparrowbawéy be increased for urban
sparrows. However, we should be careful not to mbi@ader generalizations on urban predation
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pressure by different predator species, as thénfijsdof Chapter V tell us nothing about the predation by
cats, for example. The role of cats as predatorgdaMoe important to compare between habitats as cat
are present all over the world with humans. Furtteee, they reach higher numbers than any native
predator in urban areas, far above their naturayicg capacity, due to caring and subsidies predidy
humans. Although their actual predatory role haanbdgebated in the latest decade (i.e. they arentpus
only compensatory mortality by killing birds of pooondition), there is a growing body of evideniatt
they are very important predators in urban areag, Bakeret al. 2008; Dauphinét al. 2009; Stracey
2011; Losset al. 2013) especially for juvenile birds. A recent stdicbm the USA (Loydet al. 2013) that
applied cat-borne video cameras to record pet eatsvity reported that only 23% of their prey item
were carried home, implicating that previous stesdiased on cat owners’ survey certainly and highly
underestimated the actual predation rates posdebyanging cats. Whether this proportion is dhly
‘doomed surplus’ of prey populations (i.e. indivadisl that would have died anyway e.g. from age or
parasites) or cat-posed mortality significantly tritrutes to population loss, is still an open gioestThe
sublethal effects of domestic cats to birds was glined empricical support recently, as in thairent
study Bonningtoret al. (2013) showed that the mere presence of cats amesid resulted in reduced
parental provisioning rates and increased chancesifpredation — the latter due to the conspicoess
defence behaviour of parents. ThaCimapter V we failed to evoke antipredator responses fromshimd
the cat test is presumably due to shortcomingbénapplied experimental design. Since it is knokat t
both speed and direction of a predator's approacheases the level of threat perceived by the prey
(Stankowich & Blumstein 2005), my future intent tis repeat the experiment with a more proper
simulation of a cat attack. Additionally, it woube also interesting to measure the antipredatporees

of sparrows, but this time being housed in smaitiks, not solitarily. The logic behind this is that
nature, house sparrows are highly social duringtnudstheir activities (e.g. when encountering
predators), thus it is reasonable to expect thay thehave more ‘naturally’ in the presence of their
conspecifics compared to the situations when thepeparated from them.

Despite its historical success as a human commstighle house sparrow has been declining
since the early 1980s at many parts across thé EsgeChapter | and references in it). From the UK’s
long-time monitoring schemes we know that popufatiecline is more severe and started somewhat later
in urban areas compared to farmland regions (Sus#®eiith 2003). In Hungary, the regional trend of
the house sparrow also shows depression in theléaside, similarly to many parts of the speciasgyea
but we still do not know the finer scale spatialt@ans of this population loss. Thus, further stsdare
needed to test whether local population trendsrel@ed to the intensity of habitat urbanization in
Hungary.

At the present, there are a number of differentifng reasons suggested to lie behind urban
sparrows’ recent population declines, yet our ustdeding on this topic isn't satisfactory. In the
following paragraphs | will discuss briefly some thie possible explanations which are related to the
research presented in this thesis.

First, changes in predation-related mortality ar®agst of the most self-explanatory reasons to
start with when perceiving depression of prey papohs. The above paragraphs of this Chapter ajread
discussed the debated role of cats, domestic aalj fie terms of songbird mortality. Of course, ides
cats there are other significant predators that mpky important role in this question, i.e. the
sparrowhawk. Despite the facts that the sparrowhawhoted as the cardinal predator of many small
songbird species (especially of juvenile individ)alnd that its numbers increased to 170% durin®-19
1990s in Britain (Baillieet al. 2009), its role in songbirds’ population decre&ses been generally
considered to be unimportant (e.g. Newton 1997tofding to this surmise, a national scale study in
England, focusing on correlations between severdgior (both avian and mammal) and prey species’
densities (including the house sparrow) found viaw negative correlations, some of them being
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biologically unlikely (Newson 2010). Contrary tagha recent study (Bedit al. 2010) also from Britain,
argues that decline in sparrow populations can théwated chiefly to the increased predation by
sparrowhawks due to the raptor’s recovery and oaotis spread after the DDT era. This latter stgdy i
convincing, as it points out that the start of urlsparrow populations’ decline is fairly coincidewth

the resurgence of sparrowhawk populations and thaionization of urban habitats. Moreover, the
variation in the timing of sparrowhawk’s re-coloatiion of Britain also fits with the difference be&t@n
the beginning of farmland and urban house sparropujation declines. Thus, the role of urbanizing
sparrowhawks in sparrow population decrease shootdbe dismissed, especially as more and more
studies report growing numbers of various rapt@cggs breeding in urban areas (see the references i
Chapter V). In Hungary, last decade’s census data on sphaeWw indicates a regionally stable
population both in breeding and wintering time ghittvww. mmm.mme.hu/charts/trendsithough we do
not know the species’ finer-scale spatial popufatdynamics, neither its relationship to the house
sparrow’s population dynamics. However, our methodjuantify the degree of habitat urbanization
(described inChapter VI) could also be used for detecting urbanizatioateel spatial changes in
population trends not only in the case of the hayserow but also for the sparrowhawk. As a subsetgu
step it would be interesting to see the last desgubrallel changes in the local numbers of spainawvk
and house sparrow, in relation to urbanizatiorexplore any further similarities between the siturabf
Hungary and Britain. Such detailed, habitat-specffiudies could help us to identify the potential
associations of spatial dynamics of predator ameg ppecies, not only at regional but at fine-stael
including different habitats. It is also importantnote that while such correlative studies | citedhis
paragraph are quite useful to identify links betwéends and populations, they lack the potential t
reveal causation, thus experiments are also ndedgrengthen any relationships we may find.

Second, a further primary factor supposed to bpamsible for the house sparrow’s recent and
severe urban decline is food shortage (e.g. Vin260b6). As a result of abundant and predictablel foo
sources in urban areas acquiring food may not dlel@m for adults, whose diet consists mainly ofdsee
and scraps. However, nestlings are strongly depgrmdeinimal food during their first weeks of lifiaus
a shortage of invertebrate prey can critically firthieir viability and development. While available
quantitative data on densities of many arthropae tae poor, the elevated levels of pollutantshigber
proportion of pavement cover, the increased uségesiicides in residential gardens and park ateas,
strong thinning of shrub layer, mown turf and teenoval of leaf litter in green spaces, and the cedu
overall amount of vegetation (containing high pntjoms of exotic plants) are all assumed to rechigh
density and diversity of arthropod species in urbagas. In line with this assumption, the resufts o
Chapter 1V showed that, opposed to adults, urban sparrovingsexhibit signs of habitat-related stress,
as we found reduced survival rates and slower dpuatnt in the more urbanized habitat, probablynas a
outcome of inadequate nestling food. Such conahssibased on some correlational evidence, were also
drawn by a study conducted in England (Pegitcal. 2008), suggesting that some effects of urbanimatio
might be similar in different parts of the specieshge. These studies highlight that the reduatibn
arthropod food sources for birds and other inseobws animals may be a general problem in urban
habitats, which deserves further research.

Third, socioeconomic changes of urban habitats alag play important role in the species’
population dynamics as sparrows seem to remain prenalent in areas with only moderate changes in
habitat structure and low socioeconomic status\Sktaal. 2008). As a part of this the loss of suitable
nesting sites is also connected to the continuewsldpment and modernization of urban areas. Habita
alteration, such as the loss and improvement ofdweeeas into highly maintained lawns also reduces
foraging opportunities for both adults and nestinghile modern, recently erected buildings usualbk
suitable nesting opportunities, hampering the feoionaof loose breeding colonies this species would
require. In built-up areas house sparrows typicatifer holes in the wall or crevices under the soul
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their access to such nesting sites is stronglytdidnin modern or renovated buildings. There arestyv
studies supporting the importance of these factor8ritain, a national survey concluded that house
sparrows prefer older buildings for nesting or newees with no roof repairs (Wottagt al. 2002).
Similarly, a study from Chicago (Losst al. 2009) showed that median housing age was strongly
correlated with abundance of several bird spec¢resuding house sparrows, and also that lower per
capita income of residents (possibly meaning mardeueloped patches) was a good predictor of high
species richness and presence of many native pedies. Such a case was also reported from India
(Singhet al. 2013), where the authors found strong positiveetation between numbers of mud houses
and sparrow nests on them, and negative relatipristiween nests and concrete buildings, as during
urban development mud houses has been substitutiednere modern constructs. Other studies from
Britain (Chamberlairet al. 2007) and Spain (Murgui 2009) emphasize the réblgreen patches (e.g.
private gardens and small sized parks) as sparfowsd to be present at higher densities in the
proximities of these greeneries. These findinggesgthat maintaining such areas may play keyirole
conserving the species.

However, it is important to keep in mind that tlheban matrix’ is a complex habitat, consisting
of mosaics of different microhabitats, and builtaneas in cities are highly different across maarggof
the globe. Thus, it is plausible that the relativgortance of the above factors is region-specific.
Although there are debates and speculations ogecahbses of decreasing sparrow numbers and despite
the fact that several of the above putative expians have been intensively studied (especially in
Britain), the overall answer for the species’ papioh decline is still has to be waited for. Itakso
presumable that not a single overall factor, bewmbination of them is responsible for the recadide
of house sparrows’ urban populations. To identifid adisentangle the differences of the species’
population trends in urban and rural habitats wedngmall-scaled and detailed studies from areas of
more the better. The software presentelipter VI is suitable for quantifying the degree of habitat
urbanization for a great number of areas from whehhave bird census data (collected within then&a
of the Hungarian Common Bird Monitoring Scheme, ‘M. Such analyses should certainly help us to
identify a possible coarggrained heterogeneity in the species’ populatiamadyics. It would also help
us to clarify the role that habitat urbanizationghti play in the species’ recent decline, hopefully
providing some insights into the underlying cauéadtors. The need for finer-scaled studies on
population trends of species like the house spastawds not only for its own sake: common sedentary
birds are suitable indicator organisms that camwesr about undesired ecological changes occuming i
our severely altered environment. One might eaadlly: if such a ubiquitous, resilient and adaptive
species as the house sparrow, co-habiting with harfa so long, is suffering such major declinbsnt
what fate is awaiting for more sensitive and lesaspicuous ones? We have to identify the causal
mechanisms responsible for this phenomenon in dadprevent more severe population loss and to be
able to maintain habitats that are suitable noy dof house sparrows but for a range of organisms
striving to persist in our ever-expanding urbaraare
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VIII - THESIS POINTS

1. By measuring multiple indices of body conditionduhd no evidence of any systematic, habitat-
related differences in stress responses or bodgitomm of house sparrows. These results suggest tha
urbanization is unlikely to have a general negagiffect on adult sparrows’ health state.

2. In the field, | found similar clutch size and hdtdhsuccess but significantly higher fledging swesce
in rural compared to suburban nests, and also fduadrural nestlings reached significantly greater
body mass and size before fledging.

3. | found that chick-feeding rates did not differeztweeen suburban and rural nests; however, parénts o
the latter delivered significantly larger prey iteno their nests. Thus, nestlings received lesgand
lower quality food in the suburban study site.

4. | showed that, when swapped 1-3 days old hatchliegween the nests in the field, nestlings in rural
nests tended to grow larger compared to those olgwgl in suburban nests, irrespective of their
hatching origin.

5. Breeding in aviaries, under identical conditiondham and rural parents achieved similar fledging
success, and their nestlings’ body mass, wing-targluis length did not differed significantly. Also,
urban and rural parents fed their nestlings atlamfitequencies. The results of points 3-6 implgtth
rearing environment of nestlings plays a key roléoth the differences in breeding success and adul
sparrows’ body size (see thesis point #1).

6. | demonstrated that in simulated sparrowhawk atdlok behavioral response (i.e. the latency to feed
after the startle) of urban birds increased strpmgth age (hence presumably with experience), but
found no such pattern in rural birds. | found tlratthe older age group the urban individuals
responded more strongly than rural individuals.seheesults indicate higher levels of predation irisk
urban habitats, at least posed by sparrowhawks.

7. | validated a formerly introduced manual methodkériet al. 2008) for quantifying habitat
urbanization, and based on this manual scoringgsd also introduced and tested a semi-automated
method using only landcover characteristics froeelfy available satellite imagery. As this semi-
automated method is the most time efficient andopered comparably well to other methods, |
propose it as a useful tool for ecological studigglying broad measurements of urbanization.
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TEZISPONTOK

1. Kilonb6z mértékben urbanizalt @elyekil szarmazoé felétt hazi verebek esetében nem talaltam
konzisztens éhelyi kilonbséget az altalam meért, kondiciét delulajdonsdgokban. Mindezen
eredmények alapjan nem val6dgihogy az urbanizacionak altalanos negativ hatébm\a kifejlett
h&zi verebek kondicidjara, egészségi allapotara.

2. Terepi vizsgalataim eredményei szerint a fészehafiat kiroptetett fiokak szama jelésen
magasabb a vidéki, mint a szuburban paroknal, aetekére, hogy az atlagos fészekaljméretben és a
kelési sikerben nem talaltaméBelyi kilonbséget. Tovabba, a vidéki fibkak mindtieéreteikben,
mind testtomegukben Iényegesen meghaladtak azamdsdzuburban fajtarsaikat.

3. Terepen gijtott etetési megfigyeléseim szerint a fiokankérdtésszamban nincs eltérés a vidéki és
szuburban parok kozott, ugyanakkor a vidéki &zulényegesen tdbbszor vittek nagyméret
rovartaplalékot utddaiknak. Ez arra enged kovedtazthogy a szuburbandélely fiokai alacsonyabb
minésédi és/vagy kisebb mennyis@éfjokakori taplalékon nevelkednek.

4. Tovabbi terepi eredményeim szerint, az 1-3 napasikk@an vidéki €s szuburban fészkek kozott
kicserélt fiokak esetében a vidéken ddfi fiokdk nagyobb méréte ndvekedtek, fliggetlendl attdl,
hogy eredetileg vidéki vagy szuburbathalyen keltek-e ki a tojasbal.

5. Fogsagban, azonos kdrtlmények kozott szaporodiderivés varosi éhelyekil szarmazoé madarak
kdzel azonos szaporodasi sikert értek el, és fiokdstmerete, valamint testtbmege sem mutatott
élohelyi eltérést. A fészkelésbiologiai paramétereklettea szibk fiokaetetési gyakorisagdban sem
talaltam eltérést. A 3-6. pontok 6sszegzett eregmiéarra engednek kdvetkeztetni, hogy acfigisi
kdrnyezet meghatarozé szerepet jatszik a szaparsidasben mutatkozo kilonbségek kialakitdsaban,
tovabba felgls lehet a varosi, kifejlett verebeknél tapasztizielib testméretért (Id. 1-es pont).

6. Fogsagban tartott egyedeket szimulélt karvalytaseaid@ak kitéve kimutattam, hogy a predéacios
kockazatra adott viselkedési valasz (azaz az éesatani taplalkozasi latencia) a varosi madarak
esetében ésen novekedett a korral (igy vélbeh a tapasztalattal), mig vidéki egyedeknél nem
tapasztaltam ilyen dsszefliggést. Tovabba, éselob korcsoporti madarak esetében a varosi madarak
erésebb kockazatkerdil magatartast tanusitottak, mint vidéki fajtarsakzen eredmények arra
engednek kovetkeztetni, hogy a hazi verebek a véiélselyeken nagyobb, karvaly altali predaciés
kockazatnak vannak kitéve.

7. A korabban Liker és mtsai. (2008) altal bevezetddhely-urbanizacio meérésére szolgalo, kézi
moddszert validaltam, tovdbba bemutattam és teemtekgy félautomata, urbanizicié becslésére
szolgalo eljarast, mely a kézi médszer metodikéjapul, és felszinboritottsagi adatok alapjan Hecsi
az urbanizacié mértékét. A kézi- és félautomata smérkkkel, valamint az ArcGIS programmal
meghatarozott urbanizacios értékeket egy azonodddikd vizsgalat keretei kdzott alkalmazva
demonstraltam, hogy a harom modszer ¢ségileg egyez eredményeket ad. Mivel a félautomata
modszer adta eredmények megegyeznek a mas modsgetelim azoknal jéval kevésbé munka- és
idéigényes, igy alkalmas mddszernek taldlom olyan dikal tipusu vizsgalatokhoz, melyekben az
urbanizacio mértékének durvabb felbontasu méreser.
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