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ABSTRACT

As urbanized areas expand and develop throughout the world, the importance of understanding their
effects on wildlife increases. Living in cities may be stressful for animals but may also provide benefits
at the same time, and the sum of these effects should manifest in the body condition of individuals.
Studies addressing this phenomenon tend to evaluate one or few indices of body condition, each of
which may be subject to various confounding effects and seasonal changes. In this study we used mul-
tiple approaches to assess the effects of urbanization on adult body condition in house sparrows (Passer
domesticus), a passerine undergoing population declines in urban habitats. In line with earlier studies,
we found that sparrows in more urbanized habitats have reduced body mass. However, birds had similar
scaled mass index (body mass corrected for body size) along the urbanization gradient at all times of the
year, contradicting the previous result on type-1 regression residuals. In the non-breeding season, urban
and rural birds had similar levels of corticosterone, hematocrit, and heterophil:lymphocyte ratio. In the
molting season, hematocrit indicated better condition in rural birds whereas H:L ratio showed the oppo-
site; however, these trends were not consistent between age groups. Two condition-dependent plumage
traits, male bib size and wing bar size, showed no systematic variation along the gradient of urbanization.
These results suggest that the environmental conditions experienced by adult house sparrows are not
more stressful in more urbanized habitats, and they also highlight the importance of considering multiple

indices of body condition.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Natural habitats are being human-modified and converted into
urbanized areas at an accelerating rate, and this process has power-
ful and complex effects on ecosystems (Marzluff, Bowman, &
Donnelly, 2001; Marzluff et al., 2008). Urbanization exposes ani-
mals to potentially detrimental factors such as human disturbance,
toxins, noise, and artificial lighting on the one hand, but can pro-
vide advantages like richer or more predictable sources of food and
water, and milder climate on the other hand (Shochat, Warren,
Faeth, McIntyre, & Hope, 2006). Responses to these effects are
species-specific, depending on the life-history and ecological cha-
racteristics of each species (Croci, Butet, & Clergeau, 2008; Evans,
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Chamberlain, Hatchwell, Gregory, & Gaston, 2011; Mpgller, 2009).
As a result, urbanization alters the structure of native communi-
ties, which further changes the ecological conditions for species
colonizing or inhabiting cities as they are facing a novel set of com-
petitors, predators and parasites (Marzluff et al., 2001; Shochat
et al., 2006; McKinney, 2008). Understanding and predicting these
processes requires thorough mechanistic ecological studies at the
level of individuals (Shochat et al., 2006).

One of the most fundamental questions in urban ecology studies
is how urbanization affects the body condition of animals. Indivi-
dual condition is a “composite of factors including nutritional state,
level of health, experience, and amount of physiological wear and
tear” (Schluter & Gustafsson, 1993) that can be a major determi-
nant of fitness and may indicate environmental stress (Peig & Green,
2009, 2010). Despite its crucial importance in animal ecology, body
condition remains difficult to measure and there is currently no
consensus about the most appropriate method for quantifying it
in a non-destructive way (Peig & Green, 2010). For example, ver-
tebrates react to stressful challenges, including those attributable
to urbanization, by a suite of neuroendocrine processes, central
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to which is the acute release of glucocorticoid hormones that
govern metabolic and behavioral responses, enabling the animals
to overcome those challenges (Romero, 2004; Wikelski & Cooke,
2006). However, prolonged or repeated exposure to stressors can be
harmful by inhibiting growth, immune functions, and reproduction
(Wingfield & Sapolsky, 2003); such chronic stress may be diagno-
sed at several scales of body condition (Boonstra, Hik, Singleton,
& Tinnikov, 1998; Clinchy, Zanette, Boonstra, Wingfield, & Smith,
2004). At the hormonal scale, it may lead to increased concentra-
tions of glucocorticoids in the blood stream due to the enlargement
of adrenals (although certain chronic stressors can lead to decrea-
sed glucocorticoid levels; Cyr & Romero, 2007; Rich & Romero,
2005). At the hematological scale, chronic stress may cause ane-
mia (red blood cell loss, reflected by a lower hematocrit) and alter
the distribution of white blood cells (due to changes in immune
function), often resulting in a higher heterophil to lymphocyte (H:L)
ratio (Davis, Maney, & Maerz, 2008). At the morphological scale, loss
of body weight may result since glucocorticoids stimulate energy
mobilization and inhibit energy storage. Each of these measures
has the potential to reveal individual differences in body condition,
although their utility may vary greatly depending on species and
the extent by which confounding sources of variation are taken
into account (Davis et al., 2008; Fair, Whitaker, & Pearson, 2007;
Ots, Murumadgi, & Horak, 1998; Peig & Green, 2009, 2010; Romero,
2004).

Up to now, several studies have investigated the above aspects
of individual condition in relation to urbanization, ranging from
lizards (French, Fokidis, & Moore, 2008) to bears (Beckmann &
Berger, 2003), with most research focused on birds. Collectively,
these studies do not outline a general effect of urbanization, as
their results differ not only among but also within species (e.g.
Evans, Gaston, Sharp, McGowan, & Hatchwell, 2009; Horak, Surai,
Ots, & Moller, 2004; Ots et al., 1998; Partecke, Van’'t Hof, & Gwinner,
2005), and these differences cannot be fully accounted for by each
species’ adaptability to urbanization (Fokidis, Greiner, & Deviche,
2008; Fokidis, Orchinik, & Deviche, 2009). For example, when com-
paring urban to rural populations, baseline levels of corticosterone
(the main avian glucocorticoid hormone) were higher in tree spar-
rows (Passer montanus; Zhang et al., 2011) and male (but not in
female) white-crowned sparrows (Zonotricha leucophrys; Bonier
et al.,, 2007) but lower in Florida scrub-jays (Aphelocoma coeru-
lescens; Schoech, Bowman, Bridge, & Boughton, 2007), whereas
corticosterone levels in response to a standard acute stressor (i.e.
stress response) were higher in the scrub-jays (Schoech et al., 2007)
but lower in captive-reared blackbirds (Turdus merula; Partecke,
Schwabl, & Gwinner, 2006). One reason for such an inconsistency
of findings may be that most studies were “snapshots” at different
scales of body condition of different species in different life-history
stages. Since each measure of body condition can be influenced
by several extrinsic and intrinsic factors and may be sensitive to
different aspects of environmental stress (Davis et al., 2008; Fair
etal.,2007; Lendvai & Chastel, 2008; Lendvai, Giraudeau, & Chastel,
2007),using only one or few indicators of body condition might lead
to incorrect or incomplete conclusions.

In this study, our aim is to draw a more detailed picture of the
effects of urbanization on individual condition. Our study species is
the house sparrow (Passer domesticus), one of the most intriguing
cases of urbanization. Being a human commensalist, this species has
accompanied man for centuries and became the most successfully
urbanized bird until the mid-1980s; then its populations started
to decline at many locations worldwide, especially in European
cities (Shaw, Chamberlain, & Evans, 2008). Several hypotheses have
been put forward to explain the decline of urban sparrows, inclu-
ding increased pollution by traffic and predation by domestic cats
(Felis catus) and sparrowhawks (Accipiter nisus), and loss of nesting
sites and food sources due to cities’ socioeconomic changes (Shaw

et al., 2008; Summers-Smith, 2003). Recent studies showed that
adults’ body size and mass in the non-breeding season is smaller
in more urbanized populations of house sparrows, suggesting infe-
rior body condition for urban birds (B6kony, Kulcsar, & Liker, 2010;
Fokidis et al., 2008; Liker, Papp, Bokony, & Lendvai, 2008). Alto-
gether, we can thus hypothesize that more urbanized habitats are
more stressful to house sparrows.

To test this idea, here we examine various indices of environ-
mental stress along the urbanization gradient in adult sparrows.
Specifically, first we evaluated hormonal and hematological mea-
surements of body condition during molt and at the end of the
non-breeding season to test whether birds in more urbanized
habitats have higher baseline and stress-induced levels of corti-
costerone, lower hematocrit (i.e. less red blood cells), and higher
H:L ratio. Then we examined two morphological aspects of body
condition. Firstly, we re-assessed whether the actual amount of
energy reserves, expressed as body mass corrected for body size
(Peig & Green, 2009, 2010), decreases with increasing degree
of habitat urbanization throughout the year, as found earlier by
using a different analytical approach (Liker et al., 2008). Secondly,
we investigated two condition-dependent traits of plumage colo-
ration: the size of the black bib that is influenced by, among
other factors, the body condition of males (Nakagawa, Ockendon,
Gillespie, Hatchwell, & Burke, 2007) and the size of the white wing
bar that is sensitive to nutritional conditions, i.e. protein intake
(Poston, Hasselquist, Steward, & Westneat, 2005). Sparrows are
expected to grow consistently smaller plumage ornaments in more
urbanized habitats if the latter are more stressful, e.g. by provi-
ding inferior feeding conditions during molt than less urbanized
habitats.

2. Methods
2.1. Urbanization intensity measurement

We studied house sparrows at several sites along the urba-
nization gradient in Hungary, ranging from small, isolated farms
through villages and suburbs to the most heavily built-up city
centres (Table 1). We sampled the gradient of urbanization not as a
geographical gradient around a single city, but as a variety of diffe-
rently urbanized sites at several geographic locations (McDonnell
& Hahs, 2008). Urbanization intensity at these sites was quantified
as in Liker et al. (2008) from digital aerial photographs. In short,
vegetation cover, building density, and the presence of roads were
scored for 100 cells of a 1 km?2 area around each capture site. For
each site we calculated urbanization score by extracting the first
principal component from a principal component analysis (PCA) of
five urbanization measures (mean building density, number of cells
with high building density, number of cells with road, mean vege-
tation density, number of cells with high vegetation density). The
PCA extracted one component with >1 eigenvalue that accounted
for 92.2% of the total variance and correlated strongly (component
loadings >0.90) with reduced vegetation density and increased
densities of buildings and roads (Table 1). We used this principal
component as measure of urbanization in the analyses.

For each analysis, we chose study sites that represent inde-
pendent local populations, i.e. are sufficiently far from each other
to prevent significant exchange of birds between them (Table 1).
The house sparrow is a very sedentary bird: dispersal distances are
typically 1-2 km (reviewed by Anderson, 2006) and movements
in the non-breeding season are usually <500 m (Liker et al., 2009;
Vangestel, Braeckman, Matheve, & Lens, 2010). Distances between
our capture sites ranged 1-263 km; note that even the closest study
sites can differ considerably in the birds’ body size and mass (Liker
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etal.,2008) with very little movement of birds between them (Liker
et al, 2009).

2.2. Body condition measurements

We captured house sparrows in differently urbanized habitats
in Hungary between 1997 and 2009 using mist-nets (Table 1). For
all birds we measured tarsus length (£0.1 mm) and body mass
(£0.1 g) upon capture, whereas other measurements were taken
from various subsets of birds as described below. All capture pro-
cedures were in accordance with the relevant Hungarian laws and
licensed by the local authorities (permission numbers: 847/3/2003,
9135/2004, 2255/2008).

2.2.1. Physiological indices

We captured 132 sparrows in 2009 in the end of the non-
breeding season (January-March) at 12 sites and 157 birds in the
molting season (September-October) at 10 sites (Table 1). In win-
ter, birds were sampled for corticosterone assay by taking up to
150 .l blood within 3 min from capture. Because sparrows usually
hit the net in flocks, we could sample corticosterone only for some
of the captured birds. Within this short time frame (156 +4s) cor-
ticosterone concentrations did not increase with handling time in
our sample (slope &+ SE=0.006 +0.025, r=0.13, P=0.886, N=35; P
obtained by permutation test using the ‘coin’ package of R), so
we refer to these as “baseline” (Romero & Reed, 2005; Wingfield,
1994). These birds were then kept in a cloth bag for 30 min, after
which a second blood sample was taken from the other wing
to measure the level of corticosterone induced by acute stress
(capture-restraint protocol; Wingfield, 1994). In house sparrows,
corticosterone concentrations are maximal 30 min after the initial
stressor (Romero & Romero, 2002). As the amount of blood required
for corticosterone assay is relatively large for sparrows, we did not
take any more blood from birds sampled for corticosterone. From
the rest of the captured birds we collected two blood samples from
the brachial vein within 53 +1.75 min from the time of capture:
up to 100 .l blood into a heparinized capillary tube for hemato-
crit measurement, and a smear from a 1 to 2 .l drop of blood on
a microscope slide for blood cell counts. In the molting season we
took blood samples for hematocrit and smears but not for corticos-
terone since the latter is at very low levels during molt (Romero,
Strochlic, & Wingfield, 2005).

Smears were air-dried, fixed in absolute methanol, and stained
with Hemacolor staining set (Merck KGaA, Darmstadt, Germany);
then examined under oil immersion at 1000x magnification to
count the proportion of different types of leukocytes in a total
of 100 leukocytes per smear. Blood samples were stored on ice
until transport to the laboratory within 8 h; they were then cen-
trifuged for 5min at 8000 rpm. Hematocrit was measured as the
relative amount of red blood cells in total blood volume in the
capillary tubes. For corticosterone measurement, blood plasma
was extracted and kept at —20°C until radioimmunoassay at
the Centre d'Etudes Biologiques de Chizé following the proto-
col that was validated for house sparrows (Lendvai, B6kony, &
Chastel, 2011). Briefly, total plasma corticosterone was measured
in samples (25 pl) after ethyl-ether extraction by radioimmu-
noassay using a commercial antiserum. Duplicate aliquots of the
extracts were incubated overnight at 4 °C with 3H-Corticosterone
and antiserum. Bound and free corticosterone was separated by
adding dextran-coated charcoal. After centrifugation, the bound
fraction was counted in a liquid scintillation counter. Two assays
were run, intra-assay and inter-assay coefficients of variation were
4.67% and 5.35%, respectively, for N=6 duplicates of reference
samples. Minimal detectable corticosterone levels were 0.52 ng/ml
(lowest measurement: 1.47ng/ml). Pooled plasma of different

house sparrows produced a dose-response curve that paralleled
the corticosterone standard curve.

In the molting season, for each bird we recorded the stage
of molt (the number of freshly molted primaries), and we assi-
gned them into one of two age classes: “young” (first-year
juveniles that fledged late in the season and had remnants of
nestling plumage) and “older” (birds with completed molt, inclu-
ding both juveniles fledged early in the season and adults older
than 1 year). In the wintering season, the age of the birds could
not be determined; by that time all birds were considered as
adults.

2.2.2. Scaled mass index

To quantify the birds’ body mass relative to their body size, we
calculated the scaled mass index following Peig and Green (2009,
2010). This index adjusts the mass of all individuals to that which
they would have if they had the same body size, using the equa-
tion of the linear regression of log-mass on log-length estimated
by type-2 (standardized major axis; SMA) regression. For the cal-
culation of this equation, we used the body mass and tarsus length
data of 2345 adult sparrows from 30 sites, captured throughout the
year between 1997 and 2009 (Table 1). Note that this dataset par-
tially overlaps with the one used by Liker et al. (2008), however,
in that study type-1 regression residuals were analyzed which is a
less reliable index of body condition because it underestimates the
true mass-length slope and thus the residuals are systematically
biased towards larger individuals (Peig & Green, 2009, 2010). After
excluding 13 outliers (i.e. |standardized residual|>3), the regres-
sion slope was 1.71, whereas average tarsus length was 19 mm.
Thus we calculated the scaled mass index as body mass x (19/tarsus
length)'7! (Peig & Green, 2009, 2010). We chose tarsus length as
the proxy for skeletal body size as this measure had been rou-
tinely taken during our captures. Wing length (+1 mm) and bill
length (+£0.1 mm) were measured for smaller subsets of birds;
we used these data to verify our scaled mass index (see Section
3).

2.2.3. Plumage coloration

Bib size of 314 males was measured by a single person at seven
sites between 1997 and 2008 (Table 1). The maximum length and
width of the bib was measured by ruler to the nearest mm, and
bib size was calculated following Veiga (1993). This estimate of bib
size is highly repeatable (Liker & Barta, 2001). We used data only
from November to April each year to exclude birds from the mol-
ting season (we had no comparable data for most study sites from
the breeding season). We repeated the analysis of bib size using
a smaller sample of males (N=89) whose bib size was measured
from digital photographs (see below), but since we obtained quali-
tatively identical results (i.e. no relationship with urbanization; see
below), here we report results only for the larger sample (i.e. bib
size measured by ruler).

Wing bar size was measured in 89 males and 80 females
captured at 10 sites between 2007 and 2009 (Table 1) from digi-
tal photographs as described in B6kony, Lendvai, & Liker (2006)
and Békony, Liker, Lendvai, & Kulcsar (2008). The photos were
taken between November and March (i.e. only non-molting birds
were photographed) and measured by a single person with very
high repeatability (R=0.95, 95% confidence interval: 0.82-0.99,
Fg910=38.6, P<0.001) sensu Lessells and Boag (1987) using Scio-
nlmage software (see Békony et al., 2006, 2008). As indicators of
age, we measured wing length and tail length (£1 mm; Nakagawa
& Burke, 2008; Selander & Johnston, 1967) and male mask size,
i.e. the 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 linear mixed-
effect (LME) models that contained capture site as random factor
to control for the non-independence of individuals captured at the
same site. Full models of corticosterone levels included urbaniza-
tion (i.e. the principal component score), sex, date (number of days
since 1 September, i.e. the peak of molting season each year), and
time of day (number of minutes since 7:00 h each day) as predic-
tors (i.e. fixed effects). Because preliminary analyses of baseline
corticosterone revealed heterogeneity in the variances between
the sexes, we used a constant variance structure (‘varldent’ func-
tion in R) that allows for different variances in males and females.
Full models of hematological indices (i.e. hematocrit and H:L ratio)
included urbanization, sex, date, time of day, handling time (num-
ber of minutes from capture until blood sampling) and, for the
molting season, age and molting stage (note that since the latter
variables were only available for the molting season and not for
winter, data from the two seasons were analyzed separately). The
full model of the scaled mass index included urbanization, date,
time of day, sex, and age (i.e. juvenile or adult); juveniles captured
in May-September were omitted from this analysis because young
birds might not finish growth until October (MacLeod, Barnett,
Clark, & Cresswell, 2006). Full models of plumage coloration inclu-
ded urbanization, date and, for wing bar size, sex. Since the body
size of sparrows is known to be related to urbanization (Liker et al.,
2008), we controlled for body size in the analyses of bib size and
wing bar size by including body mass into the full models and
retaining this predictor throughout all steps of model reduction
(see below). Each full model also included all 2-way interactions
between urbanization and the other predictors. All models were
checked for linearity by inspecting diagnostic graphs of residuals
and fitted values; in no case did these indicate a non-linear rela-
tionship between urbanization and body condition indices.

As our research question was whether habitat urbanization
has a considerable effect on the body condition indices, we
preferred the frequentist (i.e. null-hypothesis testing) paradigm
over the information-theoretic approach during our analyses for
the following reasons. First, frequentist methods provide well-
established, efficient statistical tests for bivariate comparisons
(Richards, Whittingham, & Stephens, 2011). Second, in the case of
multivariate analyses, our goal was to infer the effect of urbaniza-
tion while controlling for potentially confounding variables, rather
than to compare the relative importance of all initially conside-
red predictors. The inference yielded by the information-theoretic
method depends critically on the set of candidate models cho-
sen (Hegyi & Garamszegi, 2011); how the potentially confounding
variables interact to influence each index of body condition is
beyond both our knowledge and the scope of this study. There-
fore, we handled our multivariate models in the following way. We
reduced each full model stepwise by excluding the confounding
variable with the highest p-value in each step until only P<0.05
predictors remained; we inspected the models in each step and
never excluded our predictor of interest, i.e. urbanization. The aim
of this process was to increase the accuracy of effect size estimates
for urbanization since effect sizes in full models are usually inac-
curate due to noise terms (Hegyi & Garamszegi, 2011). Note that
our final models yielded qualitatively the same conclusions as the
full models (i.e. when no stepwise selection was done). We present
effect size estimates (Cohen’s d) with 95% confidence intervals for
the variables retained in the final models, mean + SE for bivariate
comparisons and two-tailed P-values throughout the paper. All sta-
tistical analyses were performed in the R computing environment
(R 2.11.0; R Development Core Team, 2010), using the ‘nlme’ and
‘smatr’ packages. Sample size of each analysis is given in Table 2
(see Appendix 1 for further details).
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Fig. 1. Hematocrit and H:L ratio in relation to urbanization and age in the molting
season. For illustrative purposes, habitat urbanization score is simplified as “rural”
(negative scores; open circles) and “urban” (positive scores; filled circles). Young
birds are first-year adults with remnants of juvenile plumage; older birds are adults
with completed molt. Sample sizes (number of birds) are shown above each bar.

3. Results
3.1. Physiological indices

Corticosterone levels of wintering birds were not related to
habitat urbanization either in baseline or stress-induced blood
samples (Table 2). Hematocrit was significantly higher in winter
(57.24+0.4%) than in the molting season (50.6 +0.3%; ty3¢ =14.55,
P<0.001). Hematocrit was unrelated to urbanization in winter
(Table 2), whereas in the molting season we found a significant
interaction between urbanization and age (Table 2). In young birds,
rural individuals tended to have lower hematocrit than urban indi-
viduals, whereas older adults showed the opposite trend (Fig. 1a);
thus hematocrit increased with age in rural but not in urban birds
(Fig. 1a).

H:L ratio was significantly higher in winter (0.40 £ 0.05) than in
the molting season (0.29 +0.02; ty9g =2.35, P=0.020), and increa-
sed slightly with handling time in both seasons (Table 2); the
rate of this increase was similar in differently urbanized habitats
(urbanization x handling time: P>0.109). Urbanization showed no
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Table 2

Final LME models of body condition indices. Urbanization was retained in each model during model reduction, and body mass was retained in the models of bib size and

wing bar size; other predictors were excluded if they had P> 0.05.

N (birds; sites) Intercept + SE b+SE P Cohen’s d (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 <0.001 0.59 (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 + 047 0.346 0.17 (-0.16; 0.50)
Age x urbanization -1.15 £ 0.54 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 2849 + 0.19
Date —0.002 + 0.001 <0.001 —-0.17 (-0.27; —0.08)
Time of day 0.003 + 0.001 <0.001 0.38(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 <0.001 0.42 (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 (mm?) 314;7 179.99 + 43.74
Date 0.27 £+ 0.07 <0.001 0.42 (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 (mm?) 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 <0.001 2.49(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 (-0.35; 0.27)

2 Excluding the marginally non-significant effect of handling time, the final model contains only urbanization: b + SE =0.084 = 0.096 (intercept: 0.385+0.071), P=0.410,

Cohen’s d (95% CI)=0.27 (—0.34; 0.90), N=45 birds from 9 sites.

significant relationship with H:L ratio in winter (Table 2), whe-
reas in the molting season rural birds had higher H:L ratio than
urban birds (Table 2). The latter difference was apparently due
to older rather than young birds (Fig. 1b) although the interac-
tion between age and urbanization was not statistically significant
(P=0.226).

3.2. Scaled mass index

The slope of the SMA regression of log-mass on log-tarsus was
similar for males and females (P=0.141) and for juveniles and
adults (P=0.960). The scaled mass index was not correlated with
wing length (r=0.03, P=0.198, N=1690) or bill length (r=-0.03,
P=0.228, N=1401). These two lines of results imply that by calcu-
lating the scaled mass index we successfully controlled for body
size differences among individuals. The scaled mass index showed
no consistent relationship with urbanization (Table 2, Fig. 2). This
was also the case when we restricted the analysis to those indi-
viduals that had been studied by Liker et al. (2008; slope =+ SE for
urbanization: —0.28 +0.32, P=0.428). In contrast, both body mass

and tarsus length decreased significantly with increasing degree of
urbanization (Table 2, Fig. 2).

3.3. Plumage coloration

Bib size and wing bar size were not significantly related to urba-
nization (Table 2). We found no relationship between urbanization
and any age indicator after controlling for body mass by partial cor-
relations (male mask size: r=-0.16, P=0.886, N=85; male wing
length: r=-0.03, P=0.632, N=311; female wing length: r=0.13,
P=0.379, N=45; male tail length: r=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 can be expec-
ted to manifest in the body condition of house sparrows, such as
increasing pollution or decreasing availability of human waste as
food resource (Shaw et al., 2008; Summers-Smith, 2003). Despite
these expectations, we found no evidence that habitat urbanization
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was affecting adult sparrows’ physiological or morphological
condition. Our study integrates a decade of investigations in various
habitats along the urbanization gradient at several life-history
phases, utilizing several potential indices of body condition. Out of
these indices, only H:L ratio and only in the molting season showed
a consistent relationship with the degree of habitat urbanization,
unexpectedly indicating better condition in more urbanized habi-
tats. This latter result, combined with the lack of habitat differences

in the rest of our analyses, suggests that urbanization is unlikely
to have a general negative effect on the well-being of adult house
Sparrows.

4.1. Physiological indices

Individuals in poor body condition, such as those suffering from
starvation or pollution, often circulate chronically elevated levels
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of glucocorticoids (Romero, 2004; Wikelski & Cooke, 2006). Beside
reflecting the current health state of the individual, baseline glu-
cocorticoid concentrations can also predict (or even determine)
later fitness; for example, house sparrows with lower baseline cor-
ticosterone in the pre-breeding season produce more fledglings
during the breeding season (Ouyang, Sharp, Dawson, Quetting, &
Hau, 2011). Thus, our finding that sparrows across the urbanization
gradient had similar levels of baseline corticosterone at the end of
the wintering season (on average at the same time as in Ouyang
et al.’s study) suggests not only that they were in similar physiolo-
gical condition but also that they might have had similar prospects
for reproductive investment. Acute stress-induced levels of glu-
cocorticoids are more difficult to compare among populations, as
chronic stress may either enhance or attenuate the stress response
(Romero, 2004); furthermore, a few studies imply that animals may
have adapted to urbanization by reduced stress-responsiveness
(Fokidis et al., 2009; Partecke et al., 2006). Our result that urban
and rural sparrows mounted similar stress responses does not fit
either scenario, suggesting that adult sparrows may perceive dif-
ferently urbanized habitats equally stressful. In accordance with
our findings, two recent studies found no difference in various cor-
ticosterone concentrations among differently urbanized sparrow
populations in the non-breeding season (Chavez-Zichinelli et al.,
2010; Fokidis et al., 2009). Although Fokidis et al. (2009) detec-
ted higher corticosterone levels in rural than in urban sparrows
in the breeding season in a small sample of birds, such a compa-
rison is potentially confounded by reproductive effort and brood
value (Lendvai et al.,, 2007; Lendvai & Chastel, 2008) that may
well be affected by urbanization (Peach, Vincent, Fowler, & Grice,
2008).

Similarly to corticosterone levels, hematocrit and H:L ratio sho-
wed no consistent relationship with urbanization in the winter,
which is also in accordance with earlier results (Fokidis et al.,
2008; Gavett & Wakeley, 1986). In the molting season, we obtai-
ned contradictory results, as hematocrit showed better condition
inrural adults whereas H:Lratio showed the opposite; furthermore,
these differences were weaker or even inverted in younger indivi-
duals. From our trans-sectional sample we can infer that hematocrit
increased with age in rural but not in urban populations. Increa-
sing hematocrit from hatching to fledging and later to adulthood
seems to be the general pattern in birds (Fair et al., 2007), but our
urban birds failed to fit this pattern. This could be a signal of impai-
red erythropoiesis in adults; however, the observation that young
urban birds tended to have higher hematocrit than rural counter-
parts suggests an adaptive explanation by which individuals may
preemptively circumvent the adverse conditions during early deve-
lopment. We believe that our hematological measurements were
reasonable because they exhibited biologically meaningful rela-
tionships: the lower hematocrits of heavily molting birds (Table 2)
and the increase of H:L ratio with handling time (Table 2) support
that both measures are indicative of stress in general. Neverthe-
less, we might not have been able to control for all confounding
effects; for example, both hematocrit and H:L ratio can be influen-
ced by the individual’s parasite load which may or may not be
related to urbanization (Fair et al., 2007; Fokidis et al., 2008); e.g.
the lower H:L ratio of urban birds might have been due to redu-
ced rate of parasitic infections (Evans, Gaston, Sharp, McGowan,
Simeoni, et al., 2009). Notably, H:L ratio had by far the largest coef-
ficient of variation (CV; 95%) among our indices of body condition
(7-63%). Although hematocrit seemed less noisy (9% CV), it diffe-
red mainly among older birds, a group in which individuals might
have varied greatly in their exact age from first-year up to several
years. Therefore, whether habitat urbanization affects the hemato-
logical condition of molting birds in interaction with their age, and
whether this effect is attributable to pathogenic infections or other
stressors, requires further investigations.

4.2. Scaled mass index

The most frequently applied index of body condition in animal
ecology studies is body mass corrected for body size, which can
express the amount of energy reserves such as fat and muscle and
thereby reflect nutritional state (Peig & Green, 2009, 2010). When
this index was calculated as residual body mass from type-1 (ordi-
nary least-squares, OLS) regression with tarsus length, it showed a
negative relationship with the degree of habitat urbanization (Liker
et al., 2008). However, this method has several drawbacks (Peig &
Green, 2009, 2010); therefore, here we re-evaluated this analysis
by using a more reliable measure of body condition, the scaled mass
index, and extending the earlier dataset by 14 additional capture
sites, summing up to more than one and a half thousand indi-
viduals. While this revised and extended study corroborated the
previous result that sparrows’ body mass is reduced in more urbani-
zed habitats (Liker et al., 2008), we found no consistent relationship
between urbanization and the scaled mass index. Furthermore, the
final model did not include the interaction term between urba-
nization and date, suggesting that the scaled mass index of adult
sparrows did not differ among differently urbanized habitats at any
time of the year, i.e. in any life-history phase after the first molt.
Therefore, our results indicate that urban sparrows are smaller but
not leaner than their rural counterparts. The previously found rela-
tionship between urbanization and OLS residuals (Liker et al., 2008)
is probably an artifact simply reflecting the smaller size of urban
birds, because the OLS method inflates residuals with increasing
length (Peig & Green, 2009, 2010). As discussed earlier (Liker et al.,
2008), the smaller body size of urban birds could be a consequence
ofinadequate growth during early development (Peach et al.,2008),
adaptation to predation by cats and sparrowhawks (Beckerman,
Boots, & Gaston, 2007; Bell, Sam, Parkes, Brooke, & Chamberlain,
2010; Seress, B6kony, Heszberger, & Liker, 2011), or the urban heat
island effect (Evans, Gaston, Sharp, McGowan, & Hatchwell, 2009).

4.3. Plumage coloration

Finally, we found that neither bib size nor wing bar size varied
consistently with urbanization, implying that differently urbani-
zed populations experience similar nutritional conditions during
the molting season. Although plumage coloration may be influen-
ced by several intrinsic and extrinsic factors, these are unlikely
to have confounded or biased our results concerning urbanization
for the following reasons. First, age may be an important deter-
minant of plumage coloration in sparrows (Nakagawa & Burke,
2008), however, plumage traits such as male mask size, wing length
and tail length that all increase with age in sparrows (Nakagawa &
Burke, 2008; Selander & Johnston, 1967) showed no indication that
urbanization alters the age structure of populations. Second, both
bib size and wing bar size may be subject to sexual selection, the
strength of which may differ between differently urbanized habi-
tats, e.g. due to competition for differently available nesting sites
(Price, Yeh, & Harr, 2008; Yeh, 2004). However, the final model for
wing bar size did not include the interaction term between urba-
nization and sex, suggesting that the degree of sexual dimorphism,
a proxy for the strength of sexual selection, was not related to
habitat urbanization across our study sites. Furthermore, a recent
meta-analysis found very little evidence for sexual selection cur-
rently acting on bib size (Nakagawa et al., 2007). Although bib
size signals dominance status in male sparrows (Nakagawa et al.,
2007), previous results on competitive behaviors suggest that there
is no considerable difference in the intensity of competition bet-
ween urban and rural populations (Békony et al., 2010). Thus, our
result that neither bib size and nor wing bar size varies syste-
matically along the urbanization gradient is in agreement with
the repeated finding that urban and rural sparrows retain their
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differences in body mass even when receiving the same diet under
identical captive conditions (B6kony et al., 2010; Liker et al., 2008),
implying that adult sparrows are unlikely to face different nutri-
tional conditions at differently urbanized habitats. Interestingly, a
recent study based on ptilochronology indicated that urban house
sparrows experience nutritional stress where hedges and dense
bushes are highly scattered and isolated (Vangestel et al., 2010),
although this conclusion has to be treated with caution because
growth bar widths were measured on normally grown feathers for
which the method is less well validated than for feathers with expe-
rimentally induced growth (Kern & Cowie, 2002; Matysiokova &
Remes, 2010).

5. Conclusions

Taken together, our study demonstrates that adult house spar-
rows in urbanized areas are unlikely to be in inferior body condition
compared to their conspecifics in rural habitats. Yet, urban spar-
rows are considerably smaller (B6kony et al., 2010; Liker et al.,
2008; this study) and their populations are declining at several
parts of the world (Shaw et al., 2008). Recent research shows that
urban and rural sparrows have similar reproductive efforts in terms
of clutch size and annual number of breeding attempts, but nest-
lings’ growth and survival is reduced in urban nests (Peach et al.,
2008; our unpubl. data). Combined with our present results that
neither index of body condition supports an inferior health state
of urban adults in any period of their yearly cycle, these findings
imply that urbanized habitats are more likely to constitute a stress-
ful environment for house sparrows in early developmental phases
rather than in their adulthood.

Finally, the inconsistencies found between different body
condition indices (Liker et al., 2008; this study) emphasize that
drawing conclusions from a single measure of individual state
can be misleading. Therefore, studies aimed at the monitoring
of urban management effects on wildlife should rely on mul-
tiple approaches, taking alternative measurements in various
life-history phases.
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