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City life has fitness costs:
reduced body condition and increased parasite load
in urban common wall lizards, Podarcis muralis
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Abstract. Animals living in urban areas experience additional stress compared to those inhabiting more natural habitats.
This could influence their physical state and ability to cope with parasites. Here, effects of environmental disturbances on
body condition and prevalence and load of blood parasites in the common wall lizard (Podarcis muralis) were investigated
by comparing these indices between five urban and five rural populations. The physical condition index was lower in urban
areas, and females were the most affected sex. This suggests significant fitness costs, as survival and reproductive output are
often tightly linked to body condition. Prevalence of blood parasites was more variable in urban (2.5-100%) compared to
rural (50.0-75.6%) populations, with no statistically significant differences between the two habitats. Prevalence of blood
parasites increased with body size. Parasite load was significantly higher in urban lizards, suggesting strong effects of ur-
banisation on host-parasite interaction. An increased concentration of blood parasites should affect fitness since various
aspects of physiology are compromised in parasitised animals. Larger animals were more frequently and more severely
infected, most likely due to their being longer and more frequently exposed to parasites. No differences between sexes in
both prevalence and intensity were found, suggesting equal susceptibility or exposure to parasites.
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Introduction

Urbanisation has been increasing in the past decades and
it is predicted to increase even faster in the future as more
and more people live in cities (CRANE & KINZIG 2005). Nat-
ural habitats are continuously being transformed into ur-
ban areas at an accelerated rate, causing major changes in
ecosystems. Although all free-ranging animals undergo a
wide range of types of stress during their lives, those inhab-
iting urban areas should experience additional ones. Urban
animals are often exposed to high concentrations of heavy
metals (CONTI et al. 2004) and a wider range and higher
concentrations of toxins (SHOCHAT et al. 2006). Also, tem-
peratures tend to be higher in cities (OKE 1973), as well as
noise and light pollution (LONGCORE & RICH 2004, BAR-
BER et al. 2010). Finally, for species perceiving humans as
predators, human presence alone can be considered stress-
ful (BLUMSTEIN 2006).

Under such environmental pressures, the body condi-
tion of animals can be seriously affected (LIKER et al. 2008).

Body condition is tightly linked to overall health and fit-
ness and represents an individual’s physical or nutritional
status, meaning that animals with superior body condition
have greater energy reserves and vice versa. It indicates the
animal’s past foraging success and is correlated to many as-
pects of the immune system (M@LLER et al. 1998), the ani-
mal’s physical abilities, and its capability to deal with envi-
ronmental pressures (JAKOB et al. 1996). Moreover, repro-
ductive output and survival are often linked to body condi-
tion at the beginning of the season (RADDER & SHANBHAG
2004, HOEMAN & HENLE 2006), suggesting that body con-
dition should be a reliable indicator of overall quality.
Furthermore, by affecting the immunological response,
environmental disturbances can also induce changes in
host-parasite relationships (LAFFERTY 1997, LAFFERTY &
KuUR1s 1999, DASZAK et al. 2001, LAFFERTY & HOLT 2003)
and possibly alter the trade-offs between parasitisation and
other ecological pressures acting on hosts (CLOBERT et
al. 2000). Simulation models suggest that interaction be-
tween stress factors and parasitism should be highly com-
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plex (LAFFERTY & HOLT 2003). As a result, there are several
hypotheses, with contrasting predictions on what to expect
of parasite abundance when host populations experience
additional stressful conditions. On the one hand, when an-
imals experience unfavourable environmental conditions,
the function of the immune system can be compromised,
the animal’s resistance to parasites may decrease and as a
consequence lead to increased prevalence and concentra-
tion of parasites (LAFFERTY & HOLT 2003). On the other
hand, environmental stress can have a negative effect on
the parasite itself or its vector (EVANS 1982, SIDDALL & DEs
CLERS, 1994). In this case, parasite abundance is likely to
decrease (LAFFERTY 1997, LAFFERTY & KURIS 1999). When
acting in synergy, environmental stress and parasites can
lower the survival rate of infected animals, again, result-
ing in decreased parasite prevalence (MARCOGLIESE &
PIETROCK 2011). Nevertheless, in some cases, urbanisa-
tion has been shown to have a beneficial effect for the host,
with parasite prevalence being reduced in a city environ-
ment (GEUE & PARTECKE 2008, EVANs et al. 2009). Despite
mixed results, several reviews and meta-analyses suggest-
ed the same: when animals are exposed to environmental
stress, particularly to an anthropogenic one, increases in
parasite prevalence and concentration are to be expected
(BRADLEY & ALTIZER 2007, VIDAL-MARTINEZ et al. 2010,
MARCOGLIESE & PIETROCK 2011).

Lizards are recognized as highly sensitive to heavy met-
als and other pollutants (MARQUEZ-FERRRANDO et al.
2008, MARSILI et al. 2009), temperature stress (BRANA &
J1 2000), and human presence (Amo et al. 2006). Among
European species, the common wall lizard (Podarcis mu-
ralis) is an excellent model for studying the effects of ur-
banisation, as it is widely distributed in both natural and
urban habitats (SCHULTE 2008). Haemogregarines are
among the most common parasites of reptiles (TELFORD
2008). They are haemoprotozoan parasites belonging to
the phylum Apicomplexa with an indirect life cycle that in-
fect lizards through intermediate vectors such as ticks and
mites (TELFORD 2008). In lacertids, many costs associated
with haemogregarinae infections have been described, in-
cluding anaemia, decreased tail regeneration (OPPLIGER &
CLOBERT 1997), decreased locomotor performance (Opp-
LIGER et al. 1996, GARRIDO & PEREZ-MELLADO 2013a), and
reduced survival of reproductive individuals (Sorcr et al.
1996), which suggest a significant fitness cost. However,
numerous studies report no negative effect at all (EXNER-
GRrzYB et al. 2013, DAMAS-MOREIRA et al. 2014).

Attenuation of body condition and increased preva-
lence and/or concentration of blood parasites have been
previously detected in lizards inhabiting suboptimal en-
vironments. Reduced body condition was observed in a
P. muralis population inhabiting areas with high levels of
tourism (AMo et al. 2006), in populations of Iberolacerta
cyreni inhabiting ski slopes (Amo et al. 2007a), as well as
in populations of Anolis carolinensis inhabiting agricul-
tural fields (BATTLES et al. 2013). Lizards exposed to heavy
metals (SALICE et al. 2009) and pesticides (AMARAL et al.
2012) also exhibited a reduced body condition. The abun-

dance of blood parasites was found to be increased in pop-
ulations of Psammodromus algirus living in deteriorated
habitats (Amo et al. 2007b). Similarly, the prevalence and
concentration of blood parasites was shown to increase in
populations of Zootoca vivipara living in low-quality habi-
tats (OPPLIGER et al. 1998) as well as in Podarcis bocagei
populations inhabiting areas with a high usage of pesti-
cides (AMARAL et al. 2012). Nevertheless, in some cases,
environmental disturbances apparently had no effect on
blood parasite prevalence and concentration (FRENCH et
al. 2008).

In this paper, the effects of environmental stress on body
condition and parasitaemia are investigated by comparing
these indices between five urban and five rural populations
of the common wall lizard, Podarcis muralis. We specifi-
cally tested the hypothesis that due to exposure to multiple
disturbing factors (higher concentration of heavy metals
and other pollutants, higher temperature, human presence,
etc.), urban lizards will display a reduced body condition,
and prevalence and concentration of blood parasites will
be increased compared to rural ones.

Materials and methods
Data collection

For this study, 370 adult individuals of P. muralis were sam-
pled using a standard noose technique (GarRcia-MuRoz
& SILLERO 2010) from mid-April to mid-July of 2012 (Ta-
ble 1) in ten populations: five rural and five urban ones, all
within the area of Ni§ in southern Serbia (for a detailed
description see LAzIC et al. 2013). The urban population
samples were collected from separate sites within the city
of Ni§, 2 to 7 km apart. These included railroad tracks,
fortress walls, abandoned military warehouses, and oth-
er infrastructure. These lizards were exposed to high lev-
els of heavy metals (SKRBIC et al. 2002, NIKIC et al. 2009,
Jovanovic€ et al. 2011), air pollutants (DjorRDJEVIC 2008,
DjoRrDJEVIC et al. 2011), and to benzene, polycyclic aromat-
ic hydrocarbons, and persistent organic pollutants (SKrRBIC
& MILJEVIC, 2002). The five rural samples were collected
in the surroundings of the city, 10 to 30 km from the city
centre, to minimize the effects of genetic diversity and vari-
ation in climate. Lizards were collected from the country-
side, on walls of abandoned forest huts, forest paths, and
stonewalls. We consciously chose areas with no intensive
agricultural activity in proximity to limit or prevent con-
tamination by pesticides, fertilizers, and other contami-
nants stemming from agricultural pollution. Since body
condition and the concentration of blood parasites may
differ temporally (Sorcr 1995, GARRIDO & PEREZ-MEL-
LADO 2013b), sampling was conducted only during the re-
productive season.

Captured lizards were transported to the laboratory at
the Faculty of Sciences and Mathematics, University of Nis,
where they were sexed and measured for body mass and
snout-vent length (SVL). Animals larger than 49.78 mm
with developed secondary sexual traits were considered
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Table 1. Habitat types, sample sizes (N) for males (M) and females
(F), prevalence and concentrations of blood parasites (mean+SD
and range) for all populations studied.

g;l;uat Population Sex N Prevalence (meggllsisn;rriitlgrllge)
Rural S M 17 52.94% 13.11+9, 0-28
F 20 65.00% 6.23+£3.83, 0-13
X M 15 66.67% 615.12, 0-18
F 13 46.15% 3.33+£3.38, 0-10
B M 24 50.00% 6.16+7.14, 0-27
F 20 60.00% 5.91+6.43, 0-23
DD M 22 63.64% 19.35+13.78, 0-45
F 19 89.47% 20.64+27.21, 0-101
K M 27 59.26% 9.56+5.97, 0-23
F 23 39.13% 4.88+4.93, 0-17
Urban Ni M 19 84.21% 17.06+31.6, 0-133
F 20 80.00% 14.25+15.16, 0-67
E M 7 2857% 5.5+£6.26, 0-10
F 14 42.86% 24.83+25.76, 0-71
P M 23 4.35% -
F 17 0% -
A M 21 7143% 18.26+19.30, 0-76
F 20 65.00% 6.92+7.71, 0-30
M M 17 100% 28.23+28.90, 3-103
F 12 100% 17.5£19.63, 1-72

adults (SCHULTE 2008). A digital calliper with o.01 mm
precision and a compact digital scale with a precision of
0.1 g were used to measure SVL and body mass, respec-
tively.

In order to analyse the prevalence and concentration
of blood parasites, thin blood smears were made from
blood obtained by cutting off the tip of the tail (SEvINC
et al. 2000). Blood smears were air-dried and stained, us-
ing a standard May-Griinwald-Giemsa staining procedure.
Slides were investigated for intraerythrocytic parasites at
400x magnification, using a Leica DFC-320Rz2 light micro-
scope by a single observer (MML). Parasite prevalence was
estimated as the percentage of infected lizards in a popu-
lation, while parasite concentration was evaluated as the
number of infected red blood cells per 2,000 analysed. All
lizards were then returned to the sites of capture. at which
they had been captured.

Statistical analysis

All statistical analyses were performed in RStudio Version
0.96.122 (2012). As a measure of body condition, we used
a scaled mass index (SMI) as proposed by PEIG & GREEN
(2009, 2010) as the most reliable and unbiased measure.
SMI standardises body mass for a predefined value of body
size according to the equation SMI = Mi(Lo/Li)bSMA,
where Mi is the body mass of ith individual; Li body size of
ith individual; Lo is an arbitrary, predefined value of body
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size; bSMA is the scaling exponent calculated by a stand-
ardised regression axis (SMA) of body mass on body size;
and SMI is the predicted value of body mass for the indi-
vidual for Lo standardised body size. The arithmetic mean
oflog SVL of the entire sample was taken as Lo, (1.741 mm).
The scaling exponent (bSMA) differed between the two
habitat types, with 8 = 4.179 for urban and 3 = 3.610 for
urban. Also, the strength of the fit (r* x 100) differed and
was 60.70% for the urban and 67.10% for rural type. Con-
sequently, we used the bSMA value calculated for the rural
type to calculate the SMI for the entire sample, as suggested
by PEIG & GREEN (2010). The scaling exponent was calcu-
lated using the Imodel2 package for R (LEGENDRE 2011).

SMI values were checked for normality (Kolmogorov-
Smirnov test, p > 0.05) and homogeneity of variances be-
tween habitats (Bartlett’s test, p > 0.05) and sexes (Bartlett’s
test, p > 0.05). To test for possible differences in SMI, we
specified an ANOVA model on individual SMI values, in
which habitat type, population nested in type, sex, and in-
teractions were used as explanatory variables. Tail condi-
tion (complete vs. broken/regenerated) was initially added
to the model because autotomised tails may influence body
condition. However, the effect was insignificant (p > 0.1)
and tail condition was therefore removed from the analy-
sis.

Parasite prevalence was analysed using generalized line-
ar models (GLM). In the first step, we fitted a global model
with specified binomial error distribution and a logit link
function containing the following variables: sex, popula-
tion, habitat type, SVL, and SMI. The goodness of fit of
the model was then tested using a Chi-square test, which
is based on the residual deviance and degrees of freedom.
This test indicated that the binomial model fits the data
(p > 0.05). In the next step, we used the glmulti function
from the glmulti package (CALCAGNO & DE MAZANCOURT
2010) for R to fit all possible models containing all conceiv-
able combinations of main effects and possible first-order
interaction effects. Models were then ranked according to
the corrected Akaike information criterion (AICc) and we
selected the top model with the highest level of empirical
support. Chi-square test was then applied to test the sig-
nificance of selected variables using the ANOVA function
from the R package car (Fox & WEISBERG 2011).

To analyse parasite concentration, we first fitted a glo-
bal model with Poisson error distribution and a log link
function with the same set of variables as for the preva-
lence analysis. However, this model did not fit the data
(goodness-of-fit test, p < 0.05). To test for overdispersion,
we used the qcc.overdispersion.test function from the qcc
package (Scrucca 2004). This test showed significant
overdispersion (p < 0.01) so that we fitted a new model
with the same set of variables with a negative binomial er-
ror distribution specified and an estimated value of the dis-
persion parameter, theta = 1.375. Since this model now fit-
ted the data (goodness-of-fit test, p > 0.05), we used the gl-
multi function to obtain the best possible model based on
the AICc criteria. To test for variable significance, a Chi-
square test was applied to the top model.
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Table 2. Statistical results obtained from ANOVA on individual
SMI values with sex, habitat type (urban vs. rural), and popula-
tion nested within the population type as factors, and all interac-
tion effects.

df SS F p
Sex 1 1.012 212417  <0.001
Habitat type 1 0.225 47.3791 <0.001
Pop:Habitat type 8 0.383 10.056  <0.001
Sex:Habitat type 1 0.002 4738  <0.005
Sex:Pop:Habitat type 8 0.08 2.115  <0.005
Residuals 350 1.667

Results

Differences in the SMI were found between the sexes, with
males being relatively heavier compared to females (Table 2).
Differences were also found between animals inhabiting ur-
ban and rural areas, with the latter ones showing a higher
body condition index. However, it appears that urbanisation
did not affect both sexes equally as was suggested by the sta-
tistically significant type x sex interaction (Table 2). While
body conditions were similar between males from urban
and rural areas the same cannot be said for females. Namely,
urban females exhibited a lower SMI compared to rural fe-
males. Also, significant interaction between sex and popu-
lations nested within the habitat types shows that females
from some of the rural populations exhibit a higher SMI
than males in some of the urban populations (Table 2, Fig. 1).
The only blood parasites found were haemogregarinae.
However, due to the difficulty of identifying them to spe-
cies level based only on the morphology of intraerythro-
cytic gametocytes precise identification was impossible.
The prevalence of haemogregarinae differed signifi-
cantly between populations and ranged from 2.5 to 100%
of infected animals in urban populations and from 50.0 to
75.6% in rural populations (Table 1). The glmulti function
presented us with the most parsimonious model, the one
that included SVL and population as the only variables.
SVL had a significant effect on prevalence, with larger ani-
mals being more frequently infected (x> = 14.090, df = 1,
p < 0.001; Fig. 2a). High differences in blood parasite prev-

alence between populations were also confirmed by the
GLM analysis (x* = 34.081, df = 9, p < 0.001).

Haemogregarinae concentration differed significantly
between animals and ranged from 1 to 133 infected erythro-
cytes per 2,000 analysed. The best GLM model according
to the AICc criteria was the one containing the following
variables: habitat type, populations nested within the pop-
ulation, and SVL. Blood parasite intensity differed between
the two habitat types, with infections being more severe in
the urban one (x* = 13.599, df = 1, p < 0.001). Significant
variation in infection severity was detected between popu-
lations belonging to the two habitat types (x> = 91.026, df =
8, p < o.01; Fig. 3), demonstrating that urbanisation has no
uniform effect across all samples within the habitat types.
As for the prevalence, the parasite load was higher in larger
animals (x* = 7.818, df = 1, p < 0.01; Fig. 2b).

Discussion

As hypothesised, urban lizards exhibited a significantly
lower mean body condition index compared to animals
from rural areas. However, these differences were more
pronounced in females than in males (Fig. 1). Interestingly,
similar patterns were also observed in other lizard species:
females, but not males, exhibited a reduced body condi-
tion index in populations of Psammodromus algirus (AMo
et al. 2007b) and Anolis carolinensis (BATTLES et al. 2013) in
anthropogenically modified habitats.

There are a few possible explanations for this pattern.
First, food availability may be decreased in urban settings.
This is a likely scenario since urbanisation has been iden-
tified as having a strong negative impact on species rich-
ness and abundance in various arthropod taxa (McIN-
TYRE 2000, BUCZKOWSKI & RICHMOND 2012, PENONE et
al. 2013). If food is less abundant, a reduced body condition
index in females can be expected, as males are more active
and travel longer distances and should therefore be more
successful in foraging (LLORENTE 1988). Secondly, urban
lizards of both sexes were shown to have smaller head sizes
compared to rural ones (Lazi¢ et al. 2015), which could
impair their ability to handle larger prey. This reduction
may constrain females even more, as their head size is
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Figure 1. Body condition of males (squares) and females (circles) of Podarcis muralis in rural (grey symbols) and urban (black symbols)
populations. Error bars represent 95% confidence intervals. See Table 1 for sampling sizes.
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smaller anyway (KALIONTZOPOULOU et al. 2008). Thirdly,
it was shown that females respond differently to high pre-
dation pressure (irrespective of whether it is real or per-
ceived) than males in that they change their behaviour and
start escaping at longer distances (Amo et al. 2007b). That
means that females execute antipredator responses more
frequently and this is associated with mass losses (AMo et
al. 2007b, AMO et al. 2007¢). Since lizards come into con-
tact with humans more frequently in urban areas and of-
ten perceive them as predators, this is a likely explanation
for the lower body condition index in urban females. How-
ever, it is hard to say at this moment which, if any, of the
aforementioned hypotheses could better explain the ob-
served patterns and this issue should be investigated in
more detail in the future.

Irrespective of the real cause, reduced body condition
is likely to have a negative effect on individual fitness since
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it is closely linked to the reproductive output of females
(RADDER & SHANBHAG 2004, HOFMAN & HENLE 2006).
Females in better condition have higher energy reserves
and can invest more energy into reproduction. This usually
leads to having larger clutches and/or offspring of larger
size (OLSSON & SHINE 1997, RADDER & SHANBHAG 2004,
HorMAN & HENLE 2006). Consequently, offspring of larger
size are more likely to survive (SINERvVO et al. 1992, Diaz
et al. 2005, ULLER & OLSSON 2010). Based on this, it is ex-
pected that urban females have offspring of poorer quality
with lower chances of survival.

With regard to our analysis of blood parasites, our ex-
pectation of increased prevalence in urban areas was not
supported. Significant differences in blood parasite preva-
lence were detected between populations but not between
the two habitats. There are several possible explanations
for the observed lack of differences in blood parasite prev-
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Figure 2. Relationships between logSVL and (a) blood parasite prevalence, and (b) blood parasite load. Raw data are plotted in both
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Figure 3. Mean parasite loads in rural (grey squares) and urban (black squares) populations of P. muralis from southern Serbia. Error
bars represent 95% confidence intervals. See table 1 for sampling sizes.
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alence between the two habitats. Firstly, it is possible that
environmental disturbances that were previously shown to
affect the developmental stability of meristic traits (LAzIC
et al. 2013), head shape allometry, head size, and degree of
head shape asymmetry (LAziC et al. 2015) have no effect
on blood parasite prevalence. This is likely since parasite
prevalence can be strongly affected by stochastic processes
and, hence, may be an unreliable indicator of environmen-
tal disturbance (SURES 2004). Secondly, urban and rural liz-
ards may be equally exposed to mites and ticks. However,
urban lizards were shown to host more ectoparasites in the
previous year (LAazIC et al. 2012), suggesting that a low prev-
alence of blood parasites is not due to a low presence of vec-
tors. Thirdly, infected lizards are known to suffer from re-
duced concentrations of haemoglobin, reduced capacity for
oxygen transportation (OPPLIGER et al. 1996, VEIGA et al.
1998), as well as reduced burst speed (OPPLIGER et al. 1996,
GARRIDO & PEREZ-MELLADO 2013a). When infection acts
together with environmental stress, their combined effects
are likely to compromise survival (MARCOGLIESE & PIET-
ROCK 2011). As a result, the most highly infected animals
within the population could have perished, resulting in a
low prevalence at population level. This seems to be in the
origin of the observed patterns, particularly when keeping
in mind the lower body condition index in urban lizards.

Our analysis also showed that larger animals tend to be
more frequently infected, a pattern that is frequently ob-
served in lizards (OPPLIGER et al. 1999, AMO et al. 2004,
GARRIDO & PEREZ-MELLADO 2013b, but see AMO et al.
2005, DAMAS-MOREIRA et al. 2014). Larger, and therefore
most likely older, lizards have more chances to be in con-
tact with parasites at some or other point during their life-
time, which in turn may lead to a higher prevalence in larg-
er animals.

Parasite concentration was, as hypothesized, increased
in urban populations compared to rural ones, in spite of
the high variation between populations within the two
habitat types (Fig. 3). These differences were not due to a
positive relationship between SVL and concentration, as
there were no significant differences in SVL between the
two habitats (results not presented here).

There are many types of anthropogenic disturbances
that are hypothesised to cause an increase in parasite con-
centration. Heavy metals, other pollutants, and stress fac-
tors commonly present in urban areas can negatively affect
immunological response (CRAIN & GUILLETTE 1998), com-
promising the ability of animals to combat infections. Ex-
perimental studies on lizards demonstrated that environ-
mental disturbances can indeed cause an increase in blood
parasite concentration (OPPLIGER et al. 1998). This was also
observed in free-ranging lizards inhabiting areas polluted
by the intensive application of chemicals used in crop pro-
duction (AMARAL et al. 2012). This is a likely explanation
for the observed pattern, as increased concentrations of
benzene, polycyclic aromatic hydrocarbons, heavy metals,
and persistent organic pollutants were detected in the city
of Ni§ (SkrBIC et al. 2002, NIKI¢ et al. 2009, JOVANOVIC et
al. 2011). Unfortunately, studies investigating the effects of

human disturbance on lizard immunology are scarce and
should be corroborated in Podarcis muralis.

Blood parasite concentrations were also higher in larg-
er lizards. Recovery from blood parasite infections was
shown to be low in lizards (Sorcr 1995) and frequent con-
tact of older and larger lizards with blood parasites is likely
to cause multiple reinfections, thus resulting in higher con-
centration (Bouma et al. 2007).

Opverall, the results of this study show that anthropo-
genic disturbance can have a negative consequence of the
nutritional status of female lizards. Moreover, the evidence
obtained here suggests that anthropogenic disturbance
can cause an increase in parasite load. It is not clear at this
point which stress factors cause these effects and future
studies, evaluating the effects of individual stress types re-
lated to urbanisation on immunological response, parasi-
taemia and body condition should be performed.

Acknowledgements

‘We thank ANTIGONI KALIONTZOPOULOU, NEFTAL{ SILLERO, CATA-
RINA RATO, and M1ODRAG MIsHA IGNjaTOVIC for their assistance
in field and lab work. We are grateful to an anonymous reviewer for
critical comments on a previous version of the manuscript. MML,
UZ, and JCI were supported by Grant No. 173025, funded by the
Ministry of Education, Science and Technological Development of
the Republic of Serbia. MAC was supported by FCOMP-o01-0124-
FEDER-007062 project PTDC/BIA-BEC/101256/2008 by the FCT
(Portugal), and partially by the project “Biodiversity, Ecology and
Global Change” co-financed by the North Portugal Regional Op-
erational Programme 2007/2013 (ON.2-O Novo Norte), in the Na-
tional Strategic Reference Framework (NSRF), through the Euro-
pean Regional Development Fund (ERDF). The collaboration be-
tween the Portuguese and Serbian teams was also supported by an
integrated action co-funded by the FCT (Portugal) and MESTD
(Serbia). Lizards were collected and handled as per permit No. 353-
01-505/2012-03 issued by the Ministry of Environment and Spatial
Planning of Republic of Serbia.

References

AMARAL, M. J., R. C. BicHO, M. A. CARRETERO, ]. C. SANCHEZ-
HERNANDEZ, A. M. FausTINO, A. M. SOARES & R. M. MANN
(2012): The use of a lacertid lizard as a model for reptile eco-
toxicology studies: Part 2-Biomarkers of exposure and toxicity
among pesticide exposed lizards. — Chemosphere, 87: 765-774.

AMo, L., P. LOPEZ & J. MARTIN (2004): Prevalence and intensity of
Haemogregarinid blood parasites in a population of the Iberi-
an rock lizard, Lacerta monticola. — Parasitology Research, 94:
290-293.

AMo, L., P. LOPEZ & J. MARTIN (2005): Prevalence and intensity of
haemogregarine blood parasites and their mite vectors in the
common wall lizard, Podarcis muralis. — Parasitology Research,
96: 378-381.

AMo, L., P. LOPEZ & J. MARTIN (2006): Nature-based tourism as a
form of predation risk affects body condition and health state of
Podarcis muralis lizards. — Biological Conservation, 13: 402-409.

AMo, L., P. LOPEZ & J. MARTIN (2007a): Habitat deterioration affects
body condition of lizards: A behavioral approach with Ibero-
lacerta cyreni lizards inhabiting ski resorts. — Biological Conser-
vation, 135: 77-85.

15



MARKO M. LAzIC et al.

Amo, L., P. LOPEZ & ]J. MARTIN (2007b): Habitat deterioration af-
fects antipredatory behavior, body condition, and parasite load
of female Psammodromus algirus lizards. — Canadian Journal of
Zoology, 85: 743-751.

AMo, L., P. LOPEZ & J. MARTIN (2007¢): Refuge use: a conflict be-
tween avoiding predation and losing mass in lizards. — Physio-
logy and Behavior, 90: 334-343.

BARBER, J. R, K. R. CROOKS & K. M. FrRISTRUP (2010): The costs
of chronic noise exposure for terrestrial organisms. — Trends in
Ecology and Evolution, 25: 180-189.

BatTLES, A. C., T. K. WHITTLE, C. M. STEHLE & M. A. JOHNSON
(2013): Effects of human land use on prey availability and body
condition in the green anole lizard, Anolis carolinensis. — Herpe-
tological Conservation and Biology, 8: 16-26.

BLumMsTEIN, D. T. (2006): Developing an evolutionary ecology of
fear: how life history and natural history traits affect disturbance
tolerance in birds. — Animal Behaviour, 71: 389-399.

BrADLEY, C. A. & S. ALTIZER (2007): Urbanization and the ecolo-
gy of wildlife diseases. — Trends in Ecology and Evolution, 22:
95-102.

BrANA, E & X. J1 (2000): Influence of incubation temperature on
morphology, locomotor performance, and early growth of
hatchling wall lizards (Podarcis muralis). — Journal of Experi-
mental Zoology, 286: 422-433.

Buczkowskl, G. & D. S. RIcHMOND (2012): The effect of urbaniza-
tion on ant abundance and diversity: a temporal examination of
factors affecting biodiversity. — PloS one, 7:e41729.

CALCAGNO, V. & C. DE MAZANCOURT (2010): glmulti: an R pack-
age for easy automated model selection with (generalized) linear
models. — Journal of Statistical Software, 34: 1-29.

CLOBERT, J., A. OPPLIGER, G. SORCI, B. ERNANDE, J. G. SWALLOW &
T.J. R. GARLAND (2000): Trade-offs in phenotypic traits: endur-
ance at birth, growth, survival, predation and susceptibility to
parasitism in a lizard, Lacerta vivipara. — Functional Ecology,
14: 675-684.

ConTI, M. E., M. TUDINO, J. STRIPEIKIS & G. CECCHETTI (2004):
Heavy metal accumulation in the lichen Evernia prunastri trans-
planted at urban, rural and industrial sites in central Italy. —
Journal of Atmospheric Chemistry, 49: 83-94.

CrAIN, D. A. & L. J. GUILLETTE JR (1998): Reptiles as models of con-
taminant-induced endocrine disruption. — Animal Reproduc-
tion Science, 53: 77-86.

CRANE, P. & A. KINZIG (2005): Nature in the metropolis. — Science,
308: 1225-1225.

DAMAS-MOREIRA, 1., D. J. HARRIS, D. RosAapo, I. TAVARES, J. P.
Maia, D. SALvi, A. PERERA (2014): Consequences of haemogre-
garine infection on the escape distance in the lacertid lizard,
Podarcis vaucheri. — Acta Herpetologica, 9: 119-123.

DaszAK, P, A. A. CUNNINGHAM & A. D. HYATT (2001): Anthropo-
genic environmental change and the emergence of infectious
diseases in wildlife. — Acta Tropica, 78: 103-116.

Diaz, J. A., ]. PEREZ-TRIs, J. L. TELLER{A, R. CARBONELL & T. SAN-
TOS (2005): Reproductive investment of a lacertid lizard in frag-
mented habitat. - Conservation Biology, 19: 1578-1585.

DjorDJEVIC A. V. (2008): Qualitative and Quantitative Air Quality
Evaluation in the city of Ni§. — Endowment Adrejevi¢, Belgrade,
Serbia.

PjorDJEVIC A. V, N. V. Z1vkovié, E. MiHAJLOVIC , J. M. RaDO-
SAVLJEVIC, M. T. Raos & L. D. Z1vkovi¢ (2011): The effect of pol-
lutant emission from district heating systems on the correlation
between air quality and health risk. — Thermal Science, 15: 293-310.

16

EKNER-GRZYB, A., Z. SAJKOWSKA, K. DUDEK, M. GAWALEK, P.
SKORKA & P. TRYJANOWSKI (2013): Locomotor performance of
sand lizards (Lacerta agilis): effects of predatory pressure and
parasite load. — Acta Ethologica, 16: 173-179.

Evans N. A (1982): Effects of copper and zinc on the life cycle of
Notocotylus attenuatus (Digenea: Notocotylidae). — Internation-
al Journal for Parasitology, 12: 363-369.

Evans, K. L., K. J. GAsTON, S. P. SHARP, A. MCGOWAN, M. SIMEO-
NI & B. J. HATCHWELL (2009): Effects of urbanisation on disease
prevalence and age structure in blackbird Turdus merula popu-
lations. — Oikos, 118: 774-782.

Fox, J. & S. WEISBERG (2011): An {R} Companion to Applied Re-
gression, Second Edition. - Thousand Oaks, CA.

FrRENCH, S. S., H. B. Fokipis & M. C. MOORE (2008): Variation in
stress and innate immunity in the tree lizard (Urosaurus orna-
tus) across an urban-rural gradient. — Journal of Comparative
Physiology B, 178: 997-1005.

Garcia-MuRoz, E. & N. SILLERO (2010): Two new types of noose
for capturing herps. — Acta Herpetologica, 5: 259-264.

GARRIDO, M. & V. PEREZ-MELLADO (2013a): Sprint speed is related
to blood parasites, but not to ectoparasites, in an insular pop-
ulation of lacertid lizards. — Canadian Journal of Zoology, 92:
67-72.

GARRIDO, M. & V. PEREZ-MELLADO (2013b): Prevalence and in-
tensity of blood parasites in insular lizards. — Zoologischer An-
zeiger, 252: 588-592.

HorMAN, S. & K. HENLE (2006): Male reproductive success and in-
trasexual selection in the common lizard determined by DNA-
microsatellites. - Journal of Herpetology, 40: 1-6.

GEUE, D. & J. PARTECKE (2008): Reduced parasite infestation in ur-
ban Eurasian blackbirds (Turdus merula): a factor favoring ur-
banization? — Canadian Journal of Zoology, 86: 1419-1425.

Jakos, E. M., S. D. MARSHALL & G. W. UETZ (1996): Estimating fit-
ness a comparison of body condition indices. — Oikos, 77: 61-67.

JovanNovi¢, B, 7. MIHALJEV, S. MALETIN & D. PALIG (2011): Assess-
ment of heavy metal load in chub liver (Cyprinidae-Leuciscus
cephalus) from the Nisava River (Serbia). — Biologica Nyssana,
2:51-58.

KaLioNnTzorouLou, A.,, M. A. CARRETERO & G. A. LLORENTE
(2008): Head shape allometry and proximate causes of head sex-
ual dimorphism in Podarcis lizards: joining linear and geomet-
ric morphometrics. — Biological Journal of the Linnaean Society,
93: 111-124.

LAFFERTY, K. D. (1997): Environmental parasitology: What can par-
asites tell us about human impacts on the environment? — Para-
sitology Today, 13: 251-255.

LAFFERTY, K. D. & R. D. HoLT (2003): How should environmental
stress affect the population dynamics of disease? — Ecology Let-
ters, 6: 654-664.

LAFFERTY, K. D. & A. M. Kuris (1999): How environmental stress
affects the impacts of parasites. — Limnology and Oceanography;,
44: 925-931.

Lazi¢, M. M., M. A. CARRETERO, T. MIHAILOV-KRSTEV, M. LaA-
ZAREVIC-MACANOVIC, N. KrsTI¢ & J. CRNOBRNJA-ISAILOVIC
(2012): Incidence patterns of ectodermic lesions in wild popula-
tions of Common Wall Lizard (Podarcis muralis). — Amphibia-
Reptilia, 33: 327-336.

Lazié, M. M., A. KALIONTZOPOULOU, M. A. CARRETERO & J.
CRNOBRNJA-ISATLOVIC (2013): Lizards from urban areas are
more asymmetric: Using fluctuating asymmetry to evaluate en-
vironmental disturbance. — PloS one, 8:€84190.



City life has fitness costs for Podarcis muralis

Lazi¢, M. M., M. A. CARRETERO, J. CRNOBRNJA-ISAILOVIC & A.
KaLioNTZOPOULOU (2015): Effects of environmental distur-
bance on phenotypic variation: an integrated assessment of ca-
nalization, developmental stability, modularity and allometry in
lizard head shape. — The American Naturalist, 148: 44-58.

LEGENDRE, P. (2011): Imodel2: Model IT Regression. R package ver-
sion 1.7. — Available at http://cran. r-project. org/web/packages/
Imodela.

LIKER, A., Z. Papp, V. BOKONY & A. Z. LENDVAI (2008): Lean birds
in the city: body size and condition of house sparrows along the
urbanization gradient. — Journal of Animal Ecology, 77: 789-
795.-

LLORENTE, C. (1988): Contribucién al conocimiento de la biologia
de una poblaciéon de lagartija comun (Podarcis hispanica Stein-
dachner, 1870). — MSC Thesis, University of Barcelona, 333 pp.

LONGCORE, T. & C. RicH (2004): Ecological light pollution. — Fron-
tiers in Ecology and the Environment, 2: 191-198.

MARCOGLIESE, D. J. & M. PiETROCK (2011): Combined effects of
parasites and contaminants on animal health: parasites do mat-
ter. — Trends in Parasitology, 27: 123-130.

MARQUEZ-FERRRANDO, R., X. SANTOS, ]. M. PLEGUEZUELOS & D.
ONTIVEROS (2008): Bioaccumulation of heavy metals in the liz-
ard Psammodromus algirus after a tailing-dam collapse in Aznal-
collar (SW Spain). — Archives of Environmental Contamination
and Toxicology, 56: 276-285.

Magrsiny, L., S. CasiNi, G. Mori, S. ANCORA, N. BiancHI, A.
D’AGOSTINO, M. FERRARO & M. C. FossI (2009): The Italian wall
lizard (Podarcis sicula) as a bioindicator of oil field activity. — Sci-
ence of the Total Environment, 407: 3597-3604.

MCINTYRE, N. E. (2000): Ecology of urban arthropods: a review
and a call to action. — Annals of the Entomological Society of
America, 93: 825-835.

MOLLER, A. P, PH. CHRISTE, J. ERRITZOE & ]. MAVAREZ (1998):
Condition, disease and immune defence. — Oikos, 83: 301- 306.

Niki¢, D., A. Stankovi¢é, M. NikorLi¢, D. Bogpanovi¢ & B.
PETROVIC (2009): Estimated daily intake of cadmium by chil-
dren living in the city of Ni§, Serbia. — Turkish Journal of Paedi-
atrics, 51: 257-63.

OkE, T. R. (1973): City size and the urban heat island. — Atmospher-
ic Environment, 7: 769-779.

OLssoN, M. & R. SHINE (1997): The limits to reproductive output:
offspring size versus number in the sand lizard (Lacerta agilis). —
The American Naturalist, 149: 179-188.

OPPLIGER, A., M. L. CELERIER & J. CLOBERT (1996): Physiologi-
cal and behaviour changes in common lizards parasitized by
haemogregarines. — Parasitology, 113: 433-438.

OPPLIGER, A. & ]. CLOBERT (1997): Reduced tail regeneration in the
common lizard, Lacerta vivipara, parasitized by blood parasites.
— Functional Ecology, 11: 652-655.

OPPLIGER, A., ]. CLOBERT, ]. LECOMTE, P. LORENZON, K. BOUDJE-
MADI & H. B. JoHN-ALDER (1998): Environmental stress in-
creases the prevalence and intensity of blood parasite infection
in the common lizard Lacerta vivipara. — Ecology Letters, 1:
129-138.

OPPLIGER, A., R. VERNET & M. BAEZ (1999) Parasite local maladap-
tation in the Canarian lizard Gallotia galloti (Reptilia: Lacerti-
dae) parasitized by haemogregarian blood parasite. — Journal of
Evolutionary Biology, 12: 951-955.

PEIG, J. & A.]. GREEN (2009): New perspectives for estimating body
condition from mass/length data: the scaled mass index as an al-
ternative method. — Oikos, 118: 1883-1891.

PEIG, J. & A. ]. GREEN (2010): The paradigm of body condition:
a critical reappraisal of current methods based on mass and
length. — Functional Ecology, 24: 1323-1332.

PENONE, C., C. KERBIRIOU, J. E JULIEN, R. JULLIARD, N. MACHON
& I. VIoL (2013): Urbanisation effect on Orthoptera: which scale
matters? — Insect Conservation and Diversity, 6: 319-327.

RADDER, R. S. & B. A. SHANBHAG (2004): Factors influencing oft-
spring traits in the oviparous multi-clutched lizard, Calotes versi-
color (Agamidae). - Journal of Biosciences, 29: 105-110.

RSTUDIO (2012): RStudio: Integrated development environment for
R (Version 0.96.122) [Computer software]. Boston, MA. - Avail-
able at http://www.rstudio.org/, accessed May 15, 2012.

SALICE, C. ], J. G. Susk1, M. A. BAZAR & L. G. TALENT (2009): Ef-
fects of inorganic lead on Western fence lizards (Sceloporus occi-
dentalis). — Environmental Pollution, 157: 3457-3464.

ScHULTE, U. (2008): Die Mauereidechse. — Laurenti Verlag, Biele-
feld.

Scrucca, L. (2004): qcc: an R package for quality control charting
and statistical process control. — R News, 4: 11-17.

SEVINC, M, I. H. UGURTAS & H. S. YILDIRIMHAN (2000): Erythro-
cyte measurements in Lacerta rudis (Reptilia, Lacertidae). —
Turkish Journal of Zoology, 24: 207-209.

SHOCHAT, E., P. C. WARREN, S. H. FAETH & N. E. MCINTYRE (2006):
From patterns to emerging processes in mechanistic urban eco-
logy. — Trends in Ecology and Evolution, 21: 186-191.

SIDDALL, R. & S. DEs CLERS (1994): Effect of sewage sludge on the
miracidium and cercaria of Zoogonoides viviparus (Trematoda:
Digenea). — Helminthologia, 31: 143-153.

SINERVO, B., P. DouGgHTY, R. B. HUEY & K. ZAMUDIO (1992): Allo-
metric engineering: a causal analysis of natural selection on off-
spring size. — Science, 258: 1927-1930.

Sorcy, G. (1995): Repeated measurements of blood parasite levels
reveal limited ability for host recovery in the common lizard
(Lacerta vivipara). — Journal of Parasitology, 81: 825-827.

Sorcr, G., J. CLOBERT & Y. MICHALAKIS (1996): Cost of reproduc-
tion and cost of parasitism in the common lizard, Lacerta vivi-
para. — Oikos, 76: 121-130.

SURES, B. (2004): Environmental parasitology: relevancy of para-
sites in monitoring environmental pollution. — Trends in Para-
sitology, 20: 170-177.

SKRBIC, B., J. Novakovié & N. MILJEVIC (2002): Mobility of heavy
metals originating from bombing of industrial sites. — Journal of
Environmental Science and Health, Part A, 37: 7-16.

SKRBIC, B. & N. MILJEVIC (2002): An evaluation of residues at an oil
refinery site following fires. — Journal of Environmental Science
and Health, Part A, 37: 1029-1039.

TELFORD JR, S. R. (2008): Hemoparasites of the Reptilia: Color atlas
and text. — CRC Press.

ULLER, T. & M. OLssoN (2010): Offspring size and timing of hatch-
ing determine survival and reproductive output in a lizard. —
Oecologia, 162: 663-671.

VIDAL-MARTINEZ, V. M., D. PECH, B. SURES, S. T. PURUCKER & R.
PoULIN (2010): Can parasites really reveal environmental im-
pact? — Trends in Parasitology, 26: 44-51.

17



