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A B S T R A C T   

The extensive use of pesticides in agricultural environments produces drastic effects on wildlife, hence the need 
for less invasive indicators of environmental stress to monitoring the impact of agriculture treatments on bio-
logical systems. Fluctuating asymmetry (FA), as measure of developmental instability, has recently been pro-
posed as reliable biomarker of populations stress due to environmental disturbance. We investigate femoral pores 
(FP) and dorsal head shape (HS) traits in populations of the Italian wall lizard inhabiting agricultural environ-
ments to examine whether different pesticide exposures (conventional, organic and control) can cause distinctive 
degree of FA. High-resolution photographs of FP and HS were taken in the field with a digital camera. The 
number of FP were counted twice on both sides and HS was analysed using geometric morphometrics with 25 
landmarks and 12 semilandmarks. Individuals under conventional management showed higher levels of FA 
compared to control ones, and females exhibited higher FA levels than males for the FP. However, no significant 
difference was found for the HS trait. Our study provided evidence that FA may have a real potential as 
biomarker of population stress in wall lizards, highlighting the importance in the choice of the experimental 
design and the traits adopted for estimating DI.   

1. Introduction 

The intentional release of chemical contaminants in the environment 
by humans has greatly increased along with the intensification of agri-
cultural practices in the past few decades, causing significant detri-
mental effects on different levels of biological organization (Pimm et al., 
1995; Hughes et al., 1997; Bӧhm et al., 2013). A wide range of effects on 
organisms may result through indirect/direct exposure to pesticides via 
different routes i.e. dermal exposure, inhalation, ingestion of contami-
nated food (Amaral et al., 2012a) resulting, for instance, in shortened 
lifespan, reduced number of offspring, more mutations, or weight loss, 
among others (Stark and Banks, 2003). Moreover, subtle behavioural 
changes can also be induced by chemical exposure as a loss of sexual 
competitiveness or a reduced ability to capture prey (Stark et al., 2004). 
Such effects appear to be particularly intense during early life stages, 
which seem to be the most vulnerable (Kleinow et al., 1999; Stark et al., 
2004). Indeed, chemical contaminants may affect developmental path-
ways of wildlife species more directly and quickly than any naturally 

environmental stressor, eventually leading to a decline of individual 
fitness (Hoffmann and Hercus, 2000; Graham et al., 2010). In this 
context, the use of biomarkers as sensitive indicators and early-warning 
signals of declines in environmental quality and population health may 
play a crucial role in determining the presence of a stressor and in 
identifying the degree of disturbance it provokes before irreversible 
damage has occurred (Beasley et al., 2013). 

In this context, chemical biomarkers (i.e. AChE or cytochrome P450) 
are usually costly, time consuming and extremely invasive techniques 
that often require killing the animals (Miller, 2003). Conversely, fluc-
tuating asymmetry (FA), a morphological measure of developmental 
instability (DI), defined as a random deviation from perfect symmetry in 
bilateral organisms (Palmer and Strobeck, 2003), has been suggested as 
a reliable, cheap, and less invasive indicator of the effects of stress on 
populations (Mirč et al., 2019). As the two sides of the body of bilaterally 
symmetric organisms are under the influence of the same genes and 
environmental conditions, deviations from perfect symmetry are 
considered to emerge due to imprecisions and perturbations of 
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developmental mechanisms as a result of various environmental 
stressors, potentially causing overall negative effects on population 
health over time (Parsons, 1990; Markow, 1995; Polak, 2003). FA as a 
biomarker has been examined in both laboratory experiments and nat-
ural populations of various invertebrate and vertebrate species (Sarre, 
1996; Blanckenhorn et al., 1998; Allenbach et al., 1999; Eeva et al., 
2000; Parris and Cornelius, 2004). FA has been associated with re-
ductions in fitness caused by urbanization (Lazić et al., 2013, 2015), 
exposure to pollutants (Hardersen, 2000), extreme temperatures (Mpho 
et al., 2002), habitat fragmentation (Crnobrnja-Isailović et al., 2005), 
inbreeding (Gomendio et al., 2000), outbreeding (Kurbalija et al., 2010), 
and hybridization (Dosselman et al., 1998). 

Among reptiles, lacertid lizards are the most used model organism to 
estimate FA as a proxy of developmental disturbance in relation to a 
variety of environmental conditions as island isolation in Podarcis sicu-
lus, P. bocagei, P. hispanicus and P. lilfordi (Vervust et al., 2008; Bǎncilǎ 
et al., 2010; Garrido and Pérez-Mellado, 2014), agricultural pollution in 
P. bocagei (Amaral et al., 2012a); and urbanization in P. muralis (Lazić 
et al., 2013, 2015; Urošević et al., 2015). Indeed, lizards present a large 
set of measurable (i.e. length of limbs, femurs, head) or countable (i.e. 
meristic features such as scales, femoral, and anal pores) bilateral traits 
that can be recorded easily in the field (Laia et al., 2015). Different 
studies, however, obtained antithetical results across species and envi-
ronmental stressors, questioning the utility of FA as a reliable biomarker 
(Clarke, 1995, 1998; Valkama and Kozlov, 2001; Dauwe et al., 2006; 
Sacchi et al., 2018). Indeed, the relationships between FA and envi-
ronmental features could be feeble, not detectable due to small sample 
size, underestimated if only one trait is considered (Lens et al., 2002; 
Crnobrnja-Isailović et al., 2005), or masked by premature individual 
decease under high stress levels before adulthood (Polak, 2003). Despite 
these contradictory results, a recent meta-analysis (Beasley et al., 2013) 
advises the use of FA as a biomarker in conservation biology provided 
that (i) highly sensitive FA measurement tools are used (i.e. geometric 
morphometrics), (ii) the environmental stressor acting on the organism 
is known. 

Agricultural areas have nowadays become one of the major terres-
trial ecosystems on Earth that cause extensive environmental damage 
due to the periodic and chronic disturbances of agricultural manage-
ments (Foley et al., 2005). Lacertid lizards are among the most wide-
spread vertebrates in Mediterranean agricultural areas (Biaggini et al., 
2006; Amaral et al., 2012a,b; Bicho et al., 2013). Consequently they are 
subjected and exposed to different anthropogenic disturbances, as 
pesticide application, that have been proved to provoke serious damages 
on a wide range of organisms and populations (Eeva et al., 2000; Mar-
ques et al., 2005; Voets et al., 2006). Although environmental contam-
inants are among the major identified threats for reptiles and considered 
among the important causes of their decline, very little is still known 
about the type and severity of their effects on these non-target organ-
isms. The main goal of this study was to examine the effect of agriculture 
management (i.e. exposure to chemicals) on Podarcis siculus (Rafi-
nesque-Schmaltz, 1810) population health through the estimation of FA 
using two morphological traits (i.e. number of femoral pores and dorsal 
head shape). We hypothesized that (i) lizards exposed to any treatment 
(those from conventional and organic agricultural fields) show a higher 
level of FA in respect to lizards from control fields; (ii) lizards from 
conventional treatment show a higher degree of developmental insta-
bility than those from organic treatment (Coda et al., 2016). 

2. Materials and Methods 

2.1. Study species and area 

We used the Italian wall lizard, Podarcis siculus, as model species, 
with populations living in three different agricultural polluted systems 
(see below). This and other wall lizards have already proven to be good 
models for field ecotoxicological studies (Amaral et al., 2012b,c,d; Bicho 

et al., 2013; Mingo et al., 2017) since they are widespread in agricultural 
habitats (Bologna et al., 2000; Maura et al., 2011), show strong site fi-
delity, and have small to medium home ranges. In spite of the numerous 
reports of P. siculus ubiquitous presence, very little is known about the 
ecology of the Italian Wall Lizard in agro-environments (Biaggini and 
Corti, 2017). Adult individuals of P. siculus were collected by hand or 
noosing (Simbula et al., 2019) between May and July 2019 in hazelnut 
orchards in central Italy (Rome and Viterbo province, Latium; mean 
altitude 500 m a.s.l.). Viterbo province has been extensively used for 
hazelnut management activities (about 17,000 hectares used in the 
whole area, Carbone et al., 2004) for more than 50 years and it has been 
regularly treated with pesticides (mainly fungicides and insecticides) in 
order to control pests throughout the years (Carbone et al., 2004; Fabi 
and Varvaro, 2010; Roversi, 2016). In such an environment, the Italian 
wall lizard utilizes the hazelnut roots, trunks, and low branches as the 
main habitat elements (e.g. for thermoregulation, foraging, as hiding 
place, and even as oviposition site; pers. obs.). 

2.2. Data collection 

Overall, we sampled 15 lizard populations living in hazelnut plan-
tations with similar abiotic factors (i.e. geology, soil types and climate), 
but exposed to different types of treatments. Five populations were 
captured from conventional management areas where different pesti-
cides have been applied regularly from May to July; five from organic 
fields where copper sulphate is used; and five from pesticide-free fields, 
with no history of chemical application for at least 10 years, used as 
control (Fig. 1). All the areas were separated by at least 2 km from each 
other, surrounded by bushes, other fields, or rural tracks. The current 
and historical land and pesticide usage were obtained through consul-
tation with the landowners. In the conventional sites, a combination of 
fungicides and insecticides is repeatedly applied once every two/three 
weeks (from 3 to a maximum of 6 applications) (Table S1). After 
captured, lizards were sexed using secondary sexual characters as head 
size and femoral pores (Arnold and Ovenden, 2002), and measured for 
snout-vent length (SVL) with a calliper (precision 0.01 mm). We selected 
as traits the femoral pores (FP) and dorsal head shape (HS) because they 
are easy to identify and count, and they have been demonstrated to 
display FA in wall lizards and to be sensitive to different levels of 
environmental stress (Lazić et al., 2013, 2015). High-resolution photo-
graphs of FP and HS were taken in the field with a digital camera (Canon 
SX620 HS, automatic configuration with ISO rank from 160-500, dia-
phragm aperture f/9, f/11, f/13 and shutter speed of 1/60, 1/80 sec.) 
fixed on a tripod at a distance of 15 cm from the subject which was 
unable to move. Animals were marked permanently by toe-clipping 
(Perry et al., 2011) and immediately released in the collection site. No 
specimen was killed during this study. 

For each individual, the number of FP were counted twice on both 

Fig. 1. Location of the sampling sites in central Italy, in the region of Lazio 
(highlighted in grey). Conventional fields are shown by squares, the organic 
fields by triangles, and control fields by circles. 
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sides of the body from digital photos by the same person (GS), allowing 
at least one week between counting sessions to guarantee the indepen-
dence of trait counts (Fig. 2A). HS was analysed using geometric mor-
phometrics (GM): 25 landmarks and 12 semilandmarks were digitized 
using TpsDig2 (Rohlf, 2005; "http://life.bio.sunysb.edu/morph) 
(Fig. 2B). Landmark recording was repeated twice for each animal a 
week apart to assess digitizing error. Specimens in which the landmarks 
could not be appropriately identified were not considered. 

2.3. Statistical analysis 

Preliminary analyses were performed for FP (i) to test total body size 
and trait size dependence, (ii) to evaluate the presence of directional 
asymmetry (DA) or fluctuating asymmetry (FA) by a two-way ANOVA 
on log-transformed (to achieve normality) trait values with side as a 
fixed factor, individual ID as a random factor, and their interaction as an 
additional term. We analysed trait size dependence by regressing ab-
solute values on the right side of the body minus that on the left side (R- 
L) on SVL to test whether bigger individuals were less asymmetric due a 
lower measure error, and on (R + L)/2 to test dependence on trait size, 
which can yield leptokurtosis in the frequency distributions of R - L or 
obscure subtle antisymmetry (Palmer and Strobeck, 2003). The presence 
of DA is identified by a significant main effect of side, while a significant 
interaction of side-individual indicates the occurrence of FA (Palmer and 
Strobeck, 1986; Palmer, 1994). Since fluctuating asymmetry was found 
in all populations for FP (see Results), an individual asymmetry index 
(AIFP) was estimated following Palmer and Strobeck (2003), as the ab-
solute R-L difference between the log-transformed average of trait 
values across the two replicate counts: |ln(R average) − ln(L average)|. 

As for the previous trait, we assessed the presence of directional and/ 
or fluctuating asymmetry while accounting for measurement error for 
the head landmark configuration, applying a Procrustes ANOVA on 
replicate measurements following Klingenberg et al. (2002), as imple-
mented in the bilat.symmetry function of R-package geomorph (Adams 
et al., 2020), to evaluate the same effects as described above for FP (i.e. 
individual, side and their interaction). This analysis was performed on 
each population separately. Furthermore, an individual asymmetry 
index for HS expressed as sums of squared differences between the 
original and reflected copies of all bilateral landmark coordinates was 
obtained following Lazić et al. (2015). This index represents the 

Procrustes distance between the right and left sides of the head of each 
individual. 

Differences in the degree of absolute FA among treatments were 
tested for FP through a nested ANOVA, and for HS with permutational 
ANOVA implemented in the R-package RRPP (Collyer and Adams, 
2018), considering treatment, population (nested in treatment) and sex, 
as well as the interaction between the main factors as the independent 
variables. 

All tests were performed using Statistica (v8.0; Statsoft) or R, version 
3.6.3 (R Core Team, 2020). 

3. Results 

A total of 293 individuals were captured and investigated, except for 
two specimens which were not considered for the HS analyses. The 
operative sex ratio (males:females) was on average 1.37 (conventional: 
1.21; organic: 1.60; control: 1.31) (Table TS1). No body size or trait size 
dependence for the FP were revealed with the linear regression of ab-
solute R-L values on SVL (F1.307 = 0.81, p = 0.37) and on (R + L)/2 
(F1.307 = 0.71, p = 0.40). ANOVA comparisons taking into account in-
dividual variation and measurement error to identify asymmetry pat-
terns in FP, indicated that the side effect was not significant, whereas the 
interaction term was, thus discarding DA and revealing the existence of 
FA in this trait in all examined populations (Table S2). The Procrustes 
ANOVAs performed on each population for HS (Table S3) revealed 
statistically significant variation due to both DA and FA (i.e. both the 
“side” and “side-individual interaction” terms were significant). Signif-
icant differences in the degree of absolute FA were identified for FP but 
not for HS (Table 1). FP presented statistically significant differences 
among treatments and between sexes (Table 1). Populations from con-
ventional fields exhibited higher degrees of FA compared to populations 
from control fields (Post hoc Fisher’s test, p = 0.02), whereas pop-
ulations from organic fields did not differ from the remaining (p ≥ 0.61). 
Females showed a higher degree of FA than males (Table 1, Fig. 3). 

4. Discussion 

Our research contributed to implement the use of FA in the study of 
pesticide stress. To date, just few studies examined FA patterns in lizards 
inhabiting agriculture polluted systems and they did not find any sig-
nificant pattern. However, these works suffered of various drawbacks, 
for example, very low number of examined populations (i.e. absence or 
reduced number of control ones, Amaral et al., 2012a). By contrast, our 
study was robust as for the experimental design (presence of control 
fields) and the number of considered units (relatively high number of 
populations evenly distributed among treatments). As predicted, we 
observed a discrepancy between the considered traits as for the esti-
mated FA among the three experimental conditions, with only femoral 

Fig. 2. Studied traits in Podarcis siculus. A) Number of femoral pores in left (L) 
and right (R) sides; B) landmarks (circles) and semilandmarks (stars) used to 
quantify dorsal head shape. 

Table 1 
ANOVA on absolute asymmetry index for (a) femoral pores (FP) and (b) head 
dorsal scales (HS). Significant differences are highlighted in bold.   

df SS F p 

a)FP     
Intercept 1 1.00 448.71 <0.001 
Treatment 2 0.016 3.65 0.027 
Population(Treatment) 12 0.042 1.56 0.104 
Sex 1 0.019 8.91 0.003 
Treatment*Sex 2 0.011 2.55 0.079 
Error 26 0.585   
b)HS     
Treatment 2 <0.001 0.71 0.515 
Population(Treatment) 12 <0.001 0.59 0.785 
Sex 1 <0.001 1.00 0.500 
Treatment*Sex 2 <0.001 1.29 0.293 
Residuals 273 0.018   
Total 290 0.019    
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pores (FP) highlighting distinct patterns of FA between conventional 
and control fields. However, contrary to our expectation, no difference 
was found between conventional and organic fields, indicating that any 
treatment affects lizards in some way. 

4.1. Fluctuating Asymmetry in femoral pores and head shape 

When considering femoral pores (FP), since no body or trait size 
dependence were showed, the possible inferred differences in DI could 
not be either enhanced or obscured by size-dependent variability 
(Palmer and Strobeck, 1986). Furthermore, increased levels of FA were 
observed in lizard populations living in conventional fields compared to 
control ones. According to other studies, the number of femoral pores 
seems to be an appropriate measure for FA analyses in lizards subjected 
to environmental stressors (Lazić et al., 2013; Mirč et al., 2019). It is long 
recognised that toxic chemicals can accumulate in adult females 
inhabiting polluted areas and transferred to their eggs (Marco et al., 
2004a). Moreover, in species as lizards with permeable eggshells, pol-
lutants can also be absorbed either from the soil in which the eggs 
develop, or through gas and water exchange with the environment 
(Marco et al., 2004b). Thus, in our study, it is likely that FA may arise via 
maternal pesticide burden and/or via soil absorption of agrochemicals. 
Although it seems the most feasible hypothesis, alternative explanations 
should be considered as genetic stressors or temperature and water 
availability, which are other major sources of disturbance of develop-
ment in ectotherms. Inbreeding and habitat fragmentation often have 
been associated to high levels of FA (Vervust et al., 2008). Although it 
would be impossible to assess such an effect without data on genetics, 
based on our observations, we can state that P. siculus is widespread in 

the study area and hazelnut plantations are relatively large patches, 
usually connected one to another by small unpaved roads bordered with 
rows of shrubs and trees, thus ensuring inter-patch connections and gene 
flow among the studied populations. Therefore, the observed differences 
in FA across the three considered managements could be more likely 
associated to the use of chemicals, rather than being the result of 
inbreeding via habitat fragmentation. In addition, high levels of FA and 
a decrease of fitness were observed in lizards hatched from eggs incu-
bated at extreme temperatures (Van Damme et al., 1992; Ji et al., 2002). 
It has also been shown that decreased water absorption during incuba-
tion reduces hatchling survival and fitness (Marco et al., 2004a). Such 
hypotheses are unlikely to explain the patterns observed here, because 
that would imply that lizards and their eggs would have experienced 
different abiotic conditions among areas with different management 
conditions, whereas all the considered fields presented similar micro-
climate, soil, and vegetation characteristics. 

An unexpected and interesting pattern emerged from the analysis of 
the variation in AIFP across individuals, with females exhibiting higher 
AI levels than males (Fig. 3b). This is remarkable and begs an explana-
tion, as previous studies on FA failed to find a relationship with sex in 
lizards (Crnobrnja-Isailović et al., 2005; Lazić et al., 2013; Mirč et al., 
2019). Recently, it has been found how environmental stresses (summer 
drought and anthropization) have stronger repercussions on females 
than on males in Gallotia galloti, evidenced as differences in reproductive 
cycle and investment (Megía-Palma et al., 2020). However, since FA in 
meristic traits depends on the conditions during the development of 
embryos, and not during juvenile or adult growth (Carretero, 2001), the 
stress of females due to mating, vitellogenesis and egg laying could be 
reasonably discarded as an explanation for the observed sexual differ-
ence in FA levels. On the other hand, individuals affected by develop-
mental instability should be negatively selected for their lower body 
condition rather than for the femoral pore asymmetry per se, even if 
some studies recovered a relationship among male pore symmetry, 
chemical cues and mate choice by females (López and Martín, 2000). 
Further comparisons of FA levels in juveniles will be necessary to 
disentangle such an issue by testing the hypothesis of higher mortality 
rate in juvenile asymmetric males in respect to juvenile females that 
could explain the observed pattern. However, this hypothesis is not 
supported by data and should assume a biased sex ratio at birth towards 
males. Indeed, the observed male biased operative sex ratio makes such 
a hypothesis more unlikely since sex ratio at birth considering all other 
factors being equal, should be even more biased towards males to bal-
ance their hypothesized higher mortality rate for asymmetric juveniles. 

Regarding head shape (HS), although FA exists in all populations, we 
did not find coherent variation in AIHS in our system, in contrast with 
other studies on lacertids (Bǎncilǎ et al., 2010; Lazić et al., 2015, 2016). 
Different explanations have been summoned in this regard. First, not all 
toxins may affect HS fluctuating asymmetry. For example, the applica-
tions of sodium pentachlorophenate on zebrafish, sufficiently severe to 
suppress cranial growth, did not produce increased fluctuating asym-
metry of shape (López-Romero et al., 2012). Therefore, we could hy-
pothesize that the pesticides applied in our system may not represent the 
main cause of head shape FA as heavy metals and other toxins found in 
urban populations (Lazić et al., 2015). Second, the level of head shape 
FA may vary through lizard size and age in unpredictable ways across 
species (Lazić et al., 2016, 2017). Moreover, head shape FA was found to 
be higher early after hatching and then be reduced through either 
actively or passively mechanisms of compensatory growth only in 
groups developing under stressful conditions (Lazić et al., 2016, 2017). 
Further integrated studies are in necessary to establish whether agri-
cultural chemicals may have a direct effect on this trait. 

Many studies used FA with multiple traits to quantify organism-wide 
developmental instability (DI) as a measure of individual quality or 
exposure to stress. If FA reflects organism-wide DI, a similar response to 
the same external stresses should be expected in terms of absolute FA of 
distinct developmentally unrelated traits (Clarke, 1998; Polak, 2003). 

Fig. 3. Comparison among conventional, organic and control treatments (A) 
and between sex (B) of mean of absolute individual asymmetry index (AIFP) for 
femoral pores. Vertical bars denote 0.95 confidence intervals. 

G. Simbula et al.                                                                                                                                                                                                                                



Zoology 147 (2021) 125928

5

Although FP and HS have both an important biological significance, they 
are measured in very different ways. On one side, FP are limited in their 
variation but can be assessed with a very small margin of error, thus 
yielding accurate measures. By contrast, HS quantified through GM can 
be very efficient at identifying very fine-scale signals but, at the same 
time, they can be easily confounded by background noise and other 
biological sources of variation. Therefore, the response to a stress, 
measure as FA degree, should be considered as trait specific. Different 
explanations have been proposed: (i) there could be a weak association 
between a single expression of fluctuating asymmetry and develop-
mental instability; (ii) even if all asymmetry measures are related to DI, 
distinct traits may have different buffering capacities at different 
developmental stages, varying in susceptibility to environmental 
stressor (due to heterogeneity in biochemical pathways in develop-
ment), dissimilar ontogenetic patterns and timing of asymmetry devel-
opment (Swaddle, 2003). (iii) Traits may present different functional 
significance resulting in divergent degree of FA, where characters with a 
high functional importance show lower FA (Palmer and Strobeck, 1986; 
Clarke, 1998). All these hypotheses suggest that the estimate of asym-
metry in one trait may not reveal the same information in other inde-
pendent traits. In our case, FP seem a reliable and useful indicator of FA 
associated to pesticides exposure. 

In conclusion, our research emphasizes the importance of taking 
particular care in the choice of the experimental design and the traits 
adopted when attempting in estimating DI. Different chemicals and 
multiple traits cross-examination must be taken into consideration with 
both laboratory and field experiments to better disentangle how pesti-
cide application may induce high levels of DI in lizards in agricultural 
environments. From a conservation point of view, our study provides 
important insights on the management of wall lizards in agro- 
environments. Indeed, until now, few studies proved agricultural land 
to be a major factor related to reptile’s diversity deficit (Anadón et al., 
2007; Wisler et al., 2008; Ribeiro et al., 2009). Considering the 
increasingly expansion of agricultural land use due to persistent higher 
market demand and competition (e.g. hazelnut), we would expect a 
demographic reduction of lizard, and in general, no-target organisms. 
Further studies should focus whether a balance between agriculture and 
conservation could be achieved through more sustainable agricultural 
practices maintaining semi-natural shelter habitats (Billeter et al., 
2008). 
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Anadón, J.D., Giménez, A., Martínez, M., Palazón, J.A., Esteve, M.A., 2007. Assessing 
changes in habitat quality due to land use changes in the spur-thighed tortoise 
Testudo graeca using hierarchical predictive habitat models. Divers. Distrib. 13 (3), 
324–331. https://doi.org/10.1111/j.1472-4642.2007.00343.x. 

Arnold, E.N., Ovenden, D., 2002. A Field Guide to the Reptiles and Amphibians of Britain 
and Europe. Collins, London.  

Bǎncilǎ, R., Van Gelder, I., Rotteveel, E., Loman, J., Arntzen, J.W., 2010. Fluctuating 
asymmetry is a function of population isolation in island lizards. J. Zool. 282, 
266–275. https://doi.org/10.1111/j.1469-7998.2010.00736.x. 

Beasley, D.E., Bonisoli-Alquati, A., Mousseau, T.A., 2013. The use of fluctuating 
asymmetry as a measure of environmentally induced developmental instability: a 
meta-analysis. Ecol. Indic. 30, 218–226. https://doi.org/10.1016/j. 
ecolind.2013.02.024. 

Biaggini, M., Corti, C., 2017. Variability of breeding resource partitioning in a lacertid 
lizard at field scale. Anim. Biol. 67 (2), 81–92. https://doi.org/10.1163/15707563- 
00002523. 

Biaggini, M., Corti, C., Paggetti, E., Dapporto, L., 2006. Distribution of lacertid lizards in 
a Tuscan agro-ecosystem (central Italy). In: Corti, C., Lo Cascio, P., Biaggini, M. 
(Eds.), Mainland and Insular Lacertid Lizards: a Mediterranean Perspective. Firenze 
University Press, Florence, pp. 13–21. https://doi.org/10.1400/73920 (2006).  

Bicho, R.C., Amaral, M.J., Faustino, A.M.R., Power, D.M., Rêma, A., Carretero, M.A., 
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Megía-Palma, R., Arregui, L., Pozo, I., Žagar, A., Serén, N., Carretero, M.A., Merino, S., 
2020. Geographic patterns of stress in insular lizards reveal anthropogenic and 
climatic signatures. Sci. Total Environ. 749, 141655 https://doi.org/10.1016/j. 
scitotenv.2020.141655. 

Miller, K.A., 2003. Cytochrome P450 1A as a biomarker of contaminant exposure in free- 
ranging marine mammals. Doctoral dissertation. University of British Columbia. 
https://doi.org/10.14288/1.0090772. 

Mingo, V., Lötters, S., Wagner, N., 2017. The impact of land use intensity and associated 
pesticide applications on fitness and enzymatic activity in reptiles—a field study. Sci. 
Total Environ. 590, 114–124. https://doi.org/10.1016/j.scitotenv.2017.02.178. 
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