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Abstract

The research on animal colouration has always been of great interest for biologists but since the last decades it has grown
exponentially thanks to multidisciplinary approaches. Animals have found several ways to deal with the camouflage/com-
munication trade-off in colouration, leading to the evolution of alternative patterns of variation of colourations at different
levels including signal partitioning and spatial resolution of colouration. In this paper we analyse the variability of dorsal
and ventral colouration in males and females of Maltese wall lizards in three populations on Linosa. We collected high-
resolution digital images of dorsal, ventral and throat colouration from 61 lizards (32 males and 29 females). We showed
that the colouration differs among sexes and body regions within the same individual. Colourations are also variable among
individuals within population, as well as among different populations across the Island. Finally, we detected a lizard’s col-
ouration shifts with increasing body size. Those result supports the hypothesis that colouration in this species evolved under
the competing pressures of natural and sexual selection to promote signals that are visible to conspecifics while being less
perceptible to avian predators.
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1 Introduction

Since the last decades research on animal colourations has
been attracting increasing interest, and it is a fast-growing
interdisciplinary branch of research involving genetics,
developmental biology, feeding ecology, behaviour and
reproductive biology (Cuthill et al. 2017). As a matter of
fact, the evolution of body colourations is more often the
result of the interaction between synergic and conflict-
ual pressures rather than the outcome of one single fac-
tor (Endler 1981; Stuart-Fox and Moussalli 2009; Cuthill
et al. 2017). Notably, mimicry for predator escaping and
conspicuousness for communication promotes opposite
adjustments in colouration, as crypsis reduces the contrast
between animal colour and background, whereas signal-
ling needs bright and flashy colours, which increase the
contrast with the background (Marshall and Stevens 2014;
Franklin et al. 2020).

Animals have found several ways to deal with the cam-
ouflage/communication trade-off in colouration, leading
to the evolution of alternative patterns of variation of col-
ourations at different levels, i.e., among individuals within
the same population, among different body portions within
the same individual, as well as over time, as occurring
for seasonally colour changes. Evolutionary solutions for
the conflicting adjustments between camouflage and com-
munication include (i) signal partitioning, in which body
regions visible to predators are used for camouflage and
body regions hidden from potential predators are used for
signalling (Stuart-Fox and Ord 2004), (ii) colours that are
not visible to predators but only to conspecifics, like UV
or polarized light (Cummings et al. 2003; Siebeck et al.
2010; Abramjan et al. 2020), (iii) spatial resolution of
colouration in a way that colour is conspicuous only at a
short distance, while at distance colours blend matching
the background (Barnett et al. 2018), and (iv) changing
colourations that become cryptic or conspicuous when
necessary (Stuart-Fox et al. 2008), or (v) altering signal-
ling behaviours when predators are present (Endler 1987).

In this perspective, reptiles, notably lizards, are excel-
lent model species, as they exhibit simultaneous camou-
flage and sexual signals. Several studies have actually
shown that dorsal colourations in lizards which are more
exposed to birds hunting exhibit lower sexual dichroma-
tism and conspicuousness, whereas less exposed ventral
regions are more visible to conspecifics and exhibit more
conspicuous sexual signals (Marshall and Stevens 2014;
Stuart-Fox et al. 2004; Stuart-Fox and Ord 2004). There is
increasing evidence that lizards may have different visual
sensitivities than their predators, e.g., in the UV spec-
trum (Ellingson et al. 1995; Fleishman et al. 1993; Loew
1994; Pérez i De Lanuza and Font 2014), even if birds can
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perceive the UV spectrum (Teodore and Nilsson 2019).
Therefore, lizards have the potential to use visual signals
that are more conspicuous to conspecific than to predator
vision, minimizing the risk of detection (Brandley et al.
2013). Furthermore, the ability to rapidly change colour
has evolved in several species of lizards, enabling indi-
viduals to match different backgrounds (Stuart-Fox et al.
2008), but also express conspicuous signals only when
they are really effective (Endler 1987; Stuart-Fox et al.
2008).

The Maltese wall lizards (Podarcis filfolensis) is an
endemic lacertid of the Maltese and Pelagian Islands,
although in the Lampedusa Island the species has been only
recently introduced (Lo Cascio et al. 2011). The status of the
Linosa population is still unclear, since molecular analyses
did not rule out neither possibility of a human introduction,
neither the possibility of natural long-distance rafting (Salvi
et al. 2014). A general feature of Maltese wall lizards is that
individuals tend to be highly variable in colour and mark-
ings, especially among different islands. Lizards on Malta,
Gozo and Camino are smaller and much lighter in colour
having a grey, brown or green ground colour with darker
markings on the back and sides (Schembri 1986). Lizards
on Linosa and Lampione have dark backs with green-bluish
spots, while ventral regions appear white with red-brown
spots (Lo Cascio et al. 2011). To our knowledge the causes
of this variability, notably the relative importance of camou-
flage and communication, are still unclear. Here, we analyse
the variability of dorsal and ventral colouration in males
and females of Maltese wall lizards in three populations on
Linosa, to assess whether the colouration of the species has
adapted for conspicuous visual signalling to conspecifics
while minimizing detection by predators through decreased
conspicuousness and signal partitioning. To do so we used
digital image analysis to quantitatively analyse colour vari-
ability among individuals within a population and among
different body regions within an individual as well, taking
into account the effects of sexes and ontogeny (size).

2 Methods
2.1 Data sampling

We collected the field data during spring 2016 in three
localities from the volcanic island of Linosa (35° 52’ N,
12° 52" E): the first is the crater of Monte Nero, the sec-
ond is the crater of Monte Rosso, the third is the village of
Mannarazza in the centre of the island. Sampling surveys
were performed in each site by two researchers for three con-
secutive days and all lizards were captured by noosing or by
hand, and kept singularly in cotton bags until measurements
and photographs. Individuals were sexed and measured for
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snout-to-vent length (SVL), using a ruler (1 mm accuracy).
All juveniles (SVL <50 mm, Moravec 1993; Lo Cascio
et al. 2011) were excluded from the data. Overall, we meas-
ured 61 lizards, including 32 males and 29 females. For
each individual, we took high-resolution digital images of
dorsal, ventral and throat colouration using a Nikon D50
camera at a 1.2-million-pixel resolution, equipped with a
Nikkor 60 mm AF-S Micro lens, and fixed on a stand at
a distance of 18 cm (Sacchi et al. 2013). Each picture was
taken adjacent to a GretagMacBeth Mini ColorChecker chart
(24 colour references, 5.7 cm X 8.25 cm) in a 44X 44 cm
lightbox illuminated with two daylight 22 W circular neon
tubes (Reporter 55100 Studio-kit). Overall, we obtained a
sample of 183 images. After data collection, all lizards were
released healthy in the respective capture spot.

2.2 Colour analysis

We analysed the pictures in the RGB colour system accord-
ing to the method by Bergmann and Beehner (2008) and
Sacchi et al. (2013). Firstly, the Camera plug-in for Adobe
Photoshop CS3 was used to generate a new colour profile
that adjusted the colour in the photographs (jpeg format) to
the known colour levels in each square of the ColorChecker
chart. Then, for each image, we selected the ‘region of inter-
est’ (ROI) using the ‘lazoo’ tool, and pixels corresponding to
point of reflected light and black spots were removed using
the package “magick” in R (Ooms 2018). Consequently, we
analysed on average 6501 pixels for image, ranging from 507
to 26,780. Finally, the RGB colour values were rearranged
in the Hue, Saturation, and Value (HSV) system.

2.3 Statistical analyses

We assessed colour variation in Maltese wall lizards fol-
lowing a three-steps analysis as in Sacchi et al. (2020):
we first used the values computed on the whole samples
of pixel selected for each individual to generate the indi-
viduals’ frequency distributions of hue, saturation, and
brightness using (HSV colour spectrum). Second, we
used the colour spectra to perform three principal com-
ponent analyses (PCA), one for H, S, and V respectively,
and we used the first components, explaining, respectively,
46.7%, 49.8% and 76.5% of the total variance, as a proxy
to summarize the inter-individual variability of coloura-
tion. The hue PC score accounted for the opposite vari-
ation of the orange-yellow and green interval in the hue
colour spectrum (Fig. S1), in a way that negative scores
associated with a higher peak in the orange-yellow inter-
val whereas positive scores associated with a higher peak
in the green interval. The saturation PC score accounted
for the increase of colour saturation with increasing score
(Fig. S1), whereas the value PC score accounted for the

increase of brightness with higher scores (Fig. S1). Third,
we analysed the variation of the PC scores through ran-
dom intercept linear mixed models (LMM), one for H,
S, and V respectively. Fixed effects were the sex, body
region and body size (i.e., standardized SVL). The two-
way interactions sex X body region, sex X body size, and
body size X body region were also added to account for
possible differential effects of sex, body region, and size
on colour expression. Population (crzpop) and individual
(as nested effect within populations, O'Zind/pop) entered
the model as random effects. LMMs were fit in a Bayes-
ian analytical framework available in the package JAGS
4.3.0 (http://mcmc-jags.sourceforge.net/), using flat pri-
ors for coefficients and intercept (4 =0 and 6=0.001),
and uninformative half-Cauchy priors (x,=0, y=25) for
0 error azpop, and azmd,pop. For all models, Markov Chain
Monte Carlo parameters were set as follows: number of
independent chains = three; number of iterations = 34,000;
burn-in =4000; thinning =three. We checked for con-
vergence and used the amount of variance explained by
the model (R% ;) as a goodness-of-fitmeasure. R?| yuy
for Bayesian models was computed following the pro-
cedure proposed for linear mixed-effects models (Sni-
jder and Bosker 1999; Nakagawa and Schielzeth 2013).
In detail, the R% y for each model was obtained as the
ratio of the variance explained by the fixed effects (azf)
and the sum of the variance components of the model
(6% + azind,pop + azpop + 6% p1op)- Similarly, the intraclass
correlation coefficients (ICC) for the random effects were
computed as azpop/(azpop +6%11o) fOr the population effect,
(azind/pop + azpop)/ (azind/pop + azpnp + 6% p0p), for the effect of
the individual within population.

Results from the posterior distributions are reported as
the half-sample mode (HSM, Bickel and Friihwirth 2006)
plus 95% (or 50%) highest density intervals (HDIqs; HDI5,
Kruschke 2010). In Bayesian statistics, the HSM is a com-
monly used estimator of the central tendency of posterior
probability distribution robust to outliers, whereas the HDI
defines the interval that includes the parameter with 95%
probability. Parameter values in the centre of the HDI have
higher credibility than parameter values at the limits of the
interval. Therefore, when the HDIs of two groups do not
overlap, there is a credible evidence for different group
means. By contrast, to the extent the two groups’ HDIs
overlap there is evidence of no credible difference between
the means. When comparing two groups (e.g., males and
females), we therefore reported the posterior probability of
their difference being different (i.e., higher or lower) from
zero. Data preparation, model settings, call to JAGS, and
posterior elaborations were done in R 4.0 (R Core Team
2018) using the package R2jags (Su and Yajima 2015), mod-
eest (Poncet 2012), and HDInterval (Meredith and Kruschke
2018).
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3 Results

The HSV spectra computed for dorsal and ventral colour-
ations of Maltese lizards (Fig. 1) revealed a clear sexual
dimorphism in back colouration, males displaying a greener
and more brilliant colouration than females. Pattern of sex-
ual dimorphism was less evident in both throat and belly
colouration (Fig. S1).

Back

Throat

Overall, the Bayesian mixed models captured (con-
ditioned R?) 62.1% (HDIy5: 48.3-9.1%), 53.8% (HDlIys:
32.3-99.9%), and 95.4% (HDIys: 94.0-99.4%) of the full
variance for hue, saturation, and brightness, respectively.
The fixed effects alone (R?) represented 43.3% (HDIys:
1.0-55.4%), 19.9% (HDIys: 0.1-32.6%), and 92.4% (HDIs:
12.2-95.2%) of the full variance for hue, saturation, and
brightness, respectively.
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Fig. 1 Distribution frequencies of hue, saturation and brightness for back, throat and belly of Maltese wall lizards in the Linosa Island. Solid
lines and dark grey area are for females, dashed lines and light grey areas are for males. Lines are means and area represent HDly
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Bayesian models supported the occurrence of a difference
in the back colouration between males and females (Fig. 1),
as the posterior distributions of the difference between
sexes (3—9) deviated from zero for hue and brightness, but
not for saturation values (Table 1). In details, males were
greener (P .0 >0.99) and more brilliant (P ;.o >0.99) than
females, but dorsal colouration was as saturated in males
as in female (P ;.o =0.68). Throat colouration was greener
and more saturated in males than females (Fig. 2), but the
difference did not deviate enough from zero to be fully cred-
ible (hue: Paso =0.79; saturation: P5‘>9 =0.80, Table 1).
Throat was as brilliant in males as in females (P ;.o =0.34,
Table 1). The belly colouration was also greener in males
than females, but, as for throat, the difference did not sensi-
bly deviate from zero (P ;.0 =0.87, Table 1). Saturation and
brightness were similar in male and female belly (saturation:
P5>9 =0.29; brightness: P5>$ =0.59, Table 1).

In males, the hue did not differ between back and throat
(Pispa=0.28, Table 2), but colour was greener in throat
than in belly (P> 0.99, Table 2, Fig. 2). Colouration
was more saturated and less brilliant than both throat and
belly (P>0.99 in all cases, Table 2). Consequently, satura-
tion and brightness were similar in throat and belly coloura-
tions (Py,5p.: 0.89 and 0.68 respectively). In females, throat
was greener than both back and belly (Fig. 1), as the poste-
rior probability of the difference in the hue values sensibly
deviated from zero in both cases (both P>0.99, Table 2).
Throat colour was less saturated than both back and belly
colourations (Fig. 2), as shown by deviation from zero of
the posterior probabilities (Table 2, P> 0.99 in both cases).
Consequently, colour saturation resulted similar in back and
belly (Table 2, Py, =0.80). As for males, colour in both
throat and belly was much more brilliant than back colour
(Table 2, P>0.99 in both cases).

Bayesian LMMs showed a strong effect of body size
on colour in all the three body regions, especially for the
colour hue (Fig. 2). Notably, dorsal and ventral coloura-
tions had opposite patterns (Fig. 2). In both sexes back
colour was greener in larger than in smaller individuals
(Ppsvi»0>0.92), whereas the opposite occurred for throat
and belly colours (P> 0.79). Consequently, the dor-
sal and ventral colourations contrasted one another much
more intensively in larger individuals of both sexes.

However, the effect of size differed between sexes, and
females had a steeper slope than males (Fig. 2, Po, 4
exceed 0.99), in a way that colour difference between
sexes decreased with increasing size (Table 3). The model
did not detect any effect of body size on colour satura-
tion in any body region of males (Ppq0<0.68, Fig. 2),
whereas slight, negative effects emerged in females for
back (Ppggyi<9=0.89, Fig. 2) and belly (Pys9=0.85,
Fig. 2), but not for throat (P, =0.45, Fig. 2). There-
fore, larger females had less saturated dorsal and ventral
(belly) colourations than smaller ones. Accordingly to
these opposed patterns, there was enough support for a
difference of the effect of body size on colour saturation
between sexes (P(?>Q =0.88, Fig. 2), in a way that males
become more saturated than females with increasing body
size (Table 3). Finally, we found a strong effect of body
size on brightness of back in both males (Pp,0=0.99,
Fig. 2) and females (Pg,,o=0.89, Fig. 2), but not in the
other two body regions (P, <0.74, Fig. 2). In both
sexes larger individual had a less brilliant back coloura-
tion than smaller individuals, and this effect was more pro-
nounced in females than in males (P3>9 =0.96, Table 3).

Finally, a large portion of the variance unexplained by
the fixed effects (sex, season, and body size) depended on
the populations and individuals within populations, espe-
cially for saturation (Table 4). Indeed, the intraclass cor-
relation coefficients (ICC) for saturation in both popula-
tions and individuals within population were 0.28 (HDIy:
0.01-0.99) and 0.40 (HDIy5: 0.11-0.99) respectively, sug-
gesting that saturation differed among populations as well
as among individuals within the same population (Fig. 3).
A similar, but less evident pattern occurred also for colour
hue, as the ICCs were 0.19 (HDIy5: 0.01-0.99) and 0.29
(HDIys: 0.04-0.99) for populations and individuals within
population respectively. Therefore, hue varied both among
populations and among individuals within the same popu-
lation (Fig. 3). The ICCs for colour brightness were 0.34
(HDIg5: 0.03-0.99) and 0.35 (HDIys: 0.04-0.99) for popu-
lations and individuals within populations, respectively.
However, the pattern of variability of brightness resulted
less evident than those observed for hue and saturation
(Fig. 3).

Table 1 Sexual dichromatism in

. Body region Hue Saturation Brightness
Maltese wall lizards
Back;_o 0.061 (0.026 to 0.097) 0.011 (—0.014 to 0.036) 0.027 (0.012 to 0.041)
Throaty_o 0.014 (-0.021 to 0.05) 0.016 (—=0.009 to 0.041) —0.003 (-0.018 t0 0.011)
Belly; o 0.022 (—=0.014 to 0.058) —0.007 (=0.032 t0 0.018) 0.002 (-0.013 t0 0.016)

For each component of the colour spectrum and body region, the posterior distribution of the difference
d-Q is synthetized as the half-sample mode (HSM) and the 95% highest density intervals (HDlys; in
parenthesis); the HSM values with associated HDIys not including zero are bolded
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ards in the Linosa Island as estimated by LMMs. Upper panels report
differences between sexes in each body; lower panels report the effect

4 Discussion

Our results show that the colouration of Maltese wall liz-
ards differs among sexes and body regions within the same
individual, and it is variable among individuals within pop-
ulation, as well as among different populations across the
Linosa Island. Also, a lizard’s colouration shifts with its
body size (Galan 2008).

Firstly, we supported sexual dichromatism in this spe-
cies (Lo Cascio et al. 2011), as males were both greener
and more brilliant on back, and greener and more saturated
on throat compared to females, as it commonly occurs in

@ Springer

of body size (SVL) on colouration in males and females in each of
the three body regions. HSM (white circles), HDIy, (thick lines), and
HDIy; (thin lines) estimates are shown; females are in black, males in

grey

Lacertidae species (e.g., Olsson et al. 1994). The analyses
on HSV values did not include the predominant black mark-
ings and stripes, but only the coloured spots dispersed in the
dark background. Therefore, our results suggested that males
could be more conspicuous than females, and females rela-
tively more camouflaged than males. Two opposed selective
pressures could have caused this pattern, namely intrasexual
selection for conspicuous signals in males, and natural selec-
tion for concealing colourations in females. This is not sur-
prising, as in Podarcis species, males commonly experience
intrasexual competition (L6pez and Martin 2001; Pérez i
de Lanuza et al. 2013b, 2017; Marshall and Stevens 2014;
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Table 2 Variability of colouration among different body region of the same individual in males and females of the Maltese wall lizard

Back Throat
Hue Saturation Brightness Hue Saturation Brightness
Males
Throat —0.008 (—0.036to  —0.040 (—0.06to  0.170 (0.158 to 0.182)
0.020) —-0.021)
Belly  —0.094(-0.122to0  —0.026 (—0.045 to — 0.167 (0.155 t0 0.179) —0.085 (—0.114to  0.014 (—0.005 to —0.003 (-=0.015 to
—0.065) 0.007) —-0.057) 0.033) 0.009)
Females
Throat  0.039 (0.010 to 0.068) —0.046 (—0.065to  0.200 (0.187 to 0.212)
—0.026)
Belly —0.054(-0.084to  —0.008 (—0.028to  0.192 (0.18 t0 0.205) —0.093 (—0.122 to — 0.038 (0.018 to 0.058) —0.008 (—0.02 to
0.025) 0.012) 0.064) 0.005)
The HSM values with associated HDIys not including zero are bolded
Table 3 Variation of colour Hue Saturation Brightness

with increasing body size (SVL)

between sexes and among
different body region of the
same individual of the Maltese
wall lizard

Males vs females
Throat vs back
Belly vs back
Back vs belly

—3.425 (—5.741 to — 1.085)

—2.973 (-=5.304 to —0.637)

—0.411 (—=2.999 to 2.092)
2.558 (—0.867 to 6.000)

0.939 (- 0.643 t0 2.518)
0.132 (—1.441 to 1.702)
0.442 (—1.405 to 2.333)
0.315 (—=2.109 to 2.787)

0.907 (=0.079 to 1.89)

0.909 (-0.076 to 1.891)

0.349 (- 0.601 to 1.308)
—0.558 (=1.921 to 0.824)

The HSM values with associated HDIy5 not including zero are bolded

Table 4 Posterior probability

S Hue Saturation Brightness
distributions (HDM and HDI)
for the variances of fixed effects 2. 0.244 (0.179-0.318) 0.044 (0.027-0.066) 0.747 (0.697-0.799)
(ofﬁxcd)arzziogrsz(egs (“;POP’ Foop 0.050 (0.001-22.99) 0.039 (0.001-125.1) 0.020 (0.001-5.302)
ind/pop”> Pindipop 0.026 (0.001-0.083) 0.021 (0.002-0.052) <0.001 (0.000-0.006)
Porrer 0.216 (0.168-0.281) 0.099 (0.076-0.130) 0.039 (0.031-0.049)

Coladonato et al. 2020), and both sexes are under significant
risk from visually oriented predators, namely birds, includ-
ing raptors and corvids (Martin and Lopez 1996; Castilla
et al. 1999; Biaggini et al. 2010). Therefore, it is likely that
both conspicuous sexual signals and antipredator colouration
(i.e., camouflage) are present in P. filfolensis, as it occurs on
the other congeneric species. Further, sexual dichromatism
occurred in ventral colouration, especially in throat. Adult
males in Podarcis species commonly exhibit ventral sexual
signals that can be used in sexual contexts for dominance
of mate acquisition (e.g., Pérez i de Lanuza et al. 2013a),
as occurring in other lizard species (Thompson and Moore
1991; Carpenter 1995; LeBas and Marshall 2000). In gen-
eral, a more conspicuous throat colouration ensures males
with higher dominance rank or higher success in mate com-
petition (LeBas and Marshall 2000; Thompson and Moore
1991; Whiting et al. 2006). Conspicuous colourations are
also involved in intersexual communication (Cook et al.
2013; Pérez i de Lanuza et al. 2014). Accordingly, females
are normally less coloured than males and their colour does

not change with age, not increase the chances of being
detected by predators (e.g., Marshall and Stevens 2014).
Interestingly, males throat was more saturated and bril-
liant than belly. Throat colouration could signal more effi-
ciently than belly, because it can be raised up when sig-
nalling to conspecific or raised down to be hidden away
when predators are present (Endler 1987). Male displays
in Podarcis species typically involve head raising and even
head-bobbing (thus revealing the colours of the throat, e.g.,
Pérez i de Lanuza et al. 2013a), but lateral distension of the
body in a posture (that would reveal significant parts of the
lizard’s belly surface) have never been reported. More gen-
erally, sexual dichromatism in Maltese wall lizard actually
involves both back and throat, so both colourations may be
used in intraspecific communication, in a multicomponent
communication system. However, natural selection con-
strains dichromatism more intensively on ‘exposed’ body
regions (as lizard’s back) than on ‘concealed’ body regions
(as lizard’s throat), whereas dimorphism in ornamentation
is driven primarily by sexual selection (Stuart-Fox and Ord

@ Springer
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Fig.3 Bayesian model predictions of hue, saturation and brightness
of colouration (PC1 Scores) for the among populations variation
(upper panels) and among individuals within population variation

2004). This might explain why green/bluish coloured spots
featuring dorsal and ventral colourations are expressed on
a dark/black background on the back, and on a white/bril-
liant background on the throat. Dorsal ornamentation could
therefore best work as a ‘public’ signal always visible to
all conspecific of both sexes, whereas the throat coloura-
tion as a ‘private’ signals visible only to few (one) conspe-
cifics during bouts of display in combats or female court-
ing (Espmark et al. 2000). From the point of view of the
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(lower panels) in Maltese wall lizards of the Linosa Island. Cir-
cle indicates HSM, thick and thin lines represent HDIy, and HDIys,

respectively

trade-off between camouflage and communication, we could
say that the Maltese wall lizard is adopting a sort of signal
partitioning, as more exposed body regions (back) are bet-
ter camouflaged and used for long-distance communication,
compared to covert body regions (throat) that are much more
conspicuous and devoted to short distance and more intense
communication.
Colour of Maltese wall lizards sensibly changed with
individual size in both sexes, but with opposite patterns in
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upper- and under-parts of the body, suggesting the occurrence
of ontogenetic variation that promotes increased contrast
between dorsal and ventral colourations. Size is one of the
first determinant of the outcome of a dyadic contest in liz-
ards (Sacchi et al. 2009, 2021). Therefore, reliably predicting
the size of potential opponents is crucial for males, to avoid
engaging in costly and not necessary combats. In this perspec-
tive, the ontogenetic pattern of colour variation in Maltese
wall lizards would act as signals, or as amplifiers of body
size, to facilitate receivers’ assessment of body size (Names
et al. 2019a), especially in the first stages of a confrontation,
when lizards must assess the opponent quality at a certain
distance (Baeckens et al. 2018). Although being informative,
correlations between colour and body size arise because of
simple ontogenetic processes, as for darkening which follows
accumulation of melanin covering other pigments (Cuervo
and Shine 2007; Names et al. 2019b) or for the onset of sexual
maturity (Galan 2008). In this study we focussed only on adult
and sexually mature individuals, so we could reliably exclude
that the ontogenetic pattern we observed would be due to
onset of sexual maturity. The observed pattern of variation has
been previously described for Iberolacerta monticola, where
the bright dorsal colouration of males gradually changes with
age over a period of several years, during which the brown
scales gradually turned green (Galan 2008). So, the green
patches play a conspicuous role as sexual signal, while the
irregular or reticulated markings play a cryptic function, and
consequently do not vary throughout the lifetime of lizards
(Galan 2008). We assume that dorsal colouration in P. filfo-
lensis is actually working in a similar way as in I. monticola,
i.e., the bluish/green spots are used for communication, while
the black irregular background is functional to camouflage.
Therefore, the trade-off between camouflage and communica-
tion could have been evolutionary solved through the spatial
resolution of colouration, in a way that colour is conspicu-
ous only at a short distance, while at distance colours blend
matching the background (Barnett et al. 2018).

The variability of colouration at both individual and popu-
lation levels could reflect the effects on colouration due to
the variability in individual condition within population, and
to the variability in habitat features (i.e., background colour)
among localities, respectively. In species with pronounced
intrasexual competition, as in Podarcis species, male specific
intense colourations typically act as quality signals to deter-
mine the outcome of intrasexual aggressions for territories
or mates. To be honest, colour signals must correlate with
fitness-relevant traits, such as body size, health, parasites,
vulnerability, to name a few. Therefore, only high-quality
individuals are able to afford the costs for displaying intense
colouration, and this limitation is enough to generate and
maintain colour variability among individuals (Iwasa et al.
1991). Colour variation among individuals within population
supports the idea that green/bluish spots on both back and

throat in this species might be used (by males) to communi-
cate with conspecifics.

The variability of colouration among individuals at popula-
tion levels can be interpreted in terms of optimization of cam-
ouflage in response to the variability of background. Linosa
is a volcanic island with peculiar and adverse pedoclimatic
conditions hosting a vegetation dominated by pseudo-steppe
with grasses and annuals, Mediterranean and predesert scrub
(Pasta et al. 2017), on substrates dominated by dark black to
brown/reddish rocks. Two out of the three populations we
sampled were in the surrounding of the top of the two volcanic
craters, with black and brown rocks respectively (“Monte
Nero” and “Monte Rosso” stand literally for Black and Red
Mountain, respectively). By contrast, we sampled the third
population within the village of Manarazza, which is sur-
rounded by a thicker and higher vegetation than the two pre-
vious sites, in addition to human crops (mainly, capers, lentils
and vineyards). Lizards in Manarazza were greener and more
saturated than individuals from other populations. Further,
lizards from Monte Nero were the darkest of all. Therefore,
our results support the hypothesis that body colouration might
allow individuals to match colour background, to maximize
camouflage, and minimize the risk of detection by (avian)
predators (Stevens et al. 2013; Brandley et al. 2013; Marshall
and Stevens 2014).

In conclusion, our data indicate that colouration in Maltese
wall lizards may have evolved under the competing pressures
of natural and sexual selection to promote signals that are
visible to conspecifics while being less perceptible to avian
predators. We also found that the evolutionary solution to
trade-off between camouflage and communication could
involve a combination of different processes, such as signal
partitioning to specific body regions and signal resolution.
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