BIOLOGICAL

Journal 7 s

S

Biological Journal of the Linnean Society, 2015, oo, ee—ee_ With 1 figure.

Does a polymorphic species have a ‘polymorphic’ diet? A
case study from a lacertid lizard
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Lizards are ideal for studying colour polymorphism, because some species are polymorphic and the morphs often
have different ecological or reproductive strategies. We studied the feeding habits of six polymorphic populations
of Podarcis muralis to test whether morphs differed in their diet. Some taxa were selected in a similar way by all
morphs, but selection on other taxa varied and was characteristic of each morph. Diet was most different for the
red and yellow morphs. Two hypotheses could explain these differences: active segregation in the trophic niche or
active segregation in space dependent on spatial heterogeneity in prey availability. The former is improbable
because P. muralis is considered an opportunistic feeder, whereas the latter could occur if the morphs adopted
alternative territorial strategies with consequent spatial segregation. © 2015 The Linnean Society of London,
Biological Journal of the Linnean Society, 2015, 00, 000-000.
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INTRODUCTION

Colour polymorphism, i.e. the coexistence in one
interbreeding population of two or more distinct and
genetically determined colour forms (Huxley, 1955),
has attracted increasing interest over the past two
decades, particularly with respect to the function of
colours and ongoing selection on these traits in the
wild (Gray & McKinnon, 2007; McKinnon & Pierotti,
2010; Olsson, Stuart-Fox & Ballen, 2013). Indeed,
identifying the processes that lead to the evolution
and maintenance of links between colour morphs
and behavioural strategies is one of the most inter-
esting topics in evolutionary biology (Gray & McKin-

1989; Pryke & Griffith, 2006; McKinnon & Pierotti,
2010). There is general agreement that the occur-
rence in the same population of different morphs
reveals the occurrence of alternative ecological and
reproductive strategies, which involve complex com-
binations of behavioural, morphological, physiological
and life-history characteristics (Sinervo & Lively,
1996; Svensson, Sinervo & Comendant, 2001; Sacchi
et al., 2007a, 2009, 2015).

Lizards offer an ideal model to investigate the
relationships between colour polymorphism and the
ecological processes undergoing morph evolution and
maintenance, as some lizard species show a signifi-
cant colour polymorphism, such as Urosaurus orna-

non, 2007), due to implications to the maintenance of
genetic variation and the evolution of reproductive
isolation and speciation processes (West-Eberhard,
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tus (Thompson & Moore, 1991), Uta stansburiana
(Sinervo & Lively, 1996), Podarcis melisellensis
(Huyghe et al., 2007), Podarcis muralis (Sacchi
et al., 2007b) and Quedenfeldtia trachyblepharus
(Blouin-Demers et al., 2013). Colour polymorphism
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in those lizards has been shown to relate to alterna-
tive reproductive strategies (Sinervo & Lively, 1996;
Zamudio & Sinervo, 2000, 2003; Galeotti et al., 2013;
Olsson et al., 2013) that lead to different exploitation
of available resources in heterogeneous habitats (Za-
mudio & Sinervo, 2003), even if contrasting data
were obtained for some species (Huyghe et al., 2007).
Colour polymorphism has been also related to preda-
tion avoidance (Capula, Rugiero & Luiselli, 2009;
Ortega, Lopez & Martin, 2014). Surprisingly, very
few studies have analysed the relationship between
feeding habits and colour polymorphism (Huyghe
et al., 2007) although the alternative strategies
adopted by morphs may be expected to have some
effect on prey selection and diet composition (Roulin,
2004). This kind of information is needed, as some
mechanisms driving the evolution and maintenance
of colour polymorphism rely on habitat heterogeneity
(Thompson & Moore, 1991; McLean & Stuart-Fox,
2014), which may be directly related to trophic
heterogeneity among morphs. Indeed, if morphs dif-
ferently exploit available microhabitats, they could
differently access trophic resources causing diver-
gences in diets.

The feeding habits of European lacertid lizards are
well known (Di Palma, 1984; Arnold, 1987; Castilla
et al., 1989; Avery, Basker & Corti, 1993; Avery &
Tosini, 1995; Angelici, Luiselli & Rugiero, 1997;
Gvozdik & Boukal, 1998; Verwaijen & Van Damme,
2008). Lacertid lizards have often been regarded as
opportunistic feeders (Mou & Barbault, 1986; Car-
retero & Llorente, 1991), although several studies
based on sampling of prey availability contrasted
this opinion and suggested that prey choices might
depend on prey size, season, nutrient constraints,
predation risk or body temperature (Mou, 1987; Diaz,
1995; Carretero, 2004).

Podarcis muralis (Laurenti, 1768) (common wall
lizard) is a medium-sized lacertid, occurring in many
south-western European countries (Sillero et al.,
2014), that shows a high ecological plasticity that
allows the colonization of many different habitats,
from urban areas to natural environments, including
cultivated areas. The species exhibits a striking col-
our polymorphism, with three syntopic morphs that
differ in throat and belly colorations (white, yellow
and red) (Sacchi et al., 2013a, b). They also show dif-
ferences in body size, parasite load, immunological
response, femoral gland secretions and homing beha-
viour (Sacchi et al., 2007a, b; Calsbeek, Hasselquist
& Clobert, 2010; Scali et al., 2013; Pellitteri Rosa
et al., 2014). Previous studies have demonstrated
that colour polymorphism of this species is associated
with alternative reproductive strategies (Galeotti
et al., 2013) and that all the traits listed above could
be correlated with reproduction. Interestingly, the

relationship between polymorphism and the ecology
of the common wall lizard remains largely under-
studied. The trophic ecology of common wall lizards
has been extensively studied since the 1980s in
France, Italy and Spain (Avery, 1978; Mou & Bar-
bault, 1986; Mou, 1987; Avery et al., 1993; Scali
et al., 2008; Verwaijen & Van Damme, 2008; Biag-
gini et al., 2011) and all studies describe it as a gen-
eralist predator.

In this study, we compared the diet of the three
morphs of Podarcis muralis in six polymorphic popu-
lations from northern Italy to assess if feeding habits
differ among morphs. Specifically, we hypothesized
that the three morphs of P. muralis would show dif-
ferential resource use irrespective of site features, as
morphs are thought to represent alternative ecologi-
cal optima.

MATERIAL AND METHODS
STUDY AREA

Data were collected in six sites in Lombardy (north-
ern Italy) from 2005 to 2006, which included one
anthropic and five agricultural sites, briefly
described below (see also Table 1).

Site A

The Borromeo Park (CSM) is an urban garden in the
Municipality of Cesano Maderno, near Milan. It is
an anthropogenic habitat in the centre of the town
and it is used by citizens for recreational activities.
The park is surrounded by a brick wall with many
refuges suitable for lizards; in this study we consid-
ered only the inner southward face (500 m long and
3.5 m high) and a poplar tree-line facing the wall.

Table 1. List and location of study areas

Altitude Extension

Site ID (m a.s.l.) (ha) Coordinates

CSM 200 0.20 UTM 32T 511782E,
5052935N

CMG 60 2.77 UTM 32T 507032E,
5003401N

CAN 80 6.09 UTM 32T 514492E,
5006360N

SET 80 1.95 UTM 32T 517137E,
5011521N

BRU 60 4.19 UTM 32T 507998E,
5003675N

COR 80 5.11 UTM 32T 517653E,
5010265N
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Sites B-F
Campomaggiore (CMG), Cantugno (CAN), Settimo
(SET), Brunoria (BRU) and Corbesate (COR) are
farms, located near the city of Pavia, characterized
by houses, barns, cattlesheds and scattered trees and
surrounded by rice fields. Some features vary among
the farms (e.g. building sizes, dunghill extension,
number of cattle) and this could cause some differ-
ences in the availability of invertebrates.

All the populations are polymorphic, and the three
morphs are syntopic in each site (see Sacchi et al.,
2007b for details).

FIELD AND LABORATORY TECHNIQUES

Lizards were caught by noose and they often defe-
cated following capture. Faeces were collected and
preserved in 70% alcohol. The analysis of faecal pel-
lets for the study of lizard feeding habits is widely
used and considered to be fully reliable by most
authors (Angelici et al., 1997; Pérez-Mellado et al.,
2011). However, other authors suggest that faecal
analysis underestimates soft-bodied organisms,
which are almost completely destroyed by digestive
processes (Pincheira-Donoso, 2008). This kind of bias
could lead to an underestimation of the trophic niche
width of morphs, but it is unlikely to affect the dif-
ferences among their niches. For each individual we
recorded date, site, sex, snout-vent length (SVL),
and morph coded as white, yellow or red according to
throat and belly coloration (Sacchi et al., 2013a, b).
All the lizards were released at the capture site after
measuring and after being marked with dorsal paint-
ings; they were also photographed for individual
recognition during the short period to avoid pseu-
doreplication (Sacchi et al., 2010). The faeces were
dissolved in a Petri dish to separate all the prey
items, which were identified using a stereomicro-
scope by one of the authors (MP), who is an expert
entomologist. Prey items were recognized at the low-
est taxonomic level, but were grouped at the order
level for statistical analyses. Overall, we collected
data from 249 lizards, including 121 faeces from the
white morph (99 males and 22 females), 87 faeces
from the yellow morph (64 males and 23 females),
and 41 faeces from the red morph (38 males and
three females) (Data S1). The number of individuals
for morph and site is summarized in Table 2.

STATISTICAL ANALYSES

A summary of prey items found in the faeces was
made reporting the number and percentage of indi-
viduals for each site. A preliminary analysis using
Pianka’s symmetric index (Pianka, 1974a, b) was
conducted to verify the similarity of males’ and

Table 2. Number of individuals for each morph and each

site

Morph CMG SET BRU CAN COR CSM Total
White 15 14 22 6 15 49 121
Yellow 5 14 5 4 35 24 87
Red 1 13 2 2 12 11 41

Total 21 41 29 12 62 84 249

females’ diet. The overlap for the whole sample was
very high (O = 0.97) and a randomization test con-
firmed that the probability of observing values lower
than 0.97 was 0.232 (permutations = 999). The sam-
ples from both sexes were therefore combined for all
the subsequent analyses to improve the statistical
power.

Niche breadth was calculated for all the morphs
using the Shannon-Weaver index (Shannon & Wea-
ver, 1949) and niche overlap among morphs was esti-
mated wusing Pianka’s symmetric index. These
indices were calculated under the R statistical envi-
ronment (R Development Core Team, 2012) with the
package ‘pgirmess’ (Giraudoux, 2014). Diet similarity
among morphs was estimated by means of a corre-
spondence analysis (CA), using the R package ‘ca’
(Nenadic & Greenacre, 2007).

To assess if diet similarity between sites was corre-
lated with morph composition of different popula-
tions, we first computed a distance matrix among
sites according to morph frequencies in both sexes
using a Euclidean distance, and then performed a
Mantel test to correlate this matrix with that of prey
distance among sites. A partial Mantel test was also
used to control for the effects of geographical dis-
tances on the correlation between diet and morph
composition matrices. The Mantel tests were per-
formed using the R package ‘vegan’ rel. 2.0-10 (Oksa-
nen et al., 2013).

Differences in prey item use among morphs were
also assessed using compositional analysis (Aebis-
cher, Robertson & Kenward, 1993), which was origi-
nally designed to compare a matrix of habitat use
with a matrix of habitat availability to detect if a
given species uses the habitats differentially from
availability. Habitats are disposed in a ranking
matrix that orders them from the most to the least
preferred. Compositional analysis, however, has also
been used to investigate components other than
habitats, such as prey or behavioural displays
(Aebischer et al., 1993; Sacchi et al., 2013a, b). A
further application of compositional analysis is when
investigators are interested in the relative differ-
ences occurring in one species with respect to
another. In this case the analysis compares the
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matrix of component use by the first species with the
mean frequencies of component use by all individuals
of the second species (Sacchi et al., 2013a, b). The
resulting ranking matrix arranges the component
according to the use by the first species relative to
the second species, from the relatively more to the
relatively less used. We followed this last procedure
to compare the resource use by a morph relative to
that of the other two and to identify differences in
feeding habits among morphs. The matrices of diet
composition for each morph were compiled and used
to establish resources use; then, prey availability for
each morph was calculated independently using diet
composition of the two other morphs (i.e. the mean
frequencies of resource use by all individuals of the
other morphs). To account for sites, the resource use
matrix of a morph was compared with the resource
use by the other morphs computed within the same
site. This way of estimating resource availability is
considered superior to other methods in more direct
but less unbiased ways (Winemiller & Pianka, 1990).
Minor prey categories (fewer than ten specimens)
were grouped for the analysis in a group called
‘Other’. All three possible paired comparisons within
sex were assessed (white morph vs. both yellow and
red morphs; yellow morph vs. both white and red
morphs; and red morph vs. both white and yellow
morphs). Wilk’s lambda determined by randomiza-
tion tests (number of permutations = 500) was used
to assess the significance of the ranking matrices
(Aebischer et al., 1993), and analyses were performed
using the R package ‘adehabitatHS’ (Calenge, 2013).

RESULTS
PREY SPECTRUM

An overall sample of 1468 prey items was obtained
from the six sites and the prey spectrum for each
one is summarized in Table 3. Hemiptera constituted
the most important category (21.80%), followed by
Hymenoptera (21.59%), Coleoptera (21.46%) and Ara-
neae (11.17%). The relative importance of different
taxa changed among sites: Hymenoptera were the
main prey taxa at CSM, substituted by Hemiptera at
CMG, SET and BRU, by Coleoptera at CAN, and by
Diptera at COR (y* = 315.56; d.f. = 25; P < 0.001).

NICHE BREADTH AND OVERLAP

Shannon’s diversity indices calculated for the whole
sample were similar for the three morphs
(H,, = 2.85; H, = 2.78; H, = 2.87; one-way ANOVA:
F2?15 = 1794:, P= 020)

A higher variability was found in niche overlap,
with a maximum value for the overlap between

white and red lizards (Ojx = 0.94), an intermediate
value for white/yellow lizards (Ojx = 0.85), and a
minimum overlap between red and yellow lizards

The CA used to evaluate the affinities among
morphs separated the three groups quite well: white
lizards were associated mainly with Coleoptera, Der-
maptera, Lepidoptera and Mecoptera; yellow lizards
were associated with Orthoptera, Hymenoptera and
Diptera; and red lizards were associated with Pso-
coptera, Araneae and plants (mainly Rubus sp.
fruits). The scores of the first and second compo-
nents, explaining respectively 67.95 and 32.05% of
variance, are shown in Figure 1.

SITE AND MORPH COMPARISON

Three distance matrices were calculated respectively
for diet composition, morph composition and geo-
graphical distance among sites (Table 4). They were
used to evaluate the correlation between diet and
morph, controlling for geographical position using a
partial Mantel test and the correlation was signifi-
cant (r = 0.5264; P < 0.05).

The analysis highlighted a significant difference in
prey composition based on morph composition and a
compositional analysis was applied to the data to
verify which kind of prey were more frequently con-
sumed by each morph. The results were significant
(white: Lambda = 0.2838, P <0.01; yellow:
Lambda = 0.4403, P < 0.01; red: Lambda = 0.4176,
P < 0.01), confirming the differences in diet among
morphs. The simplified ranking matrices of resource
use for each morph are reported in Table 5. Many
differences can be observed in the relative use of
prey taxa: (1) white lizards consumed proportionally
more Lepidoptera, Coleoptera and Diptera than the
other morphs, (2) yellow lizards preyed more upon
Orthoptera, and to a lesser extent Araneae, and (3)
red lizards ate more Dermaptera and plants.

DISCUSSION

It is widely accepted that lacertid lizards are oppor-
tunistic feeders (Mou & Barbault, 1986; Arnold,
1987; Carretero & Llorente, 1991) and this is proba-
bly true as a general rule, although there are differ-
ent opinions (Mou, 1987; Diaz, 1995; Carretero,
2004). Our data supported the former theory. In par-
ticular, we found that the diet of P. muralis at each
site examined comprised a wide range of prey, with
the most common terrestrial taxa being Hemiptera,
Hymenoptera, Coleoptera and Araneae. Their rela-
tive importance varied among sites, and this could
reflect their relative abundance at the sites, although
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Table 3. Number of faeces analysed for each site and diet composition of all the studied populations summarized by
prey frequency and abundance (percentage of a given prey item relative to the total number of prey items, in parenthe-

ses)
CSM CMG CAN SET BRU COR Total
Taxa (N = 84) (N =21) (N =12) (N =41) (N =29) (N =62) (N = 249)
Plant 27 3 1 10 8 23 72
3.73% 2.33% 1.49% 6.58% 8.89% 7.49% 4.90%
Arachnida 65 27 12 17 11 32 164
8.99% 20.93% 17.91% 11.18% 12.22% 10.42% 11.17%
Chilopoda 2 0 0 0 0 0 2
0.28% 0.00% 0.00% 0.00% 0.00% 0.00% 0.14%
Coleoptera 170 25 16 38 25 41 315
23.51% 19.38 23.88% 25.00% 27.78 13.36% 21.46%
Diptera 16 2 3 16 10 97 144
2.21% 1.55% 4.48% 10.53% 11.11% 31.60% 9.81%
Hymenoptera 204 17 8 10 10 68 317
28.22% 13.18% 11.94% 6.58% 11.11% 22.15% 21.59%
Lepidoptera 3 3 6 1 2 3 18
0.41% 2.33% 8.96% 0.66% 2.22% 0.98% 1.23%
Orthoptera 5 0 0 1 1 0 7
0.69% 0.00% 0.00% 0.66% 1.11% 0.00% 0.48%
Dermaptera 52 10 4 6 0 1 73
7.19% 7.75% 5.97% 3.95% 0.00% 0.33% 4.97%
Collembola 6 0 0 0 0 0 6
0.83% 0.00% 0.00% 0.00% 0.00% 0.00% 0.41%
Raphidioptera 1 0 0 0 0 0 1
0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.07%
Neuroptera 1 0 0 0 0 0 1
0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.07%
Mecoptera 0 0 1 0 8 0 9
0.00% 0.00% 1.49% 0.00% 8.89% 0.00% 0.61%
Psocoptera 0 2 2 2 0 4 10
0.00% 1.55% 2.99% 1.32% 0.00% 1.30% 0.68%
Thysanoptera 0 0 1 0 0 0 1
0.00% 0.00% 1.49% 0.00% 0.00% 0.00% 0.07%
Hemiptera 167 39 12 50 14 38 320
23.10% 30.23% 17.91% 32.89% 15.56% 12.38% 21.80%
Insecta n.d. 4 0 0 1 1 0 6
0.55% 0.00% 0.00% 0.66% 1.11% 0.00% 0.41%
Gastropoda 0 1 1 0 0 0 2
0.00% 0.78% 1.49% 0.00% 0.00% 0.00% 0.14%
Total no. 723 129 67 152 90 307 1468

we do not have detailed information regarding this
(e.g. the massive dunghills occurring in COR
attracted many flies — family Muscidae — that were
the main prey taxon in that study area).

The most interesting result is the different feeding
habits of the three morphs. This result does not
emerge from the niche breadth indices, which were
very similar among white, yellow and red lizards, but
rather from differences in the overlap indices. In fact,
they highlighted an almost complete overlap between
white and red morphs, whereas the similarity
decreased when white/yellow and red/yellow pairs of

morphs were compared. The correlation between some
prey taxa and morphs was confirmed also by the cor-
respondence analysis, which clearly confirmed the
segregation of the three morphs in the trophic niche.
Further confirmation came from direct comparison
of the morphs’ diet composition via the compositional
analysis. The proportional use of some prey taxa, such
as Orthoptera, Diptera, Coleoptera, Lepidoptera, Der-
maptera and plants, differed widely among morphs.
We can reliably exclude the possibility that the
observed patterns arise from among-site variability
in prey availability because (1) morphs are strictly
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Figure 1. Results of the correspondence analysis for diet
composition and morphs.

Table 4. Matrix distance between sites based on prey
composition (Prey), morph frequency composition (i.e.
number of individuals assigned to white, red and yellow
morphs) (Morph), and geographical distances (km) among
study sites

Distance CSM CMG CAN SET BRU
CMG Prey 0.57
Morph 0.40
km 49.76
CAN  Prey 0.42 0.66
Morph 0.25 0.67
km 46.65 8.03
SET  Prey 0.46 0.71 0.25
Morph  0.62 0.65 0.45
km 41.76 1296 5.8
BRU Prey 0.69 0.85 0.46  0.38
Morph  0.51 0.84 0.59  0.60
km 4991 1.00 7.03 12.04
COR  Prey 0.60 0.80 0.33  0.39 0.31

Morph 0.68 0.51 0.32 0.78 0.48
km 43.07 12.65 5.02 1.36 11.69

syntopic, so within-site prey availability is the same
for all morphs, and (2) all the analyses were conducted
comparing morphs within a site. A cautionary
approach should be adopted for the outcome of the red
morph, because of the small sample size from some
sites. Nevertheless, our analyses clearly support the
occurrence of different prey exploitations among
morphs, at least for yellow and white lizards.

Two hypotheses can be proposed to explain the dif-
ferences in feeding habits among morphs: an active

segregation in the trophic niche or an active segrega-
tion in space with spatial heterogeneity in prey
availability. The first hypothesis assumes that each
morph evolved a specific preference for certain kind
of prey taxa, only partially shared by other morphs.
Such a pattern is quite common in animals and often
evolves in response to a high level of competition for
food (Huyghe et al., 2007; but see Sinervo, 1997 for a
review). Segregation in the trophic niche in fact
reduces competition for resources, thus promoting
coexistence in the same locality (Pianka, 1974b). For
instance, sexual size dimorphism in reptiles fre-
quently evolves through such segregation between
sexes (Parker & Pianka, 1975; Carretero, 2004; Vin-
cent & Herrel, 2007; Amat et al., 2008). Moreover,
previous studies have demonstrated the occurrence
of morphological differences among morphs of a poly-
morphic lizard, particularly in head morphology,
with consequent differences in bite force that are
probably associated with the choice of harder or
softer prey (Huyghe et al., 2007, 2009). However, the
common wall lizard is an opportunistic feeder (Avery,
1978; Mou & Barbault, 1986; Mou, 1987; Biaggini
et al., 2011), and our data as well as the literature
did not reveal any kind of specialization. We there-
fore regard this hypothesis as not realistic for the
common wall lizard, although we cannot exclude that
some degree of specialization could occur at levels
lower than that of the species.

The second hypothesis assumes that diet differ-
ences among morphs are not a consequence of feed-
ing behaviour, but rather of differences in the spatial
distribution of morphs linked to habitat heterogene-
ity. Previous studies of polymorphic species have
shown that male morphs might adopt alternative ter-
ritorial strategies, implying different kinds of move-
ment and spatial distribution of individuals. For
instance, the three morphs of male side-blotched
lizards (Uta stansburiana) follow three different
strategies; individuals of one morph defend their ter-
ritories whereas the other two are mate-guarders or
sneakers (Zamudio & Sinervo, 2003). Consequently,
the three morphs move around and also spread out
differently, using different habitats. The occurrence
of such alternative territorial strategies has not been
yet demonstrated in Podarcis muralis as clearly as
in Uta stansburiana. However, some indication that
morphs do not share a unique strategy has been
found (Sacchi et al., 2007a; Scali et al., 2013) and
homing ability has been shown to be morph-specific,
which suggests that each morph might keep a differ-
ent connection with the territory (Scali et al., 2013).
Consequently, each morph might prevail over
the others in different habitats, leading to habitat
partitioning and consequently to different prey avail-
ability and exploitation. Roulin (2004) argued that a
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Table 5. Continued

Other  Coleoptera  Diptera  Rank

Araneae

Hymenoptera  Lepidoptera

Plants Hemiptera

Dermaptera

Orthoptera

Araneae
Other

—

4E

S

Coleoptera
Diptera

Prey taxa are sorted so that the left type is the most preferred and the right type is the most avoided. Prey taxa for which the intensity of selection is similar

(no significant difference) are highlighted in grey. The signs “’ and ‘—’ indicate a proportional use of a resource greater and smaller than the resource in a col-

umn. The triple signs represent significant deviation from random at P < 0.05 (Aebischer et [al., 1993). The rank column reports the relative ranking of each

resource for each morph.

similar mechanism could have caused a trophic spe-
cialization of morphs in barn owls Tyto alba, thanks
to different conspicuousness to some prey taxa. In
agreement with this hypothesis, chemical polymor-
phism in male femoral gland secretions has been
recently shown to match polymorphic coloration in
P. muralis (Pellitteri Rosa et al., 2014). Diet influ-
ences femoral gland secretions and lizards are known
to allocate steroids from the diet (e.g. vitamin E in
Lacerta schreiberi; Kopena, Lopez & Martin, 2014).
Therefore, differentiation among chemical cues might
be the result of trophic niche segregation, which in
turn could be the outcome of the adoption of alterna-
tive reproductive strategies.

Different patterns of spatial distribution could also
be explained by the evolution of distinct physiological
optima among morphs (Calsbeek et al., 2010). In
some species individuals belonging to various morphs
have been shown to have specific microclimatic needs
to optimize their physiological efficiency and thus
segregate in different microhabitats. Such segrega-
tion could lead them to feed on different prey. An
example of the influence of climatic parameters in
polymorphic lizards comes from a previous study on
Zootoca vivipara, in which the frequency of morphs
varied according to a warming trend and, even if the
underlying mechanisms remain unexplained, they
are thought to be correlated to physiological optima
(Lepetz et al., 2009). Furthermore, climatic condi-
tions directly affect physiological parameters, such
as hormonal concentrations in blood, inducing lizard
morphs to change their territorial behaviour and
causing spatial segregation, as in Urosaurus ornatus
(Knapp et al., 2003). Previous studies demonstrated
significant differences in immunological response
(Sacchi et al., 2007a) and homing behaviour (Scali
et al., 2013) among ventral morphs of P. muralis
that seem to endorse the occurrence of alternative
territorial strategies. Furthermore, preliminary data
seem to confirm the occurrence of a certain degree of
habitat partitioning, probably correlated with habitat
thermal stability (Mangiacotti et al., 2015). That cor-
relation could be a possible explanation for differen-
tial prey availability and feeding differences among
morphs.

Many authors have demonstrated ethological and
physiological differences among morphs in polymor-
phic lizards, but these were always correlated with
reproductive behaviours or with escape behaviour.
For example, colour morphs adopt alternative repro-
ductive strategies in some lizard species (Comendant
et al., 2003; Zamudio & Sinervo, 2003; Huyghe et al.,
2007; Vercken et al., 2007), but they may also differ
in immunological response (Sacchi et al., 2007a;
Calsbeek et al., 2010; Huyghe et al., 2010), survival
(Calsbeek et al., 2010; Paemelaere, Guyer & Dobson,
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2011), health and parasite load (Calsbeek et al.
2010; Huyghe et al., 2010), morphology (Calsbeek
et al., 2010), mating patterns (Pérez i de Lanuza,
Font & Carazo, 2012), fitness (Galeotti et al., 2013)
and mate choice (Healey, Uller & Olsson, 2008).
Sometimes polymorphism could be correlated with
anti-predatory behaviour, as in Podarcis hispanicus,
where escape strategies are influenced by the inter-
actions between dorsal patterns, size and tail con-
spicuousness (Ortega et al., 2014).

Our study is one of the first to show that ecological
differences, not correlated with reproductive beha-
viour or escape behaviour, can also occur in polymor-
phic lizards. Some ecological traits not related to
reproduction in a polymorphic snake (Python
brongersmai), including feeding and parasite loads,
were described by Shine et al. (1998) and also in this
case the authors hypothesized that they probably
depended on the divergence of a single aspect such as
habitat selection. This assumption is confirmed by bib-
liographic data that demonstrate that polymorphic
species are often able to utilize a diverse range of habi-
tats because different morphs are often adapted to dif-
ferent microhabitats (McLean & Stuart-Fox, 2014).

In conclusion, our study confirmed the high trophic
plasticity of the common wall lizard, but it showed
that many factors can affect diet composition, includ-
ing polymorphism. This aspect is particularly
intriguing, because it demonstrates that the evolu-
tion of colour polymorphism could be correlated with
many biological features, not only linked to reproduc-
tion. It is often difficult to disentangle the effects of
such features, so additional in-depth studies would
be desirable to investigate some aspects such as ther-
mal ecology or microhabitat selection of morphs.
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