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Abstract. Two main adaptive hypotheses are invoked for the evolution of SD: sexual selection and natural 
selection. In snakes SD is generally interpreted as the adaptation of the two sexes to different ecological 
niches, whereas in lizards sexual and ecological causes may work simultaneously, with different outcomes 
according to taxonomic group. Surprisingly, geckos have been almost ignored in the general debate over the 
evolution of SD, despite their being an extremely diversified taxon with over 1300 species showing a wide 
range of variability in SD. The Moorish gecko is one of those species whose dimorphism is poorly studied. 
We took an integrated approach using a linear (biometrical) analysis on head and body size of 157 geckos and 
a relatively new analytical approach (geometric morphometry) to assess head size of 38 geckos from central 
Italy. Males were, on average, larger and heavier than females, and body size relationships differed between 
age classes showing a significant SD between sexes. When controlling for snout to vent length, sexes differed 
only in body mass and eye diameter (larger in males). Head shape, on the contrary, showed differences 
according to age classes, with deep differences in hatchlings compared to adults and, among adults, between 
sexes. However, the growth trajectories did not differ among sexes, and SD of head shape is probably due to 
a more prolonged growth of the males with respect to the females. The male-biased pattern of SD in this 
species is most parsimoniously interpreted as the result of sexual selection, whereby larger head and body 
size probably confer a greater advantage to males during combats and courtship, rather than conferring 
independent adaptations to different ecological pressures to each sex. 
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Introduction 

 
Sexual size and shape dimorphism are generally 
interpreted as the result of sexual and natural se-
lection. The former promotes dimorphism when-
ever an increase in body size or change in shape 
confers higher reproductive success to one sex 
with respect to the other (Darwin 1871); the latter 
promotes sexual dimorphism when sexes diverge 
in ecological traits, such as habitat or prey exploi-
tation (Slatkin 1984). In reptiles, considerable sup-
port has been obtained actually for both models, 
particularly in explaining the evolution of male-
biased dimorphism and male weaponry where 
male-male competition is intense (e.g., Berry & 
Shine 1980 for tortoises, Shine 1993, 1994 for 
snakes, Stamps 1983, Vitt & Cooper 1985, Ander-
son & Vitt 1990, Cox et al. 2003, Kaliontzopoulou 
et al. 2008 for lizards, but see Andersson 1993 for a 
general review).  

On the other hand, there is strong evidence 
that female fitness is typically limited by the 
amount of resources they can allocate to reproduc-

tion, and natural selection tends to promote larger 
size in females, conferring a fecundity advantage 
(Braña 1996, Olsson et al. 2002). Alternatively, 
natural selection may act to minimize resource 
competition between the sexes and thus leads to 
the evolution of sexual size or shape dimorphisms 
(Schoener 1967, Slatkin 1984). For example in Ano-
lis lizards, the differences in head size in males 
and females relate to differing exploitation of tro-
phic resources (Schoener 1967). Clearly, sexual 
and natural selection are not mutually exclusive 
and may work in concert or in contrast to each 
other depending on the species’ life history traits. 

From an ontogenetic point of view, sexual di-
morphism in reptiles may result from different 
trajectories adopted by males and females (i.e., dif-
ferences between sexes in rates or timing of 
growth and developmental processes) during 
morphological differentiation (Klingenberg 1998).  

Sexual dimorphism has been extensively in-
vestigated in several lizards (Anderson & Vitt 
1990, Preest 1994, Braña 1996, Bull & Pamula 1996, 
Butler et al. 2000, Butler & Losos 2002, Gvoždík & 
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Van Damme 2003, Bruner et al. 2005, Thompson & 
Withers 2005, Butler 2007, Vincent & Herrel 2007, 
Kaliontzopoulou et al. 2008). In the Gekkota, an 
extremely diversified taxon with a bit less than 
1400 species (Peters et al. 1986, Bauer 1994, Welch 
1994; Ota et al. 1999; Uetz & Hošek 2011), sexual 
dimorphism has been rarely addressed. In addi-
tion, data available on geckos suggest that the de-
gree of sexual dimorphism may differ greatly 
among species. For example, in most small sized 
geckos sexual dimorphism is limited to only very 
slight differences in head size, i.e. Ptenopus (Hib-
bits et al. 2005), or in shape of the cloacal region 
and in toe morphology, i.e. Tarentola (Rieppel 
1981). However, in other species, such as the 
European sphaerodactylid geckos, sexual dimor-
phism is more pronounced (Euleptes: Salvidio & 
Delaugerre 2003). However, discerning males 
from females is not always a trivial issue (Taren-
tola: Atzori et al. 2007). Thus, we present our 
analyses on sexual dimorphism in the Moorish 
gecko, Tarentola mauritanica, the largest species 
among European geckos, in order to assess differ-
ences in head morphology (i.e., size and shape) be-
tween size classes (i.e., adults vs 
subadults/young) and between sexes. Further-
more, we explored the allometric growth trajecto-
ries among size classes and sexes as a possible 
functional explanation for SD in this species.  

 
 

Material and methods 
 

Study area 
From mid-February to early August 2005, and from June 
to August 2006, we captured geckos by hand and by 
noosing in three different localities of northern Tuscany 
(central Italy): Florence (500 m South of the airport area, 
43°47’57” N, 11°12’03” E; N = 37); Empoli (province of 
Florence, 43°43’27” N, 10°55’50” E; N = 27) and Pisa 
(around the Museum of Natural History of the University 
of Pisa, in Calci, 43°43’17” N, 10°31’24” E; N = 93). Over-
all, we collected 76 males, 35 females, 31 juveniles-
subadults, and 15 hatchlings. 

 

Sexing and biometry data 
Each captured individual was sexed using a small probe 
to check the presence of hemipenial canals and by a laser 
light inspection through tail basis (see Atzori et al. 2007 
for details), measured (snout to vent length, SVL, maxilla 
length, head width, interorbital distance, internarial dis-
tance, eye diameter) with a precision calliper (in mm, ac-
curacy 0.1 mm), and weighed (in g, accuracy 0.1 g). Inter-
narial width was not measured in hatchlings, due to their 
extremely small dimensions. A high frequency of speci-
mens bearing damaged or injured tails (no difference in 
total mass between the two groups, data not shown) pre-

vented us from considering tail length for the general de-
scription of SD. Individuals shorter than 40 mm SVL were 
not sexed because hemipenes are not fully developed in 
males of this size while they have been all assigned to ju-
venile (> 30 mm SVL) or hatchling (< 30 mm SVL) classes 
(Zuffi M.A.L. unpubl. data). 
 

Geometric morphometrics 
We used geometric morphometrics to investigate varia-
tion of head shape and size according to both age class 
and sex in a sample of 38 geckos (11 adult males, 11 adult 
females, 7 subadults and 9 hatchlings) collected during 
August 2006. None of the individuals showed any detect-
able abnormality in body SVL or in all the fore-arms and 
hind-feet (such as injuries by predators). The heads of 
geckos were photographed dorsally under standardized 
conditions (the head resting on a plane and the camera 
orthogonal to the plane about 20 cm from the gecko), us-
ing a Nikon Coolpix 4300 digital camera with 4 megapixel 
resolution (1536 × 2048 pixels output images) (Fig. 1). 
Geometric morphometric analyses were performed with 
the TPS Series software (Rohlf 2003, 2004, 2005) and Mor-
phologika 2.5 (O’Higgins & Jones 1999). For each indi-
vidual, 10 topographically correspondent landmarks 
were added on the dorsal image of the head (Table 1), this 
included landmarks on both sides to preserve informa-
tion on the head width and interorbital and internarial 
distances (see also Bruner et al. 2005, Kaliontzopoulou et 
al. 2008). We also preferred this solution to the analysis of 
only one side because of the impossibility of locating reli-
able landmarks on the midline of the head. Landmark 
precision was assessed by drawing the landmark configu-
ration of 10 randomly selected geckos (6 adults and 4 
subadults) three times by the same person (RS) and with 
a one-day interval among them (Fontaneto et al. 2004). 
The X, Y aligned coordinates of landmarks of heads were 
highly repeatable, since their r values were > 0.86 (F9, 18 > 
12.43, P < 0.0001) and > 0.80 (F9, 18 > 7.70, P < 0.0002), re-
spectively. We used TpsRelw (Rohlf 2005) to superimpose 
all specimens applying a generalised least squares Pro-
crustes superimposition (GPS; Rohlf & Slice 1990, Rohlf 
1999), in order to standardise the size, translate, and ro-
tate the landmark configurations. A weight matrix (W) 
incorporating uniform (N = 2) and non-uniform (N = 14) 
components was extracted using GPA (Bookstein 1991); 
both components were interpreted as shape variables (N 
= 16), and then reduced through a principal component 
analysis (namely, relative warp analysis) using TpsRelw. 
These PCs (or relative warps) enable the summarisation 
of the pattern of variation between specimens described 
by landmark aligned coordinates by relatively few vari-
ables when the relative landmark locations co-vary. Head 
size of each gecko was assessed by the centroid size (i.e., 
the square root of the sum of squared distances between 
each landmark and the centroid) (Bookstein 1991), ob-
tained by the software TpsRelw. 

The shape and size variation of the head accounted 
for by ontogenetic stage (e.g., hatchling, subadult and 
adult), and sex were assessed separately using the total 
sample of 38 individuals for age patterns, and 22 adult 
Moorish geckos whose sex was determined with certainty  
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for sex patterns. 
 

 
 

Figure 1. Landmark position  
on Tarentola mauritanica head. 

 
Table 1. Landmark configuration used to analyse  

head shape and size of Moorish geckos. 
\ 

Landmark Description 
1 Nostril – left side 
2 Frontal edge of the orbit – left side 
3 Caudal edge of the orbit – left side 
4 Upper edge of the orbit – left side 
5 Tympanum – left side 
6 Nostril – right side 
7 Frontal edge of the orbit – right side 
8 Caudal edge of the orbit – right side 
9 Upper edge of the orbit – right side 
10 Tympanum – right side 

 
 

Statistical analyses  
We tested biometric parameters for normality, and proc-
essed them accordingly. Ratios obtained from head vari-
ables (i.e., head length/head width) were arcsine trans-
formed and tested for normality prior to the analyses. As 
no size differences between adults among sampling areas 
were detected (one-way ANOVA: males, SVL: F2,73 = 
1.185, P = 0.311; body mass: F2,72 = 2.539, P = 0.086; fe-
males, SVL: F2,32 = 0.640, P = 0.534; body mass: F2,32 = 
0.254, P = 0.777), we considered all individuals as belong-
ing to a homogeneous group and we performed all sub-
sequent analyses on the largest available sample.  

We first assigned all geckos to four groups according 
to their sex and size as follows: adult males, adult fe-
males, subadult-juveniles, and hatchlings and we looked 
for differences among groups in morphometric variables 
using a one-way ANOVA. Then we used a MANOVA to 
look for differences in biometric measures, using the sex-
age group as fixed factor and the SVL as covariate; the in-
teraction group × SVL was also included in the model.  

Finally, in order to highlight which morphological 
traits differed between sexes, we used simple ANCOVAs 
on all the transformed ratios of adult geckos, with sex as 
factor, SVL as covariate, and the interaction sex × SVL to 
check for different slopes among sexes. This analysis in-
volved only adult geckos (N = 111). 

Concerning geometric morphometric analyses, we 
first used a one-way ANOVA to assess if centroid size 
varied among age classes (coded as hatchlings, subadults 
and adults) using the full sample of 38 individuals. Since 
the sexes of both hatchlings and subadults were un-
known, we repeated the same analysis to compare the 
centroid size between adult males and females using the 
sub-sample of 22 sexed adults (11 males and 11 females). 
Secondly, we used a multivariate analysis of variance 
(MANOVA) on the W matrix in order to investigate 
whether head shape differed among the three age classes 
(Collyer & Adams 2007). The same analysis was then re-
peated using the sub-sample of 22 adults in order to in-
vestigate whether the head shape varied between males 
and females. Finally, allometric relationships were 
checked using Linear Regression, where the PC1 was the 
dependent variable and the SVL the independent one. In 
this last analysis, hatchlings were discarded and we used 
a sample of 29 geckos (22 adults and 7 subadults). Statis-
tics were two-tailed, and were performed with SPSS 13.0. 
Unless otherwise stated, values reported were means and 
1SE. 

 
 

Results 
 

Linear morphometrics 
On the whole, body mass increased significantly 
according to SVL (untransformed data, body mass 

= 0.125 × eSVL × 0.065) and, furthermore, a clear-
cut overlapping zone between females and males 
existed from 42 to 72 mm SVL and from 3 to 13 g 
body mass, whereas all individuals larger than 72 
mm SVL and heavier than 13 g were males (Fig. 2). 
Males, females, subadults-juveniles and hatchlings 
differed significantly with respect to all the con-
sidered parameters (see Table 2 for one way 
ANOVA statistics), males always being larger in 
average values with respect to females, and the 
adults, as category, larger and longer with respect 
to subadults and hatchlings. 

The multiway ANCOVA on biometric vari-
ables was highly significant (F3 = 264.84, P < 
0.0001), and showed a significant sex-age group × 
SVL interaction (Hotelling’s Trace = 0.506, F = 8.425, 
hypothesis of df = 6, P < 0.0001) in body mass (F1 = 
42.247, P < 0.0001) and eye diameter (F1 = 7.462, P 
= 0.007), after having removed the effects of SVL 
(Hotelling’s Trace = 8.272, F = 137.867, hypothesis 
of df = 6; P < 0.0001). Eye diameter was slightly 
and significantly larger in males than in females 
(eye diameter, males: β = 0.605, females: β = 0.784; 
Fig. 3).  

In arcsine transformed variables, the interorbi-
tal/head width ratio was negatively related to 
SVL   (F1,82 = 6.174,  P = 0.015),  irrespective  of  sex  
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Figure 2.  Snout to vent length and body mass relationships  
in sex and size classes in the Moorish geckos 

 
 

Table 2.  Body size variation in Tarentola mauritanica sample  
from Central Italy (average, 1SD). Body mass in g, other lengths in mm. 

 

 Males 
(N  = 76) 

Females 
(N  = 35) 

Juveniles-subadults 
(N  = 31) 

Hatchlings 
(N  = 15) F df P 

SVL  70.7 (1SD: 7.1) 63 (1SD: 6.2) 45.8 (1SD: 9.1) 23.4 (1SD: 1.5) 220.39 3,153 < 0.001 
Body mass 12.3 (1SD: 4.1) 8.7 (1SD: 2.1) 3.1 (1SD: 1.4) 0.5 (1SD: 0.1) 101.968 3,153 < 0.001 
Maxilla  21.5 (1SD: 2) 19.4 (1SD: 2.5) 14.5 (1SD: 2.5) 9.2 (1SD: 0.8) 182.62 3,153 < 0.001 
Head width  17.2 (1SD: 2) 14.8 (1SD: 1.5) 10.8 (1SD: 2) 6.6 (1SD: 0.4) 189.71 3,153 < 0.001 
Eye diameter  4.1 (1SD: 0.4) 3.8 (1SD: 0.5) 3.1 (1SD: 0.6) ____ 38.061 3,161 < 0.001 
Interorbital  8.9 (1SD: 0.9) 8.1 (1SD: 0.7) 6.2 (1SD: 0.9) 3.7 (1SD: 0.3) 98.48 3,153 < 0.001 
Internarial  2.2 (1SD: 0.3) 2.1 (1SD: 0.3) 1.6 (1SD: 0.3) ____ 46.65 2,139 < 0.001 

 
 

 
 

Figure 3.  Variation of eye diameter according to SVL 
in male and female Moorish geckos. 

 

(sex × SVL interaction: F1,82 = 0.006, P = 0.936; Fig. 
4) and it was not related to body mass (body mass: 
F1,81 = 1.875, P = 0.175). Overall, these results indi-
cate that sex plays only a minor role in determin-
ing the shape of the gecko body (affecting only the 
orbital region of the head among the structures 
investigated), showing that most morphological 
changes depend strongly on body size per se. 
 

Geometric Morphometrics 
As expected, the centroid size of heads differed 
significantly among age classes (F2, 35 = 191.9, P < 
0.0001): adults had larger heads than both 
subadults and hatchlings (Bonferroni post-hoc 
tests: adults-subadults: P < 0.0001, adults-
hatchlings: P < 0.0001), while subadults had larger 
heads than hatchlings (P < 0.0001). Among adults, 
males had significantly larger heads than females 
(F1, 20 = 12.43, P = 0.002). 
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Figure 4. Relationship of interorbital/head width ratio  
on SVL in Moorish geckos 

 
 

The head shape varied significantly according 
to age (Hotelling’s Trace = 12.43; hypothesis of d.f. 
= 32, 38; P < 0.0001): PC1 (accounting for 37% of 
the total variance) clearly distinguished hatchlings 
from all other categories, while PC2 (accounting 
for 27% of the total variance) distinguished 
subadults from adults (Fig. 5). The heads of hatch-
ling Moorish geckos were more rounded and 
characterised by larger eye-regions than in both 
adults and subadults, which exhibited the triangu-
lar shape typical for the species, the snout being 

more lengthened and the tympanum more promi-
nent (Fig. 5). Adults differed from subadults by 
their markedly triangular head, with a more ex-
ternally prominent tympanum region than 
subadults (Fig. 5).  

Significant differences in head shape were also 
detected between sexes (Hotelling’s trace = 6.73; 
hypothesis of d.f. = 16, 5; P = 0.022). However, the 
difference was less marked that that among age 
classes, as the first principal component, which 
distinguished males from females, accounted for 
only 26.8% of all shape variance. However, this PC 
clearly showed that males had a more triangular-
shaped head with a more prominent tympanum 
region than females (Fig. 6). 

Finally, the regression between the PC1 and 
the SVL size was highly significant (F1,27 = 10.54, P 
= 0.003), and showed that head shape changed 
progressively with increasing SVL, but allometric 
scaling of shape was similar in males and females 
(Fig. 7). This result confirms that sexual dimor-
phism of head shape in this species arises as males 
grow larger than females. 

 
 

Discussion 
 

In this paper we show that males of the Moorish 
gecko are, on average, larger, longer, heavier, and  

 

 
 

Figure 5. Principal component analysis on the landmark coordinates of the head of Moorish 
geckos. Diagrams around the graph are the amplified shapes derived from the eigenvectors 
along the first two principal components (PC1 and PC2). Symbols: ( ) hatchlings, ( ) subadults, 
and ( ) adults. 
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Figure 6. Principal component analysis on the landmark coordinates of the head of the adult 
Moorish geckos. Diagrams around the graph are the amplified shapes derived from the eigen-
vectors along the first two principal components (PC1 and PC2)..  ( ) adult males, and ( ) adult 
females. 

 
 

 
 

Figure 7. Relationship between PC1 and SVL. Symbols: 
( ) subadults, ( ) adult males, and ( ) adult females. 

 
 
have larger heads than females, as previously re-
ported for this and other gecko species (Rieppel 
1981, Atzori et al. 2007). However, when control-
ling for body size, adult geckos displayed a more 
ambiguous pattern. Indeed, adult males and fe-
males with similar body sizes differed only for 
their body mass (i.e., males are heavier than fe-
males), whereas head measurements (i.e., maxilla 
length and head width) overlapped completely. In 
addition, slight but significant differences between 

sexes existed in eye diameter, which is greater in 
males. 

Both linear and geometric morphometric 
analyses showed that both sexes follow the same 
growing trajectory, i.e., the changes of head size 
and shape occurring in males during growth per-
fectly overlap those showed by females. Geometric 
morphometric results particularly revealed a de-
velopmental pattern of head shape with age class: 
the head is distinctly rounded with large eyes in 
hatchlings and becomes progressively more trian-
gular shaped in subadults and adults; between 
sexes, this developmental process appeared par-
ticularly pronounced in males, which therefore 
acquire a more triangular-shaped head and, in 
relative terms, showed a more prominent tym-
panic region than females. Interestingly, no differ-
ences in trajectories between sexes in head shape 
development was detected, so the larger and more 
pointed head of males is the result of a more pro-
longed growth with respect to females. 

This pattern is quite different from that shown 
by most lizards, where each sex is characterised by 
different  growth trajectories (Carothers 1984, Cox 
et al. 2003). Common growth trajectories imply 
that head morphology of male and female Moor-
ish geckos does not differ at the same body size. 
Despite this (but commonly in gekkotans) we also 
found that the largest individuals are all males. 
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Overall, these findings have two main implica-
tions: first, females are likely to stop growing be-
fore males, whereas males continue growing 
reaching larger body and head sizes. Secondly, 
males have, on average, larger and more triangu-
lar heads in respect to females. Therefore, Moorish 
geckos are not a strictly sexually dimorphic species 
(sensu Squamata lizards), as size and shape differ-
ences involve only quantitative traits that differ 
because growth is prolonged in males. 

The most prevalent explanation for the origin 
of different offsets in the growth process in this as 
in other species of reptiles is still Darwin's original 
sexual selection theory. Prolonged growth in 
males might be due to the selective advantage 
males might gain after reaching larger size and 
larger heads. In lizards, larger head size might be 
favoured in males by intra-sexual selection in rela-
tion to antagonistic behaviour for territory acquisi-
tion and defence (Carothers 1984, Gruber & Henle, 
2004, Todd, 2005, Herrel et al. 2009, Sacchi et al. 
2009; several adult males show bite injuries on 
both maxillary arches, the dorsal part of head, of-
ten as well as on the forelimbs; Zuffi M.A.L. un-
publ. data). Indeed, body size is by far the most 
important physical attribute affecting intrasexual 
combat in lizards and in other animals (Tokarz 
1985, McMann 1993, Stamps & Krishna 1994, 1998, 
Summers & Greenberg 1994, Carpenter 1995, 
Zucker & Murray 1996, Lopez & Martin 2001, Hsu 
et al. 2006), since large individuals have a greater 
capacity to physically displace smaller opponents 
or to dominate them. Steroid hormones promote 
aggressive behaviour in reptiles as in other verte-
brates, and have been shown to directly influence 
the development of SD in both snakes and lizards 
(Crews et al. 1985, Shine & Crews 1988, Lerner & 
Mason 2001, Cox et al. 2006). On the other hand, 
larger heads might have developed in males un-
der inter-sexual selection if higher bite perform-
ance confers some advantage during courtship. As 
for other reptiles (Carpenter & Ferguson 1977), 
Moorish gecko males have to grab females and 
immobilise them in order to mate. Alternatively, 
we can easily support the hypothesis that females 
stop growing before males to allocate their re-
sources for reproductive efforts, whereas males 
continue growing to reach a larger size conferring 
advantages in male-male combats.  

In contrast to the sexual selection hypothesis, 
sex-based differences in adult head shape might 
reflect factors limiting reproductive success of in-
dividuals, as head shape SD often also implies di-

morphism in trophic structures (e.g., jaws, teeth, 
head muscles etc., see Herrel et al. 2009), and con-
sequently differences in reproductive allocation 
through energy acquisition (Slatkin 1984, Hedrick 
& Temeles 1989, Shine 1991, Walker & Rypstra 
2002). Sexual differences in feeding apparatus are 
a crucial step for feeding niche segregation, and 
head size is one of the most important traits for 
feeding niche utilization in gape-limited predators 
such as geckos. Accordingly, consumed prey size 
increases with head size in Coleoyx variegatus 
(Parker and Pianka 1974). However, sexual differ-
ences in niche utilization (reviewed in Shine, 1991; 
Fairbairn, 1997) generally have been shown not to 
be a critical factor for evolution of SD in eublepha-
rid geckos (Kratochvil & Frinta, 2002). Unfortu-
nately, no previous paper on feeding ecology 
and/or diet has considered SD or SSD in the ge-
nus Tarentola (Capula & Luiselli 1994, Gil et al 
1994, Hódar et al. 2006), preventing us from test-
ing the model derived from our analysis (e.g., 
structure vs function).  

It must be stressed, however, that age deter-
mination and its effect on the developmental and 
growth patterns in Tarentola mauritanica remain 
poorly understood. We cannot assume that the 
size differences we found in adult males and fe-
males mirror an actual difference in age, since we 
randomly sampled three populations and we 
found no differences among them. Our conclusion 
is supported by recent data on the South Ameri-
can gecko, Homonota darwini, in which size alone is 
not a good estimator of age (Piantoni et al. 2006). 
That species was, indeed, found to live for more 
than 15 years, a relatively long time when consid-
ering its small size (about 55 mm SVL), and a lin-
ear relationship between age and body size was 
not found (Piantoni et al. 2006). As in other Euro-
pean geckos (e.g., the short and slim Euleptes eu-
ropaea, adults < 50 mm body length) that have 
been supposed to live for quite long time (Salvidio 
& Delaugerre 2003, Salvidio & Oneto 2008), Taren-
tola mauritanica could also be characterised by a 
relatively long life-span (Zuffi M.A.L. unpubl. 
data), making size alone an insufficient index of 
age differences in this species. Moreover, lab tests 
would allow estimating if variations in head mor-
phology are translated into differences in bite per-
formance. 

 
 

Acknowledgements. We wish to express particular 
thanks to all people involved in long capture sessions, 



Zuffi, M.A.L. et al. 
 

 

196

particularly to A. Atzori, F. Berti, T. Cencetti, S. Forna-
siero and M. Tamburini. Permission “Ministero 
dell’Ambiente e della Tutela del territorio. Direzione per 
la Protezione della Natura”; #N DPN/IID/2005/28177 to 
MALZ. Finally, we are indebted to R. Carter and R. Di 
Montalcino, for their inspiring suggestions. 
 
 
 
References 
 
Anderson, R.A., Vitt, L.J. (1990): Sexual selection versus alternative 

causes of sexual dimorphism in teiid lizards. Oecologia 84: 145–
157. 

Andersson, M. (1993): Sexual selection. Princeton University Press, 
Princeton. 

Atzori, A., Berti, F., Cencetti, T., Fornasiero, S., Tamburini, M., 
Zuffi, M.A.L. (2007): Advances in methodologies of sexing and 
marking less dimorphic gekkonid lizards: the study case of the 
Moorish gecko, Tarentola mauritanica. Amphibia-Reptilia 28: 
449–454.  

Bauer, A.M. (1994): Liste der rezenten Amphibien und Reptilien: 
Gekkonidae I (Australia)- Das Tierreich 108. W. de Gruyter & 
Co., Berlin.  

Berry, J.F., Shine, R. (1980): Sexual size dimorphism and sexual 
selection in turtles (Order Testudines). Oecologia 44: 185–191. 

Bookstein, F.L. (1991): Morphometric tools for landmark data: 
geometry and biology. Cambridge University Press, New York. 

Braña, F. (1996): Sexual dimorphism in lacertid lizards: male head 
increase vs female abdomen increase? Oikos 75: 511–523. 

Bruner, E., Constantini, D., Fanfani, A., Dell’Omo, G. (2005): 
Morphological variation and sexual dimorphism of the cephalic 
scales in Lacerta bilineata. Acta Zoologica 86: 245–254. 

Bull, C.M., Pamula, Y. (1996): Sexually dimorphic head sizes and 
reproductive success in the sleepy lizard Tiliqua rugosa. Journal 
of Zoology, London 240: 511–521. 

Butler, M. (2007): Vive le difference! Sexual dimorphism and 
adaptive patterns in lizards of the genus Anolis. Integrative and 
Comparative Biology 47: 272–284. 

Butler, M.A., Losos, J.B. (2002): Multivariate sexual dimorphism, 
sexual selection, and adaptation in Greater Antillean Anolis 
lizards. Ecological Monographs 72: 541–59. 

Butler, M.A, Schoener, T.W., Losos, J.B. (2000): The relationship 
between sexual size dimorphism and habitat use in Greater 
Antillean Anolis lizards. Evolution 54: 259–272. 

Capula, M., Luiselli, L. (1994): Trophic niche overlap in sympatric 
Tarentola mauritanica  and Hemidactylus turcicus: a preliminary 
study. The Herpetological Journal 4: 24–25. 

Carothers, J.H. (1984): Sexual selection and sexual dimorphism in 
some herbivorous lizards. American Naturalist 124: 244–254. 

Carpenter, G.C. (1995): Modeling dominance: the influence of size, 
coloration and experience on dominance relations in tree lizards 
(Urosaurus ornatus). Herpetological Monographs 9: 88–101. 

Carpenter, C., Ferguson, G.W. (1977): Variation and evolution of 
stereotyped behaviour in Reptiles. pp. 335–354. In: Gans, C., 
Tinkle, D.W. (eds), Biology of the Reptilia Vol.7. Ecology & 
Behavior. Academic Press, New York.  

Collyer, M.L., Adams, D.C. (2007): Analysis of two-state 
multivariate phenotypic chane in ecological studies. Ecology 88: 
683–692. 

Cox, R.M., Skelly, S.L., John-Alder, H.B. (2003): A comparative test 
of adaptive hypotheses for sexual size dimorphism in lizards. 
Evolution 57: 1653–1669. 

Cox, R.M., Zilberman, V., John-Alder, H.B. (2006): Environmental 
sensitivity of sexual size dimorphism: laboratory common 
garden removes effects of sex and castration on lizard growth. 
Functional Ecology 20: 880–888. 

Crews, D., Diamond, M., Whittier, M.J., Mason, R. (1985): Small 
male body size in garter snakes depends on testes. American 
Journal of Physiology 249: R62–66. 

Darwin, C. (1871): The descent of man, and selection in relation to 
sex. John Murray, London. 

Fairbairn, D.J. (1997): Allometry for sexual size dimorphism: 
pattern and process in the coevolution of body size in males and 
females. Annual Review of Ecology and Systematics 28: 659–
687. 

Fontaneto, D., Melone, G., Cardini, A. (2004): Shape diversity in the 
trophi of different species of Rotaria (Rotifera, Bdelloidea): a 
geometric morphometric study. Italian Journal of Zoology 71: 
63–72.  

Gil, M.J., Guerrero, F., Perez-Mellado, V. (1994): Seasonal-variation 
in diet composition and prey selection in the Mediterranean 
gecko Tarentola mauritanica. Israel Journal of Zoology 40: 61–74. 

Gruber, B., Henle, K. (2004): Linking habitat structure and 
orientation in an arboreal species Gehyra variegata (Gekkonidae). 
Oikos 107: 406–414. 

Gvoždík, L., Van Damme, R. (2003): Evolutionary maintainance of 
sexual dimorphism in head size in the lizard Zootoca vivipara: a 
test of two hypotheses. Journal of Zoology, London 259: 7–13. 

Hedrick, A.V., Temeles, E.J. (1989): The evolution of sexual 
dimorphism in animals. Hypotheses and tests. Trends in 
Ecology and Evolution 4: 136–138. 

Herrel, A., Schaerlaeken, V., Moravec, J., Ross, C.F. (2009). Sexual 
Shape dimorphism in Tuatara. Copeia 4: 727–731.  

Hibbits, T.J., Pianka, E.R., Huey, R.B., Whiting, M.J. (2005): Ecology 
of the Common Barking Gecko (Ptenopus garrulus) in southern 
Africa. Journal of Herpetology 39: 509–515. 

Hódar, J.A., Pleguezuelos, J.M., Villafranca, C., Fernández-
Cardenete, J.R. (2006): Foraging mode of the Moorish gecko 
Tarentola mauritanica in an arid environment: inferences from 
abiotic setting, prey availability and dietary composition. 
Journal of Arid Environments 65: 83–93. 

Hsu, Y., Earley, R.L., Wolf, L.L. (2006): Modulation of aggressive 
behaviour by fighting experience: mechanisms and contest 
outcomes. Biological Reviews 81: 33–74. 

Kaliontzopoulou, A., Carretero, M.A., Llorente, G.A. (2008): Head 
shape allometry and proximate causes of head sexual 
dimorphism in Podarcis lizards: joining linear and geometric 
morphometrics. Biological Journal of the Linnean Society 93: 
111–124. 

Klingenberg, C.P. (1998): Heterochrony and allometry: the analysis 
of evolutionary change in ontogeny. Biological Reviews 73: 79-
123. 

Kratochvíl, L., Frynta, D. (2002): Body size, male combat and the 
evolution of sexual dimorphism in eublepharid geckos 
(Squamata : Eublepharidae). Biological Journal of the Linnean 
Society 76: 303–314. 

Lopez, P., Martin, J. (2001): Fighting rules and rival recognition 
reduces cost of aggression in male lizard, Podarcis hispanica. 
Behavioural Ecology and Sociobiology 49: 111–116. 

Lerner, D.T., Mason, R.T. (2001): The influence of sex steroids in the 
sexual size dimorphism in the red-spotted garter snake, 
Thamnophis sirtalis concinnus. General and Comparative 
Endocrinology 124: 218–225. 

McMann, S. (1993): Contextual signalling and the structure of 
dyadic encounters in Anolis carolinensis. Animal Behaviour 46: 
657–668. 

Olsson, M., Shine, R., Wapstra, E., Ujvari, B., Madsen, T. (2002): 
Sexual dimorphism in lizard body shape: the roles of sexual 
selection and fecundity selection. Evolution 56: 1538–1542. 

O’Higgins, P., Jones, N. (1999): Morphologika. Tools for Shape 
Analysis. Univerisity College London, London. 

Ota, H., Honda, M., Kobayashi, M., Sengoku, S., Hikida, T. (1999): 
Phylogenetic relationships of eublepharid geckos (Reptilia: 
Squamata): a molecular approach. Zoological Science 16: 659–
666. 



Sexual size and shape dimorphism in the Moorish gecko 
 

 

197 

Parker, W.S., Pianka, E.R. (1974): Further ecological observations on 
the Western banded gecko, Coleonyx variegatus. Copeia 1974: 
528–531. 

Peters, J.A., Donoso-Barros, R., Orejas-Miranda, B. (1986): 
Catalogue of the Neotropical Squamata. Smithsonian Institution 
Press, Washington. 

Piantoni, C., Ibargüengoytía, N.R., Cussac, V.E. (2006): Growth and 
age of the southernmost distributed gecko of the world 
(Homonota darwini) studied by skeletochronology. Amphibia-
Reptilia 27: 393–400. 

Preest, M.R. (1994): Sexual size dimorphism and feeding energetics 
in Anolis carolinensis: why do females take smaller prey than 
males? Journal of Herpetology 28: 292–298. 

Rieppel, O. (1981): Tarentola mauritanica (Linnaeus 1758) 
―Mauergecko. pp. 119–133. In: Böhme, W. (ed), Handbuch der 
Reptilien und Amphibien Europas. Band 1: Echsen (Sauria). I. 
(Gekkonidae, Agamidae, Chamaeleonidae, Anguidae, 
Amphisbaenidae, Scincidae, Lacertidae). Verlag, Wiesbaden.  

Rohlf, F.J. (1999): Shape statistics: Procrustes superimpositions and 
tangent spaces. Journal of Classification 16: 197–223. 

Rohlf, F.J. (2003): tpsSMALL, Version 1.20. Stony Brook, NY: 
Department of Ecology and Evolution. State University of New 
York. 

Rohlf, F.J. (2004): tpsRegr, Version 1.29. Stony Brook, NY: 
Department of Ecology and Evolution. State University of New 
York.  

Rohlf, F.J. (2005): tpsRelw, relative warps analysis, Version 1.42.. 
Stony Brook, NY: Department of Ecology and Evolution. State 
University of New York.  

Rohlf, F.J., Slice, D. (1990): Extensions of the Procrustes method for 
the optimal superimposition of landmarks. Systematic Zoology 
39: 40–59.  

Sacchi, R., Pupin F., Gentilli, A., Rubolini, D., Scali, S., Fasola, M., 
Galeotti, P. (2009): Male-male combats in a polymorphic lizard: 
residency and size, but not color, affect fighting rules and 
contest outcome. Aggressive Behaviour 35(3): 274–283. 

Salvidio, S., Delaugerre, M. (2003): Population dynamics of the 
European leaf-toed gecko (Euleptes europaea) in NW Italy: 
implications for conservation. The Herpetological Journal 13: 
81–88.  

Salvidio, S., Oneto, F.M. (2008): Density regulation in the 
Mediterranean leaf-toed gecko Euleptes europaea. Ecological 
Research 23: 1051–1055.  

 Schoener, T.W (1967): The ecological significance of sexual 
dimorphism in size in the lizard Anolis conspersus. Science 155: 
474–477. 

Shine, R. (1991): Intersexual dietary divergence and the evolution of 
sexual dimorphism in snakes. American Naturalist 138: 103–122. 

Shine, R. (1993): Sexual dimorphism in snakes. pp. 48–86. In: Seigel, 
R.A., Collins, J.T. (eds), Snakes: ecology and behavior. McGraw-
Hill, New York. 

Shine, R. (1994): Sexual size dimorphism in snakes revisited. Copeia 
1994: 326-346. 

Shine, R., Crews, D. (1988): Why male garter snakes have small 
heads: the evolution and endocrine control of sexual 
dimorphism. Evolution 42: 1105–1110. 

Slatkin, M. (1984): Ecological causes of sexual dimorphism. 
Evolution 38: 622–630. 

Stamps, J. (1983): Sexual selection, sexual dimorphism and 
territoriality. pp.169–204. In: Huey, R.B., Pianka, E.R., Schoener, 
T.W. (eds), Lizard ecology: Studies of a Model Organism. 
Harvard University Press, Harvard. 

Stamps, J.A., Krishnan, V.V. (1994): Territory acquisition in lizards: 
II Establishing social and spatial relationships. Animal 
Behaviour 47: 1387–1400. 

Stamps, J.A., Krishnan, V.V. (1998): Territory acquisition in lizards: 
IV Obtaining high status and exclusive home ranges. Animal 
Behaviour 55: 461–472. 

Summers, C.H., Greenberg, N. (1994): Somatic correlates of 
adrenergic activity during aggression in the lizard, Anolis 
carolinensis. Hormones and Behaviour 28: 29–40. 

Thompson, G.G., Withers, P.C. (2005): Size-free differences between 
male and female Western Australian dragon lizards 
(Agamidae). Amphibia-Reptilia 26: 55–63. 

Todd, A.C. (2005): The social mating system of Hoplodactylus 
maculatus. New Zealand Journal Zoology 32: 251–262. 

Tokarz, R.R. (1985): Body size as a factor determining dominance in 
staged encounters between male brown anoles (Anolis sagrei). 
Animal Behaviour 33: 746–753. 

Uetz, P., Hošek, J. (2011): The reptile database. http://reptile-
database.org (download on March 31st 2011) 

Vincent, S.E., Herrel, A. (2007): Functional and ecological correlates 
of ecologically-based dimorphisms in squamate reptiles. 
Integrative and Comparative Biology 47: 172–188. 

Vitt, L.J., Cooper, W.E. Jr. (1985): The evolution of sexual 
dimorphism in the skink Eumeces laticeps: an example of sexual 
selection. Canadian Journal of Zoology 63: 995–1002.  

Walker, S.E., Rypstra, A.L. (2002): Sexual dimorphism in trophic 
morphology and feeding behavior of wolf spiders (Araneae : 
Lycosidae) as a result of differences in reproductive roles. 
Canadian Journal of Zoology 80: 679–688. 

Welch, K.R.G. (1994): Lizards of the World. A Checklist: Geckos. 
Somerset, KCM Books. 

Zucker, N., Murray, L. (1996): Determinants of dominance in the 
tree lizard Urosaurus ornatus: the relative importance of mass, 
previous experience and coloration. Ethology 102: 812–825. 

 
 

 
 
 
 
 
 




