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Misinterpretation of character scaling: a tale of
sexual dimorphism in body shape of common
lizards

Lukáš Kratochvíl, Michael Fokt, Ivan Rehák, and Daniel Frynta

Abstract: Male-biased sexual dimorphism in head, limbs, and tail scaled to snout–vent length has been reported in
many lizard species. Consequently, various hypotheses have been proposed to explain observed body-shape dimorphism.
According to the majority of them, the proportions of body components are adaptively related to sexual differences in
ecology as well as in reproductive behaviour. Our study shows an alternative, much more parsimonious explanation in
the common lizard (Lacerta vivipara). According to our analyses, the exaggeration of a single trait, specifically trunk
length in females, may explain the whole pattern of sexual differences in body shape. The only consistent adaptive
hypothesis, then, is that females with a larger abdominal cavity, and consequently a longer trunk, have a reproductive
advantage. Size-adjusted heads, limbs, and tails traditionally reported to be larger in males than in females, features
ascribed to numerous evolutionary mechanisms, thus appear to be just an artifact of inappropriate scaling to a sexually
dimorphic trait (snout–vent length). As scaling to a single trait has been routinely used in many studies carried out in
animals, we warn against quick interpretations based on such analyses and recommend more cautious inspection of
allometries.

Résumé : On signale un dimorphisme sexuel des tailles de la tête, des membres et de la queue corrigées par rapport à
la longueur museau–évent chez plusieurs espèces de lézards, dimorphisme qui favorise les mâles. Diverses hypothèses
ont été avancées pour expliquer ce dimorphisme de la forme du corps. La plupart d’entre elles concluent que les pro-
portions des segments du corps sont adaptées aux différences sexuelles d’écologie et de comportement reproducteur.
Notre étude met de l’avant une explication de rechange, beaucoup plus parcimonieuse, chez le lézard vivipare (Lacerta
vivipara). Selon nos analyses, l’exagération d’un seul caractère, spécifiquement la longueur du tronc chez les femelles,
peut expliquer l’ensemble des différences sexuelles de la forme du corps. La seule hypothèse adaptative conséquente
est alors que les femelles qui ont une plus grande cavité abdominale, et donc un tronc plus allongé, possèdent un
avantage reproductif. Les tailles corrigées de la tête, des membres et de la queue, qui sont alors décrites comme plus
grandes chez les mâles que chez les femelles et rattachées à divers mécanismes évolutifs, semblent alors n’être que des
artéfacts causés par une correction impropre par rapport à la longueur museau–évent, un caractère à dimorphisme
sexuel. Comme la correction par rapport à un seul caractère est couramment utilisée dans plusieurs études sur les ani-
maux, nous mettons en garde contre l’interprétation hâtive des résultats et nous recommandons un examen plus attentif
des allométries.
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As genetic correlation between the sexes is very high for
most morphological traits, it is often believed that long peri-
ods of time are required to overcome genetic constraints and
to evolve sexually dimorphic morphological traits (e.g., Lande
1980; Hedrick and Temeles 1989). Moreover, the evolution
of sexual dimorphism may be limited by physiological and

ecological constraints as well (see Andersson 1994). Never-
theless, a growing body of literature reports sexual differ-
ences in the proportions of nearly every body component in
many animal species. In the case of lizards, many authors
have repeatedly reported that males possess elongated tails
and limbs and larger heads compared with females of the
same body size (e.g., Vial and Stewart 1989; Anderson and
Vitt 1990; Castilla and Bauwens 1991; Mouton and van
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Wyk 1993; Vitt and Colli 1994; Barbadillo et al. 1995;
Hews 1996; Smith et al. 1997; Shine et al. 1998; Kratochvíl
and Frynta 2002). These findings have usually been inter-
preted as the outcome of natural and (or) sexual selection for
particular traits, and numerous post-hoc hypotheses have
been proposed to explain the observed pattern.

This is also the case for the common lizard, Lacerta vi-
vipara Jacquin, 1787 (e.g., Barbadillo et al. 1995; Šmajda
and Majláth 1999; Herrel et al. 2001), the well-known
Palaearctic species that has the largest range among terres-
trial reptiles (Bannikov et al. 1977). According to Herrel et
al. (2001), the larger head of male L. vivipara could reflect
natural selection leading to food-niche divergence; it could
be an adaptation for holding onto the female during copulation,
or it could have served as armament in combats between an-
cestral males and been retained in this nonterritorial,
nonaggressive species. The longer tail was assumed to be the
result of morphological constraints imposed by the male
copulatory organs on tail autotomy, or it may have evolved
as a result of improved escape abilities in the sex more likely
subjected to heavier predation pressure (Barbadillo et al.
1995; Barbadillo and Bauwens 1997). Finally, the longer
limbs in males could mirror a difference between the sexes
in the position of the centre of gravity, and so may have
evolved under selection for effective locomotion (Barbadillo
et al. 1995). The majority of these hypotheses imply that
sexual dimorphism in a particular body component reflects
different selective forces operating in males and females,
i.e., that body shape is ideally adapted for different ecologi-
cal, social, or reproductive roles.

One widespread complication is that all the above-
mentioned sexual differences were reported when a single
trait, snout–vent length (SVL), was taken as a measure of
body size. Naturally, SVL also includes the length of the ab-
domen, which determines the size of the abdominal cavity.
Therefore, SVL can be affected by selection favouring a
larger volume of the total clutch (Cooper and Vitt 1989; Shine
1989; Braña 1996; Olsson et al. 2002). The positive allometric
growth of the female abdomen ensures that we would find
all other body components to be dimorphic relative to body
length (Braña 1996; Reyes-Gavilán et al. 1997), i.e., we
would find them to be larger relative to SVL in males.

The aim of this paper is to examine the relationships
among morphometric traits in L. vivipara and to demonstrate
that traditional analyses showing sexually dimorphic allo-
metries in the head, tail, and limbs are not justified. It is our
purpose to demonstrate the pitfalls of using “standard” size
measures in studies of allometry, and to warn against quick
adaptive interpretations based on such analyses.

Materials and methods

Preserved specimens of L. vivipara from museum collec-
tions in Central Europe (Czech Republic and Slovak Repub-
lic) were examined. Three hundred and two specimens
considered to be adults (SVL > 43 mm) were included in the
analyses. Eight variables were measured to the nearest 0.05 mm
with a digital caliper by M.F. in the standardized manner:
SVL (from the tip of the snout to the anterior margin of the
cloacal lips); head length (HL; from the tip of the snout to
the posterior margin of the skull); head width (HW; the larg-

est width of the head); head height (HH; the largest height
of the head); distance between the extremities (DEX; from
the posterior margin of the front leg to the anterior margin
of the hind leg); tail length (TL; from the anterior margin of
the cloacal lips to the tip of the tail; only in specimens with
intact tails); upper-leg length (UL; from the anterior base of
the fully extended forelimb to the end of the longest digit
without the claw); and lower-leg length (LL; see UL). Sex was
recorded according to external characters (femoral pores). Vari-
ables were measured blindly with respect to the present analy-
sis. Although the specimens came from different localities,
discriminant function analysis among well-represented popula-
tions showed no significant effect of geographic variation
within single-sex samples. Therefore, we assume that inter-
populational variation did not affect the results.

Differences between the sexes in the original measure-
ments were tested using an unpaired Student’s t test. Data
were natural-log-transformed before subsequent analyses.
Principal component analysis (PCA) was applied as an ex-
ploratory procedure. Relationships among measurements
were illustrated by a plot of PC coefficients, and PC scores
were used to assess and quantify overall sexual differences
in general body size and shape. Next we performed a series
of bivariate analyses to explicitly compare our results with
those from previously published papers. We performed analy-
ses of covariance (ANCOVAs) with HL, HW, HH, DEX, TL,
UL, and LL as dependent variables, sex as a factor, and SVL
as a covariate, and searched for sexual differences in both
slopes and intercepts. Then, we repeated ANCOVAs using a
better predictor of general body size (HL) as a covariate.

Because of the possible unreliability of least-squares re-
gressions in ANCOVAs, we employed a reduced major axis
(RMA) regression model (Harvey and Pagel 1991). Differences
between the sexes were tested using t tests and discriminant
function analysis carried out on residuals from RMA regres-
sions of traits against HL.

Whenever parametric statistics were applied, we checked
the normality of distribution in each variable. Both graphical
methods by eye and the Kolmogorov–Smirnov tests were ap-
plied.

Results

Males and females differed significantly (two-tailed t test,
P < 0.00001 in all cases) in all of the original measurements:
females had larger SVL and DEX and males had larger HL,
HW, HH, TL, UL, and LL (details not shown). Both PC1
and PC2 scores were higher in males than in females (t =
4.87 and t = 17.08, respectively, both P < 0.0001). Based on
PC coefficients (Fig. 1), PC1 reflects general size, as all
variables show positive coefficients on this component. We
interpret PC2 as indicating a relative proportion of the abdo-
men (DEX and SVL contributing most to the PC2 axis). In
summary, the multivariate analysis clearly supports splitting
the variables into two groups: the first group includes all
head, limb, and tail measurements and the second just the
variables involving abdomen length (DEX and SVL).

Next we performed traditional procedures to control for
body size, ANCOVAs with SVL as the covariate. We found
exactly the same pattern as that reported by earlier authors:
females in our sample possessed a larger DEX but a smaller
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head, a shorter tail, and shorter limbs than males at the same
SVL (Table 1). However, SVL is a poor predictor of general
body size (see Fig. 1). Therefore, we repeated the ANCOVAs
with the simple, better predictor (HL) of general body size
as a covariate to minutely explore relationships among vari-
ables using comparable bivariate analyses. Of course, there
is no perfect single measurement that represents the size of
an animal independently of its shape, hence our choice of

HL is necessarily arbitrary. However, HL seems to be the
best of all accessible candidates: it is easily measurable, it
has the largest PC1 coefficient (Fig. 1), and there is some
evidence that the size and shape of the skull are rather con-
servative among lizards (Stokely 1947; Wiens and Slingluff
2001). The use of HL as a size measure in ANCOVAs is
even better than the use of the PC1 score. The latter ap-
proach, often recommended (e.g., Crespi and Bookstein
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Covariate SVL Covariate HL

F P
Larger
sex F P

Larger
sex

SVL Slope — — 18.815 <0.0001
Intercept — — — — — F

HL Slope 35.175 <0.0001 — —
Intercept — — M — — —

DEX Slope 3.175 0.076 10.444 0.001
Intercept 252.194 <0.0001 F — — F

TL Slope 1.687 0.196 0.156 0.693
Intercept 150.066 <0.0001 M 0.889 0.347 None

HH Slope 10.673 0.001 0.268 0.605
Intercept — — M 0.164 0.685 None

HW Slope 13.154 <0.001 0.013 0.909
Intercept — — M 1.439 0.231 None

UL Slope 2.480 0.116 2.596 0.108
Intercept 222.732 <0.0001 M 0.981 0.323 None

LL Slope 10.673 0.001 1.209 0.272
Intercept — — M 0.131 0.718 None

Note: n = 302 (150 females and 152 males), except for TL, where n = 155 (80 females and 75
males). Snout–vent length (SVL) or head length (HL) was used as a covariate. M, male; F, female; for
an explanation of other abbreviations see Fig. 1.

Table 1. Results of ANCOVAs on differences between the sexes in the measurements of
the common lizard, Lacerta vivipara, under study.

Fig. 1. Coefficients for the first two principal components of body measurements of the common lizard, Lacerta vivipara. SVL, snout–
vent length; HL, head length; HW, head width; HH, head height; DEX, distance between the extremities; TL, tail length; UL, upper-
leg length; LL, lower-leg length.
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1989) and quite commonly used, would obviously be mis-
leading in our case. The PC1 is a line of the best fit in a
least-squares sense to the scatter of data points in the space
of all measurements. Therefore, PC1 is automatically influ-
enced by the variables expressing body shape as well (DEX
and SVL in our case; this is graphically exemplified in
Fig. 1). On the contrary, less variation can be expected in
the case of HL. Using HL as a covariate, the ANCOVA re-
sults changed dramatically. When values were corrected for
HL, females and males differed significantly only in DEX
and SVL (larger in females again; see Table 1). Analysis of
RMA regression model residuals of measurements on HL
confirmed these results. Except for measurements involving
abdomen size, no sexual dimorphism in residuals was de-
tected by t tests, and discriminant function analysis based on
residuals of head, limb, and tail measurements failed to dis-
criminate between the sexes (Wilks’ λ = 0.982, P = 0.740;
n = 155). Based on our discussions on this topic, we feel it
is important to note again that we do not insist that HL is
non-problematic and the only correct expression of body
size. However, using HL as a covariate in ANCOVAs al-
lowed us to explore mutual relationships among head, tail,
and limb measurements. The results support the conclusion
that the reciprocal relative sizes of head, limbs, and tail do
not show intersexual differences.

Discussion

The combination of multivariate (PCA) and bivariate anal-
yses supports the conclusion that the measurements which
involve abdomen length (DEX and SVL) are responsible for
all substantive differences between the sexes with regard to
body shape. By contrast, the measurements of other body
components, i.e., head, limbs, and tail, are highly correlated,

and follow in principle the same allometric rules in both
male and female L. vivipara. Consequently, SVL is a sexu-
ally dimorphic trait, and taking it as a scale when searching
for sexual dimorphism in a particular body component is
confusing. Sexual dimorphism in size-adjusted head, limb,
and tail measurements traditionally reported for species ex-
amined by other authors (Barbadillo et al. 1995; Barbadillo
and Bauwens 1997; Šmajda and Majláth 1999; Herrel et al.
2001) can be attributed to an artifact of the adoption of SVL
for scaling to body size. Most remarkably, previous authors
proposed a number of evolutionary (mostly adaptive) sce-
narios explaining observed sexual differences in body shape
in L. vivipara. Their scenarios seem to be countered by the
principles of parsimony. According to our analyses, the
whole pattern of sexual differences in L. vivipara can be ex-
plained most parsimoniously by exaggeration of a single
trait, i.e., trunk proportions.

There is additional independent evidence that trunk size
differs between the sexes in L. vivipara. First, in the
ontogenetic trajectory of DEX, mature females depart
strongly from both immature individuals and mature males
(see Fig. 2). The breakpoint estimated using piecewise linear
regression concerning immature individuals and females oc-
curs in SVL at around 42 mm, close to the reported mean
SVL at maturity (Bauwens and Díaz-Uriarte 1997). Accord-
ing to Emerson (2000), a trait showing such an allometric
pattern may be interpreted as a hypertrophic secondary
sexual character. However, this hypertrophy is preceded by
hyperplasy in early ontogeny. It arises out of sexual dimor-
phism in pholidosis (the number of scales in L. vivipara
does not increase with age; Lecomte et al. 1992). In L. vi-
vipara, like most lacertids (e.g., Boulenger 1920), females
have a considerably larger number of transverse rows of ven-
tral scales covering the abdomen (Wermuth 1955; our data:
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Fig. 2. Scatterplot of distances between the extremities versus head length for the common lizard, according to sex and maturity. Juve-
niles from Central Europe (n = 211) were added to show the ontogenetic trajectory of component development (�, males; F, females;
�, juveniles).
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Kruskal–Wallis ANOVA, F = 170.6, P < 0.0001, n = 302)
and a considerably larger number of scales in the length-
ways dorsal row (our data: F = 79.7, P < 0.0001, n = 302).
In contrast, we found no sexual dimorphism in numbers of
head and neck scales (number of infralabials, supralabials,
collar scales, and scales in a single lengthways row from
gular to collar; Kruskal–Wallis ANOVA, all ns, n = 302).
The pholidotic pattern, traditionally studied by taxonomists
but often neglected by ecologists and evolutionary biologists
(but see Shine 2000, 2002), could be unusually useful in de-
termining sexually dimorphic traits in lizards and snakes.
The exaggeration of abdomen size in females is likely to be
the result of strong selection for fecundity in L. vivipara,
which is a small viviparous species that oviposits just one
relatively large clutch per year (Bauwens and Díaz-Uriarte
1997), and clutch size increases with female SVL (Braña
1996). However, these arguments supporting the fecundity-
selection hypothesis are, regrettably, too indirect. For con-
clusive evidence, we must have data showing that the fe-
males with a long abdomen relative to their general size lay
more eggs.

By its nature, the study of body shape is a multivariate
problem (e.g., Zamudio 1998; Malmgren and Thollesson
1999). Nevertheless, a single trait has been used as the ex-
pression of body size for the purpose of scaling in most
morphometric studies carried out in lizards, snakes, and other
reptiles, as well as in other animals, in both intra- and inter-
specific comparisons (recently, e.g., Iwaniuk 2001; Madden
2001; Martins et al. 2001; Vanhooydonck and Van Damme
2001). The case of L. vivipara shows nicely how misleading
this intuitively correct approach can be. We caution against
an adaptive explanation for allometry in a particular trait un-
less the whole body-shape pattern is examined and inde-
pendent data are available.

Acknowledgements

We express our appreciation to J. Moravec at the National
Museum in Prague; M. Šebela at the Moravian Regional
Museum in Brno; B. Beneš at the Silesian Regional Museum
in Opava; and D. Fulín at the Museum of East Slovakia in
Košice, as well as L. Sedlá�ková and P. Kotlík for loans of
specimens. We thank V. Jarošík, P. Mikulová, J. Polechová,
L.J. Vitt, and B.J. Crespi for helpful comments on the manu-
script. L. Landerer kindly improved our English. The partici-
pation of L. Kratochvíl and D. Frynta was funded by a grant
from the Grant Agency of Charles University (Project
No. 121/2001/B-BIO/PrF) and an Institutional Grant given
by the Ministry of Education, Youth and Sports of the Czech
Republic (No. J13-8113100004).

References

Anderson, R.A., and Vitt, L.J. 1990. Sexual selection versus alter-
native causes of sexual dimorphism in teiid lizards. Oecologia,
84: 145–157.

Andersson, M. 1994. Sexual selection. Princeton University Press,
Princeton, N.J.

Bannikov, A.G., Darevsky, I.S., Ishczenko, V.G., Rustamov, A.K.,
and Sczerbak, N.N. 1977. Opredelitel’ zemnovodnykh i pres-
mykayusczikhsya fauny SSSR. [Key to amphibians and reptiles
of the fauna of the USSR.] Prosvesczeniye, Moscow.

Barbadillo, L.J., and Bauwens, D. 1997. Sexual dimorphism of tail
length in lacertid lizards: test of a morphological constraint hy-
pothesis. J. Zool. (Lond.), 242: 473–482.

Barbadillo, L.J., Bauwens, D., Barahona, F., and Sánchez-Herráiz,
N.J. 1995. Sexual differences in caudal morphology and its rela-
tion to tail autotomy in lacertid lizards. J. Zool. (Lond.), 236:
83–93.

Bauwens, D., and Díaz-Uriarte, R. 1997. Covariation of life-history
traits in lacertid lizards: a comparative study. Am. Nat. 149: 91–
111.

Boulenger, G.A. 1920. Monograph of the Lacertidae. Vol. 1. Brit-
ish Museum (Natural History), London.

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

Castilla, A.M., and Bauwens, D. 1991. Observations on the natural
history, present status, and conservation of the insular lizard
Podarcis hispanica atrata on the Colubretes Archipelago, Spain.
Biol. Conserv. 58: 69–84.

Cooper, W.E., and Vitt, L.J. 1989. Sexual dimorphism of head and
body size in an iguanid lizard: paradoxical results. Am. Nat.
133: 729–735.

Crespi, B.J., and Bookstein, F.L. 1989. A path-analytic model for
the measurement of selection on morphology. Evolution, 43:
18–28.

Emerson, S.B. 2000. Vertebrate secondary sexual characteristics —
physiological mechanisms and evolutionary patterns. Am. Nat.
156: 84–91.

Harvey, P.H., and Pagel, M.D. 1991. The comparative method in
evolutionary biology. Oxford University Press, Oxford.

Hedrick, A.V., and Temeles, E.J. 1989. The evolution of sexual di-
morphism in animals: hypothesis and tests. Trends Ecol. Evol.
4: 136–138.

Herrel, A., Van Damme, R., Vanhooydonck, B., and De Vree, F.
2001. The implication of bite performance for diet in two spe-
cies of lacertid lizards. Can. J. Zool. 79: 662–670.

Hews, D.K. 1996. Size and scaling of sexually-selected traits in the
lizard, Uta palmeri. J. Zool. (Lond.), 238: 743–757.

Iwaniuk, A.N. 2001. Interspecific variation in sexual dimorphism
in brain size in Nearctic ground squirrels (Spermophilus spp.)
Can. J. Zool. 79: 759–765.

Kratochvíl, L., and Frynta, D. 2002. Body size, male combat and
the evolution of sexual dimorphism in eublepharid geckos
(Squamata: Eublepharidae). Biol. J. Linn. Soc. 76: 303–314.

Lande, R. 1980. Sexual dimorphism, sexual selection and adapta-
tion in polygenic characters. Evolution, 37: 292–305.

Lecomte, J., Clobert, J., and Massot M. 1992. Sex identification in
juveniles of Lacerta vivipara. Amphib.-Reptilia, 13: 21–25.

Madden, J. 2001. Sex, bowers and brains. Proc. R. Soc. Lond. B
Biol. Sci. 268: 833–838.

Malmgren, J.C., and Thollesson, M. 1999. Sexual size and shape
dimorphism in two species of newts, Triturus cristatus and
T. vulgaris (Caudata: Salamandridae). J. Zool. (Lond.), 249:
127–136.

Martins, M., Araujo, M.S., Sawaya, R.J., and Nunes, R. 2001. Di-
versity and evolution of macrohabitat use, body size and mor-
phology in a monophyletic group of Neotropical pitvipers
(Bothrops). J. Zool. (Lond.), 254: 529–538.

Mouton, P. le F.N., and van Wyk, J.H. 1993. Sexual dimorphism in
cordylid lizards: a case study of the Drakensberg crag lizard,
Pseudocordylus melanotus. Can. J. Zool. 71: 1715–1723.

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

© 2003 NRC Canada

1116 Can. J. Zool. Vol. 81, 2003

J:\cjz\cjz8106\Z03-078.vp
July 8, 2003 2:19:25 PM

Color profile: Generic CMYK printer profile
Composite  Default screen



Reyes-Gavilán, F.G., Ojanguren, A.F., and Braña, F. 1997. The
ontogenetic development of body segments and sexual dimor-
phism in brown trout (Salmo trutta L.). Can. J. Zool. 75: 651–
655.

Shine, R. 1989. Ecological causes for the evolution of sexual di-
morphism: a review of the evidence. Q. Rev. Biol. 64: 419–461.

Shine, R. 2000. Vertebral numbers in male and female snakes: the
roles of natural, sexual and fecundity selection. J. Evol. Biol.
13: 455–465.

Shine, R. 2002. Do dietary habits predict scale counts in snakes? J.
Herpetol. 36: 268–272.

Shine, R., Keogh, S., Doughty, P., and Giragossyan, H. 1998. Costs
of reproduction and the evolution of sexual dimorphism in a
‘flying lizard’ Draco melanopogon (Agamidae). J. Zool. (Lond.),
246: 203–213.

Šmajda, B., and Majláth, I. 1999. Variability of some morphologi-
cal traits of the common lizard (Lacerta vivipara) in Slovakia.
Biologia (Bratisl.), 54: 585–589.

Smith, G.R., Lemos-Espinal, J.A., and Ballinger, R.E. 1997. Sex-
ual dimorphism in two species of knob-scaled lizards (genus
Xenosaurus) from Mexico. Herpetologica, 53: 200–205.

Stokely, P. 1947. Limblessness and correlated changes in the gir-
dles of a comparative morphological series of lizards. Am. Midl.
Nat. 38: 725–754.

Vanhooydonck, B., and Van Damme, R. 2001. Evolutionary trade-
offs in locomotor capacities in lacertid lizards: are splendid
sprinters clumsy climbers? J. Evol. Biol. 14: 46–54.

Vial, L.J., and Stewart, J.R. 1989. The manifestation and signifi-
cance of sexual dimorphism in anguid lizards: a case study of
Barisia monticola. Can. J. Zool. 67: 68–72.

Vitt, L.J., and Colli, G.R. 1994. Geographical ecology of a Neo-
tropical lizard — Ameiva ameiva (Teiidae) in Brazil. Can. J. Zool.
72: 1986–2008.

Wermuth, H. 1955. Biometrische Studien an Lacerta vivipara
Jacquin. Abh. Ber. Nat. Vorgeschichte, Magdeburg, 9: 221–235.

Wiens, J.J., and Slingluff J.L. 2001 How lizards turn into snakes: a
phylogenetic analysis of body-form evolution in anguid lizards.
Evolution, 55: 2303–2318.

Zamudio, K.R. 1998. The evolution of female-biased sexual size
dimorphism: a population-level comparative study in horned liz-
ards (Phrynosoma). Evolution, 52: 1821–1833.

© 2003 NRC Canada

Kratochvíl et al. 1117

J:\cjz\cjz8106\Z03-078.vp
July 8, 2003 2:19:25 PM

Color profile: Generic CMYK printer profile
Composite  Default screen


