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Abstract

GROZDANOV, A. P. and N. D. TZАNKOV, 2014. Analysis and comparison of sexual size dimorphism in two 
lacertid species in Bulgaria. Bulg. J. Agric. Sci., Supplement 1: 139–142

Sexual size dimorphism or SSD is widespread among many species of reptiles. The present research aims to analyze and 
compare the SSD in two lacertid lizards in Bulgaria – the Green lizard (Lacerta viridis) and the lowland subspecies of the Sand 
Lizard (Lacerta agilis chersonensis).

Ten experimental territories were selected in Sofi a and Plovdiv plains and neighboring areas. A total of 68 sand lizards and 
65 green lizards were analyzed. For every individual were measured or counted 8 metric traits (transformed in to 12 indexes) 
and 12 meristic traits. Data scores were analyzed by mean of uni- and multivariate statistical technique.

Investigating the meristic traits, we found statistically signifi cant differences only in the number of horizontal lines of 
ventral shields between sexes in both species. Concerning the metric traits and indexes, we found statistically signifi cant ten-
dencies for larger absolute and relative head size in male sand lizards in comparison with females. In green lizard we stated 
similar signifi cant tendency for larger head size and larger absolute and relative size of legs in male individuals. The presented 
results could be explained with the different roles of the sexes of those two species. SSD is more prominent in green lizard in 
comparison with sand lizard.

In conclusion all that factors lead to bigger morphological differences between sexes in green lizards.
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Introduction

The differences between male and female individuals in 
the size of their body parts (generalized with the term “Sex-
ual size dimorphism” – SSD) are widely distributed among 
reptiles (Roitberg and Smirina, 2006). During the last de-
cades the SSD is object of some herpetological researches, 
dealing with morphological, evolutional and general ecology 
(Brana, 1996, Stamps et al., 1997; Wikelski and Trillmich, 
1997; Butler et al., 2000). The main concepts for SSD ex-
pression are based on two statements: 1. bigger size of males, 
connected with advantages during territorial fi ghts, 2. bigger 
size of females, connected with advantages for development 
of the eggs (Cox et al., 2003). The different species of lac-

ertid lizards show large variations concerning the level and 
direction of SSD (Fitch 1981). However the published re-
searches in this area are relatively rare (Brana, 1996; Molina-
Borja and Rodríguez-Domínguez, 2004).

The aim of the present work is to analyze and to compare 
the SSD of the Green lizard (Lacerta viridis) and the lowland 
subspecies of the Sand lizard (Lacerta agilis chersonensis) 
in Bulgaria by usage of different metric and meristic traits 
and indexes based on them.

Material and Methods

For the present research a total of ten work polygons 
were selected. Five were situated in the Sofi a plain, West-
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ern Bulgaria, and fi ve in Plovdiv plain. The polygons were 
visited between April and August 2010, April – July 2011 
and May 2012, from 7:30 to 20:30 (GMT+2) as in all visits 
before and after that period no specimens were recorded. We 
attempted to catch by hand every lizard we spotted. Every 
individual’s sex and age were identifi ed by specifi c color pat-
tern characteristics, stage development of the femoral pores 
in males and presence/absence of mating scars in females 
(presented in adults). A total of 68 individuals of Sand liz-
ards and 65 individuals of Green lizards were captured. For 
every individual we took information for eight metric traits: 
body length – Lcor, tail length – Lcd, length of front leg – 
Pa, length of hind leg (from the fold to the base of the fi rst 
fi nger) – Pp, length of hind legs step (from the tip of the 
longest to the base of the fi rst fi nger) – Pp2, pileus length – 
Lpil, pileus width – Latpil, head width (at the widest point of 
the jugal bones) – Latcap, transformed into ten indices: Lpil/
Lcor, Latcap/Lcor, Latpil/Lcor, Lcor/Lcd, Pa/Lcor, Pp/Lcor, 
Pp2/Lcor, Latcap/Lpil, Latpil/Lpil, Pa/Pp+Pp2. Additionally 
12 meristic traits were stated, counting of different groups of 
scales, not described here as preliminary tests reviled statisti-
cally signifi cant differences only in the number of horizontal 
lines of ventral shields. Standard measurements and scale 
count are following those in Terentiev and Chernov (1949), 
Funh and Vancea (1961) and Darevsky (1967).

The received data was processed with uni- and multivari-
ate statistical methods – Analysis of variance (ANOVA) and 
Canonical discriminate analysis (CDA), which were per-
formed with Statistica 7.0 (StatSoft 2004).

Results

During the separate statistical analysis of the SSD of the 
two species, we found similar differences between both sexes 
in only one meristic trait – the number of horizontal scale lines 
on abdominal side (V). More signifi cant differences were found 
in the metric traits and indices, which generally showed tenden-
cies for larger head size and longer limbs in males in both spe-
cies. The fi rst comparison of the researched species’ SSD was 
based on the metric indices, analyzed trough ANOVA (Table 
1). Statistically signifi cant differences among sexes in L. agilis 
were found in four indices characterizing the proportions of the 
head, two indices connected with limbs and one tail index. In 
L. viridis statistically signifi cant differences in SSD were better 
expressed in four indices characterizing the proportions of the 
head and three indices connected with limbs. 

The comparison with ANOVA was followed by CDA 
with the raw data. Higher contribution had Latcap, Lcor, Pp, 
Pp2, Lpil and Lcd with different levels of statistical signifi -
cance. The level of expression of SSD was compared by cal-

culating of the squared Mahalanobis distance during the pro-
cessing of data with CDA. The SSD was stated to be higher 
in Green lizard according to the higher value of the distance 
compared with the Sand lizard (Table 2).

The distribution of the sexes of L. viridis and L. agilis 
based on CDA is presented on Figure 1. The four groups are 
well separated in the multidimensional space. The percent-
ages of correct classifi cation among groups are very high 
(100% except for males L. viridis – 85.7%).

Discussion 

The study of the meristic traits found signifi cant differ-
ences between sexes of the two species in only one trait – 
the number of horizontal scale lines on abdominal side (V), 
which is higher in females. This situation is widespread 
among lacertids and is hypothetically connected with the de-
velopment and hatching of the eggs (Darevsky, 1979). 

The investigation of the metric traits of the two species 
showed common tendencies for larger head and longer limbs 
in males in comparison with females. The reasons for these 
results should be searched in the behavioral specifi cs of the 
two sexes. The larger head of male lizards is connected with 
the presence of larger jaw musculature (Herrel et al., 1996), 
which provides advantages during the territorial fi ghts, fi ghts 
for the female and for holding the female during copulation 

Table 1
Statistically signifi cant differences in indices between 
sexes of Lacerta viridis and Lacerta agilis

Lacerta agilis Lacerta viridis
Lpil/Lcor *** ***
Latcap/Lcor *** ***
Latpil/Lcor *** ***
Lcor/Lcd **
Pa/Lcor * **
Pp/Lcor **
Pp2/Lcor * **
Latcap/Lpil ** ***

Legend: *P < 0.05, **P < 0.01 and ***P<0.001

Table 2
Values of squared Mahalanobis distance (with bold num-
bers) between sexes of Lacerta viridis and Lacerta agilis
 вид, пол L. viridis f L. viridis m L. agilis m L. agilis f
L. viridis f – <0.001 <0.001 <0.001
L. viridis m 16.62 – <0.001 <0.001
L. agilis m 52.70 41.45 – <0.001
L. agilis f 45.32 60.96 11.45 –

Legend: f – female; m – male
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(Verbeek, 1972; Heulin, 1988). The longer legs of the male 
lizards are connected with their higher mobility. The reasons 
for that could be found in their behavioral specifi cs like the 
guarding of the individual territory and the active chasing 
and guarding of females before copulation (Castilla and 
Labra, 1998; Cooper, 1999; Martín and López, 2001; Cooper 
and Vitt, 2002).

In detailed comparison of the single metric indexes of the 
two species, we found a tendency for relatively longer limbs 
and tail in Green lizards. That could be connected with the 
common use of climbing on shrubs and trees in that species 
compared with the Sand lizard. The climbing ability is also 
confi rmed with the comparison of the microhabitats of the 
two species, which showed higher presence of shrubs and 
trees for the Green lizard (Stojanov et al., 2011).

The better expressed SSD in green lizards in general 
could be explained with the larger individual territories of 
the males (Korsos, 1986), which demand higher mobility for 
their protection. Additionally this species inhabits more vari-
able microhabitats not only in horizontal but also in vertical 
scale which corresponds with his better ability for climbing. 

The facts mentioned above suggest higher differentiation be-
tween sexes in L. viridis, compared with L. agilis, which is 
visualized trough the squared Mahalanobis distance.

Conclusion

The Green lizard (L. viridis) and the Sand lizard (L. agilis) 
possess a well expressed SSD, confi rmed mainly through met-
ric traits and derived indices. In both species we found tenden-
cies for larger head and longer limbs in males, which respond 
to their specifi c behavioral patterns. The level of expression of 
SSD is higher in Lacerta viridis, which is most probably con-
nected with the larger individual territories of males, leading to 
their higher mobility and thus to higher morphological differ-
ences with the females. The present work analyzed and com-
pared for the fi rst time the SSD of the two taxa with large num-
ber of traits and indices, supported by statistical procedures.
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Fig. 1. Distribution of sexes of Lacerta viridis and Lacerta agilis in the multidimensional space obtained through CDA
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