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Sexual dimorphism in digit ration is related to genetic differences between
species in response to prenatal exposure to hormones. In this study, the
development of tetrapod digits, preliminary the ratio between the length of digit
II and IV (2D: 4D) was investigated in 34 samples of Darevskia cholorogaster in
the North of Iran. The results showed no significant differences between sexes in
any digit length. The digit ratio 2D: 4D was different between males and females
in which the females had greater 2D: 4D in forelimb than the males. However,
this difference was not significant. Sexual dimorphism in 2D: 4D, 3D: 4D and
2D: 3D ratios for the male and female showed no correlation within sex. Our
results supported a genetic pattern seen in humans and most mammals,
inconsistent with basic genetic pattern in reptiles. We concluded that the digits
ratios observed in D. cholorogaster could be referred to microhabitat use by this
species on different surfaces, besides basic genetic pattern and other ecological
effects as foraging and mating.
 2015 UMZ. All rights reserved.
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Introduction
Study of shape and size of the body structure in
vertebrates indicates that steroid hormones such as
testosterone effects on adult morphology,
physiology and behavior (Collaer and Hines et al.,
1995; Gil et al., 2008; Uller et al., 2008). Sexual
dimorphism in digits length ratio, particularly in
the second-to-fourth (2D: 4D) is one of the most
morphological features that is determined during
embryonic development by the concentration of
prenatal steroid hormones (Manning et al., 1998;
Manning et al., 2002; McIntyre et al., 2005;
Trivers et al., 2006). The results of this prenatal
exposure of hormone caused a difference between
genders of the vertebrates including humans. In
synapsid mammals, females generally show larger
values of 2D: 4D than males (Manning et al.,
2002; Brown et al., 2002; Mcmechan et al., 2004;
Leoni et al., 2005). Such difference in digit ratio
of males have also been reported in other digits
(such as 2D: 3D, 2D: 5D, and 3D: 4D: Leoni et
al., 2005; Manning et al., 2003). In contrast, the

diapsid taxa such as birds and reptiles showed
larger digit ratio in males than females (Burley
and Foster et al., 2004; Chang et al., 2006).
However, contradictory results have been
observed in the wall lizards (Podarcis muralis)
(Rubolini et al., 2006), and green anole lizards
(Anolis carolinensis) (Chang et al., 2006).
Moreover, no sexual dimorphism in 2D: 4D was
observed in tree skinks (Rubolini et al., 2006).
The development of the digits, limbs, and
urogenital systems of the vertebrates are
controlled by homeobox genes (Peichel et al.,
1997) grouped in four gene clusters (HoxA HoxD) (Lemons et al., 2006). The expressions of
these genes are influenced by steroids hormones
(Block et al., 2000). Because of the conserved
nature of these genes in animal taxa (Krumlauf et
al., 1994), it can be expected sexual dimorphism
of 2D: 4D follow in same rule in close groups of
taxa. It was supposed if the urogenital system and
the limbs have a primitive prenatal link, the
pentadactyl terrestrial tetrapods will also have
sexually dimorphic 2D: 4D ratios (Manning et al.,
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2002). However, despite generality of this
hypothesis, a study on mammals, birds, and
reptiles revealed inconsistent results in different
species and populations of nonhuman tetrapods
(Lombardo and Thorpe et al, 2008). Thus it
indicates, the Hox genes do not consistently affect
by steroid hormones (Lombardo and Thorpe et al.,
2008). Nevertheless, the study on digit ratio can
reveal the difference of exploring of prenatal
steroids hormones on different species and the
population of animals. In addition, according to
some theoretical context, the digit ratio 2D: 4D
may have evolved in parallel with ecological
diversity in some clades of Squamata. Thus the
identifying the sign of the difference in digit ratio
for each species and population could reflect
multiple developmental changes related to sex
differences in sex steroid hormone secretion
during ontogeny (Damme et al., 2015).
The
green-bellied
lizard
(Darevskia
cholorogaster Boulenger et al., 1908) inhabits
in temperate forest species (including
Hyrcanian mixed deciduous forest) in a wide
variety of biotopes from tree trunks and walls,
in heaps of brushwood, or among the grass of
the forest floor (Tuniyev et al., 2009).
According to the theoretical model, the digit
ratio 2D: 4D may have evolved in relation to
the ecological diversity of some clades of
Squamata (Gomes and Kohlsdorf et al., 2011).
These ideas were examined in the green-bellied
lizard, a species of lacertid lizards in Northern
parts of Iran that distributed in southern and
southeastern coasts of the Caspian Sea in Iran
and Azerbaijan along the Elburz Mountains to
northeastern regions in Kopet Dagh Mountains.

Materials and Methods
A total of 34 samples of green-bellied lizard
including 24 males and 10 females were collected
by hand and net from Rasht (N 49°33′ 18", E
37°17′ 18") in the North of Iran. The sexuality of
adult specimens was determined by the presence
or absence of hemipenis, in adult individuals. The
snout-vent length (SVL), and the length of all
digits of fore and hind limbs of each lizard was
measured to the nearest 0.01 mm using analogue
Vernier caliper. Only left-side digits were used in
the comparative analyses The length of 2D, 3D
and 4D were measured from the mid-point of the
proximal end of the proximal phalanx bone to the
mid-point of the distal end of the distal phalanx
bone. All variables were screened for normality
and homogeneity of variance using the
Kolmogorov-Smirnov normality test and Levene’s
test, respectively (Chang et al., 2006). The T-test
was used to examine the effects of sex on
variables. All statistical analyses were performed
in SPSS version 19.00 (SPSS Inc. 2011). General
linear model MANOVAs were used to determine
the effects of sex and SVL on 2D: 4D, 3D: 4D and
2D: 3D ratios of the left limbs.
Results
All lizards examined in this study were adult.
There was no statistically significant difference in
SVL between males and females samples (mean
female: 57 ± 5.05, mean male: 53.4± 9.7, F= 1.7,
P=0.29, Fig. 1).

Fig.1. The snout-ventral length (SVL± SE) in male and female of D. cholorogaster
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0.39, P=0.53); hind limb, F=0.54, P= 0.46) as well
as variance in 2D: 4D in the forelimb is not
explained by SVL. However, 2D: 4D in females
were larger than males (ANOVA: F=16.19,
P=0.02). The ratio of 2D: 4D in the hind limb was
affected by the SVL. Relationships between SVL
and sex with digit ratios (Table 2) indicated that
no relationship was seen between SVL and sex
(Pearson correlation, P= 0.29). Sexual dimorphism
in 2D: 4D, 3D: 4D and 2D: 3D digit length ratios
for male and female were not correlated within
sex, and the r values calculated ranging from -0.18
to 0.38.

The SVL ranged from 32.3- 83.8 mm for males
and 46.9- 66.1 mm for females. No significant
differences were found between the sexes in any
digit length (T-test, P> 0.05). The digits length
ratio were compared between sexes in left fore and
hind limbs (2D: 4D, 3D: 4D and 2D: 3D). The
results indicated females had larger 2D: 4D digits
length ratios than males in both fore and hind
limbs, but these differences were not significant
(T-test, P> 0.05). Results for all digit length ratios
are shown in table 1.
Variance in 2D: 4D in the fore and hind limbs is
not explained by sex (MANOVAs: fore limb (F=

Table 1. Summary of sex differences in left fore and hind limb in D. cholorogaster
Measure*
Fore limb
2D: 3D
2D: 4D
3D:4D

Males

Females

F

T

P

d mean

0.74
0.66
0.88

0.71
0.68
0.95

0.76
2.34
16.21

1.05
0.62
-2.35

0.38
0.53
0.025

0.03
0.02
-0.07

2D: 3D

0.61

0.56

4.58

1.25

0.21

0.04

2D:4D

0.45

0.42

2.94

0.73

0.46

0.26

3D: 4D

0.73

0.74

0.35

-0.16

0.86

-0.005

Hind limb

* F-tests refer to the Levene’s test for the equality of variances, whereas the t-tests refer to sex differences. Effect sizes (Cohen’s
d) are calculated for each of these two tests (dvar and dmean, respectively).

Table 2. The effect of sex, snout-vent length (SVL), on the digit ratios 2D: 4D, 3D: 4D and 2D: 3D of the fore and
hind limb in D. cholorogaster.
Fore limb

2D:4D

2D:3D

3D:4D

Factor

df

f-ratio

p

df

f-ratio

p

df

f-ratio

p

Sex

1

0.39

0.53

1

1.1

0.3

1

5.58

0.25

SVL

32

1.85

0.53

32

0.34

0.9

32

2.1

0.5

Hind limb

2D:4D

Factor

df

f-ratio

P

df

f-ratio

p

Df

f-ratio

p

Sex

1

0.54

0.46

1

1.57

0.21

1

0.028

0.86

SVL

32

1.619

0.02

32

5.47

0.32

32

4.8

0.34

2D:3D

3D:4D

Thorpe et al., 2008). Variations in amount of
testosterone deposited in egg have been reported
from green anoles (Lovern and Wade et al.,
2001; Lovern and Wade et al., 2003) and birds
(Whittingham and Schwabl et al., 2002), resulted
in digits ratios (Lombardo and Thorpe et al.,
2008). In the other hand, it has also been
suggested that sexual dimorphism in digit ratio
may be affected by growth hormones secretion
in different ways in different taxa (Rubolini et
al., 2006). Direnzo and Stynoski (2012) have
suggested digit ratio in male and female may be

Discussion
Sexual dimorphism in digit ratio has been
reported in the various tetrapod groups (Damme
et al., 2015; Burley and Foster et al., 2004;
Leoni et al., 2005). The reason for the observed
pattern is still unclear. It is speculated that
different level of maternal steroids hormones
deposited in the eggs will result in differential
exposure of male and female embryos to the
hormones (Rubolini et al., 2006; Lombardo and
47
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determined by the chromosomal sexdetermination system and the heterogametic sex
may have smaller digit ratio (males in mammals
and females in birds). The above idea may
corroborate in anole lizards (Damme et al.,
2015). Some authors have pointed out that the
ecological selection pressures role, for example,
the locomotor performance may be responsible
for the differences in digit ratio (Gomes and
Kohlsdorf et al., 2011; Damme et al., 2015).
In the present study, there were no significant
differences in digit length observed between
males and females. However, the digit ratio 2D:
4D was different between sexes. Males and
females had greater value in 2D: 4D ratio in fore
and hind limbs, respectively. Rubolini et al.
(2006) and Damme et al. (2015) reported that in
two species of lizards (Podarcis muralis and
Mabuya planifrons), males had a larger 2D: 4D
ratio than females on the left sides, that it was a
basic pattern in diapsid species. However, they
found inconsistent results in different digits as
well as fore and hind limbs. They concluded that
according to Badyaev (Badyaev et al., 2002),
sex-specific growth patterns is dependent on the
expression of sex and age-specific modifiers and
are controlled by high sex specificity in growth
hormone (GH) secretion and sensitivity. In this
context, GH release and synthesis is regulated by
the hypothalamic GH-releasing and -inhibiting
factors that they are influenced by gonadal
steroids. Although, their relative importance is
species-specific (Manning et al., 2002). Our
results are also inconsistent with the genetic sex
hypothesis pattern seen in humans and several
other tetrapods that heterogametic sex in
vertebrate animals has smaller digit ratio than
homogametic (Direnzo and Stynoski et al.,
2012). Because it was known that female in
lacertid lizards are heterogametic (Rovatsos et
al., 2016).
It is possible that digit length is also influenced
by performance selective pressure in a specific
ecological setting that is at least slightly distinct
among sexes (Gomes and Kohlsdorf et al.,
2011). It was seen some species of lizards are
sexually dimorphic in microhabitat usage. For
example, species of Iguania females of arboreal
species in the basking time and diameter of used
perches are differ from males (Gomes and
Kohlsdorf et al., 2011). Also, some species of

Tropidurinae lizards seem sexually dimorphic
for ecological patterns (Vansluys et al., 1992).
The larger ratio of 2D: 4D have seen in males
hind limb in our study can be referred to earlier
development of hind limb than forelimb and in
consequence heterochrony in timing and
concentration of steroids hormones (Gomes and
Kohlsdorf et al., 2011). In accordance with our
results, Direnzo and Stynoski (Direnzo and
Stynoski et al., 2012) found in Anolis humilis
males had smaller 2D: 4D than females in the
forelimb, but larger 2D: 4D in the hind limb.
Similar results in 2D: 4D digit ratio was found in
green anolis lizard (Chang et al., 2006).
In the present study, no correlation was found
between digits ratios with sex in fore and hind
limbs as well as no correlation between digit
ratios with SVL in the fore limb. But 2D: 4D in
the hind limb was explained by SVL. Study on
strawberry poison dart frog (Oophaga pumilio)
by Chang (2008) indicated that variation in 2D:
4D was not explained by sex, SVL or SVL by
sex in fore and hind limbs. But he found a
positive correlation between 2D: 4D and sex in
the hind limb. Nerveless, our results are
inconsistent with Gomes and Kohlsdorf (Gomes
and Kohlsdorf et al., 2011) who found that
correlations between SVL and the digits ratios in
25 lizard species of 3 families of Iguania
(Iguanidae, Polychrotidae, and Tropiduridae)
were significant both in males and in females.
However, they found significant associations
between both digits ratios and the sexual
dimorphism with microhabitat usage. Therefore,
concur with two previous studies, the correlation
between 3D: 4D can be referred to microhabitat
use by this species and biomechanical
implications for locomotion on different
surfaces, besides other ecological effects as
basking, foraging, and mating.
In conclusion, our results indicate that prenatal
development of digit ratio not only affected by
steroids hormone following a basic pattern but
also differed dependent on species and
ecological performance. Thus it would be
valuable to investigate sexual dimorphism in
different species and their correlation to
performance and environmental factors.
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