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Abstract

Sexual dimorphism in digit length ratios (preliminary 2D: 4D) is a morphological feature that affected by prenatal androgenic hormone during
development. This dimorphism is controlled by the expression of home box genes which are highly conserved among vertebrate taxa. It is
predicted that in most mammals, females have larger digit ratios than males and in diapsid species, males have larger digit ratios than females.
However, this trend has not been studied sufficiently in lower taxa. In this study we examined this hypothesis in 50 specimen of marsh frog
in north of Iran. Digit length and snout- ventral length (SVL) of frogs were measured by vernier caliper. The data analyzed by SPSS software
version 18. The results showed unlike more basal vertebrate taxa, in marsh frog females had larger 2D: 4D than males. The digit length of D1
and D3 between males and females were significantly difference (P< 0.05). We did not observe any correlation between SVL and digit ratios.
Nevertheless there were positive correlation between SVL and sex. We conclude that the evolution of morphological digits in frogs, deserve

more attention, because it may be controlled by the association between prenatal exposure and environmental effects.
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INTRODUCTION

In human societies, man are tended to have smaller
digit ratios (primarily 2D: 4D) than women [1]. It has been
speculated that prenatal exposure to sex hormones may be
causally linked to adult morphology, physiology and behavior
[2-4] which may result from the influence of maternally
Hox genes and the endogenous production of sex steroids
(testosterone and estradiol). This event occurs as a precursor
of the urogenital system during embryonic development
[5]. Thus urogenital systems and digit development are
controlled by same genes. Under this hypothesis, study of
digits ratio can be used a potential indicator to investigation
of individual’s prenatal hormone environment and past
developmental pathways. These trends should also be
visible in other tetrapod vertebrates because Hox genes are
almost conserved in different vertebrate taxa [6]. It is very
well documented that digit length ratios in several animal
taxa are sexually dimorphic [7] Mammals [8].

Under this hypothesis in recent years, a growing number
of studies have investigated digit ratios and their correlates
in non-human vertebrates, especially in mammals and birds.
These results suggest that female larger sexual dimorphism
in 2D: 4D ratio seems to be the rule in mammal’s taxa [8-10].
The only exception has been reported in Guinea baboons, in
which 2D: 4D in females is less than in males [11]. Study
on other taxa reveled the trait is vary among species [7,12-
13] among populations [14-15] even between fore and hind
limb in on species [13]. Study of sexual dimorphism in bird
and reptiles indicated that digit ratios generally in males
is larger than females (In birds- Zebra Finches [16] Ring-
Necked Pheasants [17] lizards- Wall lizards [7] and Green
anole lizards [14]. Nevertheless, males and females can
exhibit different direction of the dimorphism among species
and populations [7,12,13-15]. Moreover, Rubolini et al. [7]

reported no sexual dimorphism in 2D: 4D in three species of
Skinks lizards.

Thus, investigation of lower vertebrate taxa could
provide valuable data to connection between relative digit
lengths and of Steroid hormones. Recently, a number of
studies focused on relation of digit ratio with morphological
and physiological [18] and ecological characters [12] in
lizard species. In amphibian species, Chang [19] studied
digit length ratios in the strawberry poison dart frog from
Costa Rica. However study on frog has not received enough
attention in the literature and to our knowledge such a survey
has not yet been documented on frogs in Middle East and
Iran. This is also important, because steroid hormones might
be altered by the steroid-like metabolites of environmental
contaminants by both pesticides and herbicides [17]. This
contaminant can lead to abnormal gonadal development,
feminization, and limb deformities in frogs [20]. Frogs
are a common group of vertebrate in many localities that
have received considerably less attention in morphological
digit ratios than other vertebrates, what’s making this group
suitable to study the significance of digit ratios.

Marsh frog (Pelophylax ridibundus) belongs to the
family of true frogs (Ranidae) is widespread species in
Western Europe and ranges as far eastwards as eastern
Kazakhstan. The frog inhabits a wide variety of flowing
from shallow puddles and ponds to large lakes and rivers.
It’s distributed in north, center and west of Iran [21]. In this
report, we explore sex-related variation in 2D, 3D, and 4D
ratios of the left forelimbs and hind limbs in marsh frogs
from two locality in north of Iran, we also compare digit
ratio of the frogs of two population in different locality with
more than 300 km distance in border of Caspian sea.
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MATERIALS AND METHODS

The marsh frogs are common species of amphibians
in Iran and is not considered as endangered or protected
species. All stages of this research were complied with
Iranian laws and in authorizing of Guilan University. The
marsh frogs were collected by hand and net in two localities
in Rasht (N 49°33’, E 37°17’) and Sari (N 52°0', E 36°35")
from border of Caspian Sea. Sex was determined by the
presence or absence of vocal sac in male frogs. The snout-
ventral length (SVL) was measured as a measure of body
size. The length of all digits of left fore and hind limbs as
well as snout-ventral length was measured. We measured
the length of digits from the proximal end of the proximal
phalanx bone to the distal end of the distal phalanx bone
using vernier caliper accurate to 0.1 mm. all measurements
were taken by the author. Totally, 50 specimens including
30 males and 20 females were measured (Rasht: 9 male
and 11 female; Sari 21 male and 9 female). Only left-side
digits were used in the comparative analyses. No animal was
sacrificed specifically for the purposes of this study. Mean
and standard deviation of digit ratios were calculated for
each specimen separately for males and females.

We examined the data for normality by Kolmogorov-
Smirnov test (all were P>0.05). We compare male and
female digit ratios and SVL by using t-tests analysis.
We used Levene’s test for equality of variances. To test
significance of sexually dimorphic characters Independent
Sample test (2-tailed) at the significance level of 0.05 as
well as Principal Component Analysis (Ratio Statistics)
were employed. We used MANOVA to determine the effect
of SVL, sex, and SVL by sex interaction on the 2D: 4D of
all digits. SPSS software version 22 was used for running the
statistical analyses.

RESULTS

All examined specimen were adult. SVL ranged
from 50.14-116.50 mm (77.05£15.65 mm, mean£SD).
Generally, female marsh frogs had larger SVL than males
(mean female: 78.32+18.71, mean male: 76.21£13.51, =1,
P=0.644, Figure 1). Moreover, the specimen from Sari had
larger SVL from Rasht (mean male: 63.43+11.1 and mean
female: 70.77+15.29 in Rasht and mean male: 81.68+10.11
and mean female: 87.55+19.11 in Sari), (Figure 1). Sexual
dimorphism in digit ratios was not significantly different
among two localities (P>0.05). Levene’s test for equality
of variances did not reveal differences between the sexes in
any digit ratio (P>0.05). Comparing of digits length between
sexes in left fore and hind limb showed that female overall
exhibited larger digit length than males (Table 1). However,
according to pairwise analysis of differences between digit
ratios D3 and D1 were significantly different between sex
for both sides (P<0.05). Sexual dimorphism in 2D: 4D, 3D:
4D and 2D: 3D digit length ratios for male and female are
tightly correlated within sex with r values ranging from
0.176 to 0.393. Sexual dimorphism of digit length ratios for
male and female are listed in Table 1. Variance in 2D: 4D in
the fore and hind limb is not explained by SVL (ANOVAs:
F=0.005, P=0.946, F=1.331, P=0.254). But SVL is affected
by the sex and females were larger than males (ANOVA:
F=0.216, P=0.644). However, variance in 2D: 4D, 3D: 4D
and 2D: 3D in the hind limb is not explained by sex, SVL,
or SVL by sex interaction (P> 0.05). Relationships between
SVL and sex with digit ratios and their interaction are shown
in Table 2.

Table 1. Summary of sex differences in left fore and hind limb in marsh frog. F-tests refer to the Levene’s test for the
equality of variances, whereas the -tests refer to sex differences. Effect sizes (Cohen’s d) are calculated for each of these two

tests (dvar and dmean, respectively)

Measure Males Females F d t P d .

fore

2D:3D 7392 7944 .077 1 -1.214 231 1

2D:4D 9347 1.1032 2.322 1 -2.960 .005 1

3D:4D 1.2895 1.3832 939 1 -1.783 .081 1
hind

2D:3D 7308 7581 1.410 1 -.629 532 1

2D:4D 4998 4815 .082 1 .563 576 1

3D:4D 7010 6431 521 1 1.237 222 1

Table 2. The effect of sex, snout—vent length (SVL), and their interaction on the digit ratios 2D: 4D, 3D: 4D and 2D: 3D

of the fore and hind limb.

fore 2D : 4D 3D: 4D 2D: 3D
Factor df  F-ratio P df F-ratio P df F-ratio P
Sex 1 7.008 0.011 1 2.693 0.108 1 0.860 0.359
SVL 1 0.05 0.946 1 0.269  0.606 1 0.081 0.777
SVL by sex 1 0.952 0.334 1 1.194  0.280 1 0.020 0.887
hind 2D: 4D 3D: 4D 2D: 3D
Factor df F-ratio P df F-ratio P df F-ratio P
Sex 1 0.389 0.536 1 1.237 0.272 1 0.301 0.586
SVL 1 0.827  0.368 1 0.201  0.656 1 0.017  0.898
SVL by sex 1 0.189  0.666 1 0.334  0.566 1 0.942  0.337
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Figure 1. The snout-ventral length (SVL) in male and female
of marsh frog captured in Rasht and Sari

DISCUSSION

The different pattern of sexual dimorphism in digit
ratios such as 2D: 4D in vertebrate has been suggested in
the existence of two non-mutually exclusive ways. First,
the plasticity of sexual size dimorphism associated with
the expression of prenatal steroid sex hormones during
developmental program, shared by both sexes [22]. Second,
variation in sex differences in digit ratios may affected
by different amount of maternal steroids hormones or
interspecific variation in sex-specific yolk androgen deposit
in eggs that can lead to differential exposure of male and
female embryos to hormones. It have repeatedly been
observed in green anoles [23-25]. In fact, specie may be
vary in the effect of gonadal steroids hormones. The steroids
hormones concentrations affect the hypothalamic GH-
releasing and -inhibiting factors that associated with Hox
gene expression, which coordinates autolimb development
[1,26-27]. In addition, prenatal sexual dimorphism is
thought may be affected by environmental pollutants. It has
been reported some environmental contamination such as
atrazine and dichloro-diphenyl-trichloroethane (DDT) have
led to abnormal gonadal development, feminization, and
limb deformities in amphibians [20]. Also 2D: 4D ratio may
be altered, resulting steroid-like metabolites by the presence
of contaminant [17].

In our study, we found that females had larger 2D: 4D on
their fore limb than males of marsh frog. These results are
consistent with Manning’s [1] prediction that females have
larger 2D: 4D than males. However, we found no statistical
evidence of sexual dimorphism in 2D: 4D from hind limb.
Inconsistent of ourresults, Chang [19] found that the digitratio
of the front fore limb in strawberry poison dart frog were not
differ between the sexes. As well as males had a larger ratio
of 2D: 4D in hind limb than females. Moreover, Direnzo and
Stynoski [13] reported similar results in two species of frogs
(Oophaga pumilio and Craugastor bransfordii) in Costa
Rica. The most reason of lack of concordance between our
results and those of Chang [19] and Direnzo and Stynoski
[13], can be referred to different genus and species of frog
that we examined. Different digit ratio 2D: 4D also can be
associated with the use of different habitats where males and
females exhibit different morphological patterns [12]. The

evolutionary changes in morphology of digit ratio associated
with microhabitat and using of biomechanical implications
for locomotion on different surfaces as well as effect of
different ecological activity such as basking, foraging and
mating [28-29]. Recently in a study on two Iguania species,
Gomes and Kohlsdorf [12] found that males are tended to
have larger digit ratios in 2D: 4D than female (inconsistence
with diapsid species). They speculated ecological selection
pressures are responsible for the differences in digit ratio
in these species. The testosterone level is affected by these
activities that can lead to change in Hox gene expression and
morphological development [30]. Similar results were found
in two lacertid lizards from several islands in the Adriatic
Sea [18].

However, our results are consistent with humans and
most mammals patterns that male tetrapods have a lower
2D: 4D than females [8,10]. In our study, digit ratios in
hind limb were not statically difference in male and female.
Study on lizard species suggested that the effects of prenatal
steroid exposure on digit ratios in fore and hind limb may
be different and a species with high finger digit ratios in
fore limb not necessarily also have high toe digit ratios in
hind limb [13,14]. This suggests that timing of forelimb
development may have been shown heterochrony among
the major vertebrate clades [31]. Our results were also
consistent with those of some studies of 2D: 4D ratios in
other reptiles (In Menesida planifrons [7] Anolis humilis and
Anolis limifrons [13]. We did not observe any correlation
between SVL with digit ratios. Similar results were obtained
by Chang [19] in strawberry poison dart frog. In contrast,
Gomes and Kohlsdorf [12] reported in Iguania lizard, SVL
significantly correlated with front and hind limb, both in
males and females that may be related to microhabitat and
ecological activities. However, information about related
between digit ratios and ecological requirements is scant.

In conclusion, this study provides evidence that digit
ratio 2D: 4D in marsh frog associated with sex which is
restricted to fore limbs. This dimorphism was important
because our results were inconsistent with those reported
in other studies on frogs [13,19]. This experiment showed
study of digit ratio in frogs should be more considered.
Future study on frogs should be focused on interaction of
environmental pollutant and morphological development.
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