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Sexual dimorphism in digit length ratios of the second to fourth digits
(2D:4D) in two species of green toads (Pelobates syriacus Boettger,
1889 and Bufo viridis (Laurenti, 1768))
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Abstract. Sexual dimorphism in the ratio of digits length is a morphological feature resulted from the interaction
between sex hormones and prenatal Hox genes, the latter is known to control the development of both limbs and
genitals. The status of this trend and ratios have been investigated in various animal groups, including humans, other
mammals, birds, reptiles, and amphibians. In this study, the body length and sexual dimorphism in the second-to-fourth,
second-to-third and third-to-fourth digit lengths ratios (i.e., 2D:3D, 2D:4D, 3D:4D) of left fore and hind limbs were
investigated in 54 specimens of toads collected from the northern Iran, including Bufo viridis (16 males and 19 females)
and Pelobates syriacus (10 males and 9 females). In addition, the body length of the studied specimens were recorded.
The results showed that the average body length (SVL) of female individuals of Pelobates syriacus was higher than
those in males, which was found to be statistically significant (P<0.05). Meanwhile, the average body length (SVL) of
female individuals of Bufo viridis was found to be higher than those in males, however, the difference was not statistically
significant. No sexual dimorphism was detected in the second-to-fourth, second-to-third and third-to-fourth digit lengths ratios
of left fore and hind limbs between the male and female undividuals of Bufo viridis. However, the second-to-fourth digit ratio
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(2D:4D) in Pelobates syriacus species were found to be significantly different (P=0.040) between the male and female
individuals, as the ratio was higher in males than females. Therefore, it could be concluded that the sexual dimorphism in 2D:4D
of Pelobates syriacus species is consistent with those in most amphibians and diapsids.
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Fig. 1. Photographs of toads investigated in this study. A. European green toad (Bufo viridis). B. Eastern spadefoot toad
(Pelobates syriacus).
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Fig. 2. Box plot graph of male and female specimens in two examined species based on snout-vent length (SVL).
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Table 1. Summary of sex-related differences in left fore and hind limb in two examined species. 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).

Measure Males (N=16) Females (N=19) F d var t P d mean

Forelimb

2D:3D 0.8200 0.7879 0.804 1 1418 0376 1

2D:4D 1.1538 1.1203 0.237 1 3142 0.630 1

2o 3pap 1.4081 1.4223 0059 1 SL112 0.809 1

Hind limb

2D:3D 0.6603 0.6106 1.983 1 0714 0.168 1

2D:4D 0.4055 0.3680 2.909 1 0417 0.097 1

3D:4D 0.6241 0.6147 0.060 1 1854 0814 1

Measure Males (N=10)  Females (N=9) F d var t p d mean

Forelimb

2D:3D 0.7404 0.7147 0.444 1 1214 0514 1

2D:4D 1.0659 0.9940 2.879 1 2941 0.108 1
Pelobates 1y 4py 1.4701 1.3904 0.675 1 1.004 0423 1
T Hind limb

2D:3D 0.6429 0.7149 1.721 1 1714 0207 1

2D:4D 0.5033 0.4481 4932 1 0.821  0.040 1

3D:4D 0.6956 0.7187 0.603 1 1252 0.448 1
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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 left fore and hind limb in two examined species.

2D:3D 2D:4D 3D:4D
Forelimb df  F-ratio df  F-ratio P df  F-ratio P
Factor
Sex 1 1.906 0.261 1 8.731 0.060 1 0.018 0.903
SVL 1 0.993 0.594 1 8.792 0.049 1 2.061 0.304
SVL by Sex 1 2.973 0.199 1 29.399  0.009 1 2.292 0.263

Bufo viridis
2D:3D

2D:4D 3D:4D

Hind limb df F-ratio

df F-ratio P df F-ratio P

Factor

Sex 1 21.095 0.019 1 8.869 0.059 1 1.448 0.315
SVL 1 15.574  0.022 1 1.382 0453 1 2.143 0.292
SVL by Sex 1 4.345 0.128 1 1.670 0.357 1 1.932 0.312
2D:3D 2D:4D 3D:4D
Forelimb df  F-ratio df  F-ratio P df  F-ratio P
Factor
Sex 1 2.108 0345 1 7.234 0.120 1 0.124 0.871
SVL 1 1.125 0.852 1 9.482 0.088 1 3.101 0.524

Pelobates SVL by Sex 1 2.802 0.288 1 27988 0.007 1 1.857  0.547

syriacus 2D:3D

2D:4D 3D:4D

Hind limb df F-ratio

df F-ratio P df  F-ratio P

Factor

Sex 1 24194 0411 1 8.701 0.157 1 2.221 0.452
SVL 1 14.571  0.014 1 2.014 0252 1 3412 0.752
SVL by Sex 1 5.741 0412 1 2410 0427 1 2254  0.489
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Fig. 3. Box plot diagram of the ratios of the length of the second to fourth digits (2D: 4D) in the fingers (A) and toes (B)

in two examined species of toads. The letter F in the vertical axis of the diagram represents the fingers of the front limbs
(Fore Limbs), the letter H represents the hind limbs (Hind Limbs).
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