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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.

Key words. Amphibia, development, Hox gene, morphology, vertebrates

eSS owlply (Kondo et al., 1997) wgd oo oyl (i
Sl g o Ol SRS S8 paiz glaplal 5 (i
oBwa-b-caws pgyin pludl o (Jle gl s by
Sl iz bogd Had st o) dasie o5 Lol
» belual (S Grizes 5wl Saes 4 L L cess
o oSl Glan) o Gidr ) Jels ool olSzas
5O Sezge daled Jud ol (Mortlock & Innis, 1997)
Manning et al., ) lolS 5 =5 ,> slaplasl (2655 o alal,
OSoe iz Ssey9e a5 il ans)d ool 4 |, (1998
O 5 0sxd Syt b bae Jolee 5 cle &5 4y
P 42 5 Cel (Sae a5 Al LSS G )0 (g
=z sleadg il Wy g oSl slag) ole e S
ol el s Ghes b (ol 5 (g i)
b iz slaggege Gl iaS mon @y owyp 9 402
5 gy Slallle wgzge (Siwald b baye slo S 5 ,L8,
ez SlialS G alaly gy b bLS) e Gles S
9 39790 Smld laSRhy S0 5 63,8 Sl o Shee
5 bl jo 0oke 5 5 slagwiz 59 2 50 (LS Job cons
Bailey & Hurd, 2005; ) sl 48,5 & g0 )l 0 00 ;500

Fink et al., 2005; Flegr et al., 2005; Kempel et al.,
2005; Romano et al., 2006; Manning, 2002; Putz et

s (nl o $56s8 aal, wllllas ol 25T (al., 2004
ol aS Wleols )18 o s 4y Gl Sy Cass o
O S sleplal conlus jo s Cyz o) S oaims
Foml Samd Ol 3l Glhas o5 eag iz lagseyse
)‘ LQ)LHMJ 30 e S L MLM 5 C«u‘) Couw yo 2D:4D
Williams et al., ) cool lo_sge ;o cyized 5 Slasl Slalllas
Ll 5l S slayy; (2000; Brown et al., 2002a, b
Sl ool bl [GER W) Q‘)L) oy 03, 4O ‘-“J.‘ol.i:
oSl e Cawd [0 o MSigs (Krumlauf, 1994)
oz 5l Lz ol oy sboos,S aled Lyis Lo 2D:4D
S’ (Taenopygia guttata) 455 ol ol, g3 Jolds 5,150 )
L oawslie jo coly b 40 50 2DHD cois oy o] 5o
4s5 35 5 (Burley & Foster, 2004) wloog |)ls osle
a2 S omiz Sigs o] o &S Phasianus colchicus

doddo

oy Bl g s HLaSil Job s )3 (i (JS290
S ol 53 s oz & 33 i s S o
@lls 5 a3 T o o8 ol S J1E ) g 4z g 0590
A oole oL 4 s 2D4D ool slacas
51 Jed opl .(Manning, 2002; Peters et al., 2002)
by a5 S5 i ol shinl 5 i slaMS00
Mclntyre ) ogi co Comis Slogzge jo il okl Jolpw
5 o> slacsglas (et al., 2005; Trivers et al., 2006
slaplal QLS iz Koo 53 rizres (LS Jsb S
2D:3D, 2D:5D, ) el § e clophsl 5 bacews b sl
&S ol oals gwyp lyloe e ooy, S s 0 3D:4D
ailools lad eesle 4 s YL polae by leges
.McFadden & Shubel, 2002; Manning et al., 2003)
Sladllas 5 g ks 10 2D:4D s jo s gz o5 ogdla
shls casly caws g ool sy Ol g b5 o bl o
I Sz O 5 039 G Cews &y S (gl o
Williams et al., 2000; ) el 5YL oy 40 s o0 o 4o
5 b slawus gl by umes (Manning, 2002
2Balel 5 g glagise y0 2D, 3D, 4D lasil (p
Brown et al., 2002a; Manning et al., 2003; ) wsg
«S J>,o (Leoni et al., 2005; Bailey et al., 2005
3 (2D:A4D) Sl o iz Glaogles xie slagXl
polie hls by as cul eols las oLl e lass
Papio 53l ;) aes bosle 4 o 0wl
«(Papio papio) sla5 sloeb o LI (hamadryas
(Pan troglodytes) \»o 5Lalis ¢ (Gorilla gorilla) » s 55
McFadden & Bracht, ) aies o 5Yb cos lyls by
S,y ax 51 (2003, 2005; Roney et al.,, 2004
gy iz Sosls ol Ll 5l sallssge
6,50 bosles cal (Koo liSil calise glacns
A8

S o S5 o ol 0y )3 (S5 > slaplail (0555
sladile> 5 4 o0y (HoxA, HoxD) Sl slayys
295 b ) (i slopladl CEle i) (i i

296Y4%/


http://dx.doi.org/10.52547/nbr.7.3.295
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.12.8
https://ndea10.khu.ac.ir/nbr/article-1-3367-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOR: 20.1001.1.24236330.1399.7.3.12.8 ]

[ DOI: 10.52547/nbr.7.3.295 ]

Nova Biologica Reperta 7(3): 295-303 (2020)

OT) VAT ¥ I o)les Y b ¢ty psle 50 (g cslaasily

9 slaised 5 adydl abul gliped pals i
4118430N; ) oS 28 (sliwg, oogame ;o (slaslol
20,5 (5590 gz 99,50 liw e wlgs 51 433536E; 39S
R N I o
by 4o sb @ W3S el baged lacuws &5 50w
O WSg T SIS (59, p A Ak sk )10
Silp by e adg Jsad po bass ol sl aex Jedo
29 S n e o shls boske g 58295 g 0antS S
A Ldigad g <d )3 plol laowe [0 s 5.5 ojlail L diog o5 3l
Al ol i adllas ol s i ol Aloldly (g8 o5lsl 5]
@ skl B oojer 5D oo Jsb i8S )15 wyp 9550
b baiges adS o b 5 caws eSSl Job ol yen 4 (SVL)
ojlail yio oo /Y o b Jlioms udsS oKiws colaiul
ol ez g (LESl p aST 4 az g b ol 65
o G 3 IV T o )las LtSil B yo colallla L3
Sy Jlay 22,8 15 oslizd 390 oIl ol g
=, Shapiro-Wilk (P>0.05) cus jl eolaxwl b laesls
3hoolainl b gl g jlo s g Loy Klos duslin ol
)b Sy uilyly Ul g Jiee ladisei sl t e
o zobhw sled 288 Oye0 (one-way ANOVA)
F et 9 (o yskiie 4 2ol a8 S a5 )0 /40 mhaw o
S9) 2 Sz g 0l IS w0 g Sz (G ol
sz MANOVA ;I 2D4D sl Job Cons ol

& oolazwl SPSS 21 1381 05 oS 4y 0 puvte

390 Slaw gl aS ols lzs Shapiro-Wilk yee ;] ass
Soo drd b g osgy [0 3l sty lagl o ae (o)
@9 OlFee orlpls b adpds laesls (o Jloy 2 (e
205 28 by @V plaebl b wlio ol 6l 1) ool
ol s 5 18 eslial 50 il (sladiges Lobos anlllas oy
YIF =YY+ odg0a o Bufo viridis 4 0 0 Jsb
od3gd=e ,o Pelobates syriacus 445 ,5 g (0/+*A+/AY7)
Pelobates syriacus ,> .sisg (Y/-%#+/732) #IA-F-/5-
oy S st SVD) o Jsb oSk 1l Laosle
Flio ;o AVY) 0 Jlo sine LS)LJ Sl M pl g Loy
shls esle 5.5 Bufo viridis 445 o .(P=---y 5 YINF
O S Gl Ll wisgy a5l 6t o Job (Slee
(Y USC8) 0gu o Jxe 6)uT Ll 3l eole ¢ 4 ol 3l

Cowl oz odalin b g0 o 0 laXl lecs 3l plas
1 859099,90 9 8599951 e bL3 LI (Romano et al., 2005)
Lol 48518 s 350 58l STl ke
W5 i oSy 5 QBAS] (s Jsb G BLS)
aigS 2 0 el (pl saims lid a5 Conl il
24P (S5, 3Skee b b e lacews b 5 laly (55905890
o i Sllhs ol Gl SiglsST clodasme
43 Darevskia cholorogaster «¢5 jw oS 66y
Noghanchi & Javanbakht (2019) Lwg ol Jles
S50 43gS 0 lacaws pl aal bl a5 a8 F & a0
odd &)} (Sgey90 5 (S al p odle Conl (Sen (om)p
slaSns bl e slaegs Ko 5 oplabw ln
SS9 ey ez Bl hadye 84S el
,o Pelophylax ridibundus 1s,e 42l ,s8 4535 1o i
51 oles Rajabi & Javanbakht (2019) lwgs ol Jleis
po 5 Jol QeSS elail el gme lacglis ez
ol 0395 00ke g b iz 90 o (1D:3D)

Pelobates syriacus Boettger, 1889 | axll ¢34
slaiwnd | as el Pelobatida oslgls slagjg 5l sl 4555
5 Olrl i B ol sbys 375 5 QWL 0pi 4l (S50
(Hiz 3blie )0 &5 cal o)l (uaSTy 5k 5 pio sl
&9 ! Gl B 0 WS e Cemy Slle e 5
IVSSC SO PV TP NV TR Jo
Bufo (Laurenti, 1768) jew &35 .ol £33 (nl pb arons
9 o a5 col Bufonidae oslgils 5l €54 (slaisS viridis
ST U gd il 5 IS oSl (linsS 5 il
o oy lpl lagbiwl Clel o €59 cpl a5l jpa> s
b )0 Gtz b oo ol i walllas ol o e
2 de g o> S > sleplail 2D:3D, 2D:4D, 3D:4D
&9 5 sl azhal E59 Jolt Glnl slagg 5l 4355 99 o Ceoms
i 030 by g S GLESS! S (655 o5l Lol s
JOMPER SN

gy 9 3l
Bufo e g5 ) Ui bag s 5l aiges OF adllas oyl o
Glazdol E55 5 (oole aiged VA 4 i diged \P) ViFidis
Jles y5 (oole aiges A 4 5 &iges V+) Pelobates syriacus
Sy E59 ladiged L (V JS) <85 1E s 0590 Gl
&l 51 4137047N; 417443E; 39S) Koo sliws, o550

297Y4v/


http://dx.doi.org/10.52547/nbr.7.3.295
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.12.8
https://ndea10.khu.ac.ir/nbr/article-1-3367-fa.html

Alinezhadi et al. Sexual dimorphism in two species of toads £33 455 9 0 (g (JSBg0 (suyy S g g0l e

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOR: 20.1001.1.24236330.1399.7.3.12.8 ]

[ DOI: 10.52547/nbr.7.3.295]

(Pelobates syriacus) | a=lob ;55 B (Bufo viridis) b)) e &35 A adlas cpl 10 00 oy p slog e polas =) JSib

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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