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Evaluation of sexual dimorphism on the basis of morphometric traits in
Talysh toad, Bufo eichwaldi, along with the evaluation of the conservation
status of the species
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Abstract. The status of sexual dimorphism patterns in human and various animal groups including some mammals, birds,
reptiles and amphibians have been studied, however, despite the fact that a growing number of studies were aimed to
describe sexua dimorphism patterns in external morphological features such as the proportion of toes in animals, our
knowledge of some basic issues, specially in some animal groups, is still limited. In this study, sexual dimorphism in terms
of external morphological features as well as the ratio between finger lengths Il to IV (2D: 3D, 2D: 4D, 3D: 4D) of the
front and rear limbs in 30 specimens of Bufo eichwaldi toads (15 male and 15 female specimens) were in northern Iran.
The results showed that females had higher mean body length (SVL) than males and this difference was statistically
significant (90.50 mm in maes vs. 114.93 mmin femaesand P = 0.00). In terms of other morphological traits, the results
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of T-test analysis (T test for independent samples) showed that the traits of diameter between two eyes (I0D),
tympanum diameter (TD), length of the humerus (LHU), forearm length (FOL) and foot length (FL) had significant
differences (P < 0.05) between males and females. Also, the ratio of the size of the length of the fingers and toes on the
left side of the body was examined in the species studied in terms of 2D:3D, 2D:4D, 3D:4D. The results showed that
males and females were significantly different in two traits including 4™ toe length (D4) and 1% finger length (F1). In
addition, in terms of 2D:4D between males (0.4628) and females (0.4853) significant difference (P = 0.041) in the
second and fourth toes of the hind limbs and in terms of 3D:4D between males (0.6233) and females (0.6787), there
was a significant difference (P= 0.040) in the third and fourth fingers of the hind limbs. In this study, some habitat

characteristics, ecology, threats and conservation measures related to Tal ysh toad species were also investigated.

Key words. amphibian, ecology, morphology, Sustan wetland, tetrapod

Sladllas ogil joio o Jl> (ol b (P<0.05) sl oogs lo ime
Oledgd yo |y lagSl -l wlaiuilyl aie) ol 4o 48,5 &g
AS anb bl ke cilise
HaSSl Cas ] @ a8) eSSl cds Job e Cas
G (plz 4 pg cuSl o Cond Jlie gl gl g0 asaS
Jgi 5 U le o bags il clale olpis 318l ol
Manning et a. 1998; ) s )ls Kiws iz Jolpe b 5o
Sl S e sley as wisls glas olai=e (Manning 2002
36 oSl cas LUK o Sge,le slaaiss
) Syl el a4 cuws 2D:4D Ll
5o sbass S e Jb ol b (Kohlsdorf, 2011

Gomes &
Trachylepis 4 Anolis humilis slaaeS ;o alex
S50 by 4 Cas oske jo eSSl slaces planifron
3979y (89)lse yizen (RubOIini et a., 2006) <.l
o> (s glaS zen a5 (ANOliS carolinensis «s%) o,ls
Direnzo & ) ceul oo eoslice HlisSl cos bl )
(Stinosky 2012
Camdy p M5 Hape gl jes Ho (LS Job o
a5 O g0 Wil

sl 31 5208 Sl Job s slagSl i I g0
o 955G iz S 18 anlllas 3,90 Ll ez oo,
Chang ) es o olawsjse 5l 465 VY sga o eSSl Jsb

2008; Germano et a., 2011; Direnzo & Stynoski
2012; Beaty et al., 2016; Lofeu et al., 2017; Rajabi
& Javanbakht 2019; Alinezhadi et a., 2020;
Sops Hlws 390 5l 4is¥ = 9 «(Kaczmarski et al., 2021

3,30 (Kaczmarski et al., 2015; Balogov et al., 2015)
o I8y T jo a5 L) ol 48,5 13 asdllae
Gl s bosle 51 5YL 4ze BB jebay 2D:4D

Jolis leagl g8 51 wief g0 o Al el
,les Oophaga pumilio ¢ Leptodactylus podicipinus
4 (Chang 2008; Lofeu et al., 2017) ¢l oo oslo
L W, Craugastor bransfordii  acl,ss o aliv ,ob

dodo

3 Ssrge oSl oy o Sllllas il se>g L

S 0y9e 5o Lo Gl (bller o GLaSSl Jsb s
Cond )3 Slyeatd (pl Sl il 5 B (lisl bils
2l oo e 50 el SWl Loy e laSsl Job
slaplal (59, 39290 GLLASI slaxi oo (g (i 590 aiile
Syzod sy 5 ol lse e QLASIIL Ll (Slasn 5 (ol
Jsb s asdllas .ol sile (BL oais Jo Pl 51 SO
L G cpl a5 ools lis (2D:4D) 6,lez 4 pgo olasl
Sy blsylad; Job 0 peir sbapse,se gl
Sllllas slass (Manning et al., 1998; Manning 2002)
ez b6yl sl Sy g LSl Cuns G Ly, &5
2 stbisy ssbar S oo o) |, HOMO SaPIENS 45 5
Ribeiro et al., 2016; Lofeu et a., ) ¢l o, J>
oo 4 okl yo GliSil o oSl abal) g45 (2020
19 2D14D Cis a5 am0 o lid g sl eul ab iy LIS
Manning et al., 1998; Ribeiro et ) coul jiw ook
ol .(@., 2016; Lofeu et al., 2017; Lofeu et a., 2020
Brown et al., 2002; ) .l losbins yiin lp s 4
Leoni et a., 2005; Mclntyre et a., 2009; Fuse and
Bowo o o plws g i sl L (Sawada 2019
sl (Kaczmarski et al., 2017 o lacsss) oS oo
Jie Olgre @) loseaygyole i o b opl b
Leon et a., 2008; ) s,ls ss>g (BN 5 HB%p
Burley & Foster 2014; Van Damme et a., 2015;
Cos bl 5l (Jle sl (Kaczmarski et al., 2020
dsb o3lail jo g AShgs b g caws LIS o3ladl
G55 S O Cely S o 2DAD s Byo Lzl
S Y lewga 5 )0 (e g (29l (IS lapll
sanlin (Acanthodactylus blanfordi) ¢l als cusil
Cho pl o3l S (g sba (Heidari, 2021) col oo 5
6ol Bl 5l s Sl g oog Wosle 5l i oy o

18/\A



Nova Biologica Reperta 9(1): 17-28 (2022)

e 3 Syt g5l b Sialon (398 655 0 s
el o b g ol 90
o) 5o BUFO i sladiss sy

slazlsly 55 BUD iz liwyjss slaaiss (Lo
Glasdr sloysus el o (Pelobates syriacus) (s,sm
Bl (I3l o0 5 55 olpl e sl oo cam olpl Jled
Dgdge L8l (oS5 0 g 2y (6)98 az ke SLbl Ll
g bad o Sblo ded 3blie 5 bcaul oSz )0 4555 ol
Bufo viridis ) Jsexe jew &35 leior Cann looyo
5 S olul,dl oy olel,dT slaglill o (viridis
Lo a5 (BUFO VITIdIS) ije jous €59 4555 09 oo <l LS
il g Skl sl wsle o Gl el o
lopbul o Sz laailhg, 5 65l ol gl
Ay 5 ol wonlh b)) wliileS (o oluld]
Bufo viridis ) Jl,S s §59 &5 5 o)l jeax
Syl yeax (e g oS slaglisl o (kermanensis
Sle (Bufo viridis turanensis) Jl,s 455 p; «uizmed
GLedlB (g o oS loo S g sy SR ok,
S ogSt olpl 5o @)l pliaS 55 GEaSl LSl
5 obds slapltial o 5l (Brh el slaogS and,
(Yousefi et d., 2013) ol oo (5,155 Jlos Ll 5

Olel,3l gle,eas o (Bubo eichwaldi) _ab ¢34
2 OS5 g ghasle slagltinl )3 olpl Jlad 5 5lasd bl
il Loz g GlarsS (Hlg 5o sbale 5 sk e bl
oSy slls (Bufo stomaticus) (s,e,e &35 i oo
S8l LSl g QL] s sloyeiST s g 00g JUi ol
(Slazsl 5 QL) (S5 slagbuol 1 5 lpl )0 0sd e
BUfo ) (>sb &35 o)l o> (32, 5 29> oluls
5 oyl 5o aS cwl Jls,gl sladiss 5l 5o S (Olivaceus
slagbal ;o &5 (nl olpl )3 wsbee 8l sy
2l Bl o pleash 5 Gl 5 oS (B
Yousefi et a., ) ssi 0 il Ol mlio s (5j,5les
e o (Bufo surdus surdus) Jsexe (ss5 €55 (2013
Wlwzsh 5 Qlues Ll (o9 (219 lal 5 oSt
Sr95 iy el ol S3L (o)l 9 b (B epe Olo)S
Olul,dT (sl o ,aS jo s (Bufo kavirensis)
E59 4555 «Zald )d gl ge Sl Glnl g S (LBl (3l e
ol 3) lpl g Gl 5 50 «Bufo oblonga) Slul s s
SladsS it slacud jo 5 SaS (2l e (Jled
(Yousefi et a., 2013) s,ls ;52>

19/14

OF DAWV-YA D o)lads & als o i) psle 55 (g sloazily

Lis ol bl wisd oo astine bosle 51 5L 2D:4D coes
ol oad sols Glis e Cew olad slaplusl sl
2012)
YL Cewns b nosle (ENgyStomops pustulosus sl ¢

2 55 B,k 51 (Direnzo & Stynoski

Cwl phlaibuny sl S5g 5l a5 o638 (gl o0 ain
e acl,e8 o bls)l o> (Beaty et a., 2016)
wz Cww ol plail sl Pelophylax ridibundus
ol b (Rajabi & Javanbakht, 2019) cwl o cosliv
OB eor 50 0N e Seew b adllbe (pl o (-
bl olag (Rajabi & Javanbakht 2019) sy 48,5
slealal gl 50 bosle ;o p ke 4y pgo il YL Cons
BTN >

Lissotriton sbaiss
S8 e, 0 9,90 IChthyosaura alpestris 3 montandoni

S e Salamandridae o

Lissotriton vulgaris
2 oogdle oI pl igS aw cpl 5l 3T 0,90 0 el a8 )F
Kaczmarski ) coul oo cud 55 colad slaplasl gly ooyl
Ol 390 51 500 aigS g0 o (Jb ol L (et dl., 2015
Salamandra ;251 joiew 4 Triturus cristatus . lsps
Jsb slcas o s> LS z» salamandra

ool oais samline de 5 molx slaplul o lusSl
,» (Kaczmarski et al., 2015; Balogov et al., 2015)
olas s )3 &0 BUfo DUfO 4s5 (59, 5 a5 (slanillas
2 e lplil Co Caw o 2D:8D cas a5 wols
3D:4D s 4l o el 2SS Lo s S baoole
G ¢ salad glaplail jo 09 2S5 cole 4y Cad Loy o
Ly 5l s BB Hsba kool ,o > Zww 4o 2D:3D
S,k g0 0,0 3D:4D 4 2D:4AD cos sl o 0y jieS
S yeS oske 4 S by )0 (o295 JB jsba (o
Jsb o3lail cos pimen (Kaczmarski et al., 2021)
BUfO 4555 95,0 51y o o o ;o b g s yLeaSl
2D:3D, ) LlJ ;I Pelobates syriacus 4 viridis

Alinezhadi et a., ) ;. bi=s 50 lawys (2D:4D, 3D:4D
5o a8 Sl ools plid bl g 8 )5 18w, 9,50 (2020
5 @l > Slaplnl )3 (w9550 Slas lplaS
BUfo 55 ;0 eole g 5 oly8l oy (g lo cire BT ¢ e
oole 5y ol8l oy 2D14D Ll 5l Lol o jlas 524 Viridis
Sy gre B! Pelobates syriacus  aS
3 i B ool3l o Cawd cpl g aldls sgmg (P=+/-F)

L)J‘ L )L)GA_LA 6Lbu3l.ﬂ.: S9>g ‘UJ‘)"L"’ W 002 ools



Jvanbakht et al. Evaluation of sexual dimorphism in Talysh toad

(oneway ANOVA) as,b S Luibyly 56T g o
A 0 a3l e sl (el 23S O )90
3 Stz oo 03I ST et g oy polate Al a8 S
Job S ojlal 55) 2 Sz g ojll o S e
531 o S 4y 0 jeiie aiz MANOVA 51 2D:4D LS

2% eolaw! SPSS 21

3,90 Olao glp as ols oLis Shapiro-Wilk ge ;1 ass

o &by g o3y [0 5l i gl (5)lo g gl )
&% OlFse lple 08 adpdy bosls (o5 Jboy » (e
55 0 Jlop U plaabl b slis ool oy 1, aosls
ANV oogazme jo axllas 3590 aisS 10 ou Job o3lul
Vel e VY

e ol e Gl g Kk a5 0y oole ol
3,90 loools bl g 465 cpl jo e (VVF/AYE-/VEP)
o 5 (VL) oy oo sSiln (sl Lnosle g
(Y S8) 09 Sl pims Lg)Lg.—l Sl 5l S pl g diog b5 4
Jgsz o 0sle 5 5 0l8l o j0 0l o)y Olas Ko anglis
el oas 4511
TS ) aSilien 5 Lol slaailye & a3 U o
5SS Loyl gre olaz oole g 5 ol el odalin LB

03gd5e 4o g 5 1,8l gl (A0 E-/FFY)

slad ;o sole g 5 ol 8l ool Coway loged ,o g o o oyl
BB e g 4l lox Sown 5l S sael oy sloadlge
)5 0925 sl (e saloe 5 paesets

2l 90 sy 0550 ladises o Slae oy ojlul aslis
3 O Sldllae j5 el (pw)n Sladiges L asllla
4 a5 (Bufo eichwaldi) _alb ¢35 sl ooty 1)1 ¥ Joo
5 el ol Bl 55 (lpl G jos WS (0 155 Olee
@ Cowd 655, sboslul Ghls cwyn 0y90 Dlao oles
3l aSSles s oo lis 1) odd cwyp 00 43S dw
Lo oy Oy90 Slao By el Laein Jgaz () Ol
&yl g (655 o3l iy Sldllac,s 00l sy slrdiges o
] 00025

Sl o o e 53 b 5 e GRATH oo s3lal Cara
5 (2D:3D, 2D:4D, 3D:4D) Ll ;5 aslllas 5,90 43¢5
Jolis o g0 jo aS oy flas b 28,5 18 vy 9,90
FD caws Jgl et Job 5 D4) b plez <t Jobs
5 Onizmen )l dezg 0ole g 5 08l o (g )lo e B
O (/FADY) oolo 5 (+/FPYA) 5 ol 3l - 2D:4D Ll

B £y 0 iz Sbgd gy S0 5 Sl

slaag L eS! o2 (Bufo eichwaldi) _ab ¢4
Al Jad o losl L3l 51 o ad cali alex 51 Jilgl 8
a dgame WS ol STl gpsy osloly s Je
by olnl Jed 5 olmlpdl 3yd sz (S o oS
Litvinchuk et a., ) el Lo mhaw 5l e YA+ glis)
BUfD ) b §55 aiss o mls oolid ooy, olio
YS! a5 sl ol g Lo B8 laid o el eichwald
2 QLS S 5 (2B (S350 Sl SR )0 (o
S 950 50 0B (s Gl @ Lol 30 d92g 455
(S p b g ail boske 1 5V oy jo aSl) o i
sl 438518 sy 2 090 55 (nl (59, S Sl

o g 9 olgo

Ol Jad 2ol )3 aslllas 590 lagss 5l 5 ks peiges

058 Elr SIS b s g o WVAY il 5 e b
adlas (pl )0 .Cd8 Sygo s VY B A Celu o 0 S
V0 5 5 aiges V0) Bufo eichwaldi <555 slag ;g 5l aiges Y-
YU oogase 3l badiges 3,5 )18 cw)p 0590 (00l diges
lisg, 05 5o (4115396N; 413412E; 39S) lisses
U oY (B0 gz GruslS mh 0 (Qlege
Stz Gl 35 S p5) ez Sy (Brd sz sk
S )3 A diy zohie 992 5l eolaial boesle 5 5 o3
pll lasre j0 g Soslail 08 o diged ot
ool e wsas alyl albldl (o uSeslasl v ladiged 4 85
xSt ol sl pag o & Al oL L adlle
Oloj o2l 59 08,5 S8 (w2 3590 G 4285 (ogmShsl)
A b g5, 5 oS J o) G Ojgon LI baaiges
VB S99y 055 3 (Conl 48T 5 50 @Some | 00le 5 ax8 S
L il Soislsbse o VY old L wisd o VB o)l
Tolosaet a., ;laB,5,) ) IS 0 o sols lis wlaw
S50 Slodiges 0 wix IS adlae cge (2014
ondsS olBiws 5l eolazwl b ladiges adS jo 0l o ppealllas
95U 4 azrgi Lol 6 pFolul jerks o) 2o b Lo
QLSS By wolallas o8 o0l 5o p)lez I pgs (2SSl 5
Syze U abosil cyz oy oo Ceoms o IV I 6,less
Cund 3l oolatwl b ools o Jloy iz 3 13 colatl
5 b Sile awslio .ol ow,,» Shapiro-Wilk (P>0.05)

Saisges sl U gesl 5l colainl b lacgles fog Slo sme

20/Y -



Nova Biologica Reperta 9(1): 17-28 (2022)

OF DAWV-YA D o)lads & als o i) psle 55 (g sloazily

S5 ojlil wlaw (Bufo eichwaldi) ol §59 4565 10 (cuir pomdygo00 Julowi g 0325 51y 0oliwl 090 (omiw S,y (slogs 1S ojlail =) S
38 om s (HW) 0 5y (HL) o Jsb (SVL) oy Jsb : el Tolosa et al., (2014) Lowgs oolitul 5,50 5 00 pums i JS& b ol os
Jsb «LHU) 53l Jsbo (TD) (S Sie 53 (END) iz b (s 3ae (e alold (ED) iz Jd (IND) (i 3t 53 (o alols «(1OD) o

FLL Jsb (ML) & gl Jsb «(THL) o, Jsb «(FOL) 556 oy

Figure 1. Morphometric measurements used for the analysis of sexual dimorphism in Bufo eichwaldi. Traits measured
according to the figure drawn and used by Tolosa et al., (2014) include: (SVL=snout-vent length; HL= head length;
HW= head width; 10D= inter-orbital diameter; IND= inter-nostril distance; ED= eye diameter; END= eye-nostril
distance; TD = tympanum diameter; LHU= length of the humerus, FOL= forearm length; THL= thigh length; TL= tibia

length; FL= foot length).
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Figure 2. Box plot graph of male and fema e specimensin examined species (Bufo e chwaldi) based on snout-vent length (SVL).
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Table 1- Results of analysis of variance (ANOVA) for 13 morphological traits used in male (n = 15) and female (n =
15) populations in Bufo eichwaldi in Iran. Information includes: mean, standard deviation, minimum and maximum,
significant levels (P-value<0.05) and number of samples (M = Male; F = Female).
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Figure 3. Diagram of the first component versus the second component in males and females of the species Bufo
eichwaldi from the analysis of principa component analysis (PCA). As can be seen, there is a pattern of significant
separation between males and females.
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Table 2. Comparison of some morphological traits in the used samples in this study with the information of similar
traitsin previous studies in some other species of this genus (sizes in millimeters).

B. viridis
(Mohammadpour
Hardani, Dunya 2020)

B. eichwaldi
oo (This Study)

Pelobates syriacus
(Unpublished Data)

B. olivaceus (Heidari &
Rastegar-Pouyani, 2010)

sl €39 =k €9 o €39 Sagw ) azxbuly €39

SVL  80.90-130.30 53.2-67.0 41.14-86.67 31.50-96.00
HL 22.47-32.13 13.5-21.8 12.00-28.00 10.30-36.50
HW 30.01-42.74 17.4-22.7 12.03-28.44 14.24-25.06
IOD 11.6-15.94 3.5-5.7 - 2.8-4.6
IND 5.6-11.30 3.21-6.84 2.30-5.71 -
LHU 18.3-28.7 12.4-16.81 - -

FOL 27.8-35.6 19.32-24.80 - 1.25-26.40
THL 32.7-52.3 28.20-35.6 - -

TL 28.7-38.3 21.2-29.0 - -

FL 63.7-75.6 49.25-54-55 18.89-49.75 37.9-104.80
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Table 3- Summary of sex differencesin left fore and hind limb in 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).

Females
Measure Males (N=15) (N=15) F d var t p d mean
Forelimb
2D:3D 0.7512 0.7329 0562 1 -2511  0.460
Bufo eichwaldi 2D:4D 1.0433 1.0714 1.110 -4.243  0.301
3D:4D 1.3951 1.4688 3.028 -1.015 0.093
Hind limb
2D:3D 0.7359 0.7190 0.563 -1.218 0.459
2D:4D 0.4628 0.4853 4.350 1 1527 0.041
3D:4D 0.6323 0.6784 4.060 1 2.874  0.040
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Table 4- 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 examined species.

2D:3D 2D:4D 3D:4D
Forelimb df  F-ratio P df F-ratio P df  F-ratio P
Factor
Sex 1 1.327 0287 1 3.237 0115 1 0.047 0.834
SVL 21 0.813 0670 21 1.913 0193 21 1.685 0.246
Bufo sichwaldi SVL by Sex 0 1.872 0128 O 21.359 0002 O 3.192 0.169
2D:3D 2D:4D 3D:4D
Hind limb df  F-ratio P df F-ratio P df  F-ratio P
Factor
Sex 1 2.072 0193 1 0.306 0597 1 4.067 0.084
SVL 21 0.906 0603 21 0.908 0602 21 6.279 0.009
SVL by Sex 0 0.175 0228 0 3.640 0007 O 2.230 0.231
5o oole g 5 o3l o Selws LT aS o cpl ol s Cazs

3 Slong ssba Geies 5 (2B (il ee sla S
sloplil s 2D:3D, 2D:4D, 3D:AD laSil Jsb cas
WS o0 )8 oy p Sy9e Ll S (G Ceen) (e g (290>
2 b o)ls 392y (U £ w55 )
Bufo  4sS 5l oole diges VO 5 5 diges VO (gwypm b
S ol ol bl bl mls oLyl s eichwaldi
Syge S yo 5 S Sado 1T 090> Slosle 5 5 sla i
00D gy Sy S A Sl Slao 1 golass jo ool
U1 i e o las (PLO.05) o sae Sl
sldages slp T cus) Independent Sample T-test

5 a8S Oype oldlhs ed Cuxdg L canlllas oyl o

5 23 5 ey |y Olsd ) QLSS Job o pgat
B £y 5 pLaSl Jsb cons sl I a8 Ll
Sl Sedbl imen ool 1)) Bufo eichwaldi g8
5 e oy codld byl g (5590 el Cundg
5,50 4ol 43 a5 yols &1 1, isS ol ol Slagags Cppizman
lie lillas 5 il Lo Cundy canl €85 13 Cony
5 slbiuiresr o sz LB oS as cl QT 3 S
GuPl Alize gloeg S 0 (LSl Jsb cud j0 ook g
sl jo oS Lol Jlgw (Marczak et al., 2018) s ls 554
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