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Abstract

One of the main factors creating intraspecific morphological variation, sexual dimorphism (SD) could be expressed as
adult male and female animals having different body sizes or shapes. Female-biased sexual dimorphism has been docu-
mented in the vast majority of amphibians and more than half of salamanders. In this study, 18 morphometric characters
were used to analyze the size and shape dimorphism of the southern banded newt, Ommatotriton vittatus, a species whose
congeners exhibit male-biased dimorphism. In this way, the hypothesis that species within the same genus would have
similar sexual dimorphism (for example, male- or female-biased) was tested. Results of the current study confirmed the
existence of male-biased sexual size and shape dimorphism in O. vittatus. For instance, snout-vent length and tail length
were found to be significantly different between sexes, with males being larger. Moreover, males have larger forelimbs and
hindlimbs than females. Data from the present study also indicated significant male-biased differences in five (head length
and width, eye diameter, distance between the orbit and naris, and internarial distance) out of eight head characters. This
result supports the assumption that species within the same genus will have a similar tendency for sexual dimorphism.
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Introduction

In animals, sexual dimorphism (SD) refers to significant
variations between sexes, such as in morphology (Fairbairn
et al. 2007) and it is linked to unequal selective pressures
operating on males and females to improve their fitness. The
primary forces that induce SD are typically sexual selec-
tion, natural selection, and fecundity selection, as well as
others (Andersson 1994; Liao et al. 2013). The first hypoth-
esis proposes that sexual selection stems from the rivalry
among males to obtain territory or mating opportunities
with females. This theory claims that males with larger
bodies have an advantage because they have better repro-
ductive success (Andersson 1994). Most of the studies on
the evolution of sexual size dimorphism (SSD) have tested
the hypothesis of divergence between sexes due to sexual
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selection. Intrasex interactions, such as male-male competi-
tion for females, and intersex interactions, such as female
partner choice, are two important mechanisms of sexual
selection (Fairbairn et al. 2007; Liao et al. 2015). Individu-
als may, for example, pick their partner based on size, with
males having larger bodies and a male-biased SSD. Sec-
ond, natural selection might promote survival by driving
SSD development in distinct ways, for example, through
competition for food among individuals (Fairbairn 1997).
Lastly, SSD may evolve in a path that favors larger females
who can more effectively employ their resources to increase
reproductive output than males (fecundity selection favors
female-biased SSD as a result of this tendency). Apart
from these major mechanisms, ecological (e.g. intersexual
variation in size is caused by ecological niche divergence;
Fairbairn et al. 2007) and behavioral characteristics (e.g.
aggressive behavior; Xiong et al. 2016) can also play a role
in causing sexual dimorphism (Baraquet et al. 2018).

In addition to SSD, the phrase sexual shape dimorphism
(SShD) express body form distinctions between females and
males. SShD patterns may also offer insight into the evo-
lution of variations in life-history characteristics. Because
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various body regions are under different selection forces,
studying the morphology of species might help us better
understand how SSD evolved (Labus et al. 2013; Cruz-
Elizalde et al. 2022).

The magnitude and extent of SSD can vary considerably
across species (Liao et al. 2015). Male-biased dimorphism
is widespread in lizards and mammals; however, amphibi-
ans and insects exhibit female-biased dimorphism more fre-
quently (Fairbairn 1997; Monnet and Cherry 2002; Altunisik
2017, 2018a). Specifically, a sexual size dimorphism that
favors females is present in 90% of anurans and 61% of uro-
deles (Kupfer 2007; Altunisik 2017). Considering that they
have a life cycle that includes both terrestrial and aquatic
environments (Mani et al. 2022; Tatli et al. 2022) and varies
in important life history traits, amphibians are interesting
organisms to investigate SD patterns (Duellman and Trueb,
1994). Three models of SD have been described in mature
amphibians: (1) female-biased SD; (2) male-biased SD; and
(3) unbiased SD.

Ommatotriton vittatus (Gray, 1835) (southern banded
newt) is one of the three species of the Ommatotriton genus,
which belongs to the Salamandridae family and is found
from the mid-south of Tiirkiye to Israel, passing via the
western Syrian Arab Republic, Lebanon, and northern Jor-
dan. The species’ western distribution ends in the middle
south of Tiirkiye (van Riemsdijk et al. 2017).

Table 1 Morphometric body and head characters in a Ommatotriton
vittatus population from Tiirkiye

Characters Definition

Body measurements

SVL Snout—vent length from the tip of the
snout to the posterior margin of the cloaca

TOTL Overall length

TL Tail length from the posterior margin of
the cloaca to the tip of the tail

TH Tail height

AxG Distance between axilla and groin

HLL Hind limb length

FLL Fore limb length

HAW Hand width

Fw Foot width

LTOE Longest toe length

CcwW Chest width (between axilla)

Head measurements

HL Length of head

HW Head width at the angle of the jaw

DE Diameter of the eye

ON Distance between orbit and naris (from the
anterior edge of the eye to the nostril)

10 Interorbital distance

IN Internarial distance (from nostril to nostril)

ES Distance between eye—snout

IC Intercanthal distance
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The sexual dimorphism of O. vittatus has not been
widely investigated (Biilbiil and Kutrup 2013), although
the morphology of other salamandrid species has been
extensively studied (Labus et al. 2013; Balogova and Uhrin
2015; Alarcon-Rios et al. 2017; Altunigik 2017; Najbar et
al. 2019; Pogoda and Kupfer 2020). It is hypothesized that
species within the same genus will have a similar tendency
for SD (e.g. male-biased or female-biased; Malmgren and
Thollesson 1999; Biilbiil and Kutrup 2013; Reinhard and
Kupfer 2015). Since Ommatotriton nesterovi (Litvinchuk,
Zuiderwijk, Borkin and Rosanov, 2005) and Ommatotriton
ophryticus (Berthold, 1846), the other two species of the
genus Ommatotriton, show male-biased sexual dimorphism
(Cigek et al. 2011; Biilbiil and Kutrup 2013); the main goal
of this study is to evaluate whether there may be a wide-
spread male-biased pattern of SD in the southern banded
newt.

Materials and methods

The study site (25 m above sea level) is in Tarsus, Mersin
(36°54°N, 34°53°E) in Tiirkiye’s middle south, with a Medi-
terranean and fairly continental climate (Altunigik 2018b).
The average summer temperature was 27.16 °C, and the
average winter temperature was 10.9 °C, based on climatic
information gathered from a meteorological station near the
research area (Meteorological Station of Tarsus, Tiirkiye)
for the years 1950-2017 (www.mgm.gov.tr).

Throughout the 2017-2018 breeding season, a total of 68
(38 males, 30 females) O. vittatus specimens were captured
by hand or using a dip net during the day. Eighteen vari-
ables (Table 1; Online resource: Fig. S1) associated with
their body measurements were taken using a digital vernier
caliper to the nearest 0.01 mm accuracy after anesthesia in
MS-222. All tests were carried out in compliance with Turk-
ish legislation and with the authorization of Recep Tayyip
Erdogan University’s local ethics committee for animal
experimentation (approval reference number: 2015/71).
Externally apparent secondary sexual traits were used to
determine the individuals’ sexes (prominent cloaca and dor-
sal crest in males) (Altunigik 2018b). All analyzed speci-
mens were adults with fully developed gonads and were at
least 40 mm in SVL (Biilbiil and Kutrup 2013; Altunisik
2018b).

SPSS 21 (IBM, Statistics for Windows) was used for the
statistical analyses. The Sexual Dimorphism Index (SDI)
was calculated using Ranta et al. (1994)’s formula which
is defined as “(size of larger sex/size of smaller sex)+ 17,
with + 1 if males are larger or -1 if females are larger, and
arbitrarily defined as positive when females are larger
than males. Given that the data were distributed normally
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Fig. 1 Ommatotriton vittatus snout-vent length variations between
sexes are depicted in a box plot. The box’s major circle displays the
median
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Fig. 2 Results of the PCA using a scatterplot based on 18 morpho-
metric variables of an Ommatotriton vittatus population from Tiirkiye

(Shapiro-Wilk test, p>0.05) and variances were homog-
enous (Levene’s test, p>0.05) for all variables, the t-test
was conducted to determine the morphometric differences
between sexes. In addition, a principal component analy-
sis (PCA) was used to investigate general size and shape
differences between females and males. The first principal
component (PC1), derived from a set of morphometric mea-
surements, is mostly considered as an axis of overall body
size variation when all traits load largely and in the same
direction, with the remaining variance describing relative
shape differences expressed in consecutive PCs (Schéuble
2004; Zhang et al. 2014; Xiong et al. 2016). Then, a mul-
tivariate analysis of covariance (MANCOVA) was carried
out to identify which characteristics were different between
the sexes using sex as a factor and SVL value as a covariate
(Romano et al. 2009; Altunisik 2017).

Results

Results of the present study indicate that Ommatotriton
vittatus males have a significantly larger body size than
females (Independent sample t-test for SVL: t=2.57,

Table 2 Factor loadings for the principal components (PC; eigenvec-
tors). eigenvalues and proportion of total variance described by the
first three components obtained from PCA on a correlation matrix

Characters PC1 PC2 PC3
SVL 0.623 -0.160 0.545
TL 0.643 -0.008 0.538
TH 0.825 -0.041 -0.251
AxG 0.687 0.115 -0.151
HLL 0.836 -0.065 -0.038
FLL 0.628 0.061 0.137
HAW 0.684 -0.348 0.258
FW 0.671 -0.064 -0.239
LTOE 0.743 -0.418 0.189
CW 0.816 0.219 -0.033
HL 0.802 -0.159 -0.370
HW 0.739 0.166 -0.273
ED 0.764 -0.241 -0.143
IN 0.776 -0.208 -0.114
ON 0.471 0.584 0.359
ES 0.422 0.587 0.271
10 0.209 0.754 -0.193
IC 0.604 0.264 -0.175
Eigenvalue 8.364 1.875 1.367
% of variance 46.47% 10.42% 7.60%
Cumulative % 46.47% 56.89% 64.49%

df=66, p<0.05; Fig. 1). SDI was positive (0.05), repre-
senting a male-biased size dimorphism. PCA yielded three
major components, which together account for 64.49% of
the total variance. The first two components (PC1 and PC2)
explained 56.89% of the total variance (Fig. 2; Table 2).
The t-test results revealed significant differences in the body
form for 15 of the 18 morphological characteristics, with
males having greater scores than females for each of these
characters: TL (t=2.65, df=66, p<0.05), TH (t=13.50,
df=66, p<0.001), HL (t=13.55, df=66, p<0.001), HW
(t=7.68,df=66,p <0.001),AxG(t=28.89,df=66,p < 0.001),
HLL (t=8.89, df=66, p<0.001), FLL (t=8.89, df=066,
p<0.001), HAW (t=8.89, df=66, p <0.001), FW (t=28.89,
df=66, p<0.001), LTOE (t=8.89, df=66, p<0.001), CW
(t=8.89,df=66,p<0.001),DE (t=8.19,df=66,p <0.001),
IN (t=8.89, df=66, p<0.001) and IC (t=8.89, df=66,
p<0.001) (Online resource: Figs. S2-S3).

When the effect of SVL was controlled, the differences in
body size and shape between sexes were significant (MAN-
COVA: Wilks’ & = 0.529, F; 4 = 2.517, p<0.01).

Discussion
SSD and SShD have been documented in several vertebrate
species (Cox et al. 2003). The female-biased SSD is more

common in Classis Amphibia (Shine 1979; Kupfer 2007),
and only about 19% of salamanders exhibit male-biased
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SSD (Kupfer 2007; Amat 2019). For example, male-biased
SDD was shown in Phaeognathus hubrichti Highton, 1961
(Bakkegard and Guyer 2004), Onychodactylus zhangyap-
ingi Che, Poyarkov and Yan, 2012 (Xiong et al. 2016) and
Pachyhynobius shangchengensis Fei, Qu, and Wu, 1983
(Xiong et al. 2019). Ommatotriton vittatus exhibits male-
biased sexual dimorphism in terms of many morphometric
characters, including SVL. Ommatotriton nesterovi and
O. ophryticus, which are the other two species belonging
to the genus Ommatotriton, showed male-biased sexual
dimorphism (Biilbiil and Kutrup 2013), which supports the
hypothesis that the species in the same genus show a similar
pattern in terms of SSD.

In addition to having larger SVL, O. vitfatus males have
larger forelimbs and hindlimbs than females. In salamander
species that mate in an amplexus, it is common that male
individuals have larger forelimbs and forelimb muscles than
female individuals (Malmgren and Thollesson 1999; Wells
2007; Cicek et al. 2011; Reinhard et al. 2015; Altunisik
2017). Since the larger male forelimbs of salamanders
may provide an advantage in male-male competition (e.g.
aggressive behavior and male fighting; Zhang et al. 2014),
mating success may be attributed to sexual selection (Bruce
1993; Bakkegard and Guyer 2004; Fairbairn et al. 2007,
Liao et al. 2013). The success of mating is increased by sex-
ual selection favoring bigger males with more aggressive
behavior and superior fighting skills (Shine 1979; Xiong et
al. 2019). Accordingly, it may be claimed that sexual selec-
tion explains male-biased SSD in O. vittatus since males’
aggressive behavior has been witnessed several times in this
and previous studies (Altunigik 2018b).

The southern banded newt was observed to exhibit sex-
ual dimorphism of the tail (males’ tails are longer and wider
than females”), which was also reported in other Ommatotri-
ton species (Cicek et al. 2011; Biilbiil and Kutrup 2013). In
taxa other than Ommatotriton, for example in Salamandra
salamandra (Labus et al. 2013), Pachyhynobius shangchen-
gensis (Xiong et al. 2019), and Hynobius maoershanensis
(Chen et al. 2022), it has been shown that males have longer
tails than females. The longer and wider tail in males may
be attributed to energy storage and reproductive success
(Xiong et al. 2016; Kakegawa et al. 2017).

The analyzes showed that five (HL, HW, DE, IN and IC)
out of eight head characters were male-biased, although the
results obtained in previous research in O. nesterovi and O.
ophyrticus showed that head measurements were not sexu-
ally dimorphic (Cicek et al. 2011; Biilbiil and Kutrup 2013).
The longer and wider head in males may contribute to male-
male competition, which has been explained in many urodele
species, e.g., Euprocuts platycephalus (Gravenhorst, 1829)
(Bovero et al. 2003), Phaeognathus hubrichti (Bakkegard
and Guyer 2004) Salamandrella keyserlingii Dybowski,
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1870 (Hasumi 2010), Liua shihi (Liu, 1950) (Zhang et al.
2014), Pachyhynobius shangchengensis (Xiong et al. 2019)
and Hynobius maoershanensis Zhou, Jiang and Jiang, 2006
(Chen et al. 2022). It is assumed that larger-headed males
can win more easily in male competition (aggressive behav-
ior such as biting females, pers.comm.) and have more mat-
ing opportunities. Hence, the sexual selection hypothesis
may be used to explain the SShD of the head characters of
O. vittatus.

In other salamandrids like Ichthyosaura (Ivanovié et al.
2009), Lissotriton (Ivanovi¢ and Kalezi¢ 2012), Salaman-
drina (Romano et al. 2009; Pogoda and Kupfer 2020), and
Salamandra (Alarcoén-Rios et al. 2017; Altumisik 2017),
morphological variations between populations from male
to female have already been identified. As a general rule,
it should be noted that if selection favors size in one sex,
this may result in shape disparities as a result of allometric
shifts during growth (Ivanovi¢ and Kalezi¢ 2012; Pogoda
and Kupfer 2020). It is challenging to identify specific
selecting mechanisms because of the intricate interplay of
various allometric trajectories between species and sexes.
The results of this study show that sexual dimorphism
of the O.vittatus occurs not only in body size but also in
body shape. Intriguingly, conflicting findings regarding SD
within the family Salamandridae have been recorded. Even
in different populations of the same species, the direction
of SD was different. In the case of Salamandra salaman-
dra (Linnaeus, 1758), Kalezi¢ et al. (2000) reported that the
tail length, forelimb length, and head width were all male-
biased SD. However, other populations of S. salamandra
have been found to have female-biased head size, inter-limb
distances, and parotid gland characteristics in contrast to
male-biased tails, forelimbs, hindlimbs, forefoot, and hind
foot length (Labus et al. 2013). On the other hand, males
are reported to be of equal size to females in the species
Salamandra atra (Laurenti, 1768) (Kalezi¢ et al. 2000) and
Salamandra algira Bedriaga, 1883 (Reinhard et al. 2015).

Life-history characteristics (e.g., growth, longevity, sur-
vival) and ecology (niche distribution between the sexes)
have also been reported in some studies as hypotheses to
explain SD (Kalezi¢ et al. 2000; Cadeddu et al. 2012). The
mean age of male and female individuals in an O. vittatus
population did not differ significantly in a previous study
(Altunisik 2018b), therefore, it is thought that a conclusion
can be reached as a result of studying other life-history traits
such as the number, size and sex ratio of offspring, the tim-
ing of reproduction, and growth pattern. On the other hand,
we think that natural selection will be insufficient to account
for male-biased SD, given that food is abundant in the stud-
ied habitat and male and female individuals in this popula-
tion do not compete for food (Altunisik 2018b).
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In conclusion, in this study sexual dimorphism in size
and shape is described for the first time in O. vittatus, with
males being larger. This result supports the assumption that
species within the same genus will have a similar tendency
for SD. This variation can be explained by the sexual selec-
tion hypothesis, as shown in studies of other salamander
species with male-biased SD (Zhang et al. 2014; Xiong et
al. 2016, 2019; Chen et al. 2022). Therefore, the reproduc-
tive system of the southern banded newt needs to be inves-
tigated to understand whether there is competition between
males associated with sexual selection. The size and shape
dimorphism may be the outcome of ecological and behav-
ioral variances, future research should therefore concen-
trate on comprehending these discrepancies to elucidate the
observed SD.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s11756-
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