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Abstract

Sexual dimorphism, phenotypic difference between males and females of the same species, has been
demonstrated in many invertebrates and vertebrates. In these studies, which were especially conducted
on amphibians, female individuals were reported to be larger than males. However, this does not
necessarily mean that this also applies to body shapes. Therefore, in this study, a total of 31 characters
of body size and body shape were measured and analyzed in the Near Eastern fire salamander, in order
to understand whether these characters differ between female and male individuals. The results suggest
that there is a significant difference between the sexes in terms of both body size and some body shapes
(e.g. arm and leg length, arm diameter, cloacal proportions) in this fire salamander. I conclude that both
sexual size and shape dimorphism need to be taken into account to help understand an organism’s life-
history traits, ecology, population dynamics and behavior.
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Introduction

Sexual dimorphism can be defined as shape, size and morphological differences
between males and females of a species. Among them, sexual size dimorphism
(SSD) is the most common phenomenon within the animal kingdom and has been
the subject of many studies (Fairbarn, 1997; Monnet & Cherry 2002; Cox et al.,
2003; Linderfors et al., 2007; Stillwell et al., 2010; Liao et al., 2013a; Liao et al.,
2015). Although there is more emphasis on body size dimorphism in the literature,
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there are also several studies on shape dimorphism (Ivanovig et al., 2008; Romano
et al., 2009; Labus et al., 2013; Rastegar-Pouyani & Fattahi, 2015).

It is well documented that the basic factors that elicit sexual dimorphism are gen-
erally natural selection, sexual selection and fecundity selection (Anderson, 1994;
Fairbarn, 1997, Liao et al., 2013b; Liao et al., 2015). Firstly, natural selection can be
hypothesed to benefit survival, for example via competition for food among individ-
uals, and drive evolution of SSD in different directions (Fairbarn, 1997). However,
this model does favor neither male nor female. Secondly, sexual selection, which
is one of the most commonly used hypothesis to explain the evolution of SSD,
most often favors one sex. For instance, individuals might choose their mate based
on size which seems usually to result in male individuals having larger body size
and a male-biased SSD. According to this hypothesis, male individuals with en-
larged body size have an advantage because they can obtain higher reproductive
success (Andersson, 1994). Thirdly, the direction of SSD can evolve towards larger
female individuals, which can use their resources more directly than males to en-
hance their reproductive output (e.g. clutch size and egg size; Anderson, 1994; Liao
et al., 2013b; Liao et al., 2015). As a consequence of this tendency, fecundity selec-
tion favors female-biased SSD. In addition, sexual differences in life history traits
may also cause the emergence of SSD, which is a well-known population prop-
erty (Cadeddu et al., 2012). Conversely, the reasons for evolving shape dimorphism
might have ecological (e.g. niche sharing) or behavioral (e.g. mate choice) reasons
or may be related to reproduction (e.g. anatomical and physiological differences
between males and females; e.g. Rastegar-Pouyani & Fattahi, 2015).

The magnitude and extent of SSD can vary considerably across taxa (Liao et
al., 2015). For instance, in lizards and mammals (Cox et al., 2003; Linderfors et al.,
2007; Stillwell et al., 2010) male-biased dimorphism is prevalent; on the contrary in
amphibians and insects (Fairbarn, 1997; Monnet & Cherrry, 2002; Liao et al., 2013)
female-biased dimorphism is more common. More specifically, about 90% of the
anurans and 61% of the urodeles indicate a female-biased sexual size dimorphism
(Kupfer, 2007; reviewed in Reinhard et al., 2015).

Among the Salamandridae, a family of the Urodela order, sexual dimorphism is
prevalent too. In most situations, the dimorphisms are characteristic (coloration,
presence of male secondary sexual characteristics, differences in head size, tail
length, etc.) but may also be more cryptic (e.g. glandular structure, pheromone se-
cretion and epidermal texture) and must be tested statistically following morphome-
tric measurements. Sexual dimorphism of the overall body and head measurements
of salamandrids has been investigated in only a few studies (Kalezic et al., 2000;
Labus et al., 2013; Reinhard et al., 2015; Xiong et al., 2016).

Here we focus on the Near Eastern fire salamander, Salamandra infraimmac-
ulata, which is one of the six known representatives of the Salamandra genus,
a member of the family Salamandridea (Amphibia: Caudata). S. infraimmaculata
inhabits southeastern and eastern parts of Asia Minor, Turkey, Northern Iraq, North-
western Iran, Lebanon and Northern Israel (Papenfuss et al., 2009). Although the
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Near Eastern fire salamander is a rare and protected species in Northern Israel,
its status is near threatened (NT) in the rest of the world (Blank & Blaustein,
2012).

So far, investigations have been confined to sexual dimorphism of other species
of Salamandra genus, and sexual dimorphism of S. infraimmaculata has not been
examined comprehensively. Therefore, I analyzed the sexual size and shape di-
morphism of this fire salamander based on the Mezitli (mid-south part of Turkey)
population. The purpose of this study was to (1) assess sexual dimorphism in Near
Eastern fire salamander and to interpret the results by taking the widespread theories
into consideration; and (2) to expand our knowledge regarding S. infraimmaculata.

Material and methods

The study site (720 m a.s.l.) is located in Mezitli, Mersin (36° 52’ N, 34° 25" E) in
the mid-south part of Turkey and has a climate that is Mediterranean and moderately
continental (Altunisik, unpublished data). According to climatic data obtained from
the meteorological station situated near the study site for the years 1950-2015, the
average temperature during summer was 27.16°C, while it was 10.9°C in the winter
(URL-1). S. infraimmaculata is a terrestrial and viviparous species, and individuals
from the studied population were seen near a permanent pond formed by a stream.

A total of 30 adult salamanders (14 males and 16 females) were all caught by
hand in the nighttime in a forested area during the breeding season in 2016 and all
experiments were performed in accordance with the Turkish law and with permis-
sion for animal experiments of the local ethics committee of Recep Tayyip Erdogan
University (approval reference number: 2015/71). After sampling, all salamanders
were released back to their habitats. The sexes of the individuals were determined
by externally visible sexual characters (e.g., the male has a prominent cloaca).

I measured 31 variables (table 1) to the nearest 0.01 mm using a digital caliper.
The sexual size dimorphism (SSD) was computed according to a formula intro-
duced by Ranta et al. (1994): Sexual Dimorphism Index (SDI) = (size of the larger
sex/size of the smaller sex)-1.

The statistical analyses were conducted by using SPSS 17 (IBM, Statistics
for Windows). Since the data for all 31 variables were normally distributed
(Kolmogorov-Smirnov test, P > 0.05) and variances were homogeneous (Levene’s
test), a principal component analysis (PCA) was conducted to examine size and
shape dimorphism between males and females. The first principal component (PC),
derived from a set of morphometric measurements, is mostly regarded as an axis
of overall body size variation when all traits load largely and in the same direction
(Reyment et al., 1984; Bookstein, 1985), with the remaining variance describing
relative shape differences expressed in consecutive PCs (Schéuble, 2004, Zhang et
al., 2014; Xiong et al., 2016). In the next step, in order to designate which char-
acters differed between the sexes, a univariate analyses of covariance (ANCOVA)
was performed, with sex as a factor and PC1 score as a covariate (Guillaumet et
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Table 1.
Morphometric body and head characters.

Character Definition

Body measures

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

OAL Overall length

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

TH Tail height

UAL Upper arm length from the posterior margin of the front leg (axilla) to the angle
of the elbow

LAL Lower arm length from the angle of the elbow to the wrist

LAL2 Lower arm length measured until the tip of the longest finger

TAL Total arm length from the axilla to the tip of the longest finger

ULL Upper leg length from the anterior margin of the hind leg (groin) to the angle of
the knee

LLL Lower leg length from the angle of the knee to the ankle

LLL2 Lower leg length measured until the tip of the longest toe

TLL Total leg length from the groin to the tip of the longest toe

CL Cloacal length

CwW Cloacal width

CHW Chest width from axilla to axilla

BWM Body width at mid-body

PW Pelvic width

GG Distance from groin to groin

DEX Distance of extremities from axilla to groin

UAD Upper arm diameter

LAD Lower arm diameter

ULD Upper leg diameter

LLD Lower leg diameter

Head measures

HL Head length

HW Head width at the angle of the jaw

ED Diameter of the eye

ON Orbit—naris distance from the anterior edge of the eye to the nostril

10 Interorbital distance from eye to eye (measured from the centre of the eye)

IN Internarial distance from nostril to nostril

ES Eye—snout distance from the anterior edge of the eye to the tip of the snout

I1C Intercanthal distance from the anterior edge of the eye to the other

al., 2005; Romano et al., 2009), for each morphological variable independently. In
addition, the probable difference between males and females for the independent
characters was then tested by multivariate analysis of variance (MANOVA) with
sex as a factor.
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Results

According to results of the PCA, three principal components were extracted and
they jointly explain 73.16% of the overall variation (table 2). Since the largest pro-
portion of total variation (51.97%) was explained by the first principal component
(PC1) and all independent variables loaded heavily in the same direction (posi-
tively) onto this component, the individual scores on PC1 were used to determine
the variation in overall body size. The other two components (PC2 and PC3), which
accounted for another 14.69% and 6.50% of the total variation, respectively, were
positively or negatively correlated with the independent variables (table 2). The
mean values and ranges for the morphological measurements for S. infraimmacu-
lata are presented in the Appendix (table Al).

According to the ANCOVA results, eleven morphological variables (table 2)
were revealed as showing significant differences in the body shape, with males
having larger values than females for all these variables: upper arm length (UAL;
F1,27=10.321, P < 0.01), lower arm length (LAL; F} 27 =17.838, P < 0.001),
lower arm length2 (LAL2; Fj 27 = 5.185, P < 0.05), total arm length (TAL;
F127 =11.864, P < 0.01), upper leg length (ULL; F; 27 = 5.703, P < 0.05),
lower leg length (LLL2; F7 27 = 16.006, P < 0.001), total leg length (TLL; Fj 27 =
13.532, P < 0.01), cloacal length (CL; F7 27 = 40.038, P < 0.001), cloacal width
(CW; F127 =50.601, P < 0.001), upper arm diameter (UAD; Fj 27 = 21.346,
P < 0.01) and lower arm diameter (LAD; Fj 27 = 8.374, P < 0.01).

The results of the MANOVA, with sex as a factor and morphometric characters
as dependent variables, indicate that 12 out of 31 characters are sexually dimorphic
in Near Eastern fire salamanders (table 3). Unlike the ANCOVA, SVL differed sig-
nificantly between males and females in the MANOVA (Fj 23 =4.386, P < 0.05).
SVL of females are larger than that of males, and SDI was calculated as 0.03, in-
dicating a size dimorphism towards female-biased. What we consider at the most
important dimorphic characters are shown in fig. 1.

Discussion

The results of this study indicate that sexual dimorphism of the Near Eastern fire
salamander occurs not only in body size but also in body shape. Variation in sexual
size and shape dimorphism may have significant effects on an organism’s life-
history traits, ecology, population dynamics and behavior. The equilibrium between
sexual selection, fecundity selection and natural selection determines the strength
of SSD (Fairbairn et al., 2007; Colleoni et al., 2014). SSD may occur between dif-
ferent species or between different populations and could be the consequence of
different allometric patterns between the sexes (Butler & Losos, 2002; Labus et al.,
2013).

In the studied population, S. infraimmaculata females are larger than males in
terms of body size. Interestingly different results have been reported for sexual di-
morphism within the genus Salamandra. For instance, Kalezi¢ et al. (2000) revealed
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Factor loadings for the principal components (PC; eigenvectors), eigenvalues and proportion of total
variance described by the first three components obtained from PCA on a correlation matrix. Also
shown are the F- and P-values of the ANCOVA with PC1 scores as covariate tests for differences in
morphological variables.

Characters PCl1 PC2 PC3 F P-value
SVL 0.774 —0.595 0.034 3.867 0.060
OAL 0.790 —0.501 0.267 1.463 0.237
TL 0.699 —0.346 0.448 0.176 0.678
TH 0.621 —0.003 0.036 2.833 0.104
UAL 0.650 0.358 0.112 10.321 <0.01
LAL 0.749 0.382 0.033 17.838 <0.001
LAL2 0.853 0.050 —0.094 5.185 <0.05
TAL 0.918 0.217 —0.019 11.864 <0.01
ULL 0.934 0.184 0.035 5.703 <0.05
LLL 0.722 0.237 —0.153 3.012 0.094
LLL2 0.725 0.549 —-0.114 16.006 <0.001
TLL 0.690 0.563 -0.217 13.532 <0.01
CL 0.510 0.754 —0.271 40.038 <0.001
CW 0.485 0.805 —-0.117 50.601 <0.001
CHW 0.305 0.417 0.315 2.930 0.098
BWM 0.503 0.327 0.532 2.200 0.150
PW 0.580 0.008 0.559 0.581 0.453
BL 0.845 —0.455 —0.008 0.488 0.491
UAD 0.814 0.386 0.120 21.346 <0.001
LAD 0.850 0.169 0.085 8.374 <0.01
ULD 0.398 —0.179 —0.440 0.039 0.845
LLD 0.664 —0.075 0.502 0.431 0.517
HL 0.720 —0.518 —0.105 1.825 0.188
HW 0.896 —0.149 —0.251 0.123 0.728
HD 0.832 —0.340 —0.255 0.198 0.660
ED 0.707 —0.422 —0.047 2.506 0.125
ON 0.728 —0.190 0.139 0.082 0.776
10 0.913 —0.245 —0.145 0.105 0.749
IN 0.714 —0.179 —0.201 0.002 0.965
ES 0.581 —0.403 —0.296 1.405 0.246
IC 0.677 —0.002 —0.273 0.480 0.494
Eigen value 16.109 4.553 2.015

% of variance 51.97% 14.69% 6.50%

Cumulative % 51.97% 66.66% 73.16%

that sexual dimorphism exists in Salamandra salamandra with males being larger
than females. Contrasting with the study conducted by Kalezic et al. (2000), but be-
ing concordant with the general pattern of sexual size dimorphism for salamanders
(Shine, 1979), Labus et al. (2013) reported that females are larger than males for
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Table 3.
Results of the multivariate analysis of variance (MANOVA) in S. infraimmaculata for effects of the
factor sex on the dependent variables. Only significant results are presented.

Dependent variable df Mean square F P-value
SVL 1 98.547 4.386 <0.05
UAL 1 3.535 11.166 <0.005
LAL 1 5.788 18.256 <0.001
LAL2 1 7.524 5.341 <0.05
TAL 1 19.417 10.394 <0.01
ULL 1 1.987 5.633 <0.05
LLL2 1 10.084 12.831 <0.001
TLL 1 10.580 12.560 <0.001
CL 1 8.466 41.141 <0.001
Ccw 1 2.857 54.186 <0.001
UAD 1 0.136 21.610 <0.001
LAD 1 0.036 8.382 <0.01

the same species. In the study of Salamandra algira, researchers analyzed 30 mor-
phometric measures including body and head characters and they found no sexual
dimorphism for overall body size (Reinhard et al., 2015).

Females are expected to be larger when there is a positive relationship between
female size and fecundity (Shine, 1988). Fecundity selection is one of the most
prevalent hypotheses advanced to explain why female amphibians are larger. How-
ever, irrespective of their reproductive mode (e.g., Gomez-Mestre et al., 2012; Han
& Fu, 2013), many amphibians show sexual size dimorphism, and it is common
that females are larger than males (Castanet et al., 2000; Olgun et al., 2005; Liao &
Chen, 2012; Cadeddu et al., 2012; Altunisik & Ozdemir, 2013; Liao, 2013; Liao et
al., 2013b; Altunigik et al., 2014; Liao et al., 2015; Altunisik & Ozdemir, 2015).
According to the fecundity advantage hypothesis (Darwin, 1871; Shine, 1978),
female-biased SSD is due to the selection favoring a large body size to ensure higher
reproductive success, which also inverts Rensch’s rule (Fairbairn, 1997; Liao et al.,
2015). In additon to this hypothesis, sexual differences in life history traits (e.g. age
structure and growth curve), ecology (niche partitioning between sexes), survival
and sexual selection may also explain why females are bigger than males. Since we
do not have the data to test the effect of ecological selection and fecundity selection,
any of these hypotheses may explain the body size differences between sexes in the
present study.

The arm length, arm diameter and limb length of S. infraimmaculata show sex-
ual dimorphism, indicating that these characters are longer and larger in males than
in females. Similarly in Salamandra algira, some morphometric characters (arm
length and diameter, cloacal length and width) were sexually dimorphic towards a
male-biased (Reinhard et al., 2015). In amphibian species that mate in an amplexus,
it is common that male individuals have larger forelimbs and forelimb muscles than
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Figure 1. Sexual dimorphism of Salamandra infraimmaculata (N = 16 females and N = 14 males).
Some selected dimorphic characters are shown: (A) lower leg length (LLL2); (B) upper arm length
(UAL); (C) upper arm diameter (UAD); (D) cloacal length (CL). Males ({J) have significantly larger
sizes for each of these traits than females (O).

female (Wells, 2007). Since a male amphibian needs to grasps a female with his
front legs as part of the mating process called amplexus, male individuals with
enlarged forelimbs and muscles (especially adductor and flexor forelimb muscles:
Peters & Aulner, 2000) are more successful in dominating females during mating
and in preventing other males from interfering (reviewed in Reinhard et al., 2015).
For instance, males of Rhinella marina, Lithobates catesbeianus and Rana tempo-
raria have been reported to be successful in this sense (overview in Wells, 2007).
The fact that male individuals of S. infraimmaculata have enlarged upper and lower
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arm diameter compared to female individuals also suggests that the adductor and
flexor muscles of the forelimb may differ between female and male individuals.
Since the larger male forelimbs of salamanders may provide advantage in male-
male competition (e.g. male fighting and aggressive behavior; Zhang et al., 2014),
mating success may be attributed to sexual selection (Bruce, 1993; Bakkegard &
Guyer, 2004). In urodeles, 86.7% of species engage in male combat (Shine, 1979)
and since females prefer larger males as their mate of choice, sexual selection fa-
vors males to have larger body size. However, there have been no reports about the
mating system of S. infraimmaculata. Thus, further studies are needed to clarify if
male combat occurs in S. infraimmaculata, and whether male-male competition can
explain SSD in this salamander.

Cloacal body form is a notable and specific sexual trait that benefits male repro-
ductive success, and results suggest that the structure of cloacal proportions (cloacal
length and width) is also different in S. infraimmaculata, indicating a male-biased
dimorphism. In accordance with the present study, Reinhard et al. (2015) reported
that male S. salamandra had a larger cloacal length and width than females. How-
ever, females and males did not indicate significant differences in other characters
such as body width, tail length, head size and eye diameter.

In summary, this study shows that both sexual size and shape dimorphism exist
in S. infraimmaculata. Although females are slightly larger than males in terms of
body size, males had higher values in the majority of the measured shape characters
such as arm length, arm diameter, cloacal length and width. This sexual difference
in morphological characters suggests that sexual selection favors mating success
for these individuals. For a better understanding of size and shape dimorphism of
this salamander, reproductive success of both males and females should now also
be studied.

Acknowledgements

I am grateful to M. Emin Altunisik and Miirsel Bozkurt for their assistance in col-
lecting animals from the field. This study was supported by Recep Tayyip Erdogan
University BAP under grant number 2016.53007.102.03.01.

References

Altumsik, A. & Ozdemir, N. (2013) Body size and age structure of a highland population of Hyla
orientalis Bedriaga, 1890, in Northern Turkey. Herpetozoa, 26, 49-55.

Altunigik, A., Ergiil, T., Gil, C., Ozdemir, N. & Tosunoglu, M. (2014) A skeletochronological study
of the smooth newt Lissotriton vulgaris (Amphibia: Urodela) from an island and a mainland pop-
ulation in Turkey. Ital. J. Zool., 81, 381-388.

Altunigik, A. & Ozdemir, N. (2015) Life history traits in Bufotes variabilis (Pallas, 1769) from 2
different altitudes in Turkey. Turk. J. Zool., 39, 153-159.

Andersson, M. (1994) Sexual Selection. Princeton University Press, Princeton.

© © N O o »~ W DN =

A A DDA B WOWW W W W W WWWNNDNDDNDMDNDNNDDNDNDDND S S S S dda
A WO N 2 O © 0N O G A WOWN - O © 0N O O » WN - O © 0N O 0 » W N =2 O



A A DDA B WOWW W W W W WWWNNDNDDNDMDNDNMNDDNDNDDNDN S S S S dda
A WO N 2 O © 0N O g & WM - O © 0N O O b WN = O © 0N O 0o M WON - O O© 0 N O O » W N =

Prn:2017/02/24; 12:48 [research-article] F:ab2519.tex; (Svajune) p. 10

10 A. Altumigik / Animal Biology 0 (2017) 1-12

Bakkegard, K.A. & Guyer, C. (2004) Sexual size dimorphism in the Red Hills Salamander, Phaeog-
nathus hubrichti (Caudata: Plethodontidae: Desmognathinae). J. Herpetol., 38, 8-15.

Blank, L. & Blaustein, L. (2012) Using ecological niche modeling to predict the distributions of two
endangered amphibian species in aquatic breeding site. Hydrobiologia, 693, 157-167.

Bookstein, FL. (1985) Morphometrics in Evolutionary Biology: the Geometry of Size and Shape
Change, With Examples From Fishes. Academy of Natural Sciences of Philadelphia, Philadelphia,
PA.

Bruce, R.C. (1993) Sexual size dimorphism in Desmognathine salamanders. Copeia, 1993, 313-318.

Butler, M.A. & Losos, J.B. (2002) Multivariate sexual dimorphism, sexual selection, and adaptation
in Greater Antillean Anolis lizards. Ecol. Monogr., 72, 541-559.

Cadeddu, G., Giacoma, C. & Castellano, S. (2012) Sexual size dimorphism in the Tyrrhenian tree frog
a life-history perspective. J. Zool., 286, 285-292.

Castanet, J., Pinto, S., Loth, M.M. & Lamotte, M. (2000) Age individuel, longévité et dynamique de
croissance osseuse chez un amphibien vivipare, Nectophrynoides occidentalis (Anoure, Bufonid¢).
Ann. Sci. Nat. Zool. Biol. Anim., 21, 11-17.

Colleoni, E., Denoél, M., Padoa-Schioppa, E., Scali, S. & Ficetola, G.F. (2014) Rensch’s rule and
sexual dimorphism in salamanders: patterns and potential processes. J. Zool., 293, 143-151.

Cox, R.M., Kelly, S.L. & John-Adler, H.B. (2003) A comparative test of adaptive hypotheses for
sexual size dimorphism in lizards. Evolution, 57, 1653-1669.

Darwin, C. (1871) The Descent of Man, and Selection in Relation to Sex. Murray, London.

Fairbairn, D.J. (1997) Allometry for sexual size dimorphism: pattern and process in the coevolution
of body size in males and females. Ann. Rev. Ecol. Sys., 28, 659-687.

Fairbairn, D.J., Blanckenhorn, W.U. & Székely, T. (Eds) (2007) Sex, Size and Gender Roles. Evolu-
tionary Studies of Sexual Size Dimorphism. Oxford University Press, New York.

Gomez-Mestre, 1., Pyron, R.A. & Wiens, J.J. (2012) Phylogenetic analyses reveal unexpected patterns
in the evolution of reproductive modes in frogs. Evolution, 66, 3687-3700.

Guillaumet, A., Crochet, P.A. & Godelle, B. (2005) Phenotypic variation in Galerida larks in Mo-
rocco: the role of history and natural selection. Molecular Ecology, 14, 3809-3821.

Han, X. & Fu, J. (2013) Does life history shape sexual size dimorphism in anurans? A comparative
analysis. BMC Evol. Biol., 13, 1-11.

Ivanovié, A., Sotiropoulos, K., Furtula, M., DZuki¢, G. & Kalezi¢, M.L. (2008) Sexual size and
shape evolution in European newts (Amphibia: Caudata: Salamandridae) on the Balkan Peninsula.
J. Zool. Syst. Evol. Res., 46, 381-387.

Kalezi¢, M.L., DZuki¢, G., Borovi¢, A. & Aleksi¢, 1. (2000) Body size, age and sexual dimorphism
in the genus Salamandra. A study of the Balkan species (Amphibia, Urodela, Salamandridae).
Spixiana, 23, 283-292.

Kupfer, A. (2007) Sexual size dimorphism in amphibians: an overview. In: D.J. Fairbairn,
W.U. Blanckenhorn & T. Székely (Eds) Sex, Size and Gender Roles: Evolutionary Studies of Sexual
Size Dimorphism. Oxford University Press, New York.

Labus, N., Cvijanovi¢, M. & Vukov, T. (2013) Sexual size and shape dimorphism in Salamandra
salamandra (Amphibia, Caudata, Salamandridae) from the central Balkans. Arch. Biol. Sci., 65,
969-975.

Liao, W.B. (2013) Evolution of sexual size dimorphism in a frog obeys the inverse of Rensch’s rule.
Evol. Biol., 40, 493-499.

= © 0o N O o »h O N =

A A DDA B WOWW W WWWWWWNNDNDNDDNNMNDNDNDDND S A S d S
A WO N 2 O © N O O A OWN = O © 0N O O & WN =+ O © 0N O O A W N =2 O



© O N O O » W0 N =

A A B D DWW W W W W WWWWNDNMNDNDDNDMNDNDNDNDDND =SS a a4 aa a A
A WO N 2 O © 0N O 0 b ONM =+ O © 0N O O » WN - O © 0N O O » W N = O

Prn:2017/02/24; 12:48 [research-article] F:ab2519.tex; (Svajune) p. 11

A. Altunigik / Animal Biology 0 (2017) 1-12 11

Liao, W.B. & Chen, W. (2012) Inverse Rensch-rule in a frog with female-biased sexual size dimor-
phism. Naturwissenschaften, 99, 427-431.

Liao, W.B., Liu, C.W. & Meril4, J. (2015) Andrew meets Rensch: sexual size dimorphism and the
inverse of Rensch’s rule in Andrew’s toad (Bufo andrewsi). Oecologia, 177, 389-399.

Liao, W.B., Zeng, Y. & Yang, D. (2013b) Sexual size dimorphism in anurans: roles of mating system
and habitat types. Front. Zool., 10, 65.

Liao, W.B., Zeng, Y., Zhou, C.Q. & Jehle, R. (2013a) Sexual size dimorphism in anurans fails to obey
Rensch’s rule. Front. Zool., 10, 10.

Lindenfors, P., Gittleman, J.L. & Jones, K.E. (2007) Sexual size dimorphism in mammals. In:
D.J. Fairbairn, W.U. Blanckenhorn & T. Székely (Eds) Sex, Size and Gender Roles: Evolution-
ary Studies of Sexual Size Dimorphism, pp. 16-26. Oxford University Press, Oxford.

Monnet, J.M. & Cherry, M.I. (2002) Sexual size dimorphism in anurans. Proc. R. Soc. Lond. B, 269,
2301-2307.

Olgun, K., Uziim, N., Avci, A. & Miaud, C. (2005) Age, size and growth of the southern crested
newt Triturus karelinii (Strauch 1870) in a population from Bozdag (western Turkey). Amphibia-
Reptilia, 26, 223-230.

Papenfuss, T., Disi, A., Rastegar-Pouyani, N., Degani, G., Ugurtas, 1., Sparreboom, M.,
Kuzmin, S., Anderson, S., Sadek, R., Hraoui-Bloquet, S., Gasith, A., Elron, E., Gafny, S.,
Kili¢, T., Gem, E. & Kaya, U. (2009) Salamandra infraimmaculata. The Iucn Red List
of Threatened Species 2009: E.T59466a11927871. http://dx.doi.org/10.2305/iucn.uk.2009.rlts.
t59466a11927871.en. Downloaded on 16 September 2016.

Peters, S.E. & Aulner, D.A. (2000) Sexual dimorphism in forelimb muscles of the bull- frog, Rana
catesbeiana: a functional analysis of isometric contractile properties. J. Exp. Biol., 203, 3639-
3654.

Ranta, E., Laurila, A. & Elmberg, J. (1994) Reinventing the wheel: analysis of sexual dimorphism in
body size. Oikos, 70, 313-321.

Rastegar-Pouyani, N. & Fattahii, R. (2015) Sexual dimorphism in Trachylepis vittata (Olivier, 1804)
(Sauria: Scincidae) in the Zagros Mountains, western Iran. Turkish J. Zool., 39, 59-65.

Reinhard, S., Renner, S. & Kupfer, A. (2015) Sexual dimorphism and age of Mediterranean salaman-
ders. Zoology, 118, 19-26.

Reyment, R.A., Blackith, R.E. & Campbell, N.A. (1984) Multivariate Morphometrics. Academic
Press, London.

Romano, A., Bruni, G. & Paoletti, C. (2009) Sexual dimorphism in the Italian endemic species
Salamandrina perspicillata (Savi, 1821) and testing of a field method for sexing salamanders.
Amphibia-Reptilia, 30, 425-434.

Schiublei, C.S. (2004) Variation in body size and sexual dimorphism across geographical and envi-
ronmental space in the frogs Limnodynastes tasmaniensis and L. peronii. Biological Journal of the
Linnean Society, 82, 39-56.

Shine, R. (1978) Sexual size dimorphism and male combat in snakes. Oecologia, 33, 269-277.

Shine, R. (1979) Sexual selection and sexual dimorphism in the Amphibia. Copeia, 1979, 297-306.

Shine, R. (1988) The evolution of large body size in females — a critique of Darwin’s fecundity advan-
tage model. Am. Nat., 131, 124-131.

Stillwell, R.C., Blanckenhorn, W.U., Teder, T., Davidowitz, G. & Fox, C.W. (2010) Sex differences
in phenotypic plasticity affect variation in sexual size dimorphism in insects: from physiology to
evolution. Annu. Rev. Entomol., 55, 227-245.

Wells, K.D. (2007) The Ecology and Behaviour of Amphibians. Chicago University Press, Chicago.

© © N O o »~ W DN =

A A DDA B WOWW W W W W WWWNNDNDDNDMDNDNNDDNDNDDND S S S S dda
A WO N 2 O © 0N O G A WOWN - O © 0N O O » WN - O © 0N O 0 » W N =2 O


http://dx.doi.org/10.2305/iucn.uk.2009.rlts.t59466a11927871.en
http://dx.doi.org/10.2305/iucn.uk.2009.rlts.t59466a11927871.en

© O N O O~ WO N =

A A DDA B WOWW W W W W WWWNNDNDDNDMDNDNMNDDNDNDDNDN S S S S dda
A WO N 2 O © 0N O O A WOWN = O © 0 N O O B WN - O © 0N O 0 » W N =2 O

Prn:2017/02/24; 12:48 [research-article] F:ab2519.tex; (Svajune) p. 12

12 A. Altumigik / Animal Biology 0 (2017) 1-12

Xiong, J., Liu, X., Xhang, X., Li, M. & Min, Y. (2016) Sexual dimorphism of the Jilin Clawed
Salamander, Onychodactylus zhangyapingi, (Urodela: Hynobiidae: Onychodactylinae) from Jilin
Province, China. Asian Herpetol. Res., 7, 220-226.

Zhang, X., Xiong, J.L., Lv, Y.Y., Zhang, L. & Sun, Y.Y. (2014) Sexual size and shape dimorphism
in the Wushan salamander, Liua shihi (Liu, 1950) (Urodela: Hynobiidae). Ital. J. Zool., 81(3),

369-373.

Appendix

Table Al.

Descriptive statistics of morphometric characters of S. infraimmaculata.

Variables Female (N = 16) Male (N = 14)

Mean + SE Range Mean + SE Range
SVL 118.52 £ 1.08 110.00-126.46 114.88 £1.38 108.40-123.87
OAL 203.67 £2.25 188.48-218.88 199.21 £2.72 185.93-215.59
TL 85.15+1.31 76.01-94.16 84.33 £ 1.51 75.49-93.39
TH 9.22 £0.05 8.78-9.56 9.38 +£0.08 8.91-10.15
UAL 11.19 +£0.12 10.40-12.07 11.87 £0.16 10.76-12.71
LAL 11.73 £0.14 10.79-12.57 12.61+0.14 11.57-13.32
LAL2 21.81 £0.31 19.22-23.42 22.82 +0.29 20.82-24.36
TAL 29.11 £0.31 26.73-31.15 30.73 £ 0.39 28.42-33.02
ULL 11.76 £0.14 10.81-12.78 12.27 £0.16 11.07-13.18
LLL 12.90 £ 0.11 11.99-13.62 13.18 £0.18 11.88-13.94
LLL2 25.45£0.20 23.98-26.53 26.61+ 0.25 24.30-27.84
TLL 31.60 £0.18 30.48-32.70 32.79+£0.28 30.12-34.16
CL 6.34 £0.10 5.68-7.10 7.40 £0.12 6.42-7.91
CwW 2.55+0.04 2.20-2.93 3.16 £ 0.07 2.64-3.52
CHW 21.59+0.11 20.73-22.35 21.87+0.10 21.12-22.62
BWM 20.32£0.12 19.62-21.30 20.58 £ 0.06 20.10-20.87
PW 13.87 £0.17 12.62-15.10 14.07 £0.14 12.90-14.71
BL 69.33 £0.24 67.43-70.82 69.02 £0.29 67.31-70.67
UAD 1.83 £0.02 1.70-2.02 1.97 £0.02 1.85-2.10
LAD 1.70 £ 0.01 1.60-1.85 1.77 £0.01 1.69-1.87
ULD 2.66 +0.02 2.40-2.78 2.65 +0.05 2.00-2.87
LLD 2.32 +£0.01 2.18-2.45 2.35+0.02 2.19-2.58
HL 16.21 £0.13 14.72-16.72 15.86 £0.18 14.92-16.74
HW 20.45 £0.13 19.37-21.23 20.50 £0.15 19.17-21.31
HD 8.99 £+ 0.07 8.29-9.30 8.92 £0.10 8.26-9.34
ED 1.68 +0.01 1.60-1.74 1.65 £0.01 1.58-1.72
ON 5.33+£0.02 5.17-5.55 5.34+£0.02 5.20-5.48
(0] 12.78 £0.13 11.43-13.42 12.81 £0.17 11.50-13.70
IN 8.13 £ 0.07 7.43-8.52 8.12 +£0.06 7.60-8.54
ES 9.59 £0.02 9.39-9.85 9.51 £0.05 9.20-9.86
IC 16.43 +0.02 16.23-16.56 16.45 +0.01 16.28-16.54
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