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Morphological differentiation and sexual dimorphism in the two genetically distinct clades
(Northern and Southern clades) of the Lorestan newt, Neurergus kaiseri, was evaluated for 72 live
specimens, using five body- and nine head-related characters and eight calculated ratios. Principle
component analysis of morphological characters confirmed that the Lorestan newt populations are
well separated into two distinct groups, suggesting that a taxonomic revision in N. kaiseri may be
required because of significant molecular, morphological and ecological differences between these
clades. Sexual dimorphism in N. kaiseri includes body size and shape. Females were clearly larger
than males in most body- and head-related variables and males had relatively greater head width
and eye length. Sexual dimorphism in this species may be linked to sexual selection and ecological
differences between sexes. However, many aspects of the ecology and reproductive biology of this

species remain unknown.
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Sexual dimorphism is very common in
the animal kingdom, but its magnitude
and direction (male-typical or female-
typical direction) are highly variable
across species (FAIRBAIRN, 1997; FAIRBAIRN
et al., 2007). The evolutionary significance of
sexual dimorphism can be explained by
two major factors including sexual and
fecundity selection (DarwiN, 1871). Sexual
selection seems to be the most significant
factor for sexual dimorphism (HowArDp &
Kruce, 1985; ANDERSsON, 1994; DEROCHER
et al., 2005; KaLioNnTtzorouLou et al., 2007;
FonTENOT & SEIGEL, 2008). Ecological as-
pects such as the utilization of resources
through niche partitioning can also con-

DOTL: https://dx.doi.org/10.11160/bah.102

tribute (SminEg, 1989). For example, differ-
ent feeding strategies can cause differences
in head morphology (MALMGREN & THOL-
LESSON, 1999). Large males can have ad-
vantage when fighting other males or pro-
tecting resources, which increases their
chances of mating and consequently their
reproductive success (Kurrer, 2007). Large
body size can also enhance the reproduc-
tive success of females, as clutch size or
the size of eggs and offspring increases
with female size (BLANCKENHORN, 2005).
Sexual dimorphism is present in many
amphibian species (SHINE, 1979), involving
several dimorphic traits such as body size,
glandular development and coloration
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(DueLLMAN & TrUEB, 1994). Much attention
has been paid to the sexual dimorphism of
salamanders, describing the evolutionary
processes that are thought to drive such
dimorphism (e.g. HALLIDAY & ARANO, 1991;
Kavrezic et al.,, 1992, MALMGREN & THOL-
LESSON, 1999; SErra-CoBo et al., 2000; Kup-
FER, 2007; Ivanovi¢ & Kargezi¢, 2012). In
salamanders, females are generally larger
than males and female body size is usually
correlated with clutch size (DUELLMAN &
Trues 1986; KavLezic et al., 1992), while male
-biased dimorphism may be attributed to
agonistic behavior of males such as com-
bating during the breeding season (SHINE,
1989). Some studies demonstrate that sex-
ual dimorphism occurs not only in body
size, but also in body shape (MALMGREN &
THOLLESsON, 1999; Hasuwmi, 2010; ZHANG et
al., 2014) or in the tail (e.g. L1u et al., 1960).
For example, in the Hymalian newt
(Tylototriton verrucosus) females are signifi-
cantly longer and heavier than males,
while males have bigger cloacae and long-
er tails than females (SeGLiE et al., 2010).
Different expressions of sexual size di-
morphism have been observed in newts
(RexnHARD & KUPFER, 2015), suggesting that
more than one evolutionary model work
simultaneously on different traits and in-
fluence the diversity of forms. Natural and
sexual selection interact and determine the

type and the degree of sexual dimorphism,
therefore sexual dimorphism is often re-
garded as a life-history adaptation
(Ficerora et al., 2013).

Asian salamanders, including the Mid-
dle East genus Neurergus, are amongst the
less species. The
Lorestan newt (Neurergus  kaiseri,
Schmidt 1952) is endemic to the southern
Zagros mountains of Iran, inhabiting
streams and ponds in open woodlands
dominated by oak trees (Quercus brantii).
It is classified as vulnerable (VU) by the
ITUCN Red List and listed in the Appendix
I of the Convention on International Trade
in Endangered Species (CITES). It is
threatened by several factors like illegal
trading, drought, and climate change
(IUCN, 2018). Suarir1 et al. (2012) reported
sexual size dimorphism in body-related
characters of Lorestan newts, but not in
head-related However, the
newt samples from different populations
analyzed in that study were pooled and
the locality of the collected specimens was
not reported, which did not allow for eval-
uating whether sexual dimorphism varied
among populations and geographic areas,
as has been reported in salamanders (e.g.
IvaNoviC et al., 2008; IvaNnovi¢ & KALEZIC,
2012). Further, a genetic study based on
the variation of mtDNA (D-loop) (FArasaT

studied amphibian

characters.

Table 1: Description of the sites sampled in the current study.

. . Geographical N
Site name  Altitude (m) coordinates Female Male
Northern clade Kerser 1100 32°06’'N, 48°01'E 9 5
Tafav 1350 32955'N, 48°01'E 8 6
Vejenab 950 33°00’'N, 48°04'E 4 5
Southern clade Talezang 980 32°45’'N, 48°50'E 9 7
Tova 940 32°06’'N, 48°45'E 8 11




MORPHOLOGICAL DISTINCTION AND SEXUAL DIMORPHISM IN NEURERGUS KAISERI

Figure 1. Sampling locations and pictures of
Neurergus kaiseri from the Southern (black ellipses)
and Northern (open diamonds) clades. (a) Male,
Southern clade. (b) Female, Southern clade. (c)
Male, Northern clade. (d) Female, Southern

clade.

et al., 2016) revealed the presence of two genet-
ically distinct clades (Northern and South-
ern clades) and a high geographical struc-
turing within the Lorestan newt. Popula-
tions of the two clades have been isolated
for about 1.5 million years and their habi-
tats differ in temperature and precipitation
(Farasart et al., 2016). No previous studies
have investigated morphological differ-
ences of these lineages. In the present
study, we aimed to (i) investigate morpho-
logical differentiation between the two
genetically identified clades (Northern and
Southern clades), and (ii) explore the inter-

sexual differences in both Northern and
Southern clades.

MATERIALS AND METHODS

We sampled 34 males and 38 females of
the Lorestan newt from five sites, includ-
ing the Northern and Southern clades
(FarasarT et al., 2016) in the southern Zagros
mountain range (Fig. 1). Three sites were
selected from the Northern clade and two
sites from the Southern clade (Table 1).
These sites are separated from each other
by steep and rocky mountains. Drought in
the past few years has dried several sites
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PC2

Figure 2: Scatter plot for the first
two principal components (PC)
obtained from a principal compo-
nent analysis of 14 morphological
characters measured in Neurergus
kaiseri, including convex polygons
grouping individuals according to
their clade and sex. Xs (x) represent
Southern clade males, black circles

(®) represent Southern clade fe-
males, open squares (O0) represent
Northern clade males, and crosses
(+) represent Northern clade fe-
males.

PC1

in the region and reduced the number of
sample sites relative to what was sampled
by Farasar et al. (2016). We measured 18
males and 17 females from the Southern
clade and 16 males and 21 females from
the Northern clade (Table 1).

We captured individuals using a dip
net and measured them alive without an-
esthesia. They were first sexed based on
cloacal morphology. The male has a fleshy
protuberance at the anterior end of the
vent slit, while the female lacks the protu-
berance. We measured 14 variables includ-
ing five body- and nine head-related met-
rics using dial calipers to the nearest 0.01
mm. The following measurements were
taken: total body length (BL), snout-vent
length (SVL), tail length (TL), right front
leg length (FLL), right hind leg length
(HLL), height of head (HH), head length
(HL), head width (HW), distance between
nostrils (IN), right eye length (ER), nasal
tip to right eye distance (END), interorbital
distance (IO), nostril to right eye distance
(NED), and mouth length (ML).

In order to reduce measurement error,
only one observer conducted all measure-
ments, which were each repeated three
times and averaged to represent each indi-
vidual. Once measurements were taken,
all the individuals were released at the
point of capture. Later, we computed eight
body ratios commonly used in newts
(Cigex et al., 2011) including BL-HL, BL-TL,
BL-SVL, TL-SVL, BL-HW, HW-HL, HW-
ER, and SVL-HW.

We tested the normality for distribu-
tion of all characters using the D’ Agostino
normality test
(Ozruna et al., 2006). In order to investigate
the degree of morphological differences
within samples we run a Principal Compo-
nent Analysis (PCA) with the 14 morpho-
logical parameters. To determine which
variables showed differences, we conduct-
ed a two-way multivariate analysis of the
variance (MANOVA) with sex and clade
as factors and all morphometric characters
as independent variables. Additionally, to
adjust the characters to body-head size, a

and Pearson omnibus
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1.0 Figure 3: Coefficients of association of
each morphometric character with the
first principal component (PC1). See text
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Table 2: Mean (z stand- Northern Southern Sum of
o Character Fis6 P
ard deviation) of each clade clade squares
morphological character SVL 7248+145 60.13+043 274208 6335 <0.001
measured in Neurergus TL
kaiseri individuals from 53.83+055 66.27+0.44 2800.14 313.40 <0.001
the Northern and BL 125.65+1.51 126.28 +0.83 0.00 0.00 0.993
Southern  clades  (see FLL 2248+02 2124+016 2517 1981  <0.001
text for abbreviations). HLL
All measurements are 23.12+021 21.65+0.19 35.12 2218  <0.001
shown in millimeters. HH 4.44 +0.07 439 +0.07 0.071 0.36 0.552
Results of the analysis HL 1321+0.09 1664009 20932 68411 <0.001
of the variance to com- HW
pare measurements 10.38+0.1  11.04+0.07 8.33 2513  <0.001
between clades are IN 3.03 £ 05 3.09 £0.02 0.09 1.18 0.281
shown. Variables for ER 443+006  455+005 038 276  0.101
which significant differ- END
ences were obtained are 5.21 +0.02 5.67 +0.04 3.79 84.69  <0.001
highlighted in bold. NED 4.05+0.01 4.16 +0.02 0.23 12.14  0.001
IO 6.28 +0.06 6.47 +0.07 0.75 3.24 0.076
ML 10 +0.02 10.15+ 0.04 0.39 8.66  0.004
BL-HL 9.56 + 0.07 7.54 +0.07 68.93  450.55 <0.001
BL-TL 2.34 +0.03 1.9+0.00 3.62 163.77  <0.001
BL-SVL 1.74 +0.03 2.09 +0.00 2.17 37746  <0.001
TL-SVL 0.74 +0.01 1.1+0.01 2.20 369.72  <0.001
BL-HW 12.19+0.14  11.43+0.12 10.28 16.05  <0.001
HW-HL 0.78 +0.00 0.66 +0.01 0.26 195.04 <0.001
HW-ER 2.35+0.03 2.43+0.02 0.09 2.58 0.113
SVL-HW  699+0.12 5.45 +0.06 4262 12516 <0.001
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multivariate analysis of the covariance
(MANCOVA) of biometric data with SVL
as a covariate was performed. When sig-
nificant factor effects were found, further
simple effect tests were performed and
Bonferroni adjustment for multiple com-
parisons was applied. The sexual dimor-
phism index (SDI, GisBons & Lovich, 1990)
was calculated as the quotient between the
mean SVL of the largest sex (SVLlarge)
and the mean SVL of the smallest sex
(SVLsmall) minus 1 (SDI = [SVLlarge /
SVLsmall] - 1). A discriminant function
analysis (DFA) was conducted to identify
morphological characters differing be-
tween sexes in each clade. Statistical anal-
yses were conducted using the software
package SPSS (version 21) with the excep-
tion of DFA and PCA, which were per-
formed in Minitab 17 and PAST 3.14, re-
spectively.

REesuLTts

The PCA based on the morphological
characters confirmed that the sampled
populations are well separated into two
distinct groups, corresponding to the two
genetic clades (Fig. 2). The first principal
component (PCl) explained 66% of the
total variance and the morphological pa-
rameters more associated with this PC1
were SVL, BL, TL, HW and HH (Fig 3).

The MANOVA indicated that clade
(Wilks” lambda = 0.011, Fiz1 = 1.84, P <
0.001) and sex (Wilks” lambda = 0.32, Fi21 =
4.55, P < 0.001) had significant effects on mor-
phological character variation. Moreover,
a significant clade x sex interaction was
observed (Wilks” lambda = 0.41, Fi21 = 3.01,
P = 0.001), indicating a divergence of sexual
dimorphism between clades. The majority

10

of variables were significantly different
between clades (Table 2). Individuals from
the Northern clade showed significantly
higher values of SVL, FLL and HLL, while
individuals from the Southern clade had
higher TL, HL, HW, END, NED and ML (P
<0.05, Table 2).

Results of the MANOVA simple effect
test for the clade x sex interaction, based
on estimated marginal means, showed that
females in both clades were significantly
larger than males for most body- and head
-related variables. Females were signifi-
cantly larger than males in SVL, BL, HLL,
HL and ML in both clades. In addition,
Southern clade females were larger than
males in TL and IO, and Northern clade
females were significantly larger than
males in FLL and HH. Males of both
clades were significantly larger than fe-
males in HW (Table 3). The MANCOVA
supported the results indicating that, in
the Northern and Southern clades, females
were relatively larger than males in most
head and body-related characters and
males had relatively larger HW and ER
than males (Fig. 4 a-f). The SDI was 0.054
for the Southern clade and 0.18 for the
Northern clade. When BL was used in-
stead of SVL to calculate SDI values, these
were 0.054 for the Southern clade and
0.101 for the Northern clade.

The DFA showed significant differ-
ences between males and females in each
clade (Northern clade: Hotelling’s T? =
66.4, F121 = 297, P = 0.01; Southern clade:
Hotelling’s T? = 100.9, F121 = 4.5, P = 0.001,
Fig. 5). Further investigation of the varia-
bles revealed that only NED and nostril to
eye distance END showed small overlap
between sexes.
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Table 3: Results of MANOVA simple effect test based on estimated marginal means between
adult males and females of Neurergus kaiseri within each of the clades the (N: Northern, S: South-
ern) of the 14 morphometric characters and eight ratios analyzed in the study (see text for abbrevi-
ations and Table 1 for sample sizes). Marginal mean differences and P-values obtained after Bon-

ferroni adjustment for multiple comparisons are shown.

Character Clade ? (Mean * SE) & (Mean * SE) Mean difference ? - &' (+ SE) P
SVL N 775+1.7 65.5+1.1 11.90 + 1.64 <0.001
S 61.8+0.5 58.6 +0.5 3.18 +1.67 0.041
TL N 53.9+0.9 53.8+0.6 0.16 £ 0.96 0.870
S 67.6 +0.6 65.0+0.5 2.61+0.97 0.009
BL N 131.5+1.8 119.3+1.1 12.11 £ 1.90 <0.001
S 129.4 +£0.1 1234 +£0.9 6.02 £1.93 0.003
FLL N 23.0+0.3 21.6+0.2 1.29+0.34 <0.001
S 21.5+0.2 20.1+£0.2 0.51£0.35 0.144
HLL N 23.6 +0.3 22.2+0.3 1.28 £0.38 0.001
S 22.0+0.2 21.3+0.3 0.74 +0.39 0.044
HH N 4.6+0.6 42+0.1 0.43+£0.14 0.003
S 44+0.1 43+0.1 0.10+£0.14 0.472
HL N 13.5+0.1 128 +0.5 0.69 +£0.16 <0.001
S 16.8 +0.1 16.5+0.1 0.31+0.16 0.047
HW N 10.1+0.1 105+0.1 0.44 +0.18 0.019
S 109 +0.1 11.3+0.1 0.39 +0.19 0.050
IN N 3.1+0.1 29+0.1 0.14 £ 0.09 0.115
S 32+0.0 3.0+0.0 0.15 +0.09 0.108
ER N 45+0.1 42+0.0 0.34£0.17 0.065
S 46+0.1 45+0.1 0.08 £0.12 0.492
END N 5.4+0.0 5.2+0.0 0.10 £ 0.07 0.146
S 5.7+0.1 5.6+0.0 0.10 £ 0.07 0.146
NED N 41+0.0 42+0.0 -0.01 £ 0.04 0.894
S 42+0.0 41+0.1 0.07 £0.05 0.142
10 N 6.3+0.0 6.2+0.0 0.11+£0.15 0.471
S 6.7+0.1 6.1+0.0 0.46 +0.15 0.004
ML N 10.1+0.0 10.0+0.0 0.09 +0.06 0.090
S 104 +0.1 10.0+0.0 0.36 +0.06 <0.001
BL-HL N 9.8+0.1 9.3+0.0 0.41+£0.12 0.001
S 7.6+0.1 75+0.1 0.22 +0.12 0.074
BL-TL N 25+04 22+0.0 0.22 +£0.04 <0.001
S 2.0+£0.0 1.9+0.0 0.016 £ 0.04 0.717
BL-SVL N 1.7+0.0 1.8+0.0 -0.12 £ 0.02 <0.001
S 2.1+0.0 2.1+0.0 -0.01 £0.02 0.607
TL-SVL N 0.7+0.2 0.8+0.0 -0.12 +0.02 <0.001
S 1.1+0.0 1.1+0.0 -0.02 +0.02 0.487
BL-HW N 12.5+0.1 11.8+ 0.1 0.67 £0.23 0.005
S 12.0+0.1 11.0+0.1 0.89 +£0.24 <0.001
HW-HL N 0.8+0.0 0.8+0.0 -0.01 £ 0.01 0.480
S 0.6+0.0 0.7+0.0 -0.03 +0.01 0.008
HW-ER N 2.3+0.0 24+0.0 -0.09 + 0.06 0.140
S 24+0.0 25+0.2 -0.11 £ 0.06 0.071
SVL-HW N 74 +0.2 6.5+0.0 0.86 +0.16 <0.001
S 5.7+0.1 22+0.2 0.45+0.16 0.006
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DiscussioN

Morphological analyses confirmed the
distinction of the two genetically identified
clades of N. kaiseri (the Northern and
Southern clades, FArasaT ef al., 2016). Eco-
logical differences also exist in their habi-
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mid climate than the Southern clade ones.
The average elevation and annual precipi-
tation received by the Northern and South-
ern clades are 1050 m and 670 mm, and
870 m and 450 mm, respectively. In addi-
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Figure 4: Examples of sexual dimorphism, as a function of the snout vent length (SVL), of Neurer-
qus kaiseri in (a) body length, (b) head height, (c) tail length, (d) front leg length, (e) eye length, and (f) head
width. Continuous and dashed lines represent the best adjustment between SVL and the com-
pared characters for females and males, respectively.
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Figure 5: Graphical representation of the dis-
criminant function analysis based on morpho-
logical characters to separate Neurergus kai-
seri males and females from either the Northern
(top) or Southern (bottom) clades

tion, habitats of the Southern clade are
mainly streams with fast-flowing water,
while habitats for the Northern clade are
mostly ponds and springs with standing
water. Morphological differences between
the two clades can be attributed to local
habitats and climates. For example, signifi-
cantly longer tails and larger heads in the
Southern clade compared to the Northern
one could be an adaptation to flowing wa-
ter to increase their ability to swim against
the water flow, as suggested for some Eu-
ropean newts (Ichthyosauria alpestris,

Ommatotriton vittatus and Lissotriton boscai)
in which the evolution of longer tails
might be associated with a pattern to max-
imize swimming speed (Gvozpik & VAN
DamMEe, 2006). Based on the molecular
(FarasarT et al., 2016), morphological and eco-
logical differences between these clades,
further research for a taxonomic revision
in N. kaiseri is recommended.

Our analyses showed that females of
both clades were clearly larger than males.
Previous research also reported that fe-
males have greater mass, tail length, limb
length, snout to vent length, and total
length (Scumipt, 1952; SHARIFI ef al., 2012).
The pattern of females being larger than
males is the most common in salamander
species (e.g. SHINE, 1979; SaLvipIio & BRUCE,
2006; Ivanovi¢ et al., 2008; Romano et al.,
2009; SeGLIE et al., 2010), and is influenced by
sexual selection, life history and ecological
differences between sexes (BAKKEGARD &
GUYER, 2004).

Sexual dimorphism in body size in N.
kaiseri may support the fecundity-advantage
model (SHINE, 1988), where larger females
are able to produce more offspring to in-
crease their reproductive success. SVL di-
rectly affects the length of the pleuroperi-
toneal cavity, which provides space for
maturing eggs and enhances female repro-
ductive success (Karezic et al, 1992;
MALMGREN & THOLLESsoN, 1999). It has
been reported in other newt species that
females have significantly longer lifespan
as well as a delayed sexual maturity rela-
tive to males (e.g. Jakos et al., 2002), sug-
gesting that early sexual maturation in
males is reached at expenses of a small
adult size, whereas a delayed sexual ma-
turity is advantageous for female fecundi-

13
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ty (e.g. Marzona et al., 2004). Such a fecun-
dity-related female-biased sexual dimor-
phism is common in amphibians in gen-
eral, and in Salamandridae in particular
(e.g. REINHARD & KUPFER, 2013). In amphib-
ians, the role of selecting an increased fe-
cundity to favor large females may be re-
flected by the positive associations be-
tween reproductive output (i.e. clutch size,
egg size, and total clutch volume) and fe-
male size (WEeLLs, 2007).

Head size (HL and HH) of female N.
kaiseri was relatively greater than that of
males. In many salamander species, males
have a larger head size than females (e.g.
Bovero et al.,, 2003, BAKKEGARD & GUYER,
2004; FonTENOT & SEeIGEL, 2008; Hasuwmi,
2010). However, in Neurergus microspi-
lotus, comparatively greater head size has been
reported for females (RaASTEGAR-PoUYANT et
al., 2013). Sexual dimorphism in head size of
N. kaiseri may result from reproductive roles
and ecology. Females are responsible for a
larger reproductive investment than males
(DueLLMAN & TrRUEB, 1994), and therefore a
large head should maximize energy intake
(SELANDER, 1972; SHINE, 1989; MALMGREN &
THoLLESsON, 1999). Differences in head-
related characters may also support the
hypothesis that differences in food re-
source usage (i.e. different feeding strate-
gies) along with a niche divergence pro-
cess have developed in N. kaiseri
(Sratkin, 1984; Suing, 1989; ANDERSSON,
1994). In newts, intersexual differences in
food preferences have been reported (e.g.
LizanAa ef al., 1986). Individuals of both sexes
have adapted to different resource utiliza-
tion patterns through niche partitioning
(MALMGREN & THOLLESSON, 1999), resulting
in differences of diet and prey size (e.g.
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Bovero et al.,, 2003; FONTENOT & SEIGEL,
2008; SEGLIE et al., 2010). Differences between
males and females in diet and prey size
reduce intersexual food competition
(SerrA-CoBO et al.,, 2000). For example in
Triturus carnifex, the number of taxa in the
female stomachs was twice that of the
males (Romano ef al., 2012). Further diet
analyses N. kaiseri are required to quanti-
fy differences in diet and prey size be-
tween males and females.

Our results also showed that females
had larger limb size (HLL and FLL) than
males, which might allow them for spe-
cializing in different microhabitats (e.g.
BuTLER et al., 2007). However, given the lack
of ecological data for the two sexes in this
species, this hypothesis is difficult to eval-
uate.

Males of N. kaiseri in both clades
showed greater HW and ER than females.
This increased relative head size in males
probably affects feeding habits as well as
success in male-male interactions to access
females and gain mating opportunities
(e.g. Hasumi, 2001; BAKKEGARD & GUYER,
2004; MarviN, 2009). Lorestan newts, like
most other members of the family Sala-
mandridae, have large eyes that are
adapted to function in and out of the wa-
ter, and vision is a key sensory organ used
in mating; thus, having large eyes might
be an advantage for males in order to de-
tect and identify females (SparRrREBOOM et
al., 2000).

In conclusion, sexual dimorphism in N.
kaiseri includes body size and shape. The sexu-
al dimorphism of body size can be
attributed to sexual and fecundity selec-
tion. Differences between males and fe-
males in head size may be attributed to
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ecological factors like niche partitioning
leading to different resource usage and
feeding strategies. Few studies have ex-
plored this topic in this species, and hence
our findings can be a basis for future stud-
ies.
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