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Abstract \
(heLeaf—toed Geckos of genus Asaccus are distributed in Turkey, Syria, Iraq, and Iran of the Middle-

East characterizing by a unique characteristic of cloacal sacs and postanal bones absence. The genus
Asaccus includes 19 species with at least 10 species in Iran distributing along the Zagros Mountains.
Sexual size dimorphism (SSD) is a body size difference between males and females of the same
species, being a widespread phenomenon in reptiles. We collected additional specimens of Asaccus
nasrullahi (Phyllodactylidae) from four new localities in llam and Khuzestan Provinces, western Iran. In
this study, 110 adult specimens of this lizard were examined (for nine metric and four meristic
characters). The analyses of morphological data revealed that the males are significantly larger than
the females in eight metric characters including forelimb to hind limb length (FHL), length of forelimb
(LFL), length of hind limb (LHL), head height (HH), head length (HL), head width (HW), rostrum to
anus length (RAL), and tail length (TL). There is no significant difference in the rate of tail shedding
between the sexes. The range of this species is extended beyond type locality in Lorestan Province
into adjacent areas in llam and Khuzestan Provinces.

@WOYdSZ Leaf-toed gecko, Asaccus nasrullahi, llam Province, Khuzestan Province, SSD. /

INTRODUCTION

The genus Asaccus Dixon and Anderson, 1973 (formerly included in Phyllodactylus Gray, 1828) is
distributed in Turkey, Syria, Iraq, and Iran encompass 19 species (Uetz & Hosek, 2020) with at least
10 species in Iran distributing along the Zagros Range including Asaccus andersoni, A. elisae, A.
granularis, A. griseonotus, A. iranicus, A. kermanshahensis, Asaccus kurdistanensis, A. nasrullahi, A.
tangestanensis, and A. zagrosica (Nasrabadi et al., 2017).

Werner (2006), based on the re-identification of a single specimen (ZMUC 3447; Zoological
Museum, University of Copenhagen), which had been identified by Schmidt (1955) as Ptyodactylus
hasselquisti, described a new species of Asaccus, A. nasrullahi. As an endemic species in some parts
of the Zagros mountains in Iran, few studies have been done on this species. To our knowledge, only
one study has done on the morphological and ecological aspects of this species (Torki et al., 2010).

Comparative studies of sexual dimorphism should generally encompass body size as a
potential determinant (Fairbairn et al., 2007). The evolutionary result of selection acting differently

*Corresponding Author: nasrullah.r@gmail.com; bfathinia@gmail.com ©2021 FERDOWSI UNIVERSITY OF MASHHAD, IRAN

- THIS WORK IS LICENSED UNDER A CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE.



60 IRANIAN JOURNAL OF ANIMAL BIOSYSTEMATICS Vol.17, No.1

on body size and other morphological traits of males and females is referred to as sexual size
dimorphism (Andersson, 1994). During this study, the distribution range of A. nasrullahi is
expanded and sexual dimorphism pattern is evaluated.

MATERIAL AND METHODS

Field study

We examined 110 adult specimens (51 males and 59 females) of A. nasrullahi during numerous
fieldworks from June to August 2012. The specimens were collected by hand, both in day and night,
on rocky substrates of the Zagros Mountains in the following localities: locality 1 or Sarab-e-
Dareshahr (33° 05" N, 47° 20' E, 820 m a.s.l.), locality 2 or Bahram-e-Chobin strait (332 05' N, 47°
27" E, 690 m a.s.l.) and locality 3 or Sheykh Makan (33° 05' N, 47° 23" E, 709 m a.s.l.), in Darr-e-
Shahar township, Ilam Province.

These three localities are all along the Kabir-Kooh range and the distance from first (Sarab-
e-Dareshahr) to last locality (Bahram-e-Chobin) is 10.8 Km in a northwest-southeast direction.
Specimens collected from these three localities were used in statistical analyses. Some specimens
were also collected in rocky areas of the Shevi or Tale-Zang Waterfall (32° 47' N, 48° 49'E, 872 m
asl) in Dezful township, Khuzestan Province. These specimens were not used in statistical analyses,
but identified as A. nasrullahi and used in the map of range extension.

Examined characters
A total of 13 morphometric characters (nine metrics and four meristics) were recorded. The metric
characters comprise RAL (rostrum to anus length, according to Werner (1971)), HW (head width;
in its widest part), HL (head length; from the tip of rostrum to the anterior border of ear, according
to Goren & Werner (1993)), HH (head height; at the level of eyes), LFL (length of forelimb; in an
extended position from axilla to tip of the longest finger), LHL (length of hind limb; in an extended
position from groin to tip of the longest toe), FHL (forelimb to hind limb length; from axilla to
groin), TL (tail length; from posterior margin of the anus to tip of tail, in just original tails) and AW
(anus width). The meristic characters include BT (the number of tubercle rows on dorsum), CT
(number of crossbars on the dorsal side of tail), IL (number of infralabials), and SL (number of
supralabials) (Fathinia et al,, 2011).

The metric characters were measured by a digital caliper to the nearest 0.01 mm accuracy.
The meristic ones were recorded using a stereomicroscope. To determine the sex of specimens, we
noticed the presence or absence of two swellings at the base of the tail just behind the anus. The
swellings accommodate hemipenes in males (Fig. 1). Some specimens were fixed and deposited in
Razi University Zoological Museum (RUZM) as vouchers and the remaining specimens were
released into their natural habitat after measuring the specifications. Each location was surveyed
just once to avoid repeated catching of the same specimens.

Statistical analyses

Both univariate and multivariate analyses were done on the dataset. The Shapiro-Wilk test was
employed to determine the normality of variables. Before conducting statistical analyses, our data
were divided into four datasets: datasets 1 to 3 conform to localities 1 to 3 and dataset 4 coincides
with datasets 1 to 3 combined. Each of these four datasets was analyzed separately for sexual
dimorphism. Independent sample t-test as well as Mann-Whitney U test was used for univariate
analysis of normally and non-normally distributed characters, respectively. To determine the
sexual dimorphism of A. nasrullahi at the multivariate level, we used Principal Component Analysis
(PCA: correlation matrix). TL and CT were not included in the PCA analysis because a total number
of 75 individuals had missed values (i.e. regenerated tails). The Chi-square test was used to
determine if the rate of broken tails is significant between males and females. All the statistical
analyses were done using SPSS 16.
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FIGURE 1. Ventral view of adult male (A) and female (B) specimens of Asaccus nasrullahi.

RESULTS

New localities for Asaccus nasrullahi are reported in Ilam (Darr-e-Shahr township) and Khuzestan
(Dezful township) Province. These new localities extend the range of Asaccus nasrullahi beyond
previous records of this species in Lorestan Province (Tang-e-Gavshomar and Shahbazan regions)
(Fig. 2). A total of 13 morphological characters (nine metrics and four meristics) were included in
this study. Univariate analyses using Mann-Whitney U-test and Independent-sample t-test were
done for each locality and pooled data. These results show that there is no significant difference in
characters between two sexes in dataset 1 (Locality 1; Sarab-e-Dareshahr) (P > 0.05; Table 1).

The population in dataset 2 (Locality 2, Bahram-e-Choobin) showed a significant male-
biased difference between the two sexes only in the character FHL (P = 0.028; Table 2). In contrast,
the population in dataset 3 (Locality 3, Sheikh-Makan) showed significant male-biased differences
in four characters HW, LFL, RAL, and TL (P < 0.05; Table 3). The results of univariate analyses for
dataset 4 (localities 1 to 3) showed male-biased significant differences between sexes in eight out of
13 characters FHL, LFL, LHL, HH, HL, HW, RAL, and TL (p < 0.05). All meristic characters are not
significantly different between the sexes (P > 0.05) (Table 4).
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FIGURE 2. A map shows the previous and new localities of Asaccus nasrullahi in western Iran.
Previous records; green Plus sign, holotype locality in Shahbazan region and green star, Tang-e-
Gavshomar region. New localities; green triangle, Shevi Waterfall and green circles, Sarab-e-

Darreshahr (left), Sheikh-Makan (middle), and Bahram-e-Choobin (right) along the Kabirkooh
range in Ilam province.

A total number of 75 individuals (35 males and 40 females) have broken tails. The result of
the chi-square test (X2 = 0.009, P = 0.926) shows that the rate of broken tails does not show a
significant difference between the sexes. Principal Component Analysis (PCA) was carried out on
the significantly different characters between sexes in dataset 4. The character TL was excluded
from this analysis because of having missed values.

The results of this analysis show that the first four axes collectively represent 95.18% of the
total variation (Table 5). Of this, 82.3 is explained by PC1, with all characters (i.e., FHL, LFL, LHL,
HH, HL, HW, RAL) mainly responsible for the observed variation, and 5.28% is explained by PC2, in
which FHL and HH have the highest values. This analysis shows that the PC1 is chiefly responsible
for the separation of males and females of Asaccus nasrullahi (Fig. 3).
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TABLE 1. The results of univariate analysis using the Mann-Whitney U and Independent Sample t-
test on the standardized metric and meristic characters of Asaccus nasrullahi in locality 1 (Sarab-e-
Darreshahr). Abbreviations: SD, standard deviation; D. of d., the direction of difference; Sexes, 1 =
male and 2 = female; T-test, Independent Sample t-test; U-test, Mann-Whitney U. All measurements
in millimeter.

Character Sex No. MeanSD P-value Test D. of d.
used
BT 1 17 7.45%0.79 0.949  T-test F=M
2 35  7.43+0.9
Wl CT 1 6 13+0.89 1.000  U-test F=M
= 2 13 12.85:¢1.21
5 IL 1 17 7.88+0.70 0.882  U-test F=M
= 2 35  7.86%0.73
SL 1 17 11.18+0.95 0.728  U-test F=M
2 35  11.23%0.97
AW 1 17  6.89+0.65 0.707  T-test F=M
2 35  6.98+0.82
FHL 1 17 30.17+3.45 0.920  T-test F=M
2 35  30.27#3.39
LFL 1 17 29.28+2.07 0.447  T-test F=M
2 35  28.82+2.07
LHL 1 17 38.9+3.01 0.208  U-test F=M
2 35  37.88+2.51
g HH 1 17 7.08+0.63 0.294  T-test F=M
g 2 35  6.91+0.51
HL 1 17 16.85%1.31 0.243  T-test F=M
2 35  16.43+1.16
HW 1 17 13.35%1.21 0.064  T-test F=M
2 35  12.77+0.94
RAL 1 17  65.93+5.06 0.344  T-test F=M
2 35  64.41+5.51
TL 1 6 78.02+6.57 0.051  T-test F=M
2 13 71.54+6.10

DISCUSSION

Asaccus nasrullahi presented marked sexual dimorphism in general body size and several
body parts, with males being significantly larger than females in eight out of 13 studied characters.
Our results show that there is considerable variation in sexual dimorphism among different
populations of A. nasrullahi. For instance, in dataset 1 (Sarab-e-Dareshahr) there is no difference
between the sexes. In dataset 2 (Bahram-e-Choobin) males are larger than females in only one
character while in dataset 3 (Sheikh-Makan) males are larger than females in four metric
characters. But the pooled data show that males are larger than females in eight metric characters.
These incongruences in SSD results among subsets and pooled datasets may be the result of
insufficient sampling in the three sampled locations.
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TABLE 2. The results of univariate analysis of Asaccus nasrullahi in locality 2 (Bahram-e-Choobin).
Abbreviations as in Table 1. Abbreviations: SD, standard deviation; D. of d., the direction of
difference; Sexes, 1 = male and 2 = female; T-test, Independent Sample t-test; U-test, Mann-Whitney
U. All measurements in millimeter.

Character Sex No. MeanSD P-value Used D. of. D.
test
BT 1 8 7.71+0.87 0.111  T-test M=F
2 13 7.17%0.62
.| cT 1 3 13.33+0.58 0.116  T-test M=F
= 2 1241.00
5l IL 1 7.88+0.64 0.224  U-test M=F
= 2 13 8.15:0.38
SL 1 8 11.75+0.71 0.736  T-test M=F
2 13 11.62+0.96
AW 1 8 6.92+0.69 0.596  T-test M=F
2 13 6.76%0.63
FHL 1 8 31.95+2.99 0.028  T-test M > F
2 13 28.61£3.21
LFL 1 8 29.35+2.78 0.757  T-test M=F
2 13 28.89#3.53
LHL 1 8 39.22+3.43 0.302  T-test M=F
2 13 37.82+2.62
g HH 1 8 7.24+0.83 0293  T-test  M=F
5 2 13 6.9%0.62
= H 1 8 16.96%1.39 0.176  T-test M=F
2 13 16.17+1.14
HW 1 8 13.11#1.31 0.128  T-test M=F
2 13 12.39£0.79
RAL 1 8 65.81+6.17 0.281  T-test M=F
2 13 62.77%6.07
TL 1 3 69.03+1.52 0.52 T-test M=F
2 3 70.56+3.46

Many taxa show geographic variation in SSD with moderate differences in proportional
sizes between the sexes (Harvey & Ralls, 1985; Schwaner & Sarre, 1988). But, at least in one case
(Morelia spilota), proportional sizes between the sexes show dramatic differences among different
populations. Different causes have been proposed to explain such variations in SSD. For example,
selective pressures on male body size may vary among different localities, resulting in geographic
variation in SSD among distinct populations of the same species (Shine & Fitzgerald, 1995). Another
explanation for this phenomenon is the genetic control of SSD in different populations (Pearson et
al.,, 2002).
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TABLE 3. The results of univariate analysis of Asaccus nasrullahi in locality 3 (Sheikh-Makan).
Abbreviations as in Table 1. Abbreviations: SD, standard deviation; D. of d. the direction of
difference; Sexes, 1 = male and 2 = female; T-test, Independent Sample t-test; U-test, Mann-Whitney
U. All measurements in millimeter.

Character Sex No. MeanSD P-value Used D. of. D.
test
BT 1.0 26.0 7.52+0.56 0.176 T-test M=F

2.0 11.0 7.8%£0.55
CT 1.0 6.00 12.67+1.21 0.395 U-test M=F

7]
= 20 3.00 12+0.00
= IL 1.0 260 8.27+0.53 0646  U-test  M=F
= 20 11.0 8.36:0.50
SL 1.0 260 11.88:095  0.054  U-test M=F
20 110 11.27+0.65
AW 10 260 7.030.39 0055  T-test  M=F
20 110 7.36:0.61
FHL 1.0 260 31.75¢1.65  0.13 T-test  M=F
20 110 30.48+2.40
LFL 1.0 260 3046%1.38  0.001 T-test M>F
20 110 2852£1.37
LHL 1.0 260 40.17+¢1.38  0.061  T-test = M=F
20 110 38.33£2.38
g HH 1.0 260 7.34+0.64 0056  T-test  M=F
g 20 11.0 6.9+0.58

HL 1.0 26.0 17.14+0.65 0.084 T-test M=F
2.0 11.0 16.65%1.00

HW 1.0 26.0 13.68+0.63 0.006 T-test M>F
2.0 11.0 12.99+0.70

RAL 1.0 26.0 68.86+2.46 0.027 T-test M>F
2.0 11.0 65.22+4.54

TL 1.0 7.00 77.92%3.54 0.157 T-test M=F
2.0 3.00 67.95%8.05

Several hypotheses have been proposed to explain the intraspecific variation in SSD
including 1) fecundity selection in which females have larger body size than males (Andersson,
1994; Sandercock, 2001; Rastegar Pouyani et al., 2015), 2) niche partitioning through which males
and females are different in the size of some parts of the body (such as head size) to use different
niche dimensions (Smith & Nickel, 2002), 3) Sexual selection acting on either sex may select for SSD
(Raihani et al, 2006). These selection processes may be reinforced via female choice (Thornhill &
Alcock, 1983; Choe & Crespi, 1997).
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TABLE 4. The results of univariate analysis of Asaccus nasrullahi in all three localities. Abbreviations
as in Table 1. Abbreviations: SD, standard deviation; D. of d., the direction of difference; Sexes, 1 =
male and 2 = female; T-test, Independent Sample t-test; U-test, Mann-Whitney U. All measurements
in millimeter.

Character Sex No. MeanSD P-value Used D. of. D.
test
BT 1.0 51.0 7.53+0.96 0.554 T-test M=F

2.0 59.0 7.44+081
CT 1.0 15.0 12.93+0.96 0.385 U-test M=F

7]
= 20 190 12.58+1.12
5| IL 1.0 510 8.08+0.63 0622  U-test  M=F
= 20 59.0 8.02+0.66
SL 1.0 510 11.63+096 0123  U-test  M=F
20 59.0 11.32+0.92
AW 10 51.0 6974053 0783  T-test M=F
20 59.0 7.000.76
FHL 1.0 510 31264265  0.023 T-test M>F
20 59.0 29.94%3.22
LFL 1.0 510 29.89+¢193  0.002 U-test M>F
20 59.0 28.78+2.33
LHL 1.0 510 39.6+2.42 0.000 U-test M>F
20 59.0 37.95+2.55
g HH 1.0 510 7.24+0.66 0.004 T-test M>F
g 20 59.0 6.9+0.54

HL 1.0 51.0 17.01+1.02 0.004 T-test M>F
2.0 59.0 16.41+1.12

HW 1.0 51.0 13.48+0.98 0.000 T-test M>F
2.0 59.0 12.73%0.88

RAL 1.0 51.0 67.4+4.34 0.001 T-test M>F
2.0 59.0 64.2+5.45

TL 1.0 16.0 76.29+5.72 0.009 T-test M>F
2.0 19.0 70.82%£5.92

Competition between males may favor large body size in species in which males compete
intensely for females (Mitani et al., 1996; Dunn et al, 2001; Lindenfors et al,, 2003; Raihani et al,
2006). In this case, larger males are more likely to survive or mate with females (Clutton-Brock &
Harvey, 1977; Anderson & Vitt, 1990). The positive correlation between combat success and body
size has been studied and proved in lizards (Olsson, 1992; Zucker & Murray, 1996). However, the
phenomenon of male combat suggests sexual selection for larger male size, predicting a
phylogenetic correlation between male-biased SSD and male aggressive behavior. Thus, sexual
selection for large males will not occur unless success in combat also translates into greater
reproductive success (Cox et al, 2003; Kratochvil & Frynta, 2006). The “rostrum to anus length”
(RAL) and forelimb to hind limb length (FHL) in males of A. nasrullahi are greater than those in
females. These two male-biased characters (RAL and FHL) can be explained by the sexual selection
theory, stating combat among males occur for females.
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TABLE 5. Loadings from a principal component analysis of seven significant metric characters of
Asaccus nasrullahi. Variables loading strongly on each principal component are shown in bold.

Variables PC1 PC2 PC3 PC4

FHL 0.853 -0.358 0.368 0.060

LFL 0.885 -0.129 -0.304 0.288

LHL 0.920 0.049 -0.108 0.030

HH 0.842 0.468 0.218 0.131

HL 0.965 0.020 -0.048 -0.078

HW 0.916 0.018 20111 -0.336

RAL 0.963 -0.057 0.020 -0.063
Eigenvalues 5.763 0.370 0.302 0.228

% of Variance 82.322 5.285 4317 3.257
Cumulative% 82.322 87.607 91.925 95.182
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FIGURE 3. Ordination of the individual males and females of Asaccus nasrullahi on the first two
principal components, showing poor separation.
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In the current study, the significant male-biased differences in head dimensions (i.e. HL, HH, and
HW) between sexes of A. nasrullahi were proved. Many studies have shown male-biased differences
in the size of head dimensions in a variety of lizards (Barbadillo et al.,, 1995; Hews, 1996; Smith et
al., 1997; Smith & Nickel, 2002; Verrastro, 2004; Fathinia et al., 2011; Karamiani et al., 2013 ). Head
size is a character that can support the niche divergence hypothesis in other vertebrates (Selander,
1972; Shine, 1989). There is a direct relation between head size and bite force which may have a
direct effect on dominance. These traits (head dimensions) may have been evolved under both
sexual and natural selections (Huyghe et al, 2005). These ideas may explain the presence of larger
heads in males of A. nasrullahi.

The values of LFL and LHL in males of A. nasrullahi are significantly greater than those in
females. Males can take advantage of having long limbs by increasing maximum sprint speed,
allowing them to catch prey, escape predators (Calsbeek & Smith, 2003), chase females for mating
(Fathinia et al, 2011), and defense territory (Peterson & Husak, 2006) more effectively. A
combination of these causes may explain male-biased differences in the limbs of A. nasrullahi.

Shedding a portion or most of the tail followed by regeneration is an ability that one can see
in a majority of lizards. Tail shedding can take place as the result of a predator attack or
intraspecific conflicts. This behavior allows a lizard to have an efficient escape (Cott, 1957). As the
main purposes of this research were investigating sexual dimorphism and distribution of Asaccus
nasrullahi, additional studies are needed to shed light on the causes and consequences of tail
shedding in this gecko. In summary, a combination of three different causes may have driven the
SSD in A. nasrullahi: sexual selection, niche divergence, and natural selection.

ACKNOWLEDGMENTS
We thank the Department of Environment in Ilam for providing facilities and supporting us during
this survey. We also thank Professor Y. L. Werner for editing and improving the paper.

LITERATURE CITED

Anderson, R. A, Vitt, L. ]., 1990. Sexual selection versus alternative causes of sexual dimorphism in
teiid lizards. Oecologia 84(2), 145-157.

Andersson, M. 1994. Sexual selection, 72. Princeton University Press.

Barbadillo, L., Bauwens, D., Barahona, F., Sanchez-Herraiz, M., 1995. Sexual differences in caudal
morphology and its relation to tail autotomy in lacertid lizards. Journal of Zoology 236(1), 83-93.

Calsbeek, R.,, Smith, T.B., 2003. Ocean currents mediate evolution in island lizards. Nature
426(6966), 552-555.

Choe, ]., Crespi, B., 1997. Mating systems in insects and arachnids. Cambridge University Press,
NY(USA) 387Pp.

Clutton-Brock, T.H., Harvey, P.H., 1977. Primate ecology and social organization. Journal of Zoology
183(1), 1-39.

Cott, H.B., 1957. Adaptive coloration in animals. (London: Methuen), pp. xxxii + 508.

Cox, R.M,, Skelly, S.L., John-Alder, H.B., 2003. A comparative test of adaptive hypotheses for sexual
size dimorphism in lizards. Evolution 57(7), 1653-1669.

Dunn, P.0., Whittingham, L.A., Pitcher, T.E., 2001. Mating systems, sperm competition, and the
evolution of sexual dimorphism in birds. Evolution 55(1), 161-175.



RANGE EXTENSION AND SEXUAL DIMORPHISM IN ASACCUS NASRULILAHI 69

Fairbairn, D. J., Blanckenhorn, W.U., Székely, T., 2007. Sex, size and gender roles: evolutionary
studies of sexual size dimorphism. Oxford University Press.

Fathinia, B. Rastegar-Pouyani, N., Mohamadi, H., 2011. Sexual dimorphism in Carinatogecko
heteropholis (Minton, Anderson, and Anderson, 1970) (Sauria: Gekkonidae) from Ilam Province,
western Iran. Amphibian and Reptile Conservation 5(1), 47-53.

Harvey, P., Ralls, K., 1985. Homage to the null weasel. In: Greenwood PJ, Harvey PH, Slatkin M (eds)
Evolution: essays in honour of John Maynard Smith. Cambridge University Press, Cambridge 155-
171.

Hews, D., 1996. Size and scaling of sexually-selected traits in the lizard, Uta palmeri. Journal of
Zoology 238(4), 743-757.

Huyghe, K., Vanhooydonck, B., Scheers, H., Molina-Borja, M., Van Damme, R., 2005. Morphology,
performance and fighting capacity in male lizards, Gallotia galloti. Functional Ecology 19(5), 800-
807.

Karamiani, R., Rastegar-Pouyani, N., Fattahi, R., Fathinia, B., 2013. Sexual dimorphism in leaf-toed
gecko Asaccus elisae (Werner, 1895) (Sauria: Gekkonidae) from western Iran. Hamadryad 36,157-
161.

Kratochvil, L., Frynta, D., 2006. Body-size effect on egg size in eublepharid geckos (Squamata:
Eublepharidae), lizards with invariant clutch size: negative allometry for egg size in ectotherms is
not universal. Biological Journal of the Linnean Society 88(4), 527-532.

Lindenfors, P., Székely, T., Reynolds, ].D., 2003. Directional changes in sexual size dimorphism in
shorebirds, gulls and alcids. Journal of evolutionary biology 16(5), 930-938.

Luo, L., Wu, Y., Zhang, Z., Xu, X., 2012. Sexual size dimorphism and female reproduction in the white-
striped grass lizard Takydromus wolteri. Current Zoology 58(2), 236-243. DOLI:
10.1093/czoolo/58.2.236

Mitani, J.C,, Gros-Louis, ]., Richards, A.F., 1996. Sexual dimorphism, the operational sex ratio, and the
intensity of male competition in polygynous primates. The American Naturalist 147(6), 966-980.

Nasrabadi, R., Rastegar-Pouyani, N., Rastegar-Pouyani, E., Gharzi, A., 2017. A revised key to the
lizards of Iran (Reptilia: Squamata: Lacertilia). Zootaxa 4227(3), 431-443. DOI:
10.11646/zootaxa.4227.3.9

Olsson, M., 1992. Contest success in relation to size and residency in male sand lizards, Lacerta
agilis. Animal Behaviour 44, 386-388.

Pearson, D., Shine, R.,, Williams, A., 2002. Geographic variation in sexual size dimorphism within a
single snake species (Morelia spilota, Pythonidae). Oecologia 131(3), 418-426.

Peterson, C.C., Husak, J.F., 2006. Locomotor performance and sexual selection: individual variation
in sprint speed of collared lizards (Crotaphytus collaris). Copeia 2006(2), 216-224.



70 IRANIAN JOURNAL OF ANIMAL BIOSYSTEMATICS Vol.17, No.1

Raihani, G., Székely, T., Serrano-Meneses, M.A., Pitra, C., Goriup, P., 2006. The influence of sexual
selection and male agility on sexual size dimorphism in bustards (Otididae). Animal Behaviour
71(4), 833-838.

Rastegar-Pouyani, N., Fattahi, A., Karamiani, R., Takesh, M., 2015. Sexual Size Dimorphism in Hyla
savignyi Audouin, 1827 (Anura: Hylidae) from Kermanshah Province, Western Iran. Iranian Journal
of Animal Biosystematics 11(1), 17-22. DOI: 10.22067/1JAB.V1111.36384

Sandercock, B.K., 2001. What is the relative importance of sexual selection and ecological processes
in the evolution of sexual size dimorphism in monogamous shorebirds? Bulletin-Wader Study
Group, 96, 64-70.

Schwaner, T.D., Sarre, S.D., 1988. Body size of tiger snakes in southern Australia, with particular
reference to Notechis ater serventi (Elapidae) on Chappell Island. Journal of Herpetology 24-33.

Selander, R., 1972. Sexual selection and dimorphism in birds. In ‘Sexual Selection and the Descent of
Man 1871-1971’.(Ed. B. Campbell.) pp. 180-230. Heinemann Educational: London.

Shine, R., 1989. Ecological causes for the evolution of sexual dimorphism: a review of the evidence.
The Quarterly Review of Biology 64(4), 419-461.

Shine, R., Fitzgerald, M., 1995. Variation in mating systems and sexual size dimorphism between
populations of the Australian python Morelia spilota (Serpentes: Pythonidae). Oecologia 103(4),
490-498.

Smith, G., Nickel, A., 2002. Sexual dimorphism in three Cuban species of curly-tailed lizards
(Leiocephalus). Caribbean Journal of Science 38(1-2): 140-142.

Smith, G.R.,, Lemos-Espinal, J.A., Ballinger, R.E., 1997. Sexual dimorphism in two species of knob-
scaled lizards (genus Xenosaurus) from Mexico. Herpetologica 200-205.

Thornhill, R, Alcock, ], 1983. The evolution of insect mating systems. Harvard University Press.
Torki, F., Heidari, N., Khan, M.S., 2010. A morphological and ecological study of Asaccus nasrullahi
Werner, 2006 (Reptilia: Phyllodactylidae), in western Iran. Russian Journal of Herpetology 17(3),
195-201.

Uetz, P., HoSek, J., 2020. The Reptile Database, http://www.reptile-database.org, Feb. 25, 2020.

Verrastro, L., 2004. Sexual dimorphism in Liolaemus occipitalis (Iguania, tropiduridae). Iheringia.
Série Zoologia 94(1), 45-48.

Werner, Y.L., 2006. Retraction of Ptyodactylus Goldfuss from the fauna of Iran and its replacement
by a new species of Asaccus Dixon and Anderson (Reptilia: Sauria: Gekkonidae). Hamadryad-
Madras 30(1/2), 135.

Zucker, N., Murray, L., 1996. Determinants of dominance in the tree lizard Urosaurus ornatus: the
relative importance of mass, previous experience and coloration. Ethology 102(6), 812-825.



