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kurzfassung

exemplare von Eryx miliaris (PaLLas, 1773) aus sistan, ost-Iran, wurden morphologisch und genetisch
untersucht.  dabei zeigte sich eine hohe Variabilität in anordnung und zahl bei kopfschilden, während die dns-
sequenzen des mitochondrialen Cytochrom b wenig unterschiedlich waren.  der Vergleich der sequenzen mit
denen von nordost-Iranischen E. tataricus (LICHTensTeIn, 1823) aus genBank spricht für die artliche Identität von
E. tataricus (LICHTensTeIn, 1823) mit E. miliaris und in der folge die Bewertung von E. tataricus als subjektives
Juniorsynonym von E. miliaris.  die autoren sprechen sich dagegen aus, morphometrische Merkmale als alleini-
ge Informationsquelle für systematische zuordnungen zu verwenden. 

aBsTraCT

specimens of Eryx miliaris (PaLLas, 1773) from sistan, east Iran, were investigated morphologically and
genetically.  The results demonstrated a high variation in topology and number of head scales, while mtdna
Cytochrome b sequences showed little differences.  Comparison with sequences from ne-Iranian E. tataricus
(LICHTensTeIn, 1823) taken from genBank provides support for the identity at species level of E. tataricus
(LICHTensTeIn, 1823) with E. miliaris.  as a consequence, E. tataricus is identified a subjective junior synonym of
E. miliaris.  Moreover, the authors strongly suggest not to use morphometric characters as the only source of infor-
mation for systematic decisions.
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In parallel with the scientific advances
based on comparative genomics, morpho-
logical data are still being widely used to
determine the systematic position of many
taxa.  Conflicts between molecular and mor-
phological studies can arise from morpho-
logical characters which show homoplastic
evolution.  In such cases, morphological data
may mislead phylogenetic and systematic
interpretations (Hedges & Maxson 1996;
WIens et al. 2003).

The main distribution of the genus
Eryx daudIn, 1803, includes a wide range
from southeastern europe, north and east
africa, over southwestern asia as far as

western China in the east (Lanza & nIsTrI
2005).  according to the literature, the genus
Eryx is represented by six species in Iran: E.
jaculus (LInnaeus, 1758), E. miliaris (PaL -
Las, 1773), E. johnii (russeLL, 1801), E. ta -
taricus (LICHTensTeIn, 1823), E. elegans
(gray, 1849) and E. jayakari BouLenger,
1888 (e.g., LaTIfI 2000; rasTegar-PouyanI
et al. 2008; safaeI-MaHroo et al. 2015).

However, there is disagreement on the
correct identification of some specimens or
systematic status of some nominal taxa of
the genus.  Morphological and molecular
studies of Eryx specimens in ne Iran inde-
pendently, but in confirmation of each other
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(eskandarzadeH et al. 2013; rasTegar-
PouyanI et al. 2014), suggested that snakes
previously assigned to E. elegans are con-
specific with E. jaculus, and populations
earlier identified as E. tataricus cannot be
differentiated from E. miliaris.  These find-
ings are in disagreement with several stud-
ies (e.g., TerenT’eV & CHernoV 1965;
sørensen 1988; LaTIfI 2000; reynoLds et
al. 2014; zarrInTaB et al. 2017).  a recent
review of the genus Eryx in Iran exclusive-
ly based on external morphological traits
(zarrInTaB et al. 2017) was controversial,
at least as to the E. tataricus/miliaris com-
plex (sens. Tokar 1990).  according to this
study, several Iranian specimens were
assigned to E. tataricus, whereas the occur-
rence of E. miliaris was classified as ques-

tionable.  The systematic status of E. tatari-
cus and E. miliaris was already debated in
preceding molecular studies, which consid-
ered the relationship between E. tataricus
and E. miliaris to be on a subspecific level
(Pyron et al. 2013), while the nominal sub-
species E. tataricus vittatus (ČernoV, 1959),
was found to be more distant from these
(reynoLds et al. 2014).

since E. miliaris was reported from
sistan (LaTIfI 2000), the purpose of the
present study was to (i) add information on
the systematic status and phylogenetic
affinities of E. miliaris from sistan using
mtdna Cytochrome b sequences and (ii)
describe the degree of intraspecific variation
at the external morphology level in these
specimens.
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fig. 1:  sampling areas of sand boas morphologically classified as Eryx miliaris (PaLLas, 1773) and 
E. tataricus (LICHTensTeIn, 1823) included in this study.  1 ‒ fariman, sarakhs and Torbate-Jam 

(razavi khorasan Province), 2 ‒ sabzevar, neyshabour, Parvand and Joghtay (razavi khorasan Province), 
3 ‒ Birjand and shaskooh (south khorasan Province), 4 ‒ Various locations in sistan (sistan & 

Blochestan Province).  details are presented in Tables 1 and 2. 
abb. 1:  fundgebiete von sandboas, die morphologisch Eryx miliaris (PaLLas, 1773) und E. tataricus

(LICHTensTeIn, 1823) zugeordnet waren und in der vorliegenden arbeit untersucht wurden.  
1 ‒ fariman, sarakhs und Torbate-Jam (Provinz razavi khorasan), 2 ‒ sabzevar, neyshabour, Parvand und

Joghtay (Provinz razavi khorasan), 3 ‒ Birjand und shaskooh (Provinz süd-khorasan), 
4 ‒ verschiedene orte in sistan (Provinz sistan & Belutschistan).  zu einzelheiten siehe Tabellen 1 und 2.
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M or pho log i ca l  ana ly s e s .-  Ma -
terial for the morphological examinations
included 22 alcohol-preserved specimens of
E. miliaris from sistan, eastern Iran (fig.
1).  This sample belongs to the herpetologi-
cal collection of shahrekord university,
shahrekord, Iran.  details of the localities,
museum and genBank accession numbers
of sequences are given in Tables 1 and 2.
specimens were identified morphologically
based on TzareWsky (1916), TerenT’eV &
CHernoV (1965) and Tokar (1991).  The
following morphological characters were
measured using Vernier calipers with an
accuracy to the nearest 0.01 mm: snout-vent
length (sVL) from tip of snout to vent; tail
length (TL) from vent to tip of tail; interor-
bital width (IoW); head width (HW) at the
widest point; and distance between posteri-
or edge of eye and corner of mouth (deM).
In addition to the metric variables, the fol-
lowing meristic variables (pholidosis
counts) were determined using a stereomi-
croscope: numbers of loreal scales right and
left (Ls, r/L), supralabial scales right and
left (sL, r/L), infralabial scales right and
left (IL, r/L), longitudinal dorsal scale rows
around the middle of the body (sM), ventral
scales (Ven), subcaudal scales (sCd), pre-
ventral scales (PVen), scales between eye
and nasal (Ben), scales posterior to inter-
nasal as far as to the eye (PIn), scales
between eyes counted along a straight line
(Bes), scales around eye right and left
(sae, r/L), longitudinal dorsal scales rows,
counted right behind the vent (dsV).

M olecu l a r  ana ly s e s . -   Twelve
specimens were selected for molecular
analysis (fig. 1, Table 1).  selection was
based on the intention to include at least one
individual from each discovered morph in
the molecular and morphological analyses.
genomic dna was extracted from ethanol-
preserved tissue samples using the Tissue
dna extraction kit (aron-gene, Isfahan,
Iran).  The mitochondrial cytochrome b
(cyt-b) gene was amplified using the
primers L14724 (5’-TgaCTTgaagaaC-
CaCCgTTg-3’) and H16064 (5‘-CTTTg-
gTTTaCaagaaCaaTgCTTTa-3’)
(BurBrInk et al. 2000).  Polymerase chain
reaction (PCr) amplifications were carried

out in a total volume of 20 µl, containing 10
µl ready to use Prime Taq premix (am -
pliqon, Cat number: a180301), 1 µl of
genomic template dna (approximately 100
ng), 1 µl of each primer (10 pm/ml) and 7 µl
distilled deionized water with the following
conditions: an initial cycle at 94 °C for 4
minutes, followed by 36 cycles at 94 °C for
30 seconds, 58 °C for 40 seconds and 72 °C
for 90 seconds, and a final cycle at 72 °C for
10 minutes.  sequences were derived from
these products in an aBI 3700 automated
sequencer at Macrogen, Inc. (seoul, korea). 

aligning and editing the chromato -
graphs was done manually using Bioedit v.
7.0.5 (HaLL 1999).  To avoid amplification
of pseudogenes, sequences were translated
into amino-acids and checked for stop-
codons.  The cyt-b fragments were aligned
using MaffT v. 7 (kaToH & sTandLey
2013) applying default parameters (auto
strategy, gap opening penalty: 1.53, offset
value: 0.0).  uncorrected p-distances with
complete deletion of positions with ambigu-
ities and alignment gaps were calculated
using Mega7 v. 7.0 (kuMar et al. 2016).
additional sequences representing individu-
als of E. miliaris and E. tataricus were down -
loaded from genBank and added to the
dataset (Table 2).  Eryx elegans (kJ841063
and kJ841061) were included in the analy-
sis as an outgroup taxon, since it was
revealed as sister taxon of the E. miliaris/E.
tataricus complex (rasTegar-PouyanI et
al. 2014).

The authors used maximum likelihood
(ML) and Bayesian inference (BI) to derive
phylogenetic relationships from a dataset
containing 666 bp including 38 specimens
(2 outgroup and 36 in-group taxa).  The
best-fitting model of nucleotide substitution
was inferred using JModeltest v. 2.1.4
(darrIBa et al. 2012) according to the
akaike Information Criterion (akaIke,
1973).  Maximum likelihood analyses were
performed in PauP* v. 4.0 (sWofford 2002)
with reliability assessed using nonparamet-
ric bootstrapping with 1,000 replicates.
Bayesian inference analyses were conduct-
ed in MrBayes v. 3.2.2 (ronquIsT et al.
2012), with two independent runs of eight
million generations with four Markov
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MaTerIaLs  and  MeTHods
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Table 1:  List of Eryx specimens from sistan, Iran, used in the present morphological (N = 22) and molec-
ular (N = 12) studies, along with locality data, museum and genBank accession numbers.  Morphological species
identification according to TzareWsky (1916), TerenT’eV & CHernoV (1965) and Tokar (1991).  s & B ‒ sistan
& Blochestan Province, HaC ‒ Herpetological Collection in the zoological Museum of the shahrekord university.

Tab. 1:  Liste der in den vorliegenden morphologischen (N = 22) und molekularen (N = 12) untersuchungen
verwendeten Eryx exemplare aus sistan, Iran, mit ihren fundorten, Museums- und genBank zugangsnummern.
die morphologische artbestimmung erfolgte nach TzareWsky (1916), TerenT’eV & CHernoV (1965) und Tokar
(1991).  s & B ‒ Provinz sistan & Belutschistan,  HaC  ‒ Herpetologische sammlung im zoologischen Museum
der shahrekord universität.

sub-clade /  species name in dendro- Locality geographical  genBank 
Haplotype gram (fig. 4) coordinates numbers
subklade / art name im dendro- fundort geographische  genBank-
Haplotyp gramm (abb. 4) koordinaten nummern

--- / --- HaC 46 near Milak, s & B 30.969916 n  ---  
61.796252 e 

--- / ---  HaC 47 near Milak, s & B 30.969916 n  ---  
61.796252 e 

sistan / H1  HaC 48 near Milak, s & B 30.969916 n  Mg948422  
61.796252 e  

--- / ---  HaC 65 near Milak, s & B 30.969585 n  ---  
61.805404 e 

--- / ---  HaC 78 near Milak, s & B 30.960402 n  ---  
61.805639 e 

sistan / H2  HaC 89 Between Milak and shah- 30.967967 n  Mg948423  
Jaane Bameri, s & B 61.797808 e 

--- / ---  HaC 139 Hirmand, near the Maleki  31.092306 n  ---
Village, s & B 61.708559 e 

--- / ---  HaC 140 Hirmand, near Jahan-  31.083543 n  ---  
Tigh Village, s & B 61.677341 e 

sistan / H6  HaC 150 near Milak, s & B 30.976328 n  Mg948432  
61.800443 e 

sistan / H3  HaC 169 near zahak, s & B 30.899991 n  Mg948424  
61.671809 e 

--- / ---  HaC 498 near deh-no Village, s & B 30.978897 n ---  
61.777375 e 

sistan / H3  HaC 499 Between Milak and  30.964107 n  Mg948425  
shah-Jaane Bameri, s & B 61.800448 e 

--- / ---  HaC 500 near Milak, s & B 30.973522 n  ---  
61.806304 e 

sistan / H4  HaC 501 zahak, near Hasanki  30.924783 n Mg948426  
Village, s & B 61.691794 e 

sistan / H1  HaC 502 near Milak, s & B 30.980502 n  Mg948427  
61.803298 e 

sistan / H5  HaC 503 zahak, near the khajeh-  30.861207 n  Mg948428  
ahmad Village, s & B 61.734136 e 

sistan / H1  HaC 504 Hirmand, near the  30.984633 n  Mg948429  
sanjar Viillage, s & B 61.815386 e 

sistan / H7  HaC 505 near Milak, s & B 30.977388 n  Mg948433  
61.797564 e 

--- / ---  HaC 506 near Milak, s & B 30.978897 n  ---  
61.777375 e 

sistan / H1  HaC 507 near Milak, s & B 30.987029 n  Mg948430  
61.794056 e 

sistan / H4  HaC 508 near Milak, s & B 30.978897 n  Mg948431  
61.777375 e 

--- / ---  HaC 548 near Milak, s & B 30.978615 n  ---  
61.798255 e  

136                                        y. sHeIkH &  H. oraIe & e. rasTegar-PouyanI

chains (one cold, three heated), sampling
every 1,000 generations.  The first 25 % of
trees in each run were discarded as burn-in,
and a majority-rule consensus tree was gen-

erated from remaining trees.  a network of
haplotypes was generated using the median-
joining algorithm (BandeLT et al. 1999) in
network 5.0.0.0 (forsTer 2018).
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Table 2:  Information on additional specimens of Eryx miliaris (PaLLas, 1773) and E. tataricus (LICHTen -
sTeIn, 1823) from ne Iran, the genBank sequences of which were used in the phylogenetic analyses.  rkP ‒
razavi khorasan Province, skP ‒ south khorasan Province.  

Tab. 2:  angaben zu weiteren exemplaren von Eryx miliaris (PaLLas, 1773) und E. tataricus (LICHTensTeIn,
1823) aus dem nordwestiran, deren genBank-sequenzen in der phylogenetischen analyse verwendet wurden.
rkP ‒ Provinz razavi khorasan, skP ‒ Provinz süd-khorasan.  

sub-clade/ species name in dendro- Locality geographical genBank ac- 
haplotype gram (fig. 4) coordinates cession numbers
subklade/ art name im dendro- fundort geographische genBank-zu-
Haplotyp gramm (abb. 4) koordinaten gangsnummern

1 / --- Eryx tataricus uMfs 11688 unknown --- kf811117.1
1 / --- Eryx miliaris nogajorum u69826 unknown --- u69826.1
1 / --- Eryx miliaris u69824 unknown --- u69824.1
1 / H14 Eryx miliaris erP_906 sarakhs, rkP 36°31’n 61°09’e kJ841071.2
1 / H12 Eryx tataricus erP_1051 Torbate-Jam, rkP 35°59’n 60°15’e kJ841054.2
1 / H13 Eryx tataricus far_4 fariman, rkP 35°72’n 60°11’e kJ841064.2
1 / H13 Eryx miliaris far_5 fariman, rkP 35°72’n 60°11’e kJ841065.2
1 / H13 Eryx tataricus far_6 fariman, rkP 35°72’n 60°11’e kJ841066.2
1 / H13 Eryx tataricus far_1 fariman, rkP 35°72’n 60°11’e kJ841070.2
2 / H8 Eryx tataricus erP_792 sabzevar, rkP 35°56’n 57°05’e kJ841043.2
2 / H10 Eryx tataricus erP_875 Parvand, rkP 36°42’n 57°17’e kJ841045.2
2 / H8 Eryx miliaris erP_1018 sabzevar, rkP 35°56’n 57°05’e kJ841053.2
2 / H11 Eryx tataricus erP_929 Joghtay, rkP 36°38’n 57°29’e kJ841049.2
2 / H11 Eryx miliaris erP_976 neyshabour, rkP 35°57’n 59°22’e kJ841050.2
2 / H11 Eryx miliaris erP_977 neyshabour, rkP 35°57’n 59°22’e kJ841051.2
2 / H11 Eryx miliaris gha_10 ghaen, skP 33°43’n 59°11’e kJ841069.2
2 / H9 Eryx miliaris erP_806 sabzevar, rkP 36°06’n 57°12’e kJ841044.2
2 / H9 Eryx miliaris erP_925 Joghtay, rkP 36°42’n 57°17’e kJ841046.2
2 / H9 Eryx miliaris erP_926 Joghtay, rkP 36°42’n 57°17’e kJ841047.2
2 / H9 Eryx miliaris erP_928 Joghtay, rkP 36°42’n 57°17’e kJ841048.2
2 / H9 Eryx tataricus erP_1009 sabzevar, rkP 36°42’n 57°17’e kJ841052.2
3 / H14 Eryx tataricus sha_30 shaskoh, skP 33°43’n 59°11’e kJ841067.2
3 / H14 Eryx tataricus Bir_22 Birjand, skP 32°52’n 59°14’e kJ841068.2

outgroup Eryx elegans e_elegans13 ghaen, skP 33°43’n 59°11’e kJ841063.2
outgroup Eryx elegans e_elegans12 ghaen, skP 33°43’n 59°11’e kJ841061.2
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resuLTs

Based on the morphological results,
the individuals of E. miliaris differed from
each other in the pholidosis character states
of sM, Ven, sCd, PVen and dsV (Table
3).  sexual dimorphism was not detected in
the metric and meristic character states (p ≤
0.05).

In addition to the above differences in
scale number, there was polymorphism in
the topology of the head scales.  regarding
the arrangement of subocular and supralabi-
al scales, four types were distinguished (fig.
2).  some specimens (~ 14 %) were charac-
terized by separation of the subocular scales
from the supralabial scales by infrasubocu-
lars.  In the remaining specimens, one sub-
ocular was in contact with supralabials in a
variety of ways as follows: one subocular in

contact with (i) 4th and 5th supralabials (~
27 %), (ii) 5th supralabial (~ 18 %) and (iii)
5th and 6th supralabials (~ 41%).  also,
there was intraspecific variation in the
topology of the internasal and postinternasal
scales (fig. 3).  In two individuals (~ 9 %),
the internasals were in full contact with
three postinternasal scales present.  In most
individuals (~ 73 %), the internasal scales
were in contact posteriorly, as the rostral
scale extended between the internasals.  In
these specimens, there were three postinter-
nasal scales.  In four specimens (~18 %), the
internasal scales were separated completely
by the rostral scale with four postinternasals
present.

new sequences obtained during this
study were deposited in genBank with ac -
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cession numbers Mg948422 – Mg948433
(Table 1).  The final alignment of 666 nu -
cleotides from 36 individuals consisted of
554 invariable (monomorphic) and 112
variable (polymorphic) sites, 92 of which
were parsimony informative.  The selected
TaMura & neI (1993) model of nucleotide
substitution was Trn+I as the best fit model
under the akaike Information criterion.  The
phylogenetic results were nearly identical
between ML and BI approaches.  In both
cases (fig. 4), a well-supported clade was
identified (BI 1; ML 100 %) consisting of
specimens of E. miliaris and e. tataricus
from ne Iran, E. miliaris nogajorum nI -
koLsky, 1910, and E. tataricus from un -
specified localities from outside of Iran,
along with specimens from sistan.  The
clear separation between Eryx jaculus and
the clade comprising E. miliaris/E. tataricus
was supported by more than 10 % interspe-

cific genetic divergence (Table 4).  even
though, the sistan specimens and other pop-
ulations clustered separately, their relation-
ships remained confusing (fig. 4).  genetic
p-distances ranged from 2.1 to 3.3 %
between the various subclades of E. mil-
iaris/E. tataricus and the sistan population
(Table 4).  The network of haplotypes (fig.
5) indicated that sistan specimens except
one (H5: HaC 503), were genetically sepa-
rated from all other individuals.  although
the maximum within-group genetic diver-
gence in the sistan specimens group was 0.7
%, this subclade was formed by seven dif-
ferent haplotypes, which showed high hap-
lotype diversity (Hd: 0.879).  Haplotype
networks of this group were star-shaped,
with one most common haplotype (H1)
shared mostly among individuals distrib-
uted in the sistan basin (fig. 5).
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fig. 2:  Variability of subocular and supralabial scale contact in Eryx miliaris (PaLLas, 1773), from sistan, Iran.
a ‒ subocular scales separated from supralabials (HaC 502), 

B ‒ one subocular in contact with 4th and 5th supralabials (HaC 504), 
C ‒ one subocular in contact with 5th supralabial (HaC 507), and 

d ‒ one subocular in contact with 5th and 6th supralabials (HaC 499).
abb. 2:  Variabilität in der anordnung der subokular- und supralabialschilde bei Eryx miliaris (PaLLas, 1773)

aus sistan, Iran.  a ‒ subokular- und supralabialschilde voneinander getrennt (HaC 502), 
B ‒ ein subokularschild grenzt an supralabialia 4 und 5 (HaC 504), 

C ‒ ein subokularschild grenzt an supralabiale 5 (HaC 507), 
d ‒ ein subokularschild grenzt an supralabialia 5 und 6 (HaC 499).

Sheikh_etal_Oraie_Eryx_miliaris_Iran:HERPETOZOA.qxd  12.02.2019  15:08  Seite 6



The present results revealed a striking
intraspecific plasticity in taxonomically
important traits of genetically closely relat-
ed specimens of Eryx miliaris from sistan
(figs. 2 and 3).  although, some variation in
the constellation of subocular and supralabi-
al scales was reported in the population of
E. jaculus from ahvaz (zarrInTaB et al.
2017) such variability was not covered in E.
miliaris/E. tataricus (see eskandarzadeH et
al. 2013; zarrInTaB et al. 2017). The shape
of the internasal scales as a diagnostic char-
acter has been used to distinguish between
E. miliaris and E. tataricus (internasal
scales usually not in contact with each other
in E. miliaris while in contact in E. tatari-
cus) (TzareWsky 1916; sørensen 1988;
zarrInTaB et al. 2017).  In the present
study, the clear morphological differences
of systematic relevance in a classical view
(figs. 2 and 3), were not mirrored by the
very low diversity for cyt-b sequences in 12
specimens (fig. 4, Table 4).  In the phyloge-
netical dendrogram, two specimen morpho-
logically attributed to E. miliaris noga orum
and one of E. tataricus (Table 2), all from
unspecified localities, clustered with sam-
ples representing E. miliaris/E. tataricus
(figs. 1 and 4).  The genetic distance be -
tween geographically related subclades of
E. miliaris/E. tataricus (Table 4, figs.1, 4
and 5) is less than the threshold for setting
species boundaries (e.g., aHMadzadeH et al.
2013; JoHns & aVIse 1998; rasTegar-Pou -
yanI et al. 2012).  Taxonomically, the results
of the present study concur with previous
proposals to synonymize E. tataricus with
E. miliaris (eskandarzadeH et al. 2013;
rasTegar-PouyanI et al. 2014) with em -
phasis, that intraspecific variation in head
scalation is a fundamental feature of Eryx
miliaris, at least in the sistan Basin.  as a
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fig. 3:  Variation in internasal scales topology relative to the rostral shield and number of postinternasal 
scales in Eryx miliaris (PaLLas, 1773), from sistan, Iran.  a ‒ three postinternasal scales, internasal scales 

in full contact with each other (HaC 68), B ‒ three postinternasal scales, internasal scales in partial contact 
with each other, with the rostral scale partly extending between them (HaC 503), and 

C ‒ four postinternasal scales, internasal scales separated completely by rostral scale (HaC 507).

abb. 3:  Variabilität in der anordnung der Internasalia in Bezug zum rostrale und der anzahl 
der Postinternasalia bei Eryx miliaris (PaLLas, 1773) aus sistan, Iran.  a ‒ drei Postinternasalia, 

Internasalia berühren einander vollständig (HaC 68), B ‒ drei Postinternasalia, Internasalia 
berühren einander eingeschränkt, wobei das rostrale zwischen die Internasalia hineinragt (HaC 503), 

C ‒ vier Postinternasalia, Internasalia völlig durch das rostrale voneinander getrennt (HaC 507).

dIsCussIon
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fig. 4:  The Bayesian inference tree of 36 mostly ne Iranian sand boas morphologically classified as Eryx 
miliaris (PaLLas, 1773) and E. tataricus (LICHTensTeIn, 1823) was based on partial sequences (666 nucleotides)
of the mitochondrial cytochrome b gene.  nodes solely with a posterior probability ≥ 0.90 and bootstrap values 

≥ 0.80 are indicated.  The tree was rooted using two specimens of Eryx elegans (gray, 1849).  
Information on the specimens is given in Tables 1 and 2. 

abb. 4:  das Baumdiagramm auf grundlage Bayesscher Inferenz ordnet 36 größtenteils nordostiranische
sandboas, die morphologisch Eryx miliaris (PaLLas, 1773) und E. tataricus (LICHTensTeIn, 1823) zugeordnet

waren, nach molekularen Ähnlichkeiten.  untersucht wurden abschnitte des mitochondrialen Cytochrom b von
666 nukleobasen Länge.  nur solche Verzweigungen sind dargestellt, die eine a-posteriori-Wahrscheinlichkeit
von ≥ 0.90 und Bootstrapwerte ≥ 0.80 aufweisen.  die outgroup ist durch zwei exemplare von Eryx elegans

(gray, 1849) repräsentiert.  Weitere angaben zum Material siehe Tabellen 1 und 2.

consequence, E. tataricus is identified a
subjective junior synonym of E. miliaris.  

finally, despite the wide acceptance of
intraspecific variation in traits as an axio -
matic idea in biology, still a large percent-
age of newly introduced species has been
described based on a single specimen (LIM

et al. 2012), a practice that is likely to lead
to overestimation of diversity and also may
confound species identification.  The pres-
ent investigation was constructive in that it
combined morphological and molecular
data to avoid misidentifications and false
conclusions. 

Eryx elegans
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Table 3:  C
ounts and m

easurem
ents of 12 m

eristic and five m
etric characters in the 22 studied sand boas from

 sistan, e
ast Iran.  sV

L
 ‒ snout-vent length, 

T
L

 ‒ tail length, Io
W

 ‒ interorbital w
idth, H

W
 ‒ head w

idth, num
bers of L

s ‒ loreal scales right and left, sL
 ‒ supralabial scales right and left, IL

 ‒ infralabial scales
right and left, sM

 ‒ longitudinal dorsal scale row
s around the m

iddle of the body, V
e

n
 ‒ ventral scales, sC

d
 ‒ subcaudal scales, PV

e
n

 ‒ preventral scales, 
B

e
n

 ‒ scales betw
een eye and nasal, PIn

 ‒ scales posterior to internasal as far as to the eye, B
e

s ‒ scales betw
een eyes counted along a straight line, sa

e
 ‒ scales

around eye right and left, d
sV

 ‒ longitudinal dorsal scales row
s, counted right behind the vent.

Tab. 3:  M
eß- und z

ählw
erte von 12 m

eristischen und fünf m
etrischen M

erkm
alen bei den 22 untersuchten sandboas aus sistan, o

stiran.  sV
L

 ‒ k
opf-

r
um

pflänge, T
L

 ‒ schw
anzlänge, Io

W
 ‒ Interorbitalabstand, H

W
 ‒ k

opfbreite, a
nzahlen von L

s ‒ L
orealia links und rechts, sL

 ‒ supralabialia links und rechts, 
IL

 ‒ Infralabialia links und rechts, sM
 ‒ d

orsalia-L
ängsreihen in k

örperm
itte, V

e
n

 ‒ V
entralia, sC

d
 ‒ subkaudalia, PV

e
n

 ‒ Präventralia, B
e

n
 ‒ schuppen zw

ischen
a

uge und n
asale, PIn

 ‒ schuppen hinter dem
 Internasale bis zum

 a
uge, B

e
s ‒ schuppen zw

ischen den a
ugen, gezählt entlang einer geraden L

inie, sa
e

 ‒ schuppen
um

 das a
uge links und rechts, d

sV
 ‒ d

orsalia-L
ängsreihen unm

ittelbar hinter dem
 a

fter.

V
oucher

sex
L

s
sL

IL
sM

V
e

n
sC

d
PV

e
n

B
e

n
PIn

B
e

s
sa

e
d

sV
sV

L
T

L
sV

L
/

Io
W

H
W

specim
en

r
/L

r
/L

r
/L

r
/L

T
L

H
a

C
 46

M
2

11/11
15/16

47
186

25
20

3
4

8
13/13

31
453

46
9.84

6.58
12.38

H
a

C
 47

f
2/2

11/11
16/16

42
169

23
21

3
4

8
11/11

27
260

26
10

4.3
8.03

H
a

C
 48

M
2/2

11/11
16/16

40
175

23
19

3
3

7
11/11

27
182

28
6.5

3.86
5.73

H
a

C
 49

M
2/2

11/11
16/16

45
174

29
17

3
4

8
12/12

31
189

20
9.45

3.56
5.71

H
a

C
 65

f
2/2

11/11
16/16

46
179

28
19

3
3

7
12/12

31
288

30
9.6

4.46
8.24

H
a

C
 78

f
2/2

11/11
18/18

40
175

28
17

3
3

8
12/12

29
341

45
7.57

4.7
9.88

H
a

C
 89

M
2/2

11/11
15/15

43
176

28
19

3
3

7
11/11

29
245

30
8.16

4.66
8.16

H
a

C
 139

M
2/2

11/11
19/19

45
178

22
20

3
3

7
12/12

31
266

24
11.08

4.23
9.8

H
a

C
 140

M
2/2

11/11
18/18

47
187

24
19

3
3

7
12/12

31
355

28
12.67

4.72
9.85

H
a

C
 150

M
2/2

11/11
16/16

44
179

31
16

3
3

7
11/11

29
370

42
8.8

5.23
10.2

H
a

C
 169

f
2/2

12/12
18/18

44
179

22
21

3
3

7
13/13

29
350

25
14

5.14
9.1

H
a

C
 498

M
2/2

11/11
18/17

43
183

22
19

3
4

7
12/12

19
445

40
11.12

6.1
11.35

H
a

C
 499

M
2/2

11/11
17/15

45
176

31
20

3
4

7
12/11

20
290

42
6.9

4.28
9.21

H
a

C
 500

M
3/3

12/11
19/18

46
188

24
19

3
4

8
13/13

19
340

30
11.33

5.15
9.71

H
a

C
 501

M
2/3

11/11
16/16

41
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21
20

3
3

7
12/12

20
176

14
12.57

3.9
5.9

H
a

C
 502

f
2/2

10/11
16/16

46
181

28
21

3
4

7
12/12

21
172

20
8.6

3.44
5.51

H
a

C
 503

M
2/2

11/10
16/16

42
179

28
22

3
3

7
11/12

22
163

19
8.57

3.84
5.38

H
a

C
 504

M
2/2

11/11
16/15

50
179

30
20

3
4

7
11/12

20
265

30
8.8

4.05
7.7

H
a

C
 505

M
2/2

12/11
16/16

46
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17
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3
3

7
12/12

19
355
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14.2

5.18
9.91

H
a

C
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M
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11/12
16/17

47
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28
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3
3

7
12/12

21
370

50
7.4

5.39
10.73

H
a

C
 507

f
2/2

12/12
16/16

45
180
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19

3
4

7
12/12

19
430

40
10.75

6.35
14.79

H
a

C
 548

M
2/2

12/11
18/18

43
181

21
18

3
3

7
12/11

28
460

40
11.5

6.45
12.71
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Table 4:  uncorrected p-distances separating the subclades of the Eryx miliaris/tataricus complex and E.
jaculus as outgroup taxon.

Tab. 4:  unkorrigierte p-distanzen, durch welche die subkladen des Eryx miliaris/tataricus-komplexes
und das outgroup-Taxon E. jaculus getrennt sind.

outgroup sistan subclade 1 subclade 2 subclade 3  

outgroup ---      
sistan 0.108 ---     
subclade 1 0.106 0.021 ---    
subclade 2 0.110 0.033 0.027 ---   
subclade 3 0.107 0.031 0.027 0.028 ---  

fig. 5:  a Median-joining network connecting the haplotypes of 32 ne Iranian sand boas morphologically 
classified as Eryx miliaris (PaLLas, 1773) and E. tataricus (LICHTensTeIn, 1823).  

The length of the branches indicates the numbers of mutational steps joining the haplotypes 
and the size of each circle is proportional to the number of individuals represented.  

for information on the representatives of the haplotypes see Tables 1 and 2.
abb. 5:  Median-joining netzwerk zur darstellung der Verbindung zwischen den Haplotypen von 32 nordost-
Iranischen sandboas, die morphologisch Eryx miliaris (PaLLas, 1773) und E. tataricus (LICHTensTeIn, 1823)

zugeordnet waren.  die astlängen geben die anzahl von Mutationsschritten an, welche die Haplotypen
verbinden, deren kreisgrößen die zahl der vertretenen Individuen repräsentieren.  
angaben zu den Vertretern der Haplotypen finden sich in den Tabellen 1 und 2.
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