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Abstract

The Platyceps rhodorachis species complex encompasses a widespread group of morphologically similar colubrid snakes. 

The number and identities of species from this complex in Israel have recently been debated. Studies from the previous 

decade concluded that there are two species in Israel and its vicinity (compared with one previously recognized), but their 

identity remained contested. We estimated the number of species and their taxonomic identity using morphological and 

molecular data. We found some evidence for clinal variation in many of the characters used to differentiate the species, 

and a great overlap in traits of putative species. Genetic data revealed very low sequence divergence, with all putative spe-

cies being paraphyletic. Platyceps rogersi emerged as genetically closer to Platyceps saharicus rather than to its putative 

conspecific, P. karelini. The phylogenetic and taxonomic results thus indicate that the Israeli populations of the P. rhodo-

rachis complex all belong to a single species, Platyceps saharicus (Schätti & McCarthy 2004). 
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Introduction

The taxonomy of colubrid snakes of the genus Platyceps Blyth, 1860, has undergone many twists and turns. The 

genus Platyceps Blyth, 1860 was resurrected and split from Coluber Linnaeus, 1758 by Inger & Clark (1943). 

Inger & Clark (1943) based this segregation on dorsal scale row reductions, but this was not accepted by most 

authors (Nagy et al., 2004). The use of the generic name Platyceps began in the early 21st century, following 

molecular works that had found it to be monophyletic (Schätti & Utiger, 2001, Nagy et al., 2004). Today, the genus 

is thought to comprise 25 species (Uetz, 2017). The type species of Platyceps Blyth, 1860, P. rhodorachis (Jan 

1865), was described from Iran. Its lectotype, MSNG 30312 (Kramer & Schnurrenberger, 1963), is from Shiraz, 

Iran (fide Schätti et al., 2014).

The Platyceps rhodorachis complex is a species complex comprised of morphologically similar taxa: P. r. 

rhodorachis, P. r. ladacensis Anderson, 1871, P. r. subniger Boettger, P. rhodorachis var. tessellata Werner, 1910, 

P. saharicus Schätti & McCarthy, 2004, and P. sp. incertae sedis (sensu Schätti & McCarthy, 2004). The species 

belonging to this complex are distributed from North Africa (south-eastern Algeria) and the horn of Africa, to 

southern Kazakhstan and north-western India (Sindaco et al., 2013). Snakes belonging to this complex are not 

found in Turkey, most of Iraq, northern and eastern Saudi Arabia (apart from the north-west regions) and eastern 

Jordan (Schätti et al., 2014, Sindaco et al., 2013). This geographic gap is thought to reflect a true absence of snakes 

belonging to this complex from those areas rather than being an artifact of insufficient collecting (Schätti et al., 

2014). In the context of this geographic gap, P. r. rhodorachis and P. r. ladacensis can be referred to as eastern 

species in this complex, while the other aforementioned taxa can be referred to as western species (Fig. 1).

In Israel, snakes belonging to the P. rhodorachis species complex are known as “slender racers” (“zaamanim 

dakim” in Hebrew). They have two morphs, each with a distinct color pattern. The "banded” morph has a dorsal 

band between each pair of dark collars, and the lateral area of its head is gray (Fig. 2). The "non-banded” morph 

has dark dorsal collars with no light bands between them, and the lateral parts of its head are yellow (Fig. 2). Until 
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the mid-20th century, only specimens of the non-banded morph had been found in Israel, all of them in desert areas. 

The first banded individual was found in 1953 near Jerusalem (HUJ 3652), in a Mediterranean climate biome 

(Werner, 1998). As more individuals of the banded morph were found, they were initially regraded as non-

indigenous but, rather, as invasive individuals introduced by travelers. Eventually, however, it was concluded that 

they were indeed part of the local Israeli fauna (Werner, 1998).

FIGURE 1. Distribution map of eastern and western taxa in the P. rhodorachis complex. Blue: eastern P. rhodorachis (adapted 
from Schätti et al., 2014). Purple: Arabian P. rhodorachis (adapted from Cox et al., 2006). Green: P. saharicus and P. sp.
incertae sedis (adapted from Schätti & McCarthy, 2004, Geniez & Gauthier, 2008 and our own data).

FIGURE 2. Differences in dorsal color pattern of Israeli slender racers. Upper photos—banded morph with light bands 
between the dorsal collars. Lower photos—non-banded morph, with no light bands between the dorsal collars and with a 
yellow head. The bands of the banded morph are marked by arrows.

Banded and non-banded color morphs have been known from the Middle East since the 19th century, and 

individuals belonging to both morphs were assigned to four taxa. Tristram (1884) noted a related species, Zamenis 

ventrimaculatus Gray, 1834, from the Dead Sea area (now BMNH64.8.23.108). This species (now Platyceps 

ventromaculatus) is distinguished by a nuchal streak that is not present in snakes from the P. rhodorachis complex 

(Schätti et al., 2014). Tristram’s specimen does not have such a nuchal streak, and in fact belongs to the banded 

morph of the P. rhodorachis complex (G.S., pers. obs.). This specimen, which was also mentioned by Günther 

(1865), was assigned by Schätti & McCarthy (2004) to “Platyceps sp. incertae sedis”. Two specimens belonging to 
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the non-banded color morph (G.S., pers. obs.), collected by Richard Francis Burton from ‘Midian’ (northern 

Arabian Peninsula), were assigned by Günther (1878) to Z. ventrimaculatus. Those specimens, BMNH 77.6.1.7-8, 

were re-assigned by Schätti & McCarthy (2004) to a new species that they described: Platyceps saharicus.

Bodenheimer (1935, 1953) noted that Coluber rhodorachis was found in the Negev Desert of Israel. He 

contended that C. ventromaculatus was also to be found around the Dead Sea. Later authors, starting with Barash & 

Hoofien (1956), referred to only one species: C. rhodorachis. Arbel (1984) referred to the Israeli thin racers as C. 

rhodorachis, and noted that some large adult specimens featured a red dorsal stripe. Arbel (1984) contended that 

this stripe fades during preservation and can no longer be recognized in preserved specimens.

Werner (1988) recognized two subspecies in Israel, without naming them. He noted that one of them was to be 

found in the Mediterranean region and possibly also in the southern deserts, and that the other was to be found only 

in the southern deserts and in the southern Arava Valley. Werner (1995) contended later that the Israeli slender 

racers belong to two species that can be differentiated according to scale counts and color pattern. He considered 

the southern species, from the Arava and the Negev, to be of the non-banded morph, while the northern species, 

from the Jordan Valley and the Mediterranean area of Israel, to be of the banded morph. Bouskila & Amitai (2001) 

referred to the two morphs as belonging to a single species, P. rhodorachis, treating the morphs as mere geographic 

variants. They contended that the banded morph could only be found north of Ein Gedi (31.47N), and in the 

Mediterranean areas of Israel. Those authors also noted that a red dorsal stripe was only rarely present, and only in 

adult individuals. 

Schätti & McCarthy (2004) reviewed the snakes belonging to the P. rhodorachis complex in Egypt and Israel, 

and assigned the Israeli slender racers to two species. The first species they described as Platyceps saharicus

Schätti & McCarthy (2004; type locality: St. Catherine's Monastery area, Wadi el Sheikh, Egypt, holotype FMNH 

72018). Platyceps saharicus was differentiated from P. rhodorachis in possessing more ventrals (238–264 vs. 221–

237), in lacking the red dorsal stripe and in a ~1,000km geographic gap (Schätti & McCarthy, 2004). Schätti & 

McCarthy (2004) regarded the other species they considered to inhabit Israel as Platyceps sp. incertae sedis, and 

noted it was being reviewed by Gad Perry.

Platyceps rhodorachis is currently considered to be distributed in the vicinity of Iran and north-eastern Iraq, 

and P. saharicus in western Jordan, Israel, Egypt, Libya, south-eastern Algeria and eastern Chad (Schätti & 

McCarthy, 2004; Geniez, 2015). Geniez & Gauthier (2008) extended the distribution of P. saharicus to northern 

Chad and south-east Algeria. According to Schätti & McCarthy (2004), Platyceps saharicus and P. sp. incertae 

sedis further differ in ventral and subcaudal counts (ventrals: 238–264 in P. saharicus, 221–232 in P. sp. incertae 

sedis; subcaudals: 134–149 in P. saharicus, 124–133 in P. sp. incertae sedis). They also differentiate 

geographically, as P. sp. incertae sedis was not considered to inhabit Sinai and P. saharicus was not considered to 

inhabit northern Israel (Schätti & McCarthy, 2004). Schätti & McCarthy (2004) noted that no conclusive 

differences in coloration between the two species were known to them, and that further research was needed in this 

regard. Despite this, there is an overlap between P. saharicus and the non-banded morph, and between P. sp. 

incertae sedis and the banded morph (almost all individuals were classified by Schätti & McCarthy (2004) 

accordingly).

Schätti & McCarthy (2004) differentiated between P. sp. incertae sedis, and P. rhodorachis by the former 

always lacking a red dorsal stripe. They recognized it as similar to rhodorachis in head shield characteristics and in 

ventral count (221–232 in P. sp. incertae sedis, 221–237 in P. rhodorachis). They depicted P. sp. incertae sedis as 

distributed from the northern Palestinian Authority territory, to the central Negev and to south-western Jordan 

(Schätti & McCarthy, 2004).

Perry (2012) also referred to the Israeli slender racers as two distinct species, overlapping only slightly 

geographically. He referred to the banded morph as “northern Israeli”, and to the non-banded morph as “southern 

Israeli”. He differentiated the two species according to their color morph (banded versus non-banded) and ventral 

counts, which he found to be higher in the non-banded morph, although the ranges of ventral counts overlapped 

(209–245 in the northern species and 223–264 in the southern one). According to Perry (2012), the name P. 

rhodorachis could only apply to snakes featuring a red dorsal stripe, and as none of the Israeli specimens displayed 

this character, this taxon does not reside in Israel.

Perry (2012) identified the non-banded morph (P. saharicus according to Schätti & McCarthy, 2004) as P. 

tessellata, mainly due to the bright yellow head. A yellow head is mentioned in the description of Zamenis 

rhodorachis var. tessellata Werner, 1910. According to Perry (2012), P. saharicus could be a junior synonym of P. 
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tessellata, “based on range, appearance, and scale counts”. Werner (1910) described Z. r. var. tessellata from “Asia 

Minor”, (holotype IRSNB 2027). He noted that if the locality was correct, then it would be considered a new 

species in Asia Minor. Most authors refer to this locality as erroneous, and ignore this taxon altogether (Schätti et 

al., 2014), as no snakes of the P. rhodorachis complex have since been found in Turkey (Fig. 1).

Perry (2012) identified the banded morph (P. sp. incertae sedis in Schätti & McCarthy, 2004) as P. ladacensis, 

due to similarities in color pattern. He raised both P. r. var. tessellata and P. r. ladacensis to species level, because 

of the lack of geographical overlap and the intergradation between the two taxa in Israel.

Platyceps r. ladacensis was described by Anderson (1871) from Ladakh. Anderson (1895) later synonymized 

this taxon with P. rhodorachis, following Boulenger (1893). The holotype of this taxon is currently thought to be 

ZSI 7273 (Zoological Survey of India, Jabalpur, Madhya Pradesh, India), but the specimen cannot be located 

(Schätti et al., 2014). 

According to Schätti et al. (2014), the nominotypical subspecies, P. r. rhodorachis, has a variable color pattern, 

which can be summed up as three main color morphs: The first is uniform gray with a thin red longitudinal stripe. 

It is found "from Ilam south to the Strait of Hormoz, and east through Turkmenistan and a good part of Afghanistan 

to north Pakistan". The second, patterned color morph, has a variable pattern of dots and bands on a gray 

background. It is found "from the Kurdish Region and the eastern Caspian coast to Kyrgyzstan, and from the Shatt 

al-Arab area to at least the border area between Uttarakhand (India) and westernmost Nepal". The third color 

morph of P. r. rhodorachis is plain gray, without a pattern, and is found in the Arabian Peninsula. The red-striped 

and the patterned color morphs are undistinguishable according to head shield characteristics; and the presence of a 

red stripe is not correlated with either age, sex, or altitude (Schätti et al., 2014). As far as we know, no molecular 

study has been performed regarding the status of those color morphs. According to Perry (2012), P. rhodorachis

snakes that lack a red dorsal stripe, including those found in Iran, should be assigned to P. ladacensis. Most authors, 

however, recognize P. rhodorachis as having a variable color pattern and not always having a red dorsal stripe 

(Schätti et al., 2014; Geniez, 2015). Members of the two morphs have never been compared genetically.

Schätti et al. (2014) criticized Perry (2012) because the ventral counts of P. ladacensis and P. tessellata (sensu 

Perry) overlap. Furthermore, they considered that assigning an Israeli species to an Indian taxon (P. ladacensis), 

requires a “thorough reconsideration” of the geographical gap between the localities (Schätti et al., 2014).

Later Israeli authors concurred with Perry (2012). Bar & Haimovitch (2013) and Werner (2016) referred to P. 

ladacensis and P. tessellata, with the former authors naming P. ladacensis (the banded morph)—“zaaman yehuda” 

(Judean racer). 

Perry (2012) noted that ventral counts could change along geographical gradients but he could not explore it 

further due to lack of data. Almost no molecular analyses compared species belonging to the P. rhodorachis

complex, and none included Israeli specimens. Species delineation based on morphology alone can be misleading 

because of certain biases, such as convergence or plesiomorphy (Edwards et al., 2012; Sanders et al., 2013, Bryson 

et al., 2011).

We aim to clarify the taxonomic status of the slender racers of Israel and its vicinity, using morphological and 

molecular characters. We focused on the following questions:

How many slender racer species are there in this region?

Are there characters that allow classification of a specimen to two or more of the species; and if so, what are 

they?

To which species do slender racers in Israel belong?

Materials and methods

We examined the morphology of 207 specimens belonging to the P. rhodorachis complex: 132 of them from Israel 

and the Palestinian Authority, 25 from Egypt, 27 from Iran, 17 from Saudi Arabia, three from Iraq, one from 

Afghanistan, one from India, and one from Jordan (Appendix 1). We conducted molecular analysis of 49 of those 

specimens: 40 from Israel and the Palestinian Authority, two from Egypt, three from Saudi Arabia, two from Iran, 

one from Jordan, and one from Oman, as well as specimens from closely-related taxa as outgroups (Appendix 1., 

and see below). We documented 42 observations of slender racers from Israel and Jordan from the World Wide 

Web, most of them from a Facebook group dedicated to nature photography (www.facebook.com/groups/

bugsphoto). We only documented observations presenting reliable data regarding the locality and date, and a 
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reasonable photograph of the individual (verified by G.S.) that allowed unambiguous classification of a snake to 

either the banded or non-banded morph. We used these data only to infer the geographic distribution of the two 

morphs and did not include them in any analyses. Acronyms of institutes housing the examined specimens are 

detailed in Appendix 1. 

We followed Dowling’s (1951) method for counting ventrals and subcaudals. G.S. conducted all 

measurements. We followed the terminology, and methods of measurement and reporting of Schätti et al. (2014). 

The only exceptions are that median/lateral (dorsal) locations of dorsal scale rows reductions (DSRDL) are given 

as the average number of the two uniting scale rows (e.g. if rows 4 and 5 are reduced to one row, then the median/

lateral location is reported as 4.5); and the latitudinal location is reported separately for each half-reduction (e.g. 

19–18, 18–17 etc.). 

We measured total length (TOL), snout-vent length (SVL), and tail length (TL) of the specimens to the nearest 

1.0 mm by copying the snake's midline to a slide through a squeezebox, scanning the slide, and measuring the line 

via Rhinoceros V5.5 software. The squeezebox method produces only 1% error whereas stretching produces 5%-

10% error (McDiarmid et al., 2012).

We measured the following characters: head length and width (HL, HW), rostral height and width (RH, RW), 

loreal height and width (LH, LW), frontal length and width (FL, FW), internasal and prefrontal length (INP), 

parietal length (PL), the distance between the nostril and the eyeball (DNE), upper and lower chin shield length 

(CSU, CSL), and the eyeball diameter (ED). We measured all morphometric characters using a digital caliper to the 

nearest 0.1 mm, under a magnifying glass (x5).

We counted the following meristic characters: number of supralabials touching the eye (STE), temporal shields 

in the second temporal row (TEMP), supralabials (SUPLA), sublabials (SUBLA), preoculars (PREOC), 

postoculars (POSTOC), suboculars (SUBOCS), gulars (GUL), ventrals, subcaudals, total number of somites, 

dorsal scale rows reductions formula (DSRANT, DSRMID, DSRPOST), longitudinal (ventral) location of the 

dorsal scale rows reductions; expressed both as an exact ventral location (DSRVLex) and as a percentage of total 

ventral count (DSRVLpct), median/lateral (dorsal) location of the dorsal scale rows reductions (DSRDL), and the 

presence (or lack) of a fourth dorsal scale rows reduction (DSR4th). We measured the eyeball diameter at its 

maximal length (Razzetti et al., 2007). We recorded whether the anal plate was divided or not (AP).

Morphological analyses. We conducted all of the statistical analyses in R, version 3.3.1 (R Core Team, 2016). 

Bilateral characters can significantly differ between the left and right side of a specimen (Razzetti et al., 2007). We 

used a student's t-test to determine whether there were such differences in all continuous, bilateral characters 

(Appendix 2). We found a significant bilateral difference in five of the six characters, and conducted all further 

analyses separately for each side in those characters. We used the data from the right side for the rest of the bilateral 

morphometric characters, supplementing missing right side data with that from the left side in a few specimens. We 

analyzed all the categorical, bilateral characters separately for each side. 

In accordance with the aforementioned geographical gap between the areas of distribution (Schätti et al., 2014) 

we refer to specimens from Israel and its vicinity as "the western sample". Specimens from Iran and eastwards, and 

specimens from the Arabian Peninsula, are referred to as "the eastern sample" (Fig. 1). 

We examined histograms of all morphometric characters in the western sample (P. saharicus and P. sp.

incertae sedis, or P. tessellata and P. ladacensis depending of the authors) for bimodal distributions, which could 

suggest that these specimens came from two separate populations. We assumed that if the western sample was 

composed of two species, they would correspond to the banded and non-banded morphs (Schätti & McCarthy, 

2004; Perry, 2012). We thus examined whether the morphological characters were significantly affected by morph 

as well as by sex (Lindell et al., 1993; Schätti et al., 2014), latitude (Dowling, 1950) and body size. Body size is 

thought not to affect snake meristic characters, as those are probably determined during embryonic development 

and do not change during later ontogeny (Ewert, 1985). Because body size does affect a wide array of 

morphological attributes of species (e.g., Peters 1983, Calder 1984), and can vary geographically in snakes 

(Pincheira-Donoso & Meiri 2013), we nonetheless examined whether it can predict meristic traits such as scale 

counts. We used SVL as a proxy to body size, as it has an advantage over body mass within a species, which is 

more prone to change during an individual's life time, because of its reproductive and nutritional status and because 

of seasonality (Feldman & Meiri, 2013). We sexed the specimens using a probe, following Laszlo (1975).

Some of the data were not normally distributed (via Shapiro–Wilkes test) and some were heteroscedastic 

(examined via Levene's test). We therefore used exact permutations for our statistical analyses instead of 

parametric tests (Wheeler & Torchiano, 2016). We used a 10,000 steps bootstrap to assess confidence intervals.
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We analyzed each continuous character separately, by conducting a linear model selection for each character, 

in turn, as the response variable. We tested the effects of four predictors (morph, sex, SVL and latitude), starting 

with a full model and following a backwards stepwise elimination procedure (α = 0.05). This allowed us to assess 

the influence of the morphs on each character, in comparison to the other predictors. If the morphs were found to be 

the most prominent factor affecting other morphological characters, this could support the hypothesis that they 

represent two distinct species. Ventral and subcaudal counts had been argued to distinguish between species by 

previous authors (Schätti & McCarthy, 2004, Perry, 2012). To test whether latitude, SVL, and morph affect the 

variation in these counts we compared multiple predictor models using the Akaike Information Criterion (AIC). 

Following the suggestion by Arnold (2010), we consider models with ΔAIC < 2 inferior to the models with lower 

AIC values that are nested in them, because in the more complex models model deviance is not penalized to an 

extent sufficient to overcome the 2-unit increase.

 We analyzed each categorical character separately, conducting a Fisher’s exact test in order to determine 

whether the frequency of each character condition was related to the color morphs.

In order to determine which characters, if any, could distinguish between the two morphs in the western 

sample, we observed whether the color morphs overlapped. We then checked whether it was possible to classify 

specimens to a morph via a machine learning tool. We conducted supervised machine learning using an artificial 

neural network model ("nnet" package in R) with k-fold cross-validation (k=5) (Olden et al., 2008) over 20 cycles. 

Morph was used as the response variable and morphological characters were used as predictors. This method 

allocates 20% of the data as "training data", upon which the machine creates rules that should allow it to classify 

according to a preliminary determination by a human. This is the "supervision" - which snake is banded and which 

is non-banded was decided in advance (by G.S.). In each cycle the machine chooses randomly a different set of 

20% of the data as its training data, creates rules of classification, and seeks to implement these on the remaining 

80%. In this way, none of the data are ‘burned’ as training data only. If the morphological characters allow the 

creation of classification rules that have a non-significant average error rate (<0.05), then it can be used as an 

argument in favor of more than one species in the dataset. 

The machine learning method has advantages over parametric methods, as it enables modeling of non-linear 

associations in the dataset and requires no preliminary assumptions regarding the distribution of the independent 

variables (Olden et al., 2008).

We checked whether character states overlapped between the western sample as one unit, disregarding the 

color morphs, and the eastern sample. We also compared the characters of the type specimens of P. r. rhodorachis, 

P. r. ladacensis, P. rhodorachis var. tessellata, and P. saharicus from the literature (Schätti & McCarthy, 2004; 

Perry, 2012; Schätti et al., 2014) and from photographs, to the range of the western sample. 

Molecular analyses. We analyzed 42 specimens belonging to the western sample, three specimens of the 

eastern sample, and 15 outgroup specimens (Appendix 1). We isolated genomic DNA from 100% ethanol-

preserved muscle tissue samples using the DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, USA). We used 

Platyceps karelini (Brandt, 1838), P. collaris (Müller, 1878) and P. rogersi (Anderson, 1893) as close outgroups, 

and Hemorrhois nummifer (Reuss, 1834) and Spalerosophis diadema (Schlegel, 1837), both from genera closely 

related to Platyceps according to Pyron et al., 2013, as more distant outgroups.

We sequenced individuals for three mitochondrial gene fragments, 12S ribosomal RNA (12S), cytochrome c 

oxidase subunit I (COI), and cytochrome b (cytb). We amplified the gene fragments for both strands using 

published primers. The primers, their references, and PCR conditions are listed in Appendix 3. We sequenced the 

gene fragments via cycle sequencing using a BigDye terminator v1.1 kit (Applied Biosystems, Foster City, CA, 

USA) over an ABI 3500xl DNA Analyzer. We checked the chromatographs manually and edited them using 

GENEIOUS 9.1.6 (Biomatter Ltd). We translated the coding gene fragments (COI and cytb) into amino acids and 

ensured that no stop codons were present. Therefore we assumed the sequences to be functional. We aligned each 

gene fragment separately using Clustal Omega V.1.2.2 (Goujon et al., 2010; Sievers et al., 2011). We calculated the 

number of the variable and parsimony informative sites and uncorrected p-distances using MEGA V.7 (Tamura et 

al., 2011). All sequences generated for this study were deposited in GenBank (Accession numbers MF767305–

MF767406, and MG566073, detailed in Appendix 1).

Phylogenetic analyses and hypothesis testing. We performed phylogenetic analyses for each gene fragment 

separately and for the complete dataset of 12S and cytb. We used JModelTest V.2.1.10 (Darriba et al., 2012; 

Guindon & Gascuel, 2003) to select the best model of sequence evolution under the Bayesian information criterion 

(BIC). The software indicated that HKY+G for cytb and TIM2+G for 12S were preferable. 
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FIGURE 3. A map of the banded and the non-banded color morphs distribution along the desert and the Mediterranean biomes 
in Israel and its vicinity (biomes division according to Olson et al., 2001). The area of overlap between the two morphs is 
pointed at by an arrow. Gray circles: banded. Yellow triangles: non-banded. Black dot inside a symbol: observation only (no 
counts, measurements or genetic data). Green background: Mediterranean biome. Beige background: desert biome.
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We performed phylogenetic analyses using maximum likelihood (ML) and Bayesian inference (BI) methods. 

We performed a ML analyses using RAxML v8.1.21 (Stamatakis, 2014) on raxmlGUI 1.5 beta (Silvestro & 

Michalak, 2012) with a general timereversible + Gamma distribution (GTR + G) model of evolution, parameters 

estimated independently for each partition. We assessed the reliability of the ML tree by bootstrap analysis 

comprising 1,000 replicants (Felsenstein, 1985). We considered nodes to be strongly supported if they received ML 

bootstrap values ≥ 80%.

We performed a BI analyses using MrBayes V.3.1.2 (Huelsenbeck & Ronquist, 2001, Ronquist & 

Huelsenbeck, 2003) with the closest model available in MrBayes being implemented to each gene partition and all 

parameters unlinked across partitions. We carried out two independent runs of 5 million generations and sampling 

frequency of every 1,000 generations. Convergence was assessed by examining stationarity in log-likelihood 

scores as the correlation of split frequencies between runs (AWTY; Nylander et al. 2008) and by examining 

effective sample size in TRACER v1.6 (Drummond & Rambaut, 2007). We discarded the first 25% of each run as 

burn-in, and the remainder was used to estimate tree parameters and topology. We then combined the remaining 

trees in a majority consensus tree. We assessed the reliability of the BI tree by calculating posterior probabilities 

(pp). We considered nodes to be strongly supported if they received pp values ≥ 0.9 (Huelsenbeck & Rannala, 

2004).

Results

The distributions of both color morphs in Israel and its vicinity are shown in Fig. 3. The banded morph mostly 

inhabits higher latitudes and Mediterranean regions, while the non-banded morph mainly inhabits deserts at lower 

latitudes. The two morphs overlap in the Judean desert, a northwards extension of the desert biome in the rain 

shadow of the Judean Mountains to its west (Fig. 3).

Schätti & McCarthy (2004) classified NMW 25444.3-7, from Cairo, as Platyceps sp. incertae sedis, the 

equivalent to the banded morph in the current study. We examined photographs of these specimens and found that 

they actually belong to the non-banded morph, and therefore do not present any "geographic anomaly" by their 

presence in such a southern location as Cairo. Schätti & McCarthy (2004) classified the snakes according to their 

ventral counts and not by their color pattern, hence the peculiar labeling.

Morphological analyses. Three out of 42 continuous character values (dorsal locations of scales row 

reductions) show bimodal distributions (Fig. S1). All 42 continuous traits overlap between the two color morphs 

(Table 1). 

Thirty-eight of the 46 continuous characters were significantly affected by at least one of the four predictors 

(morph: 12 characters, latitude: 25, SVL: 22 & sex: two) (Table 2). The ventral and subcaudal counts, previously 

considered to distinguish P. saharicus from P. sp. incertae sedis (Schätti & McCarthy, 2004) and P. tessellata from 

P. ladacensis (Perry 2012) overlap between the two morphs. Ventral counts range between 217–238 in the banded 

morph vs. 218–264 in the non-banded morph. Subcaudal counts range between 113–141 and 124–158 respectively. 

Ventral and subcaudal counts that were argued to distinguish P. saharicus from P. sp. incertae sedis (Schätti & 

McCarthy, 2004) or P. ladacensis from P. tessellata (Perry, 2012), show a latitudinal (clinal) pattern (Figs 5A, 5B). 

The best model explaining variation in ventral counts is the one containing latitude alone (R2 = 0.709; AIC = 

733.6). Models with both morph or latitude (R2 = 0.706, AIC = 735.5), or morph only (R2 = 0.377, AIC = 928.1) are 

inferior (Arnold 2010). Subcaudal counts show similar results. The best model has latitude as a single predictor (R2

= 0.448, AIC = 453.4) while models with morph and latitude (R2 = 0.440, AIC = 455.5), or morph only (R2 = 0.210, 

AIC = 548.4) are inferior. For both ventral and subcaudal counts, when using both morph and latitude as predictors, 

the effect of morph is not significant at α = 0.05.

All 18 categorical character states overlap between the two color morphs. We found significant differences in 

frequencies of those character states between the two color morphs in four characters (Table 2). No variance was 

found in the following characters: anterior and middle scale row counts in the DSR formula (19 in all specimens), 

state of the anal plate (divided in all specimens), number of supralabials touching the eye (two in all specimens), 

and number of suboculars (one in all specimens). Therefore, these are not shown in Table 2. 
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TABLE 1. Comparison of means and ranges of all of the continuous characters, between the banded and the non-banded 

morphs in the western sample. Results originating from the left side of a specimen are marked by an asterisk.

Character Banded Non-banded

Range Mean SD n Range Mean SD n

SVL 234–804 512.18 157.07 51 210–1043 591.82 193.92 96

TL 84–310 192.87 64.54 31 74–365 221.93 71.73 57

TOL 318–1114 660.10 215.68 31 284–1280 764.43 244.57 56

TL/SVL 0.36–0.45 0.41 0.02 31 0.27–0.46 0.41 0.03 56

VENTRALS 217–238 227.47 5.41 45 218–264 242.48 10.71 82

SUBCAUDALS 113–141 130.07 6.05 28 124–158 137.76 7.40 53

SOMITES 334–375 357.20 10.26 25 343–420 377.49 16.43 46

DSRVL1917ex 124–145.5 135.02 4.97 26 120–151.5 137.00 7.22 53

DSRVL1715ex 129.5–148 138.92 4.63 26 128.5–156 141.79 6.74 53

DSRVL1513ex 201–153.5 174.46 12.42 25 146.5–199 164.83 11.52 53

DSRVL1917pct 54.47–61.89 59.17 1.82 26 51.78–60.61 56.24 2.15 53

DSRVL1715pct 56.6–63.3 60.88 1.49 26 53.91–61.69 58.21 1.86 53

DSRVL1513pct 69.65–88.16 76.48 4.73 25 62.02–80.57 67.68 4.23 53

DSRDL1918 2.5–9.5 4.85 2.13 26 2.5–9.5 6.13 1.98 57

DSRDL1817 3.5–8.5 4.81 1.81 26 2.5–9.5 5.85 2.19 57

DSRDL1716 1.5–9.5 6.46 1.99 26 2.5–8.5 4.73 1.80 57

DSRDL1615 1.5–8.5 6.12 2.25 26 1.5–9.5 4.57 1.84 57

DSRDL1514 5.5–7.5 6.26 0.52 25 4.5–7.5 6.18 0.60 57

DSRDL1413 5.5–7.5 6.34 0.55 25 4.5–7.5 6.13 0.56 57

HL 9.4–19.9 14.23 2.82 49 9–20.7 14.09 2.85 99

HW 3.5–8.9 6.01 1.37 47 3.4–9.1 6.09 1.46 99

HL/HW 2.05–3.66 2.40 0.23 47 1.48–3.66 2.35 0.22 98

RW 1.6–4.1 2.86 0.70 48 1.3–4.9 2.93 0.78 97

RH 1.1–3.1 2.00 0.50 47 1.1–3.4 2.06 0.57 95

RW/RH 1.05–1.94 1.43 0.18 47 1.18–2 1.43 0.15 95

LW 0.6–1.8 1.32 0.33 43 0.4–2.4 1.42 0.42 96

LH 0.4–1.3 0.84 0.23 44 0.3–1.5 0.80 0.26 96

LW/LH 1.2–2.4 1.60 0.27 43 0.8–2.86 1.80 0.33 96

FL 3.2–6.4 4.88 0.86 49 3.1–7 4.88 0.86 100

FW 2–5 3.51 0.81 49 1.8–6.2 3.56 0.90 100

FL/FW 1.22–1.65 1.41 0.11 49 1.03–1.72 1.40 0.14 100

INP 2–5 3.43 0.83 48 1.4–6.1 3.55 1.03 99

FL/INP 1.21–1.76 1.44 0.14 48 0.97–2.21 1.43 0.21 99

PL 3.8–6.9 5.37 0.90 49 3.7–7.8 5.30 0.96 100

FL/PL 0.75–1.12 0.91 0.07 49 0.74–1.13 0.92 0.08 100

DNE 2.1–5 3.28 0.77 42 1.6–5.5 3.36 0.87 95

DNE* 1.8–4.5* 3.11* 0.73* 43* 1.5–5.2* 3.16* 0.83* 94*

DNE/INP 0.76–1.25 0.95 0.10 42 0.77–1.28 0.96 0.10 94

DNE/INP* 0.67–1.21* 0.90* 0.12* 43* 0.68–1.33* 0.91* 0.10* 93*

CSU 2.8–6.3 4.23 0.98 46 2.3–6.9 4.14 1.07 89

.....continued on the next page
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FIGURE 4. Histograms of ventral (A) and subcaudal (B) counts of the banded and the non-banded morphs in the western 
sample. Gray: banded morph. Yellow: non-banded morph.

TABLE 1. (Continued)

Character Banded Non-banded

Range Mean SD n Range Mean SD n

CSU* 2.8–6.2* 4.15* 0.97* 43* 2.2–7* 4.10* 1.07* 90*

CSL 3.1–7.3 5 1.18 45 3–8.4 5.02 1.32 90

CSU/CSL 0.66–1.08 0.85 0.10 45 0.62–1.02 0.83 0.09 88

CSU/CSL* 0.69–1.06* 0.83* 0.09* 43* 0.6–1* 0.81* 0.09* 89*

ED 2.1–4 3.02 0.55 41 1.8–4.3 3.06 0.61 80

ED* 1.9–4* 3.01* 0.56* 39* 1.8–4.2* 3.01* 0.59* 80*
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TABLE 2. The minimum adequate models for the continuous characters. Results originating from measurements of the left side of a specimen are marked by an asterisk. R2 values are 

given for the minimum adequate model of each character. Estimates shown are for non-banded versus banded morphs and for males versus females. SVL range from 210 to 1043 mm, 

the latitudinal range is 4.99 degrees. Number of specimens is given as (banded, non-banded). Range of each character values is given as minimum-maximum (range). Characters in 

which no variance was found are not presented. 

Character Morph Sex SVL Latitude R2 Specimens Range 

Estimate P Estimate P Estimate P Estimate P 

SVL NS NS NS NS NS NS NS NS NA (51, 96) 210–1043 (833) 

TL NS NS NS NS 0.4 <0.001 NS NS 0.94 (31, 56) 74–365 (291) 

TOL NS NS NS NS 1.4 <0.001 NS NS 0.99 (31, 56) 284–1280 (996) 

TL/SVL NS NS NS NS NS NS NS NS NA (31, 56) 0.27–0.46 (0.19) 

VENTRALS NS NS NS NS NS NS -8.84 <0.001 0.7 (42, 69) 217–264 (47) 

SUBCAUDALS NS NS NS NS NS NS -5.17 <0.001 0.45 (26, 46) 113–158 (45) 

SOMITES NS NS NS NS NS NS -13.51 <0.001 0.64 (23, 40) 334–420 (86) 

DSRVL1917ex NS NS NS NS NS NS -2.01 0.003 0.11 (24, 46) 120–151.5 (31.5) 

DSRVL1715ex NS NS NS NS NS NS -2.3 <0.001 0.18 (24, 46) 128.5–156 (27.5) 

DSRVL1513ex 4.82 0.001 NS NS NS NS NS NS 0.12 (24, 46) 146.5–201 (54.5) 

DSRVL1917pct 1.04 0.003 NS NS NS NS 0.6 0.033 0.39 (24, 46) 51.8–61.9 (10.1) 

DSRVL1715pct 0.74 0.009 NS NS NS NS 0.72 0.002 0.45 (24, 46) 53.9–63.3 (9.4) 

DSRVL1513pct 2.81 <0.001 NS NS NS NS 1.45 0.013 0.51 (24, 46) 62–88.2 (26.2) 

DSRDL1918 -0.64 0.009 NS NS NS NS NS NS 0.07 (26, 57) 2.5–9.5 (7) 

DSRDL1817 -0.52 0.037 NS NS NS NS NS NS 0.04 (26, 57) 2.5–9.5 (7) 

DSRDL1716 0.87 <0.001 NS NS NS NS NS NS 0.15 (26, 57) 1.5–9.5 (8) 

DSRDL1514 NS NS NS NS NS NS NS NS NA (25, 57) 4.5–7.5 (3) 

DSRDL1615 0.77 0.001 NS NS NS NS NS NS 0.11 (26, 57) 1.5–9.5 (8) 

DSRDL1413 NS NS -0.14 0.03 NS NS NS NS 0.06 (21, 43) 4.5–7.5 (3) 

HL NS NS NS NS 0.015 <0.001 0.64 <0.001 0.86 (44, 81) 9–20.7 (11.7) 

HW NS NS NS NS 0.007 <0.001 0.21 <0.001 0.82 (42, 81) 3.4–9.1 (5.7) 

HL/HW NS NS NS NS 0 0 NS NS 0.11 (45, 95) 1.48–3.66 (2.18) 

RW NS NS NS NS 0.004 <0.001 0.12 <0.001 0.76 (43, 79) 1.3–4.9 (3.6) 

         ……continued on the next page 
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TABLE 2. (Continued)           

Character Morph Sex SVL Latitude R2 Specimens Range 

 Estimate P Estimate P Estimate P Estimate P    

RH NS NS NS NS 0.003 <0.001 0.1 <0.001 0.76 (42, 77) 1.1–3.4 (2.3) 

RW/RH NS NS NS NS NS NS NS NS NA (47, 95) 1.18–2 (0.82) 

LW -0.06 0.019 NS NS 0.002 <0.001 0.09 <0.001 0.78 (39, 78) 0.4–2.4 (2) 

LH NS NS NS NS 0.001 <0.001 0.06 <0.001 0.7 (40, 78) 0.3–1.5 (1.2) 

LW/LH -0.1 <0.001 NS NS NS NS NS NS 0.07 (44, 81) 0.8–2.9 (2.1) 

FL 0.09 0.033 NS NS 0.004 <0.001 0.09 0.02 0.85 (44, 81) 3.1–7 (3.9) 

FW NS NS NS NS 0.004 <0.001 0.15 <0.001 0.85 (44, 81) 1.8–6.2 (4.4) 

FL/FW NS NS NS NS 0 <0.001 NS NS 0.48 (47, 96) 1.03–1.72 (0.69) 

INP NS NS NS NS 0.005 <0.001 0.19 <0.001 0.88 (43, 80) 1.4–6.1 (4.7) 

FL/INP NS NS NS NS -0.001 <0.001 -0.04 <0.001 0.5 (43, 80) 0.97–2.21 (1.25) 

PL NS NS NS NS 0.005 <0.001 0.23 <0.001 0.81 (44, 81) 3.7–7.8 (4.1) 

FL/PL NS NS NS NS NS NS NS NS NA (49, 100) 0.74–1.13 (0.39) 

DNE* NS* NS* NS* NS* 0.004* <0.001* 0.13* <0.001* 0.86* (40, 78)* 1.5–5.2 (3.7)* 

DNE NS NS NS NS 0.004 <0.001 0.14 <0.001 0.89 (39, 78) 1.6–5.5 (3.9) 

DNE/INP* NS* NS* NS* NS* NS* NS* NS* NS* NA* (43, 93)* 0.68–1.33 (0.65)* 

DNE/INP NS NS NS NS NS NS NS NS NA (42, 94) 0.77–1.28 (0.51) 

CSU* NS* NS* NS* NS* 0.005* <0.001* 0.21* <0.001* 0.86* (40, 76)* 2.2–7 (4.8)* 

CSU NS NS NS NS 0.005 <0.001 0.24 <0.001 0.86 (42, 75) 2.3–6.9 (4.6) 

CSL NS NS NS NS 0.007 <0.001 0.23 <0.001 0.87 (41, 76) 3–8.4 (5.4) 

CSU/CSL* NS* NS* -0.02* 0.03* NS* NS* NS* NS* 0.04* (28, 61)* 0.6–1.06 (0.47)* 

CSU/CSL NS NS NS NS NS NS NS NS NA (45, 88) 0.62–1.02 (0.4) 

ED* NS* NS* NS* NS* 0.003* <0.001* 0.10* <0.001* 0.82* (36, 69)* 1.8–4.2 (2.4)* 

ED 0.11 <0.001 NS NS 0.003 <0.001 NS NS 0.87 (41, 77) 1.8–4.3 (2.5) 
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TABLE 3. Frequency comparisons of categorical character states between the banded and the non-banded morphs in the 

western sample. P-values are for Fisher's exact tests. Results originating from the left side of a specimen are marked by 

an asterisk. 

We found that significant classification of a specimen into one of the color morphs, with an error rate ≤5%, was 

not possible. The average error of an artificial neural network based on all of the morphological characters was 

54% (range: 29%–65%, std. dev. 11%). Using all of the characters reduced the sample size to 12 banded and 22 

non-banded specimens. To increase the sample size we carried out a second analysis, using only SVL and the traits 

significantly associated with morph (Tables 2&3). In this analysis (based on 22 banded and 45 non-banded 

specimens), the mean error rate was 49% (range 23%–64%, std. dev. 11%), which does not significantly differ from 

a random error rate. In the second analysis most errors involved banded specimens that were wrongly classified as 

non-banded. Incorrectly classifying non-banded specimens as banded was less common—but 10 out of 45 non-

banded specimens (22%) were nonetheless incorrectly classified as banded.

Character P States Banded Non-banded

DSRPOST 0.002 11 DSR 2 24

13 DSR 36 67

15 DSR 8 1

DSR4th 0.002 No 44 68

Yes 2 24

TEMP 0.608 2 41 81

3 5 14

TEMP* 0.053* 1* 3* 0*

2* 32* 73*

3* 10* 21*

SUPLA 0.271 8 0 1

9 37 89

10 4 3

SUPLA* 0.037* 9* 35* 86*

10* 7* 4*

SUBLA 0.842 9 2 3

10 34 72

11 0 2

SUBLA* 0.007* 9* 4* 0*

10* 30* 78*

11* 0* 1*

PREOC 0.802 1 35 79

2 7 14

PREOC* 1* 1* 37* 81*

2* 5* 12*

POSTOC 0.1 1 2 0

2 42 94

GUL 0.159 3 8 28

4 29 63

5 3 2

GUL* 0.83* 3* 6* 19*

4* 32* 67*

5* 2* 5*
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FIGURE 5. A) a regression of ventral counts versus latitude. HUJ21937 (a banded specimen from a distinctly low latitude—
see discussion) is pointed at by an arrow. B) a regression of subcaudal counts versus latitude. Gray: banded morph. Yellow: 
non-banded morph.
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FIGURE 6. Consensus tree based on concatenated cytb and 12S gene fragments. Support values are posterior probabilities of a 
Bayesian inference analysis. Samples 35 & 36 are from an area adjacent to the type locality of P. saharicus (Saint Catherine's 
Monastery in Sinai, Egypt). Values lower than 0.9 are not shown. Branches which are not shown to full length are indicated by 
/ /. Gray: banded morph (western sample). Yellow: non-banded morph (western sample). Red: P. rhodorachis (eastern sample). 
Green: P. rogersi. Blue: P. karelini. Brown: P. collaris. White: Hemorrhois nummifer. Black: Spalerosophis diadema.
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All 42 continuous character values overlap between the eastern and western samples (Appendix 4). Likewise, 

all 18 categorical character states overlap between the eastern and western samples. We found significant 

differences in frequencies of categorical character states between the two samples in six out of 18 characters 

(Appendix 5). A red dorsal stripe was not found in any of the western sample specimens. The characters that were 

uniform among the western sample were identical in the eastern sample.

The available character states of the type specimens of P. r. rhodorachis, P. r. ladacensis, P. rhodorachis var. 

tessellata, and P. saharicus fit within the range of at least one of the color morphs in the western sample (Appendix 

6), except for the following: the holotype of P. tessellata has 12 DSR in the posterior location of the DSR formula, 

whereas snakes from the western sample have either 11, 13 or 15 DSR. The rostral width-height ratio in the 

holotype of P. ladacensis is lower than that of all the snakes in the western sample. Consequently, the morphology 

of the type specimens is unlikely to rule out the identification of western sample snakes with any of the 

aforementioned taxa—except perhaps P. r. ladacensis and P. r. var. tessellata.

Molecular analyses. We found very low variation in the nucleotide sequence of the COI gene fragment (548 

bp; three haplotypes that differed in one bp, accession numbers are detailed in Appendix 1) across the 18 specimens 

we analyzed (6 banded and 12 non-banded, all from Israel and its vicinity), which was uninformative. Therefore, 

we did not sequence this gene fragment for additional specimens. The cytb gene fragment was 597 bp long. 

Twenty-three sites were variable and six were parsimony-informative. The 12S gene fragment was 579 bp long, 

with 14 variable sites and four parsimony-informative ones. The genetic distances among all specimens of the 

western sample were smaller than those between the western sample and all other species in the genus Platyceps, 

including eastern representatives of the P. rhodorachis complex (Table 4).

TABLE 4. Sequence divergence values between taxa (given in percents). B: banded. NB: non-banded morph. Western: 

B. and N.B. non-segregated.

The combined Bayesian inference phylogenetic tree based on concatenated cytb and 12S gene fragments is 

presented in Fig. 6. The banded and non-banded specimens of the western sample together form a clade that is not 

further divided into two separate ones. Neither banded nor non-banded snakes form a clade. The sister group of the 

western sample is P. rogersi, and the next closest taxon to both P. rogersi and to the western sample is a P. 

rhodorachis from Oman (CAS 251164). The three P. rhodorachis specimens do not form a monophyletic group. 

Maximum likelihood tree and trees for the two gene fragments separately (Fig S2) show similar topologies.

Divergence compared between taxa 12S cytb

Western Divergence between B. & N.B. 0.4 0.6

Among B. 0.2 0.2

Among N.B. 0.3 0.4

Among western 0.3 0.5

Western & P. rhodorachis Between B. & P. rhodorachis 5.7 12.0

Between N.B. & P. rhodorachis 5.9 12.0

Between western & P. rhodorachis 5.8 12.0

Western & P. rogersi Between B. & P. rogersi 3.4 6.8

Between N.B. & P. rogersi 3.1 6.6

Between western & P. rogersi 3.2 6.7

Western & P. karelini Between B. & P. karelini 5.2 11.7

Between N.B. & P. karelini 5.4 11.6

Between western & P. karelini 5.3 11.6

Western & P. collaris Between B. & P. collaris 7.5 13.4

Between N.B. & P. collaris 7.6 13.6

Between western & P. collaris 7.5 13.5
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Discussion

We found no evidence in either the molecular or the morphological data to support the recognition of two species 

from the Platyceps rhodorachis complex in Israel. We found little evidence for bi-modality. There was strong clinal 

variation in the most prominent character used to differentiate snakes into species (i.e. the number of ventrals). No 

trait enabled the classification of snakes to different morphs. Furthermore, genetic distances were very low across 

the western sample, and both morphs turned out to be paraphyletic, with little genetic structure in the population 

overall.

While we did detect some differences between morphs, we interpret most of the significant differences as 

being irrelevant. For example, the significant difference in the loreal width between the morphs (Table 2), is 0.06 

mm, but the measurement precision for this character is 0.1 mm. Another example is the dorsal location of the 

dorsal scale rows reduction from 18 to 17 rows (Table 2). Despite the statistically significant difference, the model 

explains only 4% of the variance in this character. The biological significance of this difference between the 

morphs is likely to be negligible. 

At least one diagnostic morphological character is required in order to differentiate the populations into two 

species (Helbig et al., 2002). Such determination may reflect a continuous character that has no overlap in values 

between the two populations or a categorical character that has a different state in each of them, thus indicating that 

there is no gene flow between them (Helbig et al., 2002). Even among subspecies there is a demand for a 

diagnostic character, the lack of which may be a strong argument against the validity of their subspecific rank 

(Manier, 2004). A more permissive approach allows the recognition of a species boundary if the diagnostic 

character is polymorphic, as long as the shared character state between the species occurs at a very low frequency 

(Wiens & Servedio, 2000). We found no character state that meets any of these conditions among the western 

sample specimens (Tables 1 & 3). As only three characters show a bimodal distribution (and these are probably 

non-informative, see below), even the phenetic clusters approach that allows for overlaps as long as the species are 

not assimilated into each other (Mallet, 1995), would not recognize more than one species in the western sample. 

The failure of the artificial neural network analysis in classifying a specimen to each of the color morphs with an 

error rate of less than 5% strengthens this result.

The color morphs themselves (the presence or lack of bands) is the only character that may allow us to 

segregate western sample specimens into two distinct groups. As the null hypothesis is the existence of a single 

species (Mallet, 1995), we reject the more complicated hypothesis (of having more than one species) as there is no 

morphological evidence to support it.

We found a strong latitudinal cline in ventral and subcaudal counts (Figures 5A & 5B). Such a pattern is 

commonly interpreted as a trait of a single species (Mayr, 1942), as none of the entities of the cline present an 

independent evolutionary trajectory that differs from that of the others (Kelly et al., 2008).

Osgood (1978) found that the number of ventrals in snakes may be affected by the temperature of the soil in 

which the eggs are laid. Such a correlation between ventral count and temperature can further strengthen our 

interpretation, regarding the lack of a phylogenetic signal in this character, rendering it a weak indicator for 

taxonomic purposes. The latitudinal cline better explains the variance in ventral and subcaudal counts than 

dichotomous division into morphs that Schätti & McCarthy (2004) and Perry (2012) suggested as the character best 

showing a species boundary. 

The phylogenetic trees (Figs 6 & S2) do not indicate that the western sample comprises more than one species. 

The trees lack structure and do not show a division into two groups in accordance with color morph. Individuals of 

both morphs and with different ventral counts are found throughout the ingroup. The phylogenetic groups do not fit 

geographic mapping (Fig. S3) and both contain individuals from across the geographic range of the western 

sample. Individuals from adjacent areas are scattered in both groups.

Furthermore, sequence divergence among individuals of the western sample is low. The average cytb sequence 

divergence value in reptiles is 13.6% among congeneric species (Harris, 2002). The cytb sequence divergence 

value among individuals of the western sample is 0.5% (Table 4), which resembles the values found between 

conspecifics in other species [e.g., 1.6% among 37 individuals of Hemorrhois hippocrepis (Linnaeus 1758); 

Carranza et al., 2006]. The fact that the COI gene fragment is nearly identical among individuals of the western 

sample further strengthens this view.
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The taxonomic identity of the western sample

Because of the four name-bearing specimens falls within the range of the morphological values of the western 

sample (Appendix 6), we cannot confidently rule out any of these four taxa as a possible identity for the western 

sample on this basis.

The ranges of all morphological characters overlap between the western and eastern sample (the latter 

comprising P. rhodorachis individuals and one P. r. ladacensis). The only character that differentiates them 

morphologically is the constant lack of the red dorsal striped color morph from the western sample—a feature that 

was not found in any of our western sample specimens. We were not able to find any actual observations that 

suggest the presence of a red dorsal stripe in a "slender racer" from Israel and its vicinity, either in preserved snakes 

or in live ones that we and others (Amos Bouskila, Aviad Bar, Boaz Shacham, Erez Maza, Simon Jamison, Philippe 

Geniez, pers. comm.) have examined, or in photographs from the internet. We further deduce that the western 

sample does not belong to P. rhodorachis, based on the molecular analysis. The phylogenetic tree suggests that the 

sister taxon to the western sample is P. rogersi, while P. rhodorachis is the sister taxon of a clade containing both 

the western sample and P. rogersi (Fig. 6). The sequence divergence between western sample snakes and eastern P. 

rhodorachis is 12%, compared to only 0.5% among the western sample individuals (Table 4). This 12% divergence 

value is similar to the divergence between P. rhodorachis and P. rogersi (11.1%), P. collaris (13.5%) and P. karelini

(13.7%) (Appendix 7). The geographic gap between the eastern and western samples suggests that the genetic 

distance between P. rhodorachis and the western sample is not an artifact of isolation by geographic distance 

(Kelly et al., 2008). Therefore, a genetic cline between the populations of the western and the eastern samples is 

improbable. 

We examined the holotype of P. rhodorachis var. tessellata (IRSNB 2027) only from photographs. Its color 

pattern is somewhat similar to both the patterned color morph of P. rhodorachis and to that of the non-banded 

morph of the western sample. The collection data of the holotype, "Asia Minor", is probably erroneous (Schätti et 

al., 2014). We cannot unequivocally classify the holotype of P. tessellata to either the eastern or the western 

sample. We suggest that further research is necessary to shed light on this taxon; e.g., whether it is possible to 

analyze its stomach contents and try to infer its true collection locality (Mendelson et al., 2016). We found no 

evidence to suggest that P. tessellata is conspecific with the Israeli snakes (as suggested by Perry, 2012).

The assignment of the banded morph of the western sample to P. ladacensis is, in our view, improbable. The 

description by Anderson (1871) does not allow a distinction between P. r. ladacensis and the western sample, 

except for the rostral width-height ratio ("rostral as broad as high" in the description versus a ratio that exceeds that 

in the western sample snakes).

Our study included only one specimen assigned by Schätti et al. (2014) to P. r. ladacensis (NMW 25452.1). It 

has higher frontal length, loreal height, and loreal width than all the snakes in the western sample, despite not being 

the longest overall. It is only second to a P. r. rhodorachis specimen from Iraq (CAS 157119) in regard to rostral 

height and width. Apart from these somewhat exceptional measurements, it is not distinguishable from the rest of 

the western sample other than by color pattern. The P. r. ladacensis specimen has wide dorsal collars with very 

large gaps between them, unlike the more densely dotted patterned morph of P. r. rhodorachis. The question of 

whether ladacensis should be raised to a specific status or not is beyond the scope of our study. The geographic gap 

between the western sample and the distribution range of P. r. ladacensis (sensu Schätti et al., 2014), and the 

molecular segregation between the eastern sample and P. rhodorachis, suggest that assigning the western sample to 

P. r. ladacensis is highly unlikely.

Seven non-banded specimens we examined are paratypes of P. saharicus, which was described from Saint 

Catherine's Monastery in Sinai, Egypt. The paratypes concur with the latitudinal clinal pattern of the ventral and 

subcaudal counts (Figs 5a & 5b). We had no tissue samples from topotypes, but two of the samples we used are 

from an adjacent area (Fig. 6). These two specimens (numbers 35 and 36 in Fig. 6) do not form a distinct clade and 

are genetically very close to all other members of the western sample. We therefore conclude that both color 

morphs of the western sample belong to Platyceps saharicus Schätti & McCarthy 2004.
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Considerations and future research

The fact that most of the specimens examined in this study were preserved prevented the documentation of some 

color features. The bright yellow color found in the temporal area of non-banded specimens quickly disappears in 

preservatives, so that museum specimens of both morphs appear pale-grayish. 

Our study focused on Israel and its vicinity, including Egypt, but it included only three specimens from Jordan, 

and only one of those was part of the morphological and molecular analyses, while the other two were only 

examined from photos. We have no knowledge about the existence (or lack) of populations of P. saharicus in 

Lebanon and Syria. The Jordanian specimen (HUJ 21937) is genetically similar to specimens from Israel. It 

belongs to the banded morph, while two other Jordanian specimens for which we had only photographs are non-

banded. One of those specimens was from Petra (Disi et al., 2001, Amr & Disi, 2011) and the other from Wadi 

Ghuweir (observation from a Facebook group dedicated to trekking in Jordan), both in south-western Jordan. We 

assume, also following Geniez (2015), that the Jordanian snakes currently assigned to P. rhodorachis (Amr & Disi, 

2011) actually belong to P. saharicus, as there is a wide geographic gap between Jordan and the geographic range 

of the eastern sample (Schätti et al., 2014), and because our genetic results reveal that the Jordanian specimen is 

indistinguishable from the Israeli ones, while displaying ~10% sequence divergence from eastern snakes of the 

complex.

The banded morph is probably found on both dark and light soils, but the non-banded, yellowish morph is 

found almost exclusively on light ones. We tested for an association between the morphs and several environmental 

variables (mean annual temperature, March-October temperatures, annual precipitation, Net primary productivity, 

and a dichotomous soil darkness (light or dark) classification (results not shown). Net primary productivity was the 

only significant predictor of color morph. The distribution of both morphs overlaps the two biomes typical in the 

region: the banded morph is found mainly in the Mediterranean biome of Israel and Jordan while the non-banded 

morph is found mainly in the desert biome of Israel, Jordan, and Egypt (Fig. 3). The contact zone of the two 

morphs occurs around the boundary between the Mediterranean and desert biomes. The banded Jordanian 

specimen, HUJ21937, has 238 ventrals, more than any other banded snake in our sample, but well within the range 

of non-banded specimens (Fig. 5A). The number of ventrals fits the latitudinal cline, but the specimen is by far the 

southern-most banded snake in our sample, with a considerable gap between it and the next banded snakes (Fig. 3). 

We hypothesize that the presence of a banded specimen in that southern latitude is due to the Mediterranean biome 

in Jordan continuing further south than it does in Israel. Therefore this specimen has the ventral counts typical of its 

latitude, but the dorsal color pattern typical of the Mediterranean biome. The existence of color polymorphism 

alongside the lack of change in meristic characters may indicate a phenotypic response to environmental selection, 

such as thermoregulation and the need for camouflage (Henderson, 1997).

If our interpretation is correct, then it may indicate that color is adaptive, as the banded morph is darker and 

may provide better camouflage in the vegetation-rich environment of the Mediterranean biome. Having a darker 

dorsal tone with a pattern in the Mediterranean biome versus a lighter dorsal tone with the lack of a pattern in the 

desert is an adaptation shared by other reptilian species in Israel [e.g., Chalcides ocellatus (Forskål, 1775), Eryx 

jaculus (Linnaeus, 1758), and Psammophis schokari (Forskal, 1775); see Bar & Haimovitch, 2013]. 

The Jordanian specimen, HUJ 21937 (with many ventrals and a dark, banded pattern), suggests that there is no 

pleiotropic effect between the ventral count and the dorsal color pattern. This conclusion is further supported by the 

clinal pattern demonstrated by the ventral count versus the dichotomous nature of the dorsal coloration. 

We did not find any melanistic specimens among the western sample. Two specimens in the Steinhardt 

Museum (SNHM 13753 and SNHM 13833) both from Tiran Island, Sinai, have very dark dorsum and melanin 

concentrations on the ventrals and the subcaudals. They have fewer ventrals (209 and 215 respectively) than any 

specimen of the western sample (minimum 217), and are in disagreement with the clinal increase in ventral counts 

towards lower latitudes. Those melanistic specimens resemble the gray color morph of P. rhodorachis that is found 

in the eastern Arabian Peninsula, and P. r. subniger that is found in the horn of Africa (Perry 2012; Schätti et al., 

2014). A gray P. rhodorachis, CAS 251164 (from Ad Dakhiliyah Governorate, Oman), was included in our 

molecular analysis (Fig. 6) and emerged as the sister group of a clade containing both the western sample (P. 

saharicus) and P. rogersi. We think the specimens from Tiran Island may belong to this gray color morph of P. 

rhodorachis. Whether or not this gray color morph (CAS 251164) is indeed P. rhodorachis or belongs to a distinct 

species requires further investigation. Other specimens of P. rhodorachis, from Iran and Turkmenistan, do not 

cluster with this specimen (Fig. 6).
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Schätti et al. (2012) downgraded Platyceps rogersi to a subspecific rank, P. karelini rogersi. Our tree topology 

(Fig. 6) places P. saharicus as the sister group of P. rogersi, while P. rhodorachis (CAS 251164) is the sister taxon 

of both P. saharicus and P. rogersi. Platyceps karelini is placed as a sister group to a clade containing all these three 

taxa (rhodorachis, saharicus, and rogersi). The 12S sequence divergence analysis (Appendix 7) suggests that the 

closest species to P. rogersi is P. saharicus. In the cytb gene fragment, P. saharicus is also closer to p. rogersi than 

is P. karelini. Therefore, we suggest that further research is needed regarding the taxonomic rank of P. rogersi, as 

its current subspecific rank under P. karelini is not supported. This taxonomy was also adopted by Geniez (2015) 

on the basis of the constant differences found between the coloration patterns of these two taxa.

Our findings suggest that the banded and the non-banded color morphs found in Israel and its vicinity belong 

to a single member of the P. rhodorachis complex - in this case P. saharicus. This species is morphologically 

dimorphic, with two color patterns, which may be adaptations to the environmental attributes of their habitats and 

biomes: a yellowish morph in the southern desert areas and a grayish one in the more mesic, Mediterranean 

regions. We suspect that this may play a role in camouflage. The ventral and subcaudal counts do not enable 

classification of the morphs into two species. Rather, they are best explained as a clinal latitudinal pattern. The two 

color morphs form a monophyletic clade, as far as can be deduced from COI, cytb, and the 12S gene fragments 

(Fig. 6). This clade forms a sister group to P. rogersi, despite its morphological similarities to P. rhodorachis (Fig. 

6). The three P. rhodorachis molecular samples included in this study do not form a monophyletic clade (Fig. 6). 

Future research is needed regarding the taxonomic status of the P. rhodorachis population from Arabia and the 

Horn of Africa, as they may belong to a different species than those in Iraq and eastwards (Fig. 1).
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FIGURE S1. Bimodal histograms of characters in the western sample. A) Dorsal location of dorsal scale rows reduction from 
19 to 18 rows. BM13 DSRDL 19-18 B) Dorsal location of dorsal scale rows reduction from 18 to 17 rows C) Dorsal location of 
dorsal scale rows reduction from 16 to 15 rows.
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FIGURE S2. A) Consensus tree based on concatenated cytb and 12S gene fragments. Support values are bootstrap values of a 
maximum likelihood analysis. Values lower than 80 are not shown. B) Consensus tree based on cytb gene fragment. Support 
values are posterior probabilities of a Bayesian inference analysis. Values lower than 0.9 are not shown. C) Consensus tree 
based on cytb gene fragment. Support values are bootstrap values of a maximum likelihood analysis. Values lower than 80 are 
not shown. D) Consensus tree based on 12S gene fragment. Support values are posterior probabilities of a Bayesian inference 
analysis. Values lower than 0.9 are not shown. E) Consensus tree based on 12S gene fragment. Support values are bootstrap 
values of a maximum likelihood analysis. Values lower than 80 are not shown. Branches which are not shown to full length are 
indicated by / /. Gray: banded morph (western sample). Yellow: non-banded morph (western sample). Red: P. rhodorachis

(eastern sample). Green: P. rogersi. Blue: P. karelini. Brown: P. collaris. White: Hemorrhois nummifer. Black: Spalerosophis 

diadema.
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FIGURE S2B.
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FIGURE S2C.
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FIGURE S2D.
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FIGURE S2E.
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FIGURE S3. A map of all western and eastern specimens examined for molecular analysis in this study. Specimen numbering 
is in accordance with the list in Appendix1.
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#"5� 1�",��J�K � �+J�J�� ��

�+J�J�LK��
�+J�J� L�

&� ��� &� &� &� .����	����?���:����� �K���� ��� ��

#"5� 1�",��JL�L� �+J�J�����

�+J�J�L���
�+J�J� ��

&� � � &� &� &� .����	��9������ ���K�� ���K��

#"5� ,34�L�J� � �+J�J��J��

�+J�J�L���
�+J�J� J�

&� LK� &� &� &� .����	��O������� �K�M � ���ML�

#"5� ,34�L� ��� �+J�J��L��

�+J�J�L��

&� L�� &� &� GGG� .����	�������*��
� ���L�� ���L��

#"5� 1�",��J��K� �+J�J��K��
�+J�J�MK�

&� L�� GGG� &� &� .����	����?���:����� �K���� ��� �

#"5� ,34�LLLJM� �+J�J��L� &� L�� GGG� &� GGG� .����	��"�����*��2�/����
�MK� �K�� � ���LL�

#"5� ,34�LLL K� �+J�J�����

�+J�J�ML�

&� LJ� GGG� &� &� .����	��0�����5�=���D��/����
�MK� LM�J�� ���K��

#"5� ,34�LLL �� �+J�J�����

�+J�J�M��

&� L � GGG� &� &� .����	��5�=���D��� LM�J�� ���M �

#"5� ,34�LLL L� �+J�J�����

�+J�J�M��

&� LM� GGG� &� &� .����	��N	��/�#�		�����,���������
�MK� LM��L� ���ML�

#"5� ,34�LLL �� �+J�J�����

�+J�J�M��

&� �K� GGG� &� &� .����	��N	������/����
��L� LM�� � ���  �

#"5� ,34�LLL �� �+J�J��J��

�+J�J�M��

&� ��� GGG� &� &� .����	��P�--�?�N	��� LM�� � ���M��

#"5� B+�7� L�LJ� �+J�J���� &� ��� GGG� &� GGG� N�)����1������L�C��"�����G�((�"�-;� L �K�� ������

#"5� B+�7�ML LK� �+J�J��L��
�+J�J�KK�

&� ��� GGG� &� &� N�)����1������9���-�A�		���� L ��M� �����

#"5� +�",����K���

�@0$�

GGG� &� GGG� GGG� GGG� GGG� N�)����,�	'����#�
��,�(=�T,�	'����#�
��,�'(	U� LM� J� ����L�

#"5� +�",�JL�K �

�,0$�

GGG� &� GGG� GGG� GGG� GGG� N�)����1���7���������������)�������#�
���	�1���C�� L ���� ���M �

� � � � � � � � ……continued on the next page
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#"5� +�",�JL��K�

�,0$�

GGG� &� GGG� GGG� GGG� GGG� N�)����1���7���������������)�������#�
���	�1���C�� L ���� ���M �

#"5� ,34�����J� GGG� &� GGG� GGG� GGG� GGG� .����	����C������7����� �K�M�� ����M�

#"5� ,34��� �M� GGG� &� GGG� GGG� GGG� GGG� .����	��,�?�2��+��	
�1����	� �K�J�� ���LJ�

#"5� ,34���M�K� GGG� &� GGG� GGG� GGG� GGG� .����	��,�?�2��+��	
�1����	� �K�J�� ���LJ�

#"5� ,34�LK K�� GGG� &� GGG� GGG� GGG� GGG� .����	��,�?�2��+��	
�1����	� �K�J�� ���LJ�

#"5� ,34�LK �M� GGG� &� GGG� GGG� GGG� GGG� .����	��,�?�2��+��	
�1����	� �K�J�� ���LJ�

#"5� ,34�LK ��� GGG� &� GGG� GGG� GGG� GGG� .����	��"���	�=*(���� �K�M�� ���M��

#"5� ,34�LK M�� GGG� &� GGG� GGG� GGG� GGG� .����	���KK��1��(�����9��
�1���#��C�����������

����'�)$�

���KL� ������

#"5� ,34�LKMLJ� GGG� &� GGG� GGG� GGG� GGG� 3�C��'��	�������� GGG� GGG�

#"5� ,34�LKM�K� GGG� &� GGG� GGG� GGG� GGG� .����	��,�?�2��+��	
�1����	� �K�JJ� ���L��

#"5� ,34�LKM��� GGG� &� GGG� GGG� GGG� GGG� .����	��*��2�/������2�,�?�2������(��	
�$� �K�JJ� ���L �

#"5� ,34�LKMMJ� GGG� &� GGG� GGG� GGG� GGG� .����	����?���:����� �K���� ��� �

#"5� ,34�L�K�J� GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��5�;��/���
�����/�.�����������	�-	
��� �K� �� ���JJ�

#"5� ,34�L�K� � GGG� &� GGG� GGG� GGG� GGG� .����	��=N����
��"������:����2�/�������������"���	�

9�'�
�

������ ���� �

#"5� ,34�L�K�M� GGG� &� GGG� GGG� GGG� GGG� .����	��=N����
��"������:����2�/����
����"���	�=*������ ������ ���� �

#"5� ,34�L��L�� GGG� &� GGG� GGG� GGG� GGG� .����	������
�(����0	�	���R�������,�	�C���R������C��(����

	������

�K� M� ���JJ�

#"5� ,34�L��JL� GGG� &� GGG� GGG� GGG� GGG� .����	��������=N����
��R�������� ������ ���� �

#"5� ,34�L�JLK� GGG� &� GGG� GGG� GGG� GGG� .����	�������=N��=*2
��� �K� L� ���J��

#"5� ,34�L�JL�� GGG� &� GGG� GGG� GGG� GGG� .����	����?���:����/�:����������	� �K��� ��� �

#"5� ,34�L�JLL� GGG� &� GGG� GGG� GGG� GGG� .����	����?���:����/�*	�����(���� �K���� ��� �

#"5� ,34�L�JM�� GGG� &� GGG� GGG� GGG� GGG� .����	��"���2� GGG� GGG�

#"5� ,34�L�JM�� GGG� &� GGG� GGG� GGG� GGG� .����	��"���2� GGG� GGG�

#"5� ,34�L�JMJ� GGG� &� GGG� GGG� GGG� GGG� .����	��"���2� GGG� GGG�

#"5� ,34�L� J�� GGG� &� GGG� GGG� GGG� GGG� .����	��5�;=�����
�����
�IMK$� GGG� GGG�

#"5� ,34�L� J�� GGG� &� GGG� GGG� GGG� GGG� .����	�����������4�
����
�����/����
�IL���B�(���R�������� ���K�� ���L�

#"5� ,34�L� JJ� GGG� &� GGG� GGG� GGG� GGG� .����	�����������4�
����
�����/�*��
������ ���L�� ���L��

#"5� ,34�L� J � GGG� &� GGG� GGG� GGG� GGG� .����	��#�
��O���	� ���� � ���L��

#"5� ,34�L� JM� GGG� &� GGG� GGG� GGG� GGG� .����	��1����� LM� �� ���KL�

#"5� ,34�L�  K� GGG� &� GGG� GGG� GGG� GGG� .����	��P������ LM�M�� ���K��

� � � � � � � � ……continued on the next page
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#"5� ,34�L�  �� GGG� &� GGG� GGG� GGG� GGG� .����	��,�?�2�� �K�J�� ���LJ�

#"5� ,34�L�  L� GGG� &� GGG� GGG� GGG� GGG� .����	�����
�IMK��C�� �� �K���� ����L�

#"5� ,34�LLK��� GGG� &� GGG� GGG� GGG� GGG� .����	�����
�I�K� GGG� GGG�

#"5� ,34�LL��K� GGG� &� GGG� GGG� GGG� GGG� .����	�������2�.
��� �K� � �����

#"5� ,34�LL���� GGG� &� GGG� GGG� GGG� GGG� .����	��P�--�?�1����� LM� �� ���KL�

#"5� ,34�LLL��� GGG� &� GGG� GGG� GGG� GGG� .����	��"���2/�O�������6�C�� �K�M � ���M�

#"5� ,34��� �� GGG� &� GGG� GGG� GGG� GGG� .����	��1��(�9��
�1��� GGG� GGG�

#"5� ,34������ GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��� ���K�� ����M�

#"5� ,34���MK� GGG� &� GGG� GGG� GGG� GGG� .����	��=N����
�� ������ ���� �

#"5� ,34������ GGG� &� GGG� GGG� GGG� GGG� .����	��*��2�� GGG� GGG�

#"5� ,34� �LL� GGG� &� GGG� GGG� GGG� GGG� N�)����P�
����5����=�� �K�M� �����

#"5� ,34� �L�� GGG� &� GGG� GGG� GGG� GGG� N�)����5�������(�#�
��5=�-=�=�� L �M�� ���L��

#"5� ,34� ��K� GGG� &� GGG� GGG� GGG� GGG� N�)����#�
��:��C�����1��(�1���7���������������)� L ���� ���M �

#"5� ,34� �J � GGG� &� GGG� GGG� GGG� GGG� N�)����#�
��1��������"��	�����(�4�-�	�,�-����� L ���� ������

#"5� ,34� �ML� GGG� &� GGG� GGG� GGG� GGG� N�)������-�	�������5���1���-��� L ���� ���MJ�

#"5� ,34� � J� GGG� &� GGG� GGG� GGG� GGG� N�)�������	������� �K�K�� ���K��

#"5� ,34� �  � GGG� &� GGG� GGG� GGG� GGG� N�)�������	������� �K�K�� ���K��

#"5� ,34� �J�� GGG� &� GGG� GGG� GGG� GGG� N�)����5���1������-�'��"���-����
�9���2� L � �� ����J�

#"5� ,34� �MK� GGG� &� GGG� GGG� GGG� GGG� .����	��L�C��"��(�=N����
�� ������ ���� �

#"5� ,34� �M�� GGG� &� GGG� GGG� GGG� GGG� N�)����B�;���9�2�
�+��	
�1����	� L ���� ���M �

#"5� ,34� J��� GGG� &� GGG� GGG� GGG� GGG� N�)����"�;�-G�	G,�=���L�C��(��������5����	�� L ���� ���M �

#"5� ,34� J�M� GGG� &� GGG� GGG� GGG� GGG� N�)����#�
��.�������#�
��8��	(���$� L �L� ������

#"5� ,34� JLK� GGG� &� GGG� GGG� GGG� GGG� .����	��=N��O���2� �K���� ���L��

#"5� ,34� J� � GGG� &� GGG� GGG� GGG� GGG� N�)����0����	���,�'��� LM���� ��� ��

#"5� ,34� JM�� GGG� &� GGG� GGG� GGG� GGG� N�)��������1���7��������� L ���� ���MJ�

#"5� ,34� JM � GGG� &� GGG� GGG� GGG� GGG� N�)����B�;���9�2�
�+��	
�1����	� GGG� GGG�

#"5� ,34� JMM� GGG� &� GGG� GGG� GGG� GGG� N�)����B�;���9�2�
�+��	
�1����	� GGG� GGG�

#"5� ,34�  ��� GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��5�;��/�'��������C���(���
������ �K� �� ���J �

#"5� ,34�  JJ� GGG� &� GGG� GGG� GGG� GGG� N�)����1���������B�;��9�'�
�+��	
�1����	� L ���� ���M �

#"5� ,34� M�K� GGG� &� GGG� GGG� GGG� GGG� .����	��N	��� LM���� ���M��

#"5� ,34� M��� GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��5�;������
�����$� �K� �� ���J �

� � � � � � � � ……continued on the next page
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#"5� 1�",��KL�L� GGG� &� GGG� GGG� GGG� GGG� N�)����:�(�
��� �K���� ������

#"5� 1�",� ���  �

�@0$�

GGG� &� GGG� GGG� GGG� GGG� .����	��"���	�"�C����� �K���� ���J��

#"5� 1�",���L�� GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��5�;��� �K� J� ���JM�

#"5� 1�",���L��� GGG� &� GGG� GGG� GGG� GGG� .����	��O��2���� LM� M� ���K��

#"5� 1�",��� ��� GGG� &� GGG� GGG� GGG� GGG� .����	��"���	�1��	���� LM�� � ��� M�

#"5� 1�",����� GGG� &� GGG� GGG� GGG� GGG� .����	��,���,������� �K���� ����L�

#"5� 1�",����� GGG� &� GGG� GGG� GGG� GGG� .����	��5�=���O������� �K�MM� ���M��

#"5� 1�",���J� GGG� &� GGG� GGG� GGG� GGG� .����	��1��������"���2� GGG� GGG�

#"5� 1�",���ML�� GGG� &� GGG� GGG� GGG� GGG� .����	����?���:����� �K���� ��� �

#"5� 1�",������� GGG� &� GGG� GGG� GGG� GGG� .����	��:����������
� �K�JJ� ���� �

#"5� 1�",����L�
�@0$�

GGG� &� GGG� GGG� GGG� GGG� .����	��=N��O��2���� LM�  � ���K��

#"5� 1�",�LK�J� GGG� &� GGG� GGG� GGG� GGG� .����	��O��2���� LM� M� ���K��

#"5� 1�",�LL�J� GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��� ���KJ� ����M�

#"5� 1�",����K�

�@0$�

GGG� &� GGG� GGG� GGG� GGG� .����	��,���C������,�P����� �K�M�� ���� �

#"5� 1�",� KK��

�@0$�

GGG� &� GGG� GGG� GGG� GGG� N�)����1���7���������������)������ L ���� ���M��

#"5� 1�",� � J�

�@0$�

GGG� &� GGG� GGG� GGG� GGG� N�)����A������"���-�$� LM�K�� ���� �

#"5� 1�",� ��� GGG� &� GGG� GGG� GGG� GGG� .����	��5�=���������� �K��� ������

#"5� 1�",�MKL�� GGG� &� GGG� GGG� GGG� GGG� .����	��N�	��� LM��J� ���M��

#"5� 1�",�M�LJ� GGG� &� GGG� GGG� GGG� GGG� .����	��1�
��5�;��� �K� J� ���JM�

#"5� 1�",�M�K�� GGG� &� GGG� GGG� GGG� GGG� N�)����4�-�	�O�	�C� �K�� � ������

P. collaris �,"��L��J�J�� *OK�M��J� GGG� +K�� GGG� &� GGG� .����	��0�	�*2�2� GGG� GGG�

P. collaris �,"��L��J�J�� *OK�M���� GGG� +KJ� GGG� &� GGG� .����	��0�	�*2�2� GGG� GGG�

P. collaris ,6�9�4��� *O� �MLL� GGG� +K � GGG� GGG� &� 4��
��� GGG� GGG�

P. karelini �,"��L������ *O��JL�L� GGG� +�J� GGG� &� GGG� 3?-�C������ GGG� GGG�

P. karelini 8*1�� ����� *O� �M� � GGG� +� � GGG� GGG� &� 0��C��������� GGG� GGG�

P. r. 

ladacensis 

"�#�L���L��� GGG� &� GGG� GGG� GGG� GGG� .�
����1�����A�		�)��R���������(�@��������
�1�����:�2����

1��
�������

GGG� GGG�

P. r. 

rhodorachis 

8*1�L������ �+J�J�����

�+J�J�M��

GGG� +K�� GGG� &� &� D�����#�
��5����,�-�-��L�M�C������	���$�#1#�1�);��

4�-�	�*C�
����*
�9�C��	�)���:������

L��KJ� �J���

� � � � � � � � ……continued on the next page
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P. r. 

rhodorachis 

B+�7�M�LM�� �+J�J���� &� +KL� GGG� GGG� GGG� .�����5�	����������"�C��1����� GGG� �

P. r. 

rhodorachis 

8*1�� �K��� *O� �ML�� GGG� +K�� GGG� GGG� &� 0��C����������*��C�-�
���L�C��"#�+)����� GGG� GGG�

�

P. r. 

rhodorachis 

5�",�

� �M� �L ��LJ�

GGG� &� GGG� GGG� GGG� GGG� .�����5�������T5�������8��)U� GGG� GGG�

P. r. 
rhodorachis 

5�",�
� J�����L�����

GGG� &� GGG� GGG� GGG� GGG� .������������(�:�����T:����U� GGG� GGG�

P. r. 

rhodorachis 

5�",�

� JM� ����L��

GGG� &� GGG� GGG� GGG� GGG� .�����1����?�T1����?�8��)U� GGG� GGG�

P. r. 
rhodorachis 

5�",�
�  ��M�L���KK�

GGG� &� GGG� GGG� GGG� GGG� .�����5�?
�T���LL���K���U� GGG� GGG�

P. r. 

rhodorachis 

5�",�

�M�M�J�� ��L�

GGG� &� GGG� GGG� GGG� GGG� .�����,��R���.�	��
�TL��������� JU� GGG� GGG�

P. r. 

rhodorachis 

5�",�

�M����K��L���

GGG� &� GGG� GGG� GGG� GGG� .�����7������T7������8��)U� GGG� GGG�

P. r. 
rhodorachis 

5�",�
�M� �L���J��

GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����,�

���#�
��+�������-��'����4�

����
�
�������1��,�R�?�

GGG� GGG�

P. r. 

rhodorachis 

5�",�

�M�������L��

GGG� &� GGG� GGG� GGG� GGG� .��������R�
�1�	�)�����7��?������ GGG� GGG�

P. r. 
rhodorachis 

5�",�
�M�������� �

GGG� &� GGG� GGG� GGG� GGG� .�����4���	��5���?� GGG� GGG�

P. r. 

rhodorachis 

5�",�

�MJM�JK �

GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����1�'�'��� GGG� GGG�

P. r. 

rhodorachis 

5�",�

�M �� KL�

GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����0��(� GGG� GGG�

P. r. 
rhodorachis 

8*1����L�K� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����4�

���� GGG� GGG�

P. r. 

rhodorachis 

8*1�����JM� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-���� K�C���"#�S�L�C���#���(������� GGG� GGG�

P. r. 
rhodorachis 

8*1���M�L � GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-������L�C���1J��N��(�0��(� GGG� GGG�

P. r. 

rhodorachis 

8*1���K� �� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����:�)�
���1����)��$� L����� ���J��

P. r. 

rhodorachis 

8*1���K�M � GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����4�'�� �J� �����

P. r. 

rhodorachis 

8*1����KJ�� GGG� &� GGG� GGG� GGG� GGG� .�����,�2���T1��-�?�:�2��U� L����� ������

P. r. 

rhodorachis 

8*1����LK � GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����*-��� � �L�� �L���

P. r. 

rhodorachis 

8*1��� ���� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����L���C��0��(G*-������
� LK� �����

� � � � � � � � ……continued on the next page
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��������	
���8�������
$� � � � � � � � �

1�������H�

������

A������� ���-��C�

����������

������	��)� ��������

����	��I

COI 12S cytb 6�������� 6�����


��

6������


��

P. r. 

rhodorachis 

8*1��� � �� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����:�)�
�� L����� �M����

P. r. 

rhodorachis 

8*1��� ���� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����4�-�	����1��(�� LJ�M�� ���J �

P. r. 

rhodorachis 

8*1���M��J� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����#�
��4�?���9��� �J�K�� �L�M��

P. r. 
rhodorachis 

8*1���M��K� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����-��'����*-�����
�*	�P������ � ���� �L���

P. r. 

rhodorachis 

8*1���J��M� GGG� &� GGG� GGG� GGG� GGG� .��;��,�	�-R��� ������ ���M �

P. r. 
rhodorachis 

8*1� ��J�� GGG� &� GGG� GGG� GGG� GGG� .�����-��'�������R�
�1�	�)������
�,�(��7�	�T,�(���	U� ������ �M����

P. r. 

rhodorachis 

8*1� ��KM� GGG� &� GGG� GGG� GGG� GGG� .��������R�
�1�	�)���� GGG� GGG�

P. r. 

rhodorachis 

8*1� ��LK� GGG� &� GGG� GGG� GGG� GGG� .��������R�
�1�	�)���� GGG� GGG�

P. r. 
rhodorachis 

8*1� ����� GGG� &� GGG� GGG� GGG� GGG� .�����"�(��C�T���
��G��"�(���U� ���M�� �M�L��

P. r. 

rhodorachis 

8*1� �� �� GGG� &� GGG� GGG� GGG� GGG� .�����8����7����� ������ �M� ��

P. r. 
rhodorachis 

+�",������K� GGG� &� GGG� GGG� GGG� GGG� .�����.��������� LJ�L� �K�J�

P. r. 

rhodorachis 

+�",������M� GGG� &� GGG� GGG� GGG� GGG� .�������C���������(�@�	G��*-������ LM���� ���JJ�

P. r. 

rhodorachis 

+�",��J����� GGG� &� GGG� GGG� GGG� GGG� .���������������� ���KL� �M����

P. r. 
rhodorachis 

+�",��J����� GGG� &� GGG� GGG� GGG� GGG� .�����4������ L ��� ����J�

P. r. 

rhodorachis 

+�",��J����� GGG� &� GGG� GGG� GGG� GGG� .�����������"#�5����C� LJ�LJ� ������

P. r. 
rhodorachis 

+�",��M�� � GGG� &� GGG� GGG� GGG� GGG� .��;��9�����T9�)���U�������:�'��
���T:�'��
�?U� ����J� ������

P. r. 

rhodorachis 

+�",�J����� GGG� &� GGG� GGG� GGG� GGG� .��;��1�	�����)���6�'���������������@�	���'���8�2�� ������ ���K��

P. r. 

rhodorachis 

�","�

�M�������

GGG� &� GGG� GGG� GGG� GGG� .�����*C��	���T*C��	���*C��	�U� ������ � �� �

P. r. 

rhodorachis 

�AB�L��M�J� GGG� &� GGG� GGG� GGG� GGG� .�����7������@��2������9�����-�������*	��-�
���	����

:�
�,���G)��B���9����

GGG� GGG�

P. r. 

rhodorachis 

"�#�� L����� GGG� &� GGG� GGG� GGG� GGG� *(�����������L��C���������(�5���C���T5���C����5���

7�'�U��T1�"�������U�

����L� J�����

P. r. 

rhodorachis 

"�#���MMK��� GGG� &� GGG� GGG� GGG� GGG� .�����1����?� GGG� GGG�

� � � � � � � � ……continued on the next page
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$� � � � � � � � � �

1�������H�

������

A������� ���-��C�

����������

������	��)� ��������

����	��I

COI 12S cytb 6�������� 6�����


��

6������


��

P. r. 

rhodorachis 

"�#���MM���� GGG� &� GGG� GGG� GGG� GGG� .�����1����?� GGG� GGG�

P. r. 

rhodorachis 

"�#���MM��L� GGG� &� GGG� GGG� GGG� GGG� .�����9���-� L �J�� ������

P. r. 

rhodorachis 

B+�7����K�� GGG� &� GGG� GGG� GGG� GGG� .�����+�����1����?������ GGG� GGG�

P. r. 
rhodorachis 

B+�7� J�� � GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����0���������������	����C$��7����7��	�
�
#�	
	�(��8������

L��LJ� ������

P. r. 

rhodorachis 

B+�7� J��M� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����#�
��,����� GGG� GGG�

P. r. 
rhodorachis 

B+�7� JL��� GGG� &� GGG� GGG� GGG� GGG� 1��
��*��-����0��(� GGG� GGG�

P. r. 

rhodorachis 

B+�7�M�LMK� GGG� &� GGG� GGG� GGG� GGG� .�����5��������7����?� GGG� GGG�

P. rogersi 1�",���MK�� �����KJ���

�+J�J�K���

�+J�J��M�

GGG� +K�� &� &� &� .����	��8�����	�"���2� GGG� GGG�

P. rogersi "�#�78:L� *O�  K��� GGG� +K�� GGG� GGG� &� N�)����1����� GGG� GGG�

Spalerosophi

s diadema 

8*1�LLK���� *+�J�K�M� GGG� +KM� GGG� GGG� &� N�)��� GGG� GGG�

Spalerosophi
s diadema 

,6�9�4�L� *O� �ML�� GGG� +�K� GGG� GGG� &� 4��
����#�
��:���� GGG� GGG�

Spalerosophi

s diadema 

�,"��L����� � *OK�M�� � GGG� +��� GGG� &� GGG� @�C������ GGG� GGG�

Hemorrhois 

nummifer 

1,��� � *OK�M���� GGG� +��� GGG� &� GGG� 0��C��������� GGG� GGG�

Hemorrhois 

nummifer 

B.1@�LJJKM� *O�J�J�L� GGG� +��� GGG� GGG� &� *������� GGG� GGG�

Spalerosophi

s diadema 

�,"��L��J���� *OK�M���� GGG� +�L� GGG� &� GGG� O�������	G,�
�)
��G4�?����V��K�7���2�����?GB�)
�)����

�����G(�)��$�

GGG� GGG�

Spalerosophi
s diadema 

:D��LL JM� 7W�M��K�����
7W�M� �����

GGG� +�����
+���

GGG� &� &� 3�C��'�����2�������������2��-��
����8���
���D������$� GGG� GGG�
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APPENDIX 2. Results of a Student's t-test analyses (α = 0.05) between the left and right sides of the western sample 

specimens.

APPENDIX 3. PCR primers and conditions used in this study.

APPENDIX 4. Comparison of value ranges of all of the continuous characters, between the western and the eastern 

samples. Results originating from the left side of a specimen are marked by an asterisk.

Character Left Right P Mean of the differences

Mean SD Mean SD

DNE 3.15 0.80 3.34 0.84 <0.001 0.19

LW 1.38 0.39 1.39 0.39 0.155 0.02

LH 0.84 0.25 0.82 0.25 0.416 -0.01

CSU 4.11 1.03 4.17 1.04 0.003 0.06

CSL 5.06 1.32 4.99 1.26 0.203 -0.05

ED 3.01 0.58 3.05 0.59 0.004 0.05

Gene 
fragment

Primer Sequence Paper PCR Parameters

cytb L14910 5'-GACCTGTGATMTGAAAACCAYCGTTGT-3' Burbrink et al., 
2000

94°C 2', [94°C 40'', 46°C 
30'', 72°C 1'] X35, 72°C 
10', 10°C pause

H16064 5'-CTTTGGTTTACAAGAACAATGCTTTA-3'

12S 12S268(+) 5'-GTGCCAGCGACCGCGGTTACACG-3' Schätti & 
Utiger, 2001

94°C 2', [94°C 1', 65°C 1', 
72°C 1'] X35, 72°C 10', 
10°C pause

12S916(-) 5'-GTACGCTTACCATGTTACGACTTGCCCTG-3'

COI COI(+)degl 5'-AAGCTTCTGACTNCTACCACCNGC-3' Schätti & 
Utiger, 2001

94°C 2', [94°C 1', 65°C 1', 
72°C 1'] X35, 72°C 10', 
10°C pause

COI(-)bdeg 5'-ATTATTGTTGCYGCTGTRAARTAGGCTCG-3'

Character Western sample Eastern sample

Range Mean SD n Range Mean SD n

SVL 210–1043 564.19 185.38 147 205–889 546.73 211.32 37

TL 74–365 211.69 70.31 88 80–326 194.12 79.97 25

TOL 284–1280 727.25 238.76 87 292–1204 688.92 274.17 25

TL/SVL 0.27–0.46 0.41 0.03 87 0.22–0.5 0.39 0.05 25

VENTRALS 217–264 237.16 11.66 127 206–254 228.18 10.27 33

SUBCAUDALS 113–158 135.10 7.84 81 114–189 134.28 13.37 25

SOMITES 334–420 370.35 17.46 71 340–384 358.75 14.05 20

DSRVL1917ex 120–151.5 136.35 6.60 79 112–145.5 128.85 8.11 23

DSRVL1715ex 128.5–156 140.85 6.24 79 120.5–146 134.15 7.24 23

DSRVL1513ex 146.5–201 167.92 12.58 78 130–212.5 155.69 17.52 21

DSRVL1917pct 51.78–61.89 57.21 2.46 79 52.11–60.63 56.52 1.99 21

DSRVL1715pct 53.91–63.3 59.09 2.15 79 55.2–61.3 58.96 1.67 21

DSRVL1513pct 62.02–88.16 70.50 6.01 78 62.5–88.54 68.46 6.05 20

DSRDL1918 2.5–9.5 5.73 2.10 83 2.5–8.5 7.07 1.62 28

DSRDL1817 2.5–9.5 5.52 2.12 83 1.5–9.5 6.89 1.99 28

DSRDL1716 1.5–9.5 5.27 2.02 83 3.5–7.5 4.57 1.36 28

DSRDL1615 1.5–9.5 5.05 2.09 83 2.5–8.5 4.54 1.45 28

......continued on the next page
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APPENDIX 4. (Continued)

Character Western sample Eastern sample

Range Mean SD n Range Mean SD n

DSRDL1514 4.5–7.5 6.21 0.58 82 5.5–7.5 6.50 0.28 26

DSRDL1413 4.5–7.5 6.20 0.56 82 5.5–7.5 6.42 0.39 26

HL 9–20.7 14.14 2.83 148 6.7–24.4 14.84 4.18 41

HW 3.4–9.1 6.06 1.42 146 3.6–11.1 6.25 1.93 40

HL/HW 1.48–3.66 2.36 0.22 145 1.56–2.78 2.38 0.20 40

RW 1.3–4.9 2.90 0.75 145 1.8–5.7 3.24 1.10 38

RH 1.1–3.4 2.04 0.54 142 1.2–4.3 2.32 0.85 38

RW/RH 1.05–2 1.43 0.16 142 1.24-1.58 1.41 0.08 38

LW 0.4–2.4 1.39 0.40 139 0.6–2.7 1.50 0.55 41

LH 0.3–1.5 0.81 0.25 140 0.4–1.9 1.01 0.39 41

LW/LH 0.8–2.86 1.74 0.32 139 1–2.22 1.51 0.28 41

FL 3.1–7 4.88 0.86 149 3.2–7.7 5.01 1.19 41

FW 1.8–6.2 3.54 0.87 149 1.9–5.4 3.59 1.05 41

FL/FW 1.03–1.72 1.40 0.13 149 1.2–1.79 1.43 0.15 41

INP 1.4–6.1 3.51 0.97 147 1.4–6.1 3.55 1.20 41

FL/INP 0.97–2.21 1.43 0.19 147 1.16–2.43 1.48 0.25 41

PL 3.7–7.8 5.32 0.94 149 3.5–8.4 5.45 1.27 41

FL/PL 0.74–1.13 0.92 0.08 149 0.78–1.33 0.92 0.11 41

DNE 1.6–5.5 3.34 0.84 137 1.9–6.6 3.50 1.30 37

DNE* 1.5–5.2* 3.15* 0.8* 137* 1.7–6* 3.38* 1.15* 37*

DNE:INP 0.76–1.28 0.96 0.10 136 0.75–1.43 1.01 0.12 37

DNE:INP* 0.67–1.33* 0.9* 0.11* 136* 0.73–1.43* 0.98* 0.13* 37*

CSU 2.3–6.9 4.17 1.04 135 2.6–7.6 4.43 1.37 39

CSU* 2.2–7* 4.11* 1.03* 133* 2.4–8.1* 4.45* 1.47* 37*

CSL 3–8.4 5.01 1.27 135 3.2–10.3 5.81 1.88 39

CSU/CSL 0.62–1.08 0.83 0.09 133 0.65–0.98 0.77 0.08 38

CSU/CSL* 0.6–1.06* 0.82* 0.09* 132* 0.66–0.95* 0.77* 0.07* 36*

ED 1.8–4.3 3.05 0.59 121 1.8–4.8 3.08 0.83 34

ED* 1.8–4.2* 3.01* 0.58* 119* 1.6–4.7* 3.09* 0.84* 35*
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APPENDIX 5. Frequency comparisons of categorical character states between the banded and the western and the 

eastern samples. P-values are for Fisher's exact tests. Results originating from the left side of a specimen are marked by 

an asterisk.

Character P States Eastern Western

DSRPOST 0.556 11 26 4

13 103 31

15 9 2

DSR4th 0.329 No 112 33

Yes 26 4

TEMP <0.001 2 122 13

3 19 30

TEMP* <0.001* 1* 3* 0*

2* 105* 14*

3* 31* 33*

SUPLA 0.411 8 1 1

9 126 37

10 7 1

SUPLA* 0.232* 8* 0* 1*

9* 121* 37*

10* 11* 2*

SUBLA 0.433 9 5 0

10 106 36

11 2 1

SUBLA* 0.308* 9* 4* 0*

10* 108* 37*

11* 1* 1*

PREOC 0.003 1 114 43

2 21 0

PREOC* 0.007* 1* 118* 47*

2* 17* 0*

POSTOC 1 1 2 0

2 136 43

GUL 0.009 2 0 1

3 36 3

4 92 35

5 5 2

GUL* <0.001* 2* 0* 1*

3* 25* 1*

4* 99* 31*

5* 7* 8*
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��������	���8����������-��'��������������2�	�����(������)��������������(�Platyceps saharicus��P. r. 2��� tessellata��P. r. ladacensis���
�P. r. rhodorachis���
��������(�����-��
�
�

��
��������G-��
�
���	�����������(�����'�����������	���5/�-��
�
��"�5/����G-��
�
��O/��������"/��������������������������-�	
�
��0)�������������2�	��������(����1��X����S�

��8����)��LKK�$��1��X��� et al. �LK��$���
�(�����������������������)��(�0����������C
��.:1"5$��


��������	 ��	 ����	 P. saharicus		

�����	��
���

�� ���� P. r. ���� tessellata	

��� ��	�����

�� ����	 P. r. ladacensis	

�! �	�"�"�

�� ���� P. r. rhodorachis	

�� �#	"�"
��

�� ����

AN"0:*61� L�JYL� � L� YL��� L�K� � O� L��� �	 O� L�J� O� O� LLJ� O� O�

1358*39*61� ���Y���� �L�Y�� � ���� � O� �����������	���$� �	 "*� �KL����������$� "* "*� ��L� �	 O�

1D�� ���Y�J�� ���Y�LK� �M�� � O� *��	������ �� �	 "*� *��	�������M� "* "*� ��M� O� O�

91:*"0� �M� �M� �M� O O� �M� O� O� �M� O� O� �M� O� O�

91:�.9� �M� �M� �M� O O� �M� O� O� "*� "* "*� "*� "* "*�

91:@D10� ����������� ����������� ��� O O� �L� �	 �	 "*� "* "*� "*� "* "*�

91:A6�M�J�
� �L�Y������ �LKY������ ���Z���� O O� ��L� O� O� "*� "* "*� "*� "* "*�

91:A6�J���
� �LM��Y�� � �L ��Y���� ��L� O O� ��L� O� O� "*� "* "*� "*� "* "*�

91:A6�����
� �����YLK�� �����Y�MM� ��JZ�� � O O� ��MG��K� O� O� "*� "* "*� "*� "* "*�

91:A6�M�J���� ��Y�L� �LY��� ��� O O� � ���� O� O� "*� "* "*� "*� "* "*�

91:A6�J������ �JY��� ��Y�L� �J� O O� � ���� O� O� "*� "* "*� "*� "* "*�

91:A6�������� JKY  � �LY �� ��� � O� ��� �� O� O� "*� "* "*� "*� "* "*�

91:96�M� � L��YM��� L��YM��� ���� O O� L��� O� O� "*� "* "*� "*� "* "*�

91:96� �J� ���Y ��� L��YM��� J��� O O� L��� �	 O� "*� "* "*� "*� "* "*�

91:96�J��� ���YM��� L��Y ��� ���� O O� J��F�������J��$� O� O� "*� "* "*� "*� "* "*�

91:96����� ���Y ��� ���YM��� ���� O O� J��F�������J��$� O� O� "*� "* "*� "*� "* "*�

91:96����� ���YJ��� ���YJ��� ���� O O� ���� O� O� "*� "* "*� "*� "* "*�

91:96����� ���YJ��� ���YJ��� ���� O O� ���� O� O� "*� "* "*� "*� "* "*�

91:���� O����"�� O����"�� O��� O O� O��� O� O� "*� "* "*� "*� "* "*�

1A6� L��Y K�� L�KY�K��� MK�� � O� �L�� O� O� "*� "* "*� �K�� O� O�

06�  �Y��K� J�Y���� ���� � O� LL��������$� "* "*� "*� "* "*� � K� O� O�

0D6� �� Y����� L �Y�L K� �LJK� � O� *��	�����J��� "* "*� "*� "* "*� � �� O� O�

06H1A6� K���YK���� K�LJYK���� K��� O O� "*� "* "*� "*� "* "*� K���� O� O�

*@� 9�2�
�
� 9�2�
�
� 9�2�
�
� O O� 9�2�
�
� O� O� 9�2�
�
� O� O� 9�2�
�
� O� O�

� � � � � � � � � � ……continued on the next page
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��������	 ��	 ����	 P. saharicus		

�����	��
���

�� ���� P. r. ���� tessellata	

��� ��	�����

�� ����	 P. r. ladacensis	

�! �	�"�"�

�� ���� P. r. rhodorachis	

�� �#	"�"
��

�� ����

10N� L� L� L� O O� L� O� O� L� O� O� L� O� O�

0N�@� ���L���� L���� L� O O� �� O� O� L� O� O� �� O� �	

13@6*� M���K�  ��M���K� M� O O� M� O� O� M� O� O� M� O� O�

1356*� M���K� M���K����� �K� O O� �K� O� O� "*� "* "*� �KHM� O� O�

@:ND8� ���L� ���L� �� O O� �� O� O� �� O� O� L� O� O�

@D10D8� ���L� L� L� O O� L� O� O� L� O� O� L� O� O�

135D81� �� �� �� O O� �� O� O� "*� "* "*� "*� "* "*�

�36� �������� �������� �� O O� �� O� O� "*� "* "*� "*� "* "*�

,6H,#� L��Y��J� ���Y��J� L��� O O� L��� O� O� "*� "* "*� "*� "* "*�

:#H:,� ���Y��M� ��LYL� [�� O O� ���� O� O� �� �	 �	 "*� "* "*�

6,� ��LYL��� K� YL�M� [�� O O� "*� "* "*� \�� O� O� "*� "* "*�

+#� ��LY��J� �Y��J� ���� O O� ���� O� O� "*� "* "*� "*� "* "*�

."@� ��LY�� � �YL�L� ���� O O� ���� O� O� "*� "* "*� "*� "* "*�

@6� K� Y�� K�JY���� �� O O� ��K� O� O� "*� "* "*� "*� "* "*�

9"N� K�JY�� K�JY���� \�� O O� ��K� O� O� "*� "* "*� "*� "* "*�

816� K�JY���� K��Y�� ]�� O O� "*� "* "*� "*� "* "*� "*� "* "*�
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APPENDIX 7. Sequence divergence (uncorrected p-distances) based on 12S gene and cytb gene (in parenthesis) for all 

taxa compared.

Banded 0.4 (0.6)  

P. rogersi 3.1 (6.6) 3.4 (6.8) 3.2 (6.7)    

P. rhodorachis 5.9 (12) 5.7 (12) 5.8 (12) 6.4 (11.1)

P. karelini 5.4 (11.6) 5.2 (11.7) 5.3 (11.6) 5.9 (12.4) 5.6 (13.7)

P. collaris 7.6 (13.6) 7.5 (13.4) 7.5 (13.5) 8.5 (11.6) 8.4 (13.5) 7.3 (16.1)

Non-banded Banded Western P. rogersi P. rhodorachis P. karelini


