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Abstract

Mesalina are small diurnal lacertid lizards inhabiting arid areas from North Africa to northwestern India. Previous phylo-
genetic studies have shown the existence of several species complexes within the genus, some of them with high levels of
undiscovered diversity. In the present study, we carry out an integrative systematic revision of the Mesalina guttulata spe-
cies complex using both molecular and morphological data from across its entire distribution range in North Africa, the
Middle East and Arabia. The results of the genetic analyses indicate that M. guttulata and M. bahaeldini are two allopatric
sister taxa separated by the Suez Canal and that the species complex includes a further three unnamed deep phylogenetic
lineages, two of them restricted to southern and southwestern Arabia and described herein as Mesalina austroarabica sp.
nov. and Mesalina arnoldi sp. nov., respectively. As a result of the lack of enough material, the third deep lineage, distrib-
uted across Kuwait, Saudi Arabia and Jordan, is provisionally left undescribed. The two newly described species are char-
acterized by their size, scale counts and tail coloration, as well as differences at the three mitochondrial and one nuclear
gene analyzed in the present study.
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Introduction

Mesalina Gray, 1838 is a member of the Saharo-Eurasian clade of the tribe Eremiadini, subfamily Lacertinae,
family Lacertidae (Arnold et al. 2007; Mayer & Pavlicev 2007). The genus is currently comprised by 17 species
distributed from coastal West Africa, across the arid areas of North Africa, Middle East, Arabia and eastwards to
Pakistan and northwestern India (Sindaco & Jeremcenko 2008; Uetz ef al. 2017). As a result of its wide distribution
and its relative abundance in arid areas, the group has been the subject of several systematic and biogeographic
studies using both morphological (Anderson 1999; Arnold 1980, 1986a,b,c; Moravec 2004; Segoli et al. 2002;
Szczerbak 1974, 1989) and molecular (Joger & Mayer 2002; Kapli et al. 2008, 2015; Smid er al. 2017a; Smid &
Frynta 2012) data. The most complete molecular study of Mesalina so far (Kapli et al. 2015), placed the origin of
the genus in the east, during the early Miocene (c. 22 Mya) and identified several well-defined species including
the eastern M. wastonana (Stoliczka, 1872), a sister taxon to all the other species, M. martini (Boulenger, 1897) and
M. rubropunctata (Lichtenstein, 1823) of uncertain phylogenetic position, and the monophyletic assemblage
formed by M. adramitana (Boulenger, 1917) and the Socotra Archipelago endemics M. balfouri (Blanford, 1881)
and M. kuri Joger & Mayer, 2002. More importantly, the study also uncovered very high levels of undiscovered
diversity and taxonomic confusion within what has been considered the M. olivieri (Audouin, 1829), M. guttulata
(Lichtenstein, 1823) and M. brevirostris Blanford, 1881 species complexes (see also Kapli et al. 2008). The study ,
highlighting the need for a detailed systematic revision of the genus Mesalina in order to assess its real diversity as
a first step to being able to properly interpret its biogeography and evolution.

The polyphyly of M. olivieri, M. pasteuri (Bons, 1960) and M. simoni (Boettger, 1881) and the existence of
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several highly divergent mitochondrial lineages (Kapli et al. 2015) suggest that the taxonomy of the M. olivieri
species complex is in need of a thorough taxonomic revision, combining morphological and molecular data across
its mainly North African range. A recent taxonomic revision of the M. brevirostris species complex by Smid et al.
(2017a) using an integrative approach including molecular, morphological and ecological data confirmed the
preliminary findings by Kapli er al. (2008, 2015), supporting the presence of four species within the complex that
started diversifying approximately 3.7 Ma. The main taxonomic changes by Smid er al. (2017a) included the
designation of a lectotype for M. brevirostris, the recognition of M. microlepis (Angel, 1936) at the species level,
the resurrection of the name M. bernoullii (Schenkel, 1901) from the synonymy of M. brevirostris and the
description of a new species endemic to Saudi Arabia, M. saudiarabica Moravec, Smid, Schmitz, Shobrak, Wilms,
2017.

Like in the previous two cases, the taxonomic history of the M. guttulata species complex is troubled. The
species was originally described by Lichtenstein (1823) as Lacerta guttulata on the basis of several specimens
heterogeneous in coloration and geographical origin collected by Hemprich and Ehrenberg during their expedition
to northeast Africa in 1819—1826 (Stresemann 1954). After Lichtenstein (1823), M. guttulata was considered part
of the genus Eremias, a genus that Boulenger (1921) divided into five sections, one of them (section four) being
Mesalina. Within Mesalina, Boulenger (1921) recognized several species (some of them now members of different
genera) including M. guttulata Gray, 1838, for which he listed five varietiesother than the "forma typica":
“olivieri”, “martini”, “balfouri’, “latastii” (Boulenger, 1918) and “susana” (Boulenger, 1918), none of them
currently part of the M. guttulata species complex (Arnold 1986b; Kapli et al. 2015; Uetz et al. 2017). Half a
century later, Szczerbak (1974) (see also Szczerbak 1989) gave generic status to Mesalina and recognized three
subspecies within M. guttulata: the nominate, M. g. watsonana, and M. g. susana, the latter two now not members
of the M. guttulata species complex. Arnold (1986b) raised to the species rank M. watsonana on the basis of
hemipenial morphology and Anderson (1999) assigned all Iranian M. guttulata that he examined to M. watsonana,
restricting the distribution of M. guttulata to North Africa, the Middle East and Arabia. Arnold (1986a) recognized
a form of M. guttulata from the highlands of southwestern Arabia as a distinct, undescribed species — Mesalina sp.
A. This taxon was named by Fritz (1985) as Mesalina montana (Type locality: between 36 to 38 km west of Sanaa
at 2,800 m on the Sanaa — al-Hudaidah road) but, as pointed out by Schitti & Gasperetti (1994) (page 371, footnote
4), this name is unavailable due to the form of publication (a diploma thesis), and therefore Mesalina sp. A is still
undescribed.

More recently, Segoli et al. (2002) studied in detail the nine syntypes of Lacerta guttulata deposited in the
Museum fiir Naturkunde Berlin, Germany (formerly Zoologisches Museum der Humboldt-Universitit zu Berlin),
collected by Hemprich and Ehrenberg in Egypt and Nubia and found that only six specimens fitted the species’
description. As a result of that, Segoli et a/ (2002) designated a specimen from “lower Egypt (near Alexandria or
Siwa)” as the lectotype of M. guttulata and redescribed the species. In the same study, Segoli ef a/ (2002) described
the populations of M. guttulata from southern Sinai as a new species, M. bahaeldini Segoli, Cohen and Werner
2002. A few years later, Werner & Ashkenazi (2010) described the subspecies M. bahaeldini curatorum from Suez,
Egypt, on the basis of two of the original syntypes of the type series of M. guttulata collected during 1820-1821 in
“Suez” by the Hemprich and Ehrenberg’s expedition to the Near East. These specimens had been excluded from
the redescription of M. guttulata by Segoli et al. (2002) due to their deviant coloration.

The recent molecular study by Kapli et al. (2015) identified four deep mitochondrial lineages within the M.
guttulata species complex and showed that, as currently defined, M. bahaeldini makes M. guttulata paraphyletic.
Finally, as part of recent fieldwork in southeastern Arabia, some isolated populations of a new species resembling
M. guttulata were discovered that differed morphologically from “true” M. guttulata from around the type locality
in “lower Egypt (near Alexandria or Siwa)”, suggesting the existence of yet a new unnamed species of the M.
guttulata species complex in southern Arabia (referred to it as Mesalina sp. 1 by Carranza et al. 2018).

In the present study, we carry out an integrative systematic revision of the Mesalina guttulata species complex
using both molecular and morphological data from across its entire distribution range in North Africa, the Middle
East and Arabia. The results indicate that the species complex includes five deep phylogenetic lineages. Two
allopatric sister lineages distributed to the west and east of the Suez Canal corresponding to M. guttulata and M.
bahaeldini, respectively, and a further three unnamed deep phylogenetic lineages: 1) the highland form of
southwestern Arabia (M. sp. A in Arnold 1986a) described as a new species herein, 2) the southern Arabian
populations (M. sp. 1 in Carranza et al. 2018) also described as a new species herein, and 3) a deep lineage
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distributed across Kuwait, Saudi Arabia and Jordan that, as a result of the lack of enough material, is provisionally
left undescribed.

FIGURE 1. Sampling localities of the Mesalina specimens used in this study. Circles indicate samples used only in the
molecular analyses, triangles indicate specimens examined and included in the morphological analyses only, and squares
indicate individuals used in both molecular and morphological analyses. Colors and locality numbers correspond to Figure 2
(see also Appendix I).

Material and methods

Molecular analyses

DNA extraction, amplification and sequence analysis. A total of 119 individuals of Mesalina plus two
outgroups were included in the phylogenetic analyses. Locality data, sample and voucher codes, taxonomic
identification and GenBank accession numbers are listed in Appendix I. The geographical distribution of all the
specimens of the M. guttulata species complex included in the molecular and morphological analyses (see below)
is shown in Fig. 1. In order to include samples from the entire range of our study group, apart from our sequences
we also downloaded from GenBank the corresponding 16S rRNA and Cytochrome & sequences of all individuals
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belonging to this complex from Kapli er al. (2008, 2015). For clarity, the number of specimens included in the
molecular analyses is listed below based on their lineage assignment in Fig. 2. At the same time, the different
lineages correspond to the accepted species in the present work (see also Appendix I). In total, the phylogenetic
dataset included 110 representatives of the M. guttulata species complex: 43 of lineage 1 (including seven
specimens from the mountains of southern Sinai, in the immediate vicinity of the type locality of M. bahaeldini),
39 of lineage 2, 13 of lineage 3, 10 of lineage 4, and five of lineage 5. Moreover, the analyses included one
specimen of each of the following eight species of Mesalina: M. watsonana, M. martini, M. olivieri, M.
brevirostris, M. kuri, M. balfouri, M. adramitana and M. rubropunctata, plus two members of the genus
Acanthodactylus that were used as outgroups in the ML analyses: A. longipes (Boulenger, 1918) and A. scutellatus
(Audouin, 1827) based on published evidence (see Tamar et al. 2016).

Genomic DNA was isolated from ethanol-preserved tissue samples using the Qiagen DNeasy Blood & Tissue
Kit (Qiagen, Valencia, CA, USA) or the SpeedTools Tissue DNA Extraction kit (Biotools, Madrid, Spain). Partial
sequences of three mitochondrial markers (12S rRNA - 72§, 16S rRNA - /6S and Cytochrome b - cytb) and one
nuclear gene (melanocortin 1 receptor - MCIR) were PCR-amplified and sequenced in both directions for 48 new
specimens (a total of 180 new sequences). Primers, PCR conditions and source references for the amplification are
detailed in Appendix II. Geneious v. R6 (Kearse et al. 2012) was used for assembling and manually editing the
chromatographs. All coding fragments were translated into amino acids and no stop codons were observed.
Heterozygous positions for the MCIR nuclear gene fragment were identified and coded according to IUPAC
ambiguity codes. DNA sequences were aligned using MAFFT v.7 (Katoh & Standley 2013) applying parameters
by default (Auto strategy, Gap opening penalty: 1.53, Offset value: 0.0). For the ribosomal fragments, we applied
the Q-INS-i strategy, in which information on the secondary structure of the RNA was considered. Phased
sequences of the MCIR fragment were used for the network analysis and also for specific ML analyses.
SEQPHASE (Flot 2010) was used to convert the input files, and the software PHASE v.2.1.1 to resolve phased
haplotypes (Stephens et al. 2001). Default settings in PHASE were used except for phase probabilities that were set
as > 0.7 (see Harrigan et al. 2008). Uncorrected p-distances with pairwise deletion of the mitochondrial fragments
were calculated for all Mesalina species pairs in MEGA v.6 (Tamura et al. 2013).

Phylogenetic and network analyses. Phylogenetic analyses were performed using maximum-likelihood (ML)
and Bayesian (BI) methods. Best-fit partitioning scheme and models of molecular evolution were inferred with
PartitionFinder v.1.1.1 (Lanfear er al. 2012) with the following settings: branch lengths linked, only models
available in BEAST evaluated, initial partitions by gene, BIC model selection criterion applied and all partition
schemes analyzed. The partition scheme and models of sequence evolution selected were /25+16S, GTR+I+G;
cyth, GTR+I1+G and MC1R, HKY+I+G. For each gene partition, we performed a Likelihood-ratio test implemented
in MEGA v.6 (Tamura ef al. 2013) to test whether a strict molecular clock or a relaxed clock fit our data best. The
hypothesis that the sequences evolve in a clock-like manner could not be rejected at a 5% significance level for the
MCIR nuclear gene fragment, while it was rejected for the mitochondrial genes. ML analyses were performed in
RAXML v.7.4.2 (Stamatakis 2006) as implemented in raxmIGUI (Silvestro & Michalak 2012) with 100 random-
addition searches. A GTR+G model of sequence evolution was used with all parameters estimated independently
for each partition. Reliability of the ML tree was assessed by bootstrap analysis (Felsenstein 1985) including 1,000
replications. BEAST v.1.8.0 (Drummond et al. 2012) was used for BI analyses. Analyses were run three times for
5x107 generations with sampling frequency of 10,000 generations. Models and prior specifications were applied as
follows (otherwise by default): models of sequence evolution for each partition as selected by PartitionFinder (see
above); Coalescent Constant Size process of speciation; uncorrelated lognormal clock for mitochondrial genes and
strict clock for the nuclear one (see above); random starting tree; base substitution prior Uniform (0,100); alpha
prior Uniform (0, 10); fix mean rate of molecular clock model of the first partition to 1. Substitution and clock
models were unlinked and the xml file was manually modified to set “Ambiguities=TRUE” for the MCR partition
to account for variability in the heterozygous positions, instead of treating them as missing data. Posterior trace
plots and effective sample sizes (ESS) of the runs were monitored in Tracer v1.5 (Rambaut & Drummond 2013) to
ensure convergence. The results of the individual runs were combined in LogCombiner discarding 10% of the
samples and the ultrametric tree was produced with TreeAnnotator (both provided with the BEAST package).
Nodes in the phylogenetic tree were considered strongly supported if they received ML bootstrap values > 70% and
posterior probability (pp) support values > 0.95 (Huelsenbeck & Rannala 2004; Wilcox ef al. 2002).

With the aim of exploring the patterns of haplotype sharing within the M. guttulata species complex, the

516 - Zootaxa 4429 (3) © 2018 Magnolia Press SINDACO ET AL.



genealogical relationships of the MCIR nuclear gene fragment were assessed with a haplotype network, inferred
using statistical parsimony as implemented in the program TCS v.1.21 (Clement et al. 2000). Phased sequences
were used (see above) and a connection limit of 95% was applied.

Morphological analyses

Morphological samples, museum acronyms and variables. In order to simplify, the number of specimens
included in the morphological analyses are listed below based on the corresponding lineage numbers from Fig. 2,
which correspond to the accepted species in the present work (see also Appendix I). The morphological dataset
included 83 specimens: 11 of lineage 1 (6 females and 5 males), 18 of lineage 2 (7 females and 11 males), 9 of
lineage 3 (3 females and 6 males), 2 of lineage 4 (1 female and 1 male), and 43 specimens of lineage 5 (17 females
and 26 males). All vouchers were obtained from the following collections: Laboratoire de Biogéographie et
Ecologie des Vertébrés de I'Ecole Pratique des Hautes Etudes, Montpellier, France (BEV), Natural History
Museum, London, UK (BM), The Hebrew University of Jerusalem, Israel (HUJR), Institute of Evolutionary
Biology (CSIC-UPF), Barcelona, Spain (IBE), Museo Civico di Storia Naturale, Carmagnola, Turin, Italy (MCCI),
Universita di Firenze, Museo Zoologico "La Specola", Firenze, Italy (MZUF), Oman Natural History Museum
(ONHM); The Steinhardt Museum of Natural History, Tel Aviv, Israel (TAU), Zoologisches Forschungsmuseum
Alexander Koenig, Bonn, Germany (ZFMK), National Museum Prague, Czech Republic (NMP). The geographical
distribution of all the samples used in the morphological (and molecular) analyses are shown in Fig. 1 and locality
data, sample and voucher codes, taxonomic identification, and other relevant data are presented in Appendix .

The following measurements were taken on both sides of each specimen by the same person (R.Si.) using a
digital caliper with accuracy to the nearest 0.1 mm: Snout to vent length (SVL), distance from the tip of the snout to
the cloaca; Head length 1 (HL1), distance from the tip of the snout to the posterior edge of the ear; Head length 2
(HL2), distance from the anterior margin of the eye to the tip of the snout, Head length 3 (HL3), distance from the
posterior margin of the eye to the anterior margin of the ear; Head width, taken at the place of maximum head
width; Head depth, taken at the place of maximum head depth; Forelimb length, from the axilla to the tip of the
distal claw; Hind limb length, taken from the groin to the tip of the distal claw; 4™ toe length, taken from the
insertion of the 5" toe including the claw; Tail length, from the cloaca to the tip of the tail, if original. In addition to
these mensural (morphometric) variables, eight meristic (pholidotic) characters were also collected using a
dissecting microscope: Supralabials, number of supralabials from the most posterior clearly enlarged plate, to the
rostral (excluded), including the Subocular, number of supralabials, number of gular scales in a straight median
series, from the plates of the collar (excluded) to the point of contact of the two series of chin-shields; Plates in
collar, number of enlarged scales in the collar; Dorsals, number of dorsal scales across midbody; Ventrals across
belly, number of ventral scales in longest row across belly; Transverse rows of ventrals, number of transverse series
of ventral scales, counted along the ventral side to (and excluding) the level of the femoral pores; Femoral pores,
number of femoral pores; Subdigital lamellae, number of lamellae along the underside of the 4™ toe, defined by
their width (the one touching the claw included).

Based on the study by Segoli er al. (2002), three morphometric indexes were calculated: Head index, 100 x
Head length 1 divided by Head width; Toe index, 100 x 4" toe length divided by total hindlimb length; Lamellae
percSVL, 4" toe length as a percentage of SVL and divided by the number of subdigital lamellae under that toe.

Univariate and multivariate analyses. Statistical analyses were performed separately for males and females
in order to control for possible confounding effects of sexual dimorphism. In order to compare our results with
those reported by Segoli et al. (2002), morphological characters (i.e., Head length (HL1), Head width, Head depth,
Forelimb length, Hindlimb length, 4™ toe length and Tail length) were expressed as a percentage of SVL. First, we
used a one-way Analysis of Variance (ANOVA) with Tukey post hoc tests in order to check for differences in
morphological traits among species. Then we used multivariate analyses to check whether species could be actually
separated on the basis of morphology, and which traits best characterized the morphology of each species.

Multivariate analyses were performed including 33 females and 48 males (81 specimens). Since we had only
two adult specimens belonging to lineage 4, we decided to exclude them from the multivariate analyses, pending
the incorporation of more specimens in a future study in which the relationships between lineages 3 and 4 will be
analyzed in depth. Since original tails were found in only 45 specimens, the character tail length was excluded from
the multivariate analyses. We used a non-parametric Multivariate Analysis of Variance (MANOVA) (Anderson
2001) on the matrix of standardized Euclidean distances between specimens in order to check if the morphology
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differed among sites. The number of permutations was set to 999. Then, a constrained correspondence analysis
(CCA) was used to visualize the results and detect the variables that separate the groups better. The effect of
variables on specimens’ ordination was evaluated by fitting morphological vectors onto the first two CCAs; these
vectors point to the direction of most rapid change in the morphological variables, while their length is proportional
to the correlation between groups and morphological variables. All tests were performed using the package vegan
in R 3.3.2 (R Development Core Team 2016), and unless otherwise stated, values reported are means + standard
errors.

Results

Molecular analyses. The dataset used for the phylogenetic analyses consisted of a concatenated alignment of
1,916 base pairs (bp) for 120 individuals (118 Mesalina and two outgroups) with 537 variable (V) and 424
parsimony informative (Pi) positions, including the mitochondrial genes /25 (398 bp), 16S (453 bp), cytb (402 bp),
and the nuclear gene fragment MCIR (663 bp).

The results of the phylogenetic analyses using BI and ML analyses produced similar trees differing mostly in
the less supported nodes at the intraspecific level (Fig. 2). Mesalina watsonana branched as a sister taxon to all the
other Mesalina species included in the analysis. The Mesalina guttulata species complex is divided into five well-
supported deep lineages with a mainly allopatric distribution (see Fig. 1): lineage 1.—a genetically very uniform
lineage restricted to the Middle East that includes seven specimens from the southern Sinai Mountains, in the
vicinity of the type locality of M. bahaeldini (locs. 40-41, 43-44), plus 36 other specimens from localities east of
the Suez Canal; lineage 2.—a genetically variable and widely distributed lineage that includes all the samples of M.
guttulata from the area west of the Suez Canal from Egypt to Mauritania; lineage 3.—a genetically variable and
widely distributed lineage that includes samples from southern Arabia, between the Dhofar and the Yemen
Mountains, that is described as a new species herein (M. sp. 1 in Carranza et al. 2018); lineage 4.—a genetically
very uniform lineage that includes specimens from Jordan, Saudi Arabia and Kuwait and that is left undescribed in
the present work (M. sp.); and lineage 5.—a highly variable lineage restricted to the highlands of southwestern
Arabia that is described as a new species herein (M. sp. A in Arnold 1986a). The phylogenetic relationships
between the different lineages are not very well supported but the trees suggest that lineage 5 is the first species to
branch out of the M. guttulata species complex. Lineages 1 and 2 form an unsupported clade, sister group to a well-
supported clade formed by lineages 3 and 4.

The results of the haplotype network analyses are presented in Fig. 3. A total of 35 haplotypes were found in
the M. guttulata species complex: 15 in lineage 1, eight in lineage 2, five in lineage 3, three in lineage 4, and four in
lineage 5. Interestingly, despite the relatively high number of specimens analyzed from all five lineages (37
specimens; 74 alleles) all 35 haplotypes are private to each lineage, so there is a complete lack of allele sharing,
even between closely related sister lineages, such as lineages 1 and 2 and lineages 3 and 4, respectively (see Fig. 2).
The results of the ML analysis of the MC1IR phased dataset is presented in Appendix II1. These results indicate that
there is a high degree of genetic isolation between the five lineages of the Mesalina guttulata species complex in
the nuclear gene MCIR.

Inter-specific genetic distances for all the species of Mesalina analyzed in the present study are presented in
Table 1. Uncorrected genetic distances between the five lineages of the M. guttulata species complex range
between 3.6-6.6% in the 128, 4.3-7.1% in the 16S and 11.7-15.7% in the cyrb genes. These values fall within the
level of genetic variability observed between the eight species of Mesalina included in our study, which ranges
between 2.9—10.6% in the /28, 5.3—-14.5% in the /6S and 11.4-21.6% in the cytb.

Morphological analyses

Mensural (morphometric) characters and indexes. The one-way ANOVA on male measurements showed
that six traits (i.e., SVL, Head depth, Forelimb length, 4" toe length, Tail length, and Lamellae percSVL)
significantly differed between lineages, while three others (i.e., Head length 1, Head width, and Toe index) where
close to the significant threshold (Table 2). Tukey post hoc tests showed that males from lineage 3 had a smaller
size than males from lineages 1 and 2, and also had a relatively shorter head, although this latter difference was
relevant only with respect to lineage 2. Males of lineage 5 significantly differed from males of lineage 2 in having
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correspond to the five lineages recognized within the M. guttulata complex.
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a thinner head, shorter 4" toe with lower values of Lamellae percSVL and a relatively longer tail and, with respect
to lineage 1, in having a relatively longer tail. Furthermore, males of lineage 5 had a significantly larger size, but a
relatively narrower head, shorter forelimbs, and lower values of Lamellae percSVL than males of lineage 3.

The same analyses on female measurements revealed significant differences among species in head length and
head width, forelimb and hindlimb length, 4™ toe length, and Lamellae percSVL (Table 3). However, Tukey post
hoc tests highlighted significant differences only concerning lineage 3, which had a relatively longer and wider
head than lineage 2, a relatively longer head and forelimbs than lineage 1, and a relatively longer and wider head,
longer hindlimbs, a longer 4™ toe with higher values of Lamellae percSVL than lineage 5.

Meristic (pholidotic) characters. The one-way ANOVA for males found significant differences among
species in five pholidotic characters (i.e., gulars, plates in collar, dorsals, number of transverse rows of ventrals,
and femoral pores; Table 4). Tukey post hoc showed that males of lineage 3 had less dorsals than males of lineage
1, while males of lineage 5 had more gulars and femoral pores than males of lineages 1 and 2. Additionally, males
of lineage 5 had more dorsal scales than males of lineage 2. Marked differences were found between males of
lineages 3 and 5, with males of lineage 5 having more plates in the collar, more dorsals, higher number of
transverse rows of ventrals and also more femoral pores.

The one-way ANOVA for females found significant interspecific differences for three pholidotic characters
(i.e., supralabials, gulars, and femoral pores), and two other characters (i.e., dorsals and subdigital lamellae) were
close to the significant threshold (Table 5). Nearly all differences concerned females of lineage 5, which had
significantly more supralabials and gulars, femoral pores and lamellae than females from lineage 1. Females of
lineage 3 differed significantly from females of lineage 1 in having more dorsal scales.

(A) (B)

Headindex

Headindex

CCA2
CCA2

phindlimb
pHL.1
pforelimb

pHL.1
plamellae F
plamel]s

phindlimb PHW

p4thtoe

pHW

CCALl CCALl

I Mesalina bahaeldini (lineage 1)

I Mesalina guttulata (lineage 2)

I Mesalina austroarabica sp. nov. (lineage 3)
I Mesalina arnoldi sp. nov. (lineage 5)

FIGURE 4. Results of constrained correspondence analyses (CCA) for males (A) and females (B). This plot shows the
position of each species included in the multivariate analyses on the first two axes of morphological space. See material and
methods for details.

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX Zootaxa 4429 (3) © 2018 Magnolia Press - 521



811/96 ¢cC1/68 T1TL/€8 ¥I/9 VII/L LE€I/8L GC€I/8 SVYI/€L €vI/L9 vyI/8L 6TI/18 WMM bupuosIpm "¢l
VLI 68/90I €8/v0l 6/¢€6 L6/16 ve6/16 901/86 T6/L6 T8/16 16/600 0I/600 98/t6 tunout | 71
9'1¢ L'81 88/L ¢8/L S8/9 €8/8L S6/L9 88/VL LL/TS 98/¢8 ¥6/¢8 S8/SL L2140 V"1
6Ll ¥'0C L91 cL/eL TL/Ls  rL/9 S6/S9  CL/YL 99/6%  TL/SL  9L/8L LL/EL stgsodiaalg 01
91 671 6°S1 L'TT es/vy T9/6v  88/LS  SL/VS 19/6v 9L/T9 L/SS  E€L/LY bubjiup.ipo P "6
CLI ¥'81 4! LTl a8 vL/6T vOI/T9 v8/8S CL/¥vy T6/¢L €8/TS T8/LS L) N 8
81 6°S1 L'ST L91 vel LTl 'Ir/¢s 18/8S  T8/6% LL/ISO €8/9 98/LS 1nofivg WL
ol 78I (4! vel 67l L91 6°Sl 01/8¢ L8/vYy 9001/¥S 96/LC Wmom vippoundoqn.t Jy -9
6l L81 S91 44! 44! Lyl 42! el /€S 1'9/99 TL/ITS 6S/9C "Aou “ds ipjouv Jy °g
81 CLI 6Ll x4 1ad! (44! 43 x4 6’11 €v/9c ¥9/TY LS/TY ds
681 L'LT 661 <91 691 v'L1 611 123! LSt LTl vo/Ls  SS/9 ds porgo.snD Mmo_m_
ol v'6l v'L1 x4 43! L'el 123! vel 8€l el 6°€l v'9/Ts ppopnd W g
¥'0C L'LT 6°C1 143! 143! 651 91 Lel (41! 11! L'€T vIn wutpavyng N |
el Tl T1 01 6 ‘8 L 9 S N4 € C 1

p1oq ur payySiysy axe xo[dwod saroads vivjnynd py oY) Suowre sadue)si(] ‘syudwSeyy ouss [errpuoydow (Jydu-1addn)

q140 pue (3Jo1-10MO0]) 97 / S Y SuIsn Apnjs Ie[nO[OW Y} Ul Papnoul sa10ads vuypsapy [e uaamiaq (agejuadrad ur sooue)sip-d) saouerISIp o1jouds pajoatiodu) ‘I A1dV.L

SINDACO ET AL.

522 - Zootaxa 4429 (3) © 2018 Magnolia Press



100 Su SI00  Su Su €000 bHE 098 MWOO_MM%W ¢ Mw_o_m%ooW MM _ﬂ.w% %ﬁo_mw%w TAsoRd dvfjowre]
oo om o w e S GEAD GE U e
L < T SR T Q.
o m e e S GED O ST e
Sk w0 GER ST O e
T I QR 1,
Sow o wawowean WS W @),
U su 6800 SW Su L§00 KPE  €L0E Ciey ool (rerooy Liee oo wdop peoy
T B = e g
I B i e
000> Su s 6000 000  1000> PFE  6LYII wmwm&v b vﬂwwwwm m.ﬁwwm@ N.Awmwuwv (ww) TAS
0 aw Sw aw S (s a3eour)) (¢ 93eaun) (¢ 93eaun) (z 9Seau)) (1 93eaun)

/SUop MW /O SUDRY / SHOp d p 4 -aou *ds 1pjoun ods -Aou *ds vorquavossny ‘py  vpoppnS p - nuplavynq ‘P TREIEL)

“aou *ds 1pjouiv Jy = vpy ‘wipjavypq W = G VNS W = SW

“Aou *ds poigp.ivopsnp py = snopy “sied s9109ds US0MIOQq SOUSINIP Y} JO 0UBIGTUSIS = DIN/SHOIN ‘GN/OIN “SI/OIN ‘QA/SIOI “SpN/Snopy *(XOpul 90} pue Xapul pedy “TAS 1dooxa) TAS Jo juoored ur

dIe SJuSWAINSEIIN "(YISUI [18} 10} ¥ <G = ) 1uipjavypq Jy (700T 7P 12 110398 1oye yI3us] [18) 10] () € = U) ppopnynd Jy Jo sadKuAs pue (y3Suo] [1ey JoJ § 11 = u) opppnynd py <(P3ud] [1e} 10§ ] 97 = U)

“aou “ds 1pjoutv py (1 = u) "ds py (qSue [1e) Jo§ 9 9 = u) *Aou *ds vo1q.VO.SID PULPSIP AeW SUOWE (S)OYOLIq USIMIOQ "XBUI PUE U ‘FS F SULSUI) SIB)OLILYd [EINSUSW Jo uostredwo) ‘7 FTIV.L

523

Zootaxa 4429 (3) © 2018 Magnolia Press

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX



00 Su  su s s 9000 6TC S8 %oowmw%w <0 Mwﬁ oﬂM%w Nﬂwmo Ww%o %ﬁowmm%w TAsoRd dejjowre
S T K DN 1 S 2 .
S s 7 cc Q-

w0 swooso s sogoo ere oore  Oaohel el reLsy Ciessy - CITeLD gy oo

€00 Su s susu 9100 6T€  1L0F MW Mm% 09 mwwmmww ANWWMW mmwwwﬂm wBua| quinpury
sususuZe00 SW o 800 6T T6l€ m% wwww ree mﬂh wmmm wm ww% m@mwwmm WBuo] quinaioy
o e we a0 W G @ e
N 1 B QR e Qo

00 s s s 600 6000 6rE 9ssy  aool . oLisrl ey (e Wi peoy

P00 U Su G100 8000 9000 6ZE 120 Aww WM@ et mmwwwww Awwwmmw mm < MMV Bud peopy
S T R T 7 (e
7 awm S awm Sw (s a3eaurp) (v 98eaury) (¢ d8eaury) (7 93eaur)) (1 93eaury)

SHop; W /P SHDI SHDY d i 4 -Aou ds 1pousn “ds ‘Aou *ds voignavoysny - mppmynS p - uaplpvynq W TREIEL)

*Aou *ds ipjouiv = vy wipjapyvq W = QN ‘vivjnd W = S
“Aou *ds po1qu.io.ysnp Py = snopy “sied s9109ds U99MIIQ OUSIIFIP Y} JO AOURIYIUSIS = DIA/SHOIY ‘G/OIN “SAL/OI ‘GIN/SROJT “S/Snopyl *(XPUI 90) PUe Xapur pedy “JAS 1dooxd) TAS Jo Juedrad ur ore
SIUQUWAINSLIN (ST [18] 10J € {9 = W) 1uipjavypq Jy Pue (00g 7v 12 11039S JoYe ‘Sud] [1e) 10 | 7 = u) vipynpnd Jy Jo sadKjuks pue (qSuo [1e) 10§ ¢ 7 = ) ppopnynd py “(YISU] [1e) 10§ 9 <] = U)

*Aou *ds pjoutv py (1 =u) *ds gy ‘(Y3ud] 18} 0] | € = U) *Aou *ds po1gL.PO.LISHD PUIDSIPY S[eUId} SUOWE (S)OYIRIQ UIIMIOQ "XeUI PUB “UIW ‘S F SUBIW) SIO)ORIBYO [RINSUSW Jo uosuedwo)) € A 19V.L

SINDACO ET AL.

524 - Zootaxa 4429 (3) © 2018 Magnolia Press




su

020°0

$900°0

su

¢100

€200

su

su

su

7y
/SHopy

su

1200

su

su

su

su

2000

su

su

an
/PN

su

100°0>

su

su

S10°0

su

100°0>

su

su

SW
/W

su

su

su

su

9200

su

su

su

su

an

/snopy  /SHopy

su

su

su

su

su

su

su

su

su

Sw

840

100°0>

¥L00°0

600

¢100°0

810°0

100°0>

€50

wo

d

1483

we

Iv'e

e

1443

Iv'e

1423

e

&e

p

8L6°0

v19°01

088y

6€L'T

SIy9

(4773

[26°6

Lo

SS6°0

qd

(9z-61)
TOFLIC
(¥¢-s2)
0F0°0€
(¥€-927)
YO0FL6C
(8-8)
0708
(Ls-01)
S0F 99
(¥1-6)
T0F901
(1€-00)
S0FS9T
(9-9)
I'0OF IS
(01-8)
1'0F06
(S 93eaury)
‘Aou “ds 1pjoutv ‘p

61

144

9¢

144

01

LT

8

( 93eaurp)
ds ‘W

(zz-00)
v0F 80T

(0¢-€20)
60F89z

(82-0)
8Y0F LT

(8-8)
0F8

(L1-6©)
CIFTIY
(01-8)
Y0F06
ST+
TOFLYT
(9-9)
TOFTS
01-8)
COFLS
(¢ 98eaur))
*Aou *ds worgoivo.snn “p

(€z-61)
YOFOILC
(z¢-€0)
80FLST
(1¢-L2)
YOFI6C
(01-8)
TOFHS
(8%-L€)
01T €TH
(T1-L)
Y0F86
(LT-020)
SOFEET

(s-9)
0F¢

(01-8)
I'0F06
(z 93edurp)

mnyns ‘W

(zz-00)
LOFTIC
(62-v7)
60F99C
(62-87)
TOF ST

(8-8)
0F8

(¥$-s¥)
LTF8Y

(z1-o1)
YOFLOI
(sz-00)

6 0F9°CC
(9-9)
TOFTS
(01-8)
y0F8'8
(1 93edurp)
nupovynqg ‘W

oe[[oure] [eNSIpqng

sa1od [e1owd |

S[eIUSA
JO SMOI SIdASURI]

K[[9q $S010€ S[EIUI A

s[esio

Te[[09 y) Ul Sje[d

SIe[nD

SIe[nooqng

sfeiqererdng

1)eIRY)

‘upjavypq = gy ‘vwpnnd W = Sy “Aou *ds ipjoutv p = vpy “aou *ds voiqo.ivo.snp Jy = snppy “sied so10ads usemioq

QOUDIOPIP oY} JO Q0UROYIUSIS = DY/SIO “‘GN/OIN “SI/PIN “GAT/SON “SN/snopy (G = ) utpjapypq -y “(Z00Z 1P 12 11039S 10ye ‘¢ = u) ppoynynd Jy Jo sadKyuks pue (11 = u) pnynsd W

‘(97 = u) Aou “ds ipjouw y (1 =u) "ds py (9 = u) *Aou *ds po1gp.0.435ND PUIIDSIPY A[BW FUOWE (S)OYORIQ USIMIOQ XBUI PUB UM ‘S F SULIW) S19308Ieyd onjoprjoyd jo uosuedwo) » FTIV.L

525

Zootaxa 4429 (3) © 2018 Magnolia Press

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX



) ) ) ) (€2-07) (12020 (€12 (zz-61)
su su su su aefjowre reudipgn
6800 W00 6T€ 65T C0F ST cz €0F 0T C0EYIT b0 S0z [[owre] [e}SIpqng
. . . . (1¢-12) (Lz-€0) (92-81) (92-€2)
su su su su sa1od jeiowd
100°0> 71000 67€  ¥769 90 307 I 1306 FLF1'T2 COFEIT I d
W su s su S 70 STE 66T (Le-67) (67-60) (e€-67) (ze-62) S[enuaA
90F61¢E 61 0F6C 90 F80¢ COFOIE JO SMOI sI9ASURI ],
. . . (01-8) (8-9) (8-8) (8-8)
Su Su Su Su Su A112q SSOJIB S[RIU
o 9TE €€60 70518 g 078 078 078 11%q [ENUIA
. . . . (z$-9¢) (0t-6£) (15-0) (ss-th)
Su Su Su Su STes.Io
6£0°0 €900 6T€ 069T 159 o 0T 68 156 o1 L L [esio(q
(z1-8) (6-8) (11-6) (11-8)
Su Su Su Su Su : : : JRI[09 ) urI S9je
LI0 LTS S6Ll COF66 ol COFLSY 001 0% £OI 1103 dyp ur saje[q
) . . . (0¢-12) (§T-+0) (sz-20) (€z-61)
Su Su Su Su slen
$00°0 €6000 8TE 6¥TS 50595 7 0% ETT COF €T 50§12 L)
) ) . (9-¢) (¢-¢) (¢-¢) (¢-¢)
Su Su Su Su Su sIenoogn
190 Lee w90 INERES S 0F¢ 0FS 0F¢ o09ns
. . . . (01-8) (6-8) (6-8) (6-8)
su su su su sreiqereldn
900 9v0°0 LTE LEO'E 10768 § COFER COF LB C0F R [eiqefesdng
"W W W e W (soseaur))  (p d3eaur)) (¢ a5eauy) (zaseawry) (1 d3eau))
d )| N I . e - - . ! . Jperey)
/Smol P P SIOl SHOl Aou *ds pjoun ds ‘i Aou *ds porquano.sny ‘- vIpYINS W wIpjanynq |

‘uIpjavynq W = qpy ‘oINS Jy = Spy “Aou *ds jpjouin Jy = ppy “Aou *ds poIgppOLISND Y = SHDJY

‘sared $a109ds uaamdq

QOUDIRJIP A1) JO IUBDYIUSIS = DY/ ‘GN/OIN SIN/OIN ‘QN/STopy “SN/Snopy (9 = U) tutpjanypq ‘(2007 ‘0 42 10398 1a)je <7 = u) vpoynyngd Jy Jo sadAuks pue (1, = u) pwmpnd W (L]

=) *Aou *ds 1pjoun py ‘(1 =u) "ds py (¢ = u) *Aou *ds po1q.VO.ISHY DUIDSIPY A[RWJ TUOWE (SIOYIBIG UIIMIAG XBW PUB "UIW ‘S F SUBIW) S1330eIeyd dnoprjoyd jo uostredwo)) ¢ F14V.L

SINDACO ET AL.

526 - Zootaxa 4429 (3) © 2018 Magnolia Press



Multivariate analyses. The non-parametric MANOVA performed on mensural and meristic characters
combined confirmed that the morphology of males and females significantly differed among lineages (males: F =
3.931, P < 0.001; females: F = 3.157, P < 0.001). Those models explained 24.2% and 29.2% of morphological
variance for males and females, respectively. The CCA carried out on the male sub-sample showed that males of
lineages 3 and 5 were clearly separated from each other, and from both lineages 1 and 2 (Fig. 4A). The first CCA
best separated lineage 5 from all other species, and is mainly associated with measurements related to body
morphology. Lower values associated to smaller body size with relatively longer, wider and deeper head, longer
forelimb and hindlimb, longer 4" toe with denser lamellae. The second CCA best separated lineages 3 and 5 from
lineages 1 and 2, and is mainly associated to pholidotic characters including SVL. Lower values of this second
CCA associated to larger individuals with augmented pholidosis. The CCA performed on the female data set gave
similar results, and clearly separated all lineages (Fig. 4B). Indeed, the first CCA clearly separated lineage 3 from
all other lineages, and mainly linked measurements and body size. As for males, lower values of the first axis
corresponded to smaller individuals with relatively longer and wider head, longer forelimb and hindlimb, and also
longer 4" toe with more lamellae. The second CCA linked most pholidotic characters and some measurements
including SVL, and best separated lineage 1 females from all other lineages. Lower values of this second axis
corresponded to larger individuals with relatively larger and wider head, with all pholidotic characters but gulars
augmented.

General comments on the two specimens of lineage 4 analyzed. Since only two genetically identified
specimens of lineage 4 (a male and a female) were available for morphological examination, they were not
included in the statistical analyses pending further studies. However, as a result of the relatively high genetic
differentiation of lineage 4 (even from its sister taxon, lineage 3), some comments on the morphology of the two
available specimens are provided. The two adult specimens of lineage 4 have the general appearance of specimens
from lineage 3. However, in a detailed comparison to specimens from lineage 3, the only male of lineage 4
(BEV.10054; Kuwait) analyzed is larger, the head is shorter, as is the forelimb length, the hindlimb length, the 4™
toe length, and the Lamellae percSVL (in percent of SVL). The number of gular scales is higher in this specimen of
lineage 4, and the number of subdigital lamellae is lower. Measurements of the female from lineage 4 (BEV.10915;
Jordan) fall within the variability of lineage 3, with the exception of Lamellae percSVL. Counts of gular scales are
slightly higher in lineage 3 than in lineage 4, in turn, the number of plates in collar is lower in lineage 3, as well the
number of dorsals and subdigital lamellae. In the two specimens from lineage 4, the lower eyelid has a window
formed by two transparent scales, with margins bordered with dark (like in M. guttulata, M. bahaeldini and
specimens belonging to lineage 3). The dorsal pattern is similar to the holotype of the new species of lineage 3
described herein. In the female from Azraq (a place located in the black basalt desert of Jordan) the background
color is dark, while it is pale in the female from Kuwait, so there is a color polymorphism across the rather large
distribution range of lineage 4 (Fig. 1).

Taxonomic account

According to our study and Kapli er al. (2008, 2015) and contrary to what was suggested by Segoli et al. (2002),
Mesalina guttulata (lineage 2) is confined to North Africa and does not occur in the Sinai or in the Middle East,
where other species are present. As presently delimited, M. guttulata is monophyletic, although the tree from Fig. 2
shows a high level of genetic variability in this species across North Africa. The phylogeography and evolution of
North African populations of Mesalina guttulata will require further analysis that is beyond the scope of the
present study. The specimens of M. bahaeldini from the southern Sinai Mountains are genetically very similar both
in the mitochondrial and nuclear genes (there is allele sharing in the MCIR nuclear gene, see Fig. 3 and Appendix
I) to populations previously classified as “M. guttulata” from other areas east of the Suez Canal in the Sinai, Israel,
the West Bank, Jordan and northern Saudi Arabia. The compelling molecular evidence (see Fig. 2 and also Kapli et
al. 2008, 2015) including specimens from the vicinity of the type locality of M. bahaeldini indicates that the “M.
guttulata” populations from east of the Suez Canal and M. bahaeldini are the same species, to which the name M.
bahaeldini should apply. Segoli et al. (2002) applied the name M. bahaeldini to Mesalina populations from the
mountains of southern Sinai based mainly on their striped dorsal pattern. However, as pointed out by Baha El Din
2006, several other populations inhabiting high mountain regions in Egypt, Sudan and Arabia, show a stripped
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pattern similar to the M. bahaeldini populations from the mountains of southern Sinai, suggesting that a stripped
dorsal pattern has appeared several times independently during the evolution of the M. guttulata species complex,
rendering this character not useful for revising the taxonomy of this group. As a result of the uncertainty of the type
locality of the subspecies of M. b. curatorum (in an area between the distribution range of M. guttulata and M.
bahaeldini), the lack of clear morphological characters to sort out the taxonomy of this species complex, and the
impossibility of including the holotype or paratypes in our molecular analyses, the taxonomy of this subspecies
remains uncertain until more data is available. For the sake of taxonomic stability, in the mean time we propose to
keep it as a subspecies of M. bahaeldini.

The molecular and morphological data indicate that the populations from southern Arabia belonging to lineage
3 in Fig. 2 (M. sp. 1 in Carranza et al. 2018) are a new species and, as a result of that, it is described below.
Although the molecular data suggest that the geographically widespread populations belonging to lineage 4 in Fig.
2 are genetically very well differentiated and most probably represent a new species independent from lineage 3,
the lack of enough material to carry out a proper morphological analysis (only one male and one female are
available) prevent any taxonomic conclusions. Therefore, this lineage is provisionally left unnamed (M. sp.) until
more material is available. The molecular and morphological data (Figs. 2—4) support Arnold’s (1986a) hypothesis
that the populations from the highlands of southwestern Arabia are a new species (Mesalina sp. A in Arnold 1986a)
and, as a result of that, it is also described below.

Mesalina austroarabica sp. nov.
(Figs. 1-5; Tables 1-5, Appendices I and III)

Mesalina adramitana Arnold 1980: 307 (part.); Arnold 1986a: 426 (part.); Sindaco & Jeremcenko 2008: 261 (part.); Gardner
2013: 292 (part). Mesalina ayunensis van der Kooij 2001: 20 (part.); Mesalina spec. van der Kooij 2001: 21. Mesalina
guttulata Kapli et al. 2015: 6. Mesalina sp. 1 Carranza et al. 2018.

Holotype. Adult male MCCI-R1611, Oman, Dhofar Governorate, Jebel Samhan at 17.1161°N, 54.7131°E WGS84
(about 16 km E of Tawi Atair), 1,321 m a.s.l., 4 January 2010, R. Sindaco, C. Grieco, A. Venchi leg.

Paratypes. Two adult males and an adult female MCCI-R1624/1-3, same locality as the holotype, 19
November 2010, R. Sindaco, C. Grieco, A. Venchi leg.; a female (ONHM4331), same locality as the holotype, 30
April 2011, S. Carranza, E. Gémez-Diaz, F. Amat leg.; a male MCCI-R1810, Jebel Samhan at 17.1597°N,
54.8069°E WGS84, 1,594 m a.s.l., 14 October 2013, S. Carranza, M. Metallinou, R. Sindaco, J. Smid, R.
Vasconcelos leg.; a male NMP6V-74966/1 and a young NMP6V-74966/2 Jebel Samhan at 17.1494°N, 54.9757°E
WGS84, 233 m a.s.l., same date and collectors as MCCI-R1810.

Other specimens examined. Adult female NMP6V-74951, Oman, Dhofar, Jebel al Qamar at 16.8014°N,
53.2783°E, 1,076 m a.s.l., 27 December 2012, J. Smid, A. Chudarkova leg., plus nine specimens used only for
genetic analyses (no vouchers available, juvenile or damaged specimens); all listed in Appendix I.

Etymology. The species epithet “austroarabica” is an adjective that refers to the geographic range of its
populations, distributed across southern Arabia.

Diagnosis. A small-sized Mesalina characterized by the following combination of morphological characters:
(1) well-developed occipital scale in contact with the interparietal (Fig. 5SE); (2) lower eyelid with a window made
up of two large scales edged with black (Fig. 5D); (3) curved collar (Fig. 5F); (4) four upper labials in front of the
subocular (Fig. 5D); (5) ventral plates in 8 straight longitudinal rows, the outermost much smaller (almost
indistinct in MCCI-R1624) (Fig. 5B); (6) scales on the upper surface of the tibia keeled (Fig. 5A); (7) lamellae
under 4™ toe, 20-21; (8) dorsal coloration of adult, brown-greyish, with incomplete black-and-white ocelli (the
white dots are not completely surrounded by black, but only flanked by specks on one or either sides), ordered in
irregular longitudinal and transverse rows (Fig. 5A); (9) bluish tail in juvenile specimens.

There are no obvious diagnostic characters separating M. austroarabica sp. nov. from M. guttulata, M.
bahaeldini and from the populations from the highlands of southwestern Arabia (M. sp. A in Arnold 1986a)
described below. Statistical analyses (see Results above) show significant differences from M. guttulata in having
smaller SVL (males), larger %HL (males and females) and larger %HW (females). Mesalina austroarabica sp.
nov. shows significant differences from M. bahaeldini in having smaller SVL (males), less dorsals at midbody
(males and females), and larger %HL and %forelimb length (females). Mesalina austroarabica sp. nov. shows
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significant differences with the populations from the highlands of southwestern Arabia (M. sp. A in Arnold 1986a)
that is described herein, in having smaller SVL (males), less enlarged plates in the collar (males), less dorsals at
midbody (males), less transverse rows of ventrals (males), less femoral pores (males), larger %HW (males and
females), larger %forelimb length (males), larger value of Lamellae percSVL (males and females), larger %HL

(females), larger %hindlimb length (females), larger %4™ toe length (females).
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FIGURE 5. Pictures of the holotype of Mesalina austroarabica sp. nov. (MCCI-R1611). A) dorsal view of the body and tail,
B) ventral view, C) detail of the femoral pores; D) right side of the head; E) upper (dorsal) part of the head; F) ventral (gular)

side of the head; G) live specimen.

Genetic and phylogenetic remarks. The phylogenetic analyses by Kapli ef a/l. (2015) and the phylogenetic
and nuclear network analyses performed in this study (Fig. 2; Table 1) support the hypothesis that M. austroarabica
sp. nov. is a different species. The level of genetic differentiation (p-distance) between the new species versus the
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other members of the Mesalina guttulata species complex ranges between 3.6—6.6% in the /2S5, 4.3-6.4% in the
16S and 11.7-15.7% in the cytbh genes (Table 1). A network analysis of the nuclear gene MCIR indicates that,
despite the large number of samples of the M. guttulata species complex included in the analysis (36 specimens; 72
alleles), all five haplotypes (22 alleles) of M. austroarabica sp. nov. are private (Fig. 3; Appendix I).

Description of the holotype. An adult male, with well-developed femoral pores, and original tail.
Measurements, meristic characters and indexes: SVL = 41.5 mm, HL1 = 12.8 mm (31% of SVL), HL2 = 5.6 mm
(13% of SVL), HL3 = 5.1 mm (12% of SVL), Head width = 7.0 mm (17% of SVL), Head depth = 5.0 mm (12% of
SVL), pileus = 11.6 mm (28% of SVL), Forelimb length = 16.4 mm (40% of SVL), Hindlimb length = 31.4 mm
(76% of SVL), 4" toe length = 9.9 mm (24% of SVL), Tail length = 93.0 mm, supralabials 8/9, subocular = 5/5,
gulars = 25, enlarged plates in collar = 8, midbody scales = 39, longitudinal rows of ventrals = 8+2 (smaller),
transversal rows of ventrals = 28, femoral pores = 13+13, lamellae under the 4" toe = 21. Head index = 183, Toe
index = 32, Lamellae percSVL = 1.14. The two translucent scales forming the window in the lower eyelid are
completely bordered by black.

Coloration in alcohol: numerous small incomplete ocelli, each one formed by 3 or 4 whitish scales forming a
dot and surrounded left and/or right by a few black colored scales. These ocelli form 6-8 irregular longitudinal
series and about 13 very irregular transverse series, between the fore- and hindlimbs; they further extend to the base
of the tail and to the hindlimbs. These ocelli become small black and white dots on the neck and on small scales of
the head. The pileus is creamy-grey with irregular blackish specks. On the sides of the head a discontinuous dark
stripe is present from the upper border of the ear opening, across the eye, to the loreal scale. Another ill-defined
dark stripe (that consists of a few blackish irregular spots) extends between the mid-ear opening and the subocular
scale. Flanks with a more or less distinct latero-ventral whitish stripe and a usually indistinct dorso-lateral light
stripe. The ventral side is creamy-white, immaculate, with the exception of the infralabial scales, which are
irregularly dotted with small gray spots, as well as the outer ventrals and the anterior margin of thighs.

Variation. Quantitative variation (mensural and meristic) in the type series (n = 9) is summarized in Tables 2—
5. In one paratype (MCC-R1624/1), an additional scale separates the supranasals, and the naso-frontal scale is
fragmented on the left side. The latter anomaly is present in the paratype (MCC-R1624/2) too.

Coloration in life. Ground color brownish with more or less intense shades of gray (Fig. 5G). In October-
November, the lateral parts of the belly and sides of the head have a pink-orange hue. Tail grayish with cyan shades
in young specimens; the young depicted by van der Kooij (2001: 21) has the distal half of the tail distinctly cyan.

Distribution and habitat. The species is widely distributed across more than 1,200 km in southern Arabia;
from the Jebel Samhan in Dhofar to the Yemen Mountains (Fig. 1). It is unknown if the distribution is continuous
or discontinuous and restricted to mountains. The type locality is a flat area (possibly a filled sinkhole) close to an
escarpment, very scarcely vegetated, surrounded by low rocky hills covered by shrubs. Specimens were active
among stones at the base of hills’ slopes. Other syntopic reptiles are the newly described species of Tropiocolotes
(Machado et al. 2018), Pristurus sp. 1, Pristurus carteri, Pseudotrapelus dhofarensis, Psammophis schokari (a
possible predator).

Notes. Sexual maturity is probably reached with SVL > 30 mm, as a male with SVL= 31 mm collected in
October had femoral pores that produce secretions.

Mesalina arnoldi sp. nov.
(Figs. 14, 6; Tables 1-5, Appendices I and III)

Mesalina sp. A Arnold 1986a: 427, Schitti & Gasperetti 1994: 371; Mesalina guttulata Sindaco & Jeremcenko 2008: 262
(part.).

Holotype. Adult female MCCI-R890, Yemen, Amran Governatorate, plateau between Zakatin village (Hababah)
to Kawkaban (Haraz Mt.) (about 15.51°N, 43.86°E W(GS84), 2,600-2,800 m a.s.l., R. Sindaco and C. Sindaco leg.,
7 February 1998.

Paratype. Adult male MZUF-28670, Yemen, Al Mahwit Governatorate, Kawkaban (about 15.50°N, 43.90°E
WGS84), M. Poggesi, M. Borri, M. Manetti and M. Sammicheli leg., 31 January 1984.

Other specimens examined. Forty-four specimens in the collections of the Natural History Museum in
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London and in the Museum “La Specola” in Florence (see Appendix I) plus four specimens used only for genetic
analyses (no vouchers available, juvenile or damaged specimens); all listed in Appendix 1.

Etymology. The species epithet “arnoldi” is a genitive Latin noun to honor the British herpetologist Dr E.
Nicholas Arnold for his life-long dedication and contribution to Arabian herpetology, including the recognition of
this taxon as a distinct species that he provisionally referred to as Mesalina sp. A in Arnold (1986a).
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FIGURE 6. Pictures of the holotype of Mesalina arnoldi sp. nov. (MCCI-R890). A) dorsal view of the body and tail; B)

ventral view, C) detail of the femoral pores; D) right side of the head; E) upper (dorsal) part of the head; F) ventral (gular) side
of the head; G) live specimen.

Diagnosis. A relatively large-sized Mesalina characterized by the following combination of morphological
characters: (1) well-developed occipital scale in contact with the interparietal (with rare exceptions) (Fig. 6E); (2)
lower eyelid with a window made of up two large scales (in 57% of examined specimens) or fragmented into
smaller scales (43%) (Fig. 6D), often without black edges (67%); (3) curved collar (Fig. 6F); (4) four upper labials
in front of the subocular in 89% of the samples and five in 11% of the samples (Fig. 6D); (5) ventral plates in 10
(very rarely 8) straight longitudinal rows, the outermost much smaller (Fig. 6B); (6) scales on the upper surface of
the tibia keeled (Fig. 6A); (7) lamellae under 4" toe, 19-26 (median = 22); (8) dorsal pattern usually very marked,
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background color brown-greyish, with many complete ocelli (i.e. a white spot completely surrounded by a black
ring) or near so, ordered in irregular longitudinal and transverse rows. Dorsolateral and light stripes are usually
evident, often interrupted; some specimens are clearly striped, while in others these lines are inconspicuous, only
rarely absent (Fig. 6A)

There are no obvious morphological characters separating M. arnoldi sp. nov. from M. guttulata, M.
bahaeldini and M. austroarabica sp. nov. The statistical analyses (see Results above) show significant differences,
with M. arnoldi sp. nov. having more gulars (males), more dorsals at midbody (males), more femoral pores (males
and females) than M. guttulata. Moreover, M. arnoldi sp. nov. has smaller %HD (males), smaller %4" toe length
(males), smaller toe-index (males), lesser value of Lamellae percSVL (males). Mesalina arnoldi sp. nov. shows
significant differences from M. bahaeldini in having more gulars (males and females), more femoral pores (males)
and more supralabials (females). Differences between M. arnoldi sp. nov. and M. austroarabica sp. nov. are
discussed in the description of the latter species (see above).

Genetic and phylogenetic remarks. This species had not been included in any previous phylogenetic
analyses, not even the comprehensive study by Kapli et al. (2015). The phylogenetic analyses performed in this
study (Fig. 2; Table 1) support the hypothesis that M. arnoldi sp. nov. is an independent species. The level of
genetic differentiation (p-distance) between the new species and the other members of the Mesalina guttulata
species complex ranges between 5.2-6.6% in the 725, 6.1-7.1% in the 716S and 11.9-15.7% in the cyth genes
(Table 1). A network analysis of the nuclear gene MCIR indicates that, despite the large number of samples of the
M. guttulata species complex included in the analysis (36 specimens; 72 alleles), all four haplotypes (10 alleles) of
M. arnoldi sp. nov. are private (Fig. 3; Appendix I).

Description of the holotype. An adult female with partly regenerated tail. Measurements, meristic characters
and indexes: SVL = 53.0 mm, HL-1 = 11.7 mm (22% of SVL), HL-2 = 5.0 mm (9% of SVL), HL-3 = 4.3 mm (8%
of SVL), Head width = 7.3 mm (14% of SVL), Head depth = 4.9 mm (9% of SVL), pileus = 10.4 mm (20% of
SVL), Forelimb length = 16.3 mm (31% of SVL), Hindlimb length = 26.6 mm (50% of SVL), 4" toe length = 8.6
mm (16% of SVL), Tail length = 62.0 mm (partly regenerated), supralabials 9/9, subocular = 5/5, gulars = 23,
enlarged plates in collar = 9, midbody scales = 48, longitudinal rows of ventrals = 8+2 (smaller), transversal rows
of ventrals = 36, femoral pores = 14+14, lamellae under the 4™ toe = 21. Head index = 160, Toe index = 32,
Lamellae percSVL = 0.77.

Coloration in alcohol: numerous ocelli, each one formed by several whitish scales forming a dot and
surrounded by an almost complete ring of black colored scales (ocelli are reduced to black dots on the neck). These
ocelli form 4-6 rather regular longitudinal series (the paravertebral and lateral ones more marked) and about 13
very irregular transverse series, between fore- and hindlimbs; black and white dots are present on the tail and
hindlimbs. The pileus is grey without specks (only the outer margin of the parietals is bordered with black). On the
sides of the head a continuous dark stripe is present from near the upper border of the ear opening, across the eye,
to the loreal scale. Another well-defined dark stripe lies between the mid- ear opening and the subocular scale.
Flanks with two series of ocelli, without evident stripes. The ventral side is creamy-white, immaculate, with the
exception of infralabial scales, irregularly sprinkled with gray, as well as outer ventrals and the anterior margin of
thighs.

Variation. In specimens MZUF-28132 the occipital scale is almost absent. The two lateral rows of ventrals are
usually much smaller than the inner ventrals, sometimes subequal in size, and absent in specimen MZUF-28132.
The dorsal pattern is very variable; specimens with the pattern similar to the holotype are frequent, but in several
specimens the white dots of outer dorsal ocelli tend to form a whitish, more or less interrupted, supraciliar stripe
along the sides of the back. In several specimens, instead of small ocelli, there are dark blotches on the back,
parallel to the light supraciliar stripes, forming a distinct striped pattern (BM1938.8.1.27, BM1977.423). In
specimens BM1977.425 and MZUF-28673 there are four uninterrupted white stripes: two supraciliar stripes and
two subocular stripes along the sides of the body.

Coloration in life. Ground color brownish with more or less intense shades of gray. Ocelli whitish surrounded
by dark brown incomplete rings (Fig. 6G).

Distribution and habitat. Specimens referable to Mesalina arnoldi sp. nov. are widespread in the highlands
of southwestern Saudi Arabia and Western Yemen. The holotype was collected in a stony plateau with basaltic rocks
and scarce vegetation, at an altitude of 2,600-2,800 m a.s.l. The paratype was collected in the same area, between
1,950 and 2,300 m a.s.l. According to Schitti & Gasperetti (1994) this species is found as low as 1,300 m a.s.l.
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Discussion

The systematic revision of the Mesalina guttulata species complex using an integrative approach including both
molecular and morphological data has solved the taxonomic problem of paraphyly of M. guttulata by delimiting
the species M. guttulata and M. bahaeldini to the west and east of the Suez Canal, respectively, and has resulted in
the description of two new species endemic to Arabia: M. austroarabica sp. nov. and M. arnoldi sp. nov. Once
more, the use of the combination of molecular and morphological data has proven very informative to solve the
taxonomy of an Arabian reptile group, to confirm from a molecular point of view the existence of previously
undescribed diversity (Arnold 1986a) and to discover some new deep lineages. This integrative approach to
taxonomy has recently uncovered considerable levels of undescribed diversity in Arabia (Carranza et al. 2016;
Carranza & Arnold 2012; Metallinou & Carranza 2013; Smid et al. 2015, 2017a; Vasconcelos & Carranza 2014)
including several remarkable examples of cryptic diversity (Badiane et al. 2014; Garcia-Porta et al., 2017; Simo6-
Riudalbas et al. 2017, 2018; Machado et al. 2018). Thanks to these studies, our knowledge of the reptile diversity
in Arabia has increased considerably in recent years and will likely continue to do so in the next few years. As an
example, a recent study by Carranza et al. (2018) showed that, only in Oman, the number of species has increased
by 17.8% in the last 10 years.

Unfortunately, the lack of enough morphological and nuclear data for one of the five deep phylogenetic
lineages of the M. guttulata species complex (lineage 4 in Fig. 2) prevented its detailed study. As a result of that, it
has been left undescribed (Mesalina sp.) pending the collection of enough morphological and molecular evidence
to check if it represents a new species or a highly divergent lineage of M. austroarabica sp. nov. (work in
progress). Mesalina sp. was included in the mitochondrial DNA phylogeny by Kapli et al. (2015) and, like in our
work, it branched in both ML and BI analyses with relatively high support as sister taxon to the only two samples
of M. austroarabica sp. nov. included in their study. The level of genetic differentiation (p-distance) between M.
sp. and the other members of the Mesalina guttulata species complex ranges between 3.6-5.3% in the /28, 4.3—
6.4% in the 16S and 11.7-13.2% in the cyth genes (Table 1), values that fall within the genetic differentiation
between the species of Mesalina included in our study. The network analysis of the nuclear gene MCIR indicates
that all three haplotypes (8 alleles) of M. sp. are private and are at a minimum of 5 mutational steps from the
haplotypes of the sister taxon M. austroarabica sp. nov. (Fig. 3; Appendix I). In summary, like with the other four
deep lineages of the M. guttulata species complex, the molecular data and especially the results of the network
analysis suggest that Mesalina sp. is an independently evolving lineage genetically isolated from the other species
of the complex.

Geographically, it seems that the sister taxa Mesalina sp. and M. austroarabica sp. nov. are allopatric,
separated by a minimum gap of 1,000 km (Fig. 1; Appendix 1). While Mesalina sp. is distributed across the dry
lowland areas of Arabia, M. austroarabica sp. nov. is adapted to live in the areas of influence of the monsoon belt
of southern and southwestern Arabia, where most rain falls in July and August, resulting in the unique green
vegetation on the south-facing (sea) side of the mountain ranges (Carranza et al. 2018). The geographical gap
between Mesalina sp. and M. austroarabica sp. nov. is mainly covered by the Rub al Khali Desert, the largest
continuous sand desert in the world and a clear geographical barrier for Mesalina populations. The effect of sand
barriers in promoting isolation and allopatric speciation in Arabian reptiles is very well known and has been
suggested for the snakes of the genus Echis (Arnold er al. 2009) and the geckos of the genera Ptyodactylus
(Metallinou et al. 2015), Pristurus (Badiane et al. 2014), Trachydactylus (de Pous et al. 2016) and Hemidactylus
(Carranza & Arnold 2012; Smid ef al. 2013) among other groups. This suggests that, most probably, the sister taxa
Mesalina sp. and M. austroarabica sp. nov. split as a result of the formation of the Rub al Khali Desert. Moreover,
at least in Oman, the gravel plains that separate the coastal areas where M. austroarabica sp. nov. lives and the
southern edges of the Rub al Khali Desert are occupied by another species, M. adramitana, an Arabian arid adapted
species specialized in living on flat hard surfaces (sometimes also more sandy areas) with sparse vegetation and
small stones which it uses as refuges (Arnold 1980; Carranza et al. 2018). Interestingly, even though there are
several species of Mesalina living in southern Arabia, they essentially replace geographically one another and,
when present in the same general area, they tend to occupy different habitats and to accentuate their morphological
differentiation (Arnold 1980). According to the results, both M. austroarabica sp. nov. and M. arnoldi sp. nov.
occur in the mountains of southwestern Arabia, one of the top biodiversity hotspots of Arabia (Arnold 1986a;
Schitti & Desvoignes 1999; Schitti & Gasperetti 1994; Smid er al. 2015, 2017b). Although no data is available on
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the ecology of these two species in this area, the collection records indicate that both species occur geographically
very close to each other and at very high altitudes. The only two specimens of M. austroarabica sp. nov. from the
highlands of Western Yemen included in our study are from Kapli ef al. (2015) and had been found at 1,900 and
2,000 m a.s.l. Kapli et al. (2015) did not include M. arnoldi sp. nov. but the specimens analyzed here range
between 1,000 and 3,500 m a.s.l. At present, M. austroarabica sp. nov. has not been found in Saudi Arabia, but the
geographic continuity of the southwestern Arabian Mountains suggest that it may also be found in this country in
the near future.

Acknowledgements

We wish to thank Ali Alghafri, Sultan Khalifa, Hamed Al Furkani, Margarita Metallinou, Jiri Smid, Raquel
Vasconcelos, Philip de Pous and Felix Amat for assisting in sample collection in the field. Special thanks are due to
Saleh Al Saadi, Salim Bait Bilal, Iman Sulaiman Alazri, Ahmed Said Al Shukaili, Mohammed Al Shariani, Ali Al
Kiyumi, Thuraya Al Sariri, Suleiman Nasser Al Akhzami and the other members of the Nature Conservation
Department of the Ministry of Environment and Climate, Sultanate of Oman for their help and support. We are
grateful for the following people for the provision of samples and for granting access to their collections: Philippe
Geniez and Pierre-André Crochet (BEV), Patrick Campbell (BM), Boaz Shacham (HUJR), Anna Maria Nistri
(MZUF), Jiri Moravec and Jiri Smid (NMP), Azza Aljabri (ONHM), Erez Maza and Shai Meiri (TAU), and
Wolfgang Boehme (ZFMK). Special thanks also to Oscar Arribas and Meritxell Xipell for help during thge
elaboration of the manuscript. Specimens were collected and manipulated with the authorization and under control
and permission of the government of Oman (Ministry of Environment and Climate Affairs, MECA). Specimens
were captured and processed following the guidelines and protocols stated in the collecting permits and agreements
obtained from the competent authorities (see references below). All efforts were made to minimize animal
suffering. All the necessary collecting and export permits for this study in Oman were issued by the Nature
Conservation Department of the Ministry of Environment and Climate Affairs, Oman (Refs: 08/2005; 16/2008; 38/
2010; 12/2011; 13/2013; 21/2013) This work was supported by the Ministerio de Economia y Competitividad,
Spain (co-funded by FEDER) under grant numbers CGL2012-36970 and CGL2015-70390-P; Ministry of
Environment and Climate Affairs under Grant number 22412027; Secretaria d’Universitats i Recerca del
Departament d’Economia i Coneixement de la Generalitat de Catalunya under grant number 2014-SGR-1532;
MSR is funded by a FPI grant from the Ministerio de Economia y Competitividad, Spain (BES-2013-064248). We
also appreciate the comments by an anonymous referee that helped to improve the manuscript.

References

Anderson, S.C. (1999) The lizards of Iran. Society for the Study of Amphibians and Reptiles, Oxford and Ohio, 442 pp.

Arnold, E.N. (1980) The scientific results of the Oman flora and fauna survey 1977 (Dhofar). The Reptiles and Amphibians of
Dhofar, southern Arabia. Journal of Oman studies special seport, 2, 273-332.

Arnold, E.N. (1986a) A key and annotated checklist to the lizards and amphisbaenians of Arabia. Fauna of Saudi Arabia, 8,
385-435.

Arnold, E.N. (1986b) The hemipenis of lacertid lizards (Reptilia: Lacertidae): structure, variation and systematic implications.
Journal of Natural History, 20 (5), 1221-1257.
https://doi.org/10.1080/00222938600770811

Arnold, E.N. (1986¢) Why copulatory organs provide so many useful taxonomic characters: the origin and maintenance of
hemipenial differences in lacertid lizards (Reptilia: Lacertidae). Biological Journal of the Linnean Society, 29 (4), 263—
281.
https://doi.org/10.1111/1.1095-8312.1986.tb00279.x

Arnold, E.N., Arribas, O. & Carranza, S. (2007) Systematics of the Palaearctic and Oriental lizard tribe Lacertini (Squamata :
Lacertidae : Lacertinae), with descriptions of eight new genera. Zootaxa, 1430 (1), 1-86.
https://doi.org/10.11646/zootaxa.1430.1.1

Arnold, E.N., Robinson, M.D. & Carranza, S. (2009) A preliminary analysis of phylogenetic relationships and biogeography of
the dangerously venomous carpet vipers, Echis (Squamata, Serpentes, Viperidae) based on mitochondrial DNA sequences.
Amphibia-Reptilia, 30 (2), 273-282.
https://doi.org/10.1163/156853809788201090

Badiane, A., Garcia-Porta, J., Cervenka, J., Kratochvil, L., Sindaco, R., Robinson, M.D., Morales, H., Mazuch, T., Price, T. &

534 - Zootaxa 4429 (3) © 2018 Magnolia Press SINDACO ET AL.



Amat, F. (2014) Phylogenetic relationships of Semaphore geckos (Squamata: Sphaerodactylidae: Pristurus) with an
assessment of the taxonomy of Pristurus rupestris. Zootaxa, 3835 (1), 33-58.
https://doi.org/10.11646/zootaxa.3835.1.2

Baha El Din, S. (2006) 4 Guide to the Reptiles and Amphibians of Egypt. The American University in Cairo Press, Cairo and
New York, 359 pp.

Boulenger, GA. (1921) Monograph of the Lacertidae. Vol. II. British Museum (Natural History), London, 451 pp.

Carranza, S. & Arnold, E.N. (2012) A review of the gecko genus Hemidactylus (Squamata: Gekkonidae) from Oman based on
morphology, mitochodrial and nuclear data, with descriptions of eight new species. Zootaxa, 3378, 1-95.

Carranza, S., Simo-Riudalbas, M., Jayasinghe, S., Wilms, T. & Els, J. (2016) Microendemicity in the northern Hajar Mountains
of Oman and the United Arab Emirates with the description of two new species of geckos of the genus Asaccus
(Squamata: Phyllodactylidae). PeerJ, 4, €2371.
https://doi.org/10.7717/peerj.2371

Carranza, S., Xipell, M., Tarroso, P., Gardner, A., Arnold, E.N., Robinson, M.D., Simé-Riudalbas, M., Vasconcelos, R., de
Pous, P., Amat, F., Smid, J., Sindaco, R., Metallinou, M., Els, J., Pleguezuelos, J.M., Machado, L., Donaire, D., Martinez,
G., Garcia-Porta, J., Mazuch, T., Wilms, T., Gebhart, J., Aznar, J., Gallego, J., Zwanzig, B.M., Fernandez-Guiberteau, D.,
Papenfuss, T., Al Saadi, S., Alghafri, A., Khalifa, S., Al Farqani, H., Bilal, S.B., Alzari, 1.S., Al Adhoobi, A.S., Al Omairi,
Z.S., Al Shariani, M., Al Kiyumi, A., Al Sariri, T., Al Shukaili, A.S., Al Akhzami, S.N. (2018) Diversity, distribution and
conservation of the terrestrial reptiles of Oman (Sauropsida, Squamata). PLoS ONE, 13 (2), e0190389.
https://doi.org/10.1371/journal.pone.0190389

Clement, M., Posada, D. & Crandall, K.A. (2000) TCS: a computer program to estimate gene genealogies. Molecular Ecology,
9, 1657-1659.
https://doi.org/10.1046/j.1365-294x.2000.01020.x

Drummond, A.J., Suchard, M.A., Xie, D. & Rambaut, A. (2012) Bayesian phylogenetics with BEAUti and the BEAST 1.7.
Molecular Biology and Evolution, 29 (8), 1969—-1973.
https://doi.org/10.1093/molbev/mss075

Felsenstein, J. (1985) Confidence-limits on phylogenies: an approach using the bootstrap. Evolution, 39 (4), 783-791.
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x

Flot, J.F. (2010) seqphase: a web tool for interconverting phase input/output files and fasta sequence alignments. Molecular
Ecology Resources, 10 (1), 162—166.
https://doi.org/10.1111/§.1755-0998.2009.02732.x

Garcia-Porta, J., Simé-Riudalbas, M., Robinson, M. & Carranza, S. (2017) Diversification in arid mountains: biogeography and
cryptic diversity of Pristurus rupestris rupestris in Arabia. Journal of Biogeography, 44 (8), 1694—1704.
https://doi.org/10.1111/jbi.12929

Gardner, A.S. (2013) The amphibians and reptiles of Oman and the UAE. Edition Chimaira, Frankfurt am Main, 480 pp.

Harrigan, R.J., Mazza, M.E. & Sorenson, M.D. (2008) Computation vs. cloning: evaluation of two methods for haplotype
determination. Molecular Ecology Resources, 8 (6), 1239-1248.
https://doi.org/10.1111/.1755-0998.2008.02241.x

Huelsenbeck, J.P. & Rannala, B. (2004) Frequentist Properties of Bayesian Posterior Probabilities of Phylogenetic Trees Under
Simple and Complex Substitution Models. Systematic Biology, 53 (6), 904-913.
https://doi.org/10.1080/10635150490522629

Joger, U. & Mayer, W. (2002) A new species of Mesalina (Reptilia:Lacertidae) from Abd al-Kuri, Socotra Archipelago,
Yemen, and a preliminary molecular phylogeny for the genus Mesalina. Fauna of Arabia, 19, 497-505.

Kapli, P., Lymberakis, P., Crochet, P., Geniez, P., Brito, J.C., Almutairi, M., Ahmadzadeh, F., Schmitz, A., Wilms, T. &
Pouyani, N.R. (2015) Historical biogeography of the lacertid lizard Mesalina in North Africa and the Middle East. Journal
of Biogeography, 42 (2), 267-279.
https://doi.org/10.1111/jbi.12420

Kapli, P., Lymberakis, P., Poulakakis, N., Mantziou, G., Parmakelis, A. & Mylonas, M. (2008) Molecular phylogeny of three
Mesalina (Reptilia: Lacertidae) species (M. guttulata, M. brevirostris and M. bahaeldini) from North Africa and the
Middle East: Another case of paraphyly? Molecular Phylogenetics and Evolution, 49 (1), 102—110.
https://doi.org/10.1016/j.ympev.2008.06.016

Katoh, K. & Standley, D.M. (2013) MAFFT multiple sequence alignment software version 7: improvements in performance
and usability. Molecular Biology and Evolution, 30 (4), 772—780.
https://doi.org/10.1093/molbev/mst010

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Buxton, S., Cooper, A., Markowitz, S., Duran,
C., Thierer, T., Ashton, B., Meintjes, P., Drummond, A.J. (2012) Geneious Basic: An integrated and extendable desktop
software platform for the organization and analysis of sequence data. Bioinformatics, 28 (12), 1647—1649.
https://doi.org/10.1093/bioinformatics/bts199

van der Kooij, J. (2001) The herpetofauna of the Sultanate of Oman. Part 3: the true lizards, skinks and monitor lizard.
Podarcis, 2 (1), 15-26.

Lanfear, R., Calcott, B., Ho, S.Y.W. & Guindon, S. (2012) PartitionFinder: combined selection of partitioning schemes and
substitution models for phylogenetic analyses. Molecular Biology and Evolution, 29 (6), 1695-1701.

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX Zootaxa 4429 (3) © 2018 Magnolia Press - 535



https://doi.org/10.1093/molbev/mss020

Lichtenstein, HM.C. (1823) Verzeichnifs der Doubletten des zoologischen Museums der Konigl. Universitdt zu Berlin nebst
Beschreibung vieler bisher unbekannter Arten von Sdugethieren, Vigeln, Amphibien und Fischen. In Commission bei T.
Trautwein, Berlin, 118 pp.

Machado, L., Smid, J., Mazuch, T., Sindaco, R., Al Shukaili, A.S. & Carranza, S. (2018) Systematics of the Saharo-Arabian
clade of the Palearctic naked-toed geckos with the description of a new species of Tropiocolotes endemic to Oman.
Journal of Zoological Systematics and Evolutionary Research. [in press]

Mayer, W. & Pavlicev, M. (2007) The phylogeny of the family Lacertidae (Reptilia) based on nuclear DNA sequences:
convergent adaptations to arid habitats within the subfamily Eremiainae. Molecular Phylogenetics and Evolution, 44 (3),
1155-1163.
https://doi.org/10.1016/j.ympev.2007.05.015

Metallinou, M. & Carranza, S. (2013) New species of Stenodactylus (Squamata: Gekkonidae) from the Sharqiyah Sands in
northeastern Oman. Zootaxa, 3745 (4), 449—468.
https://doi.org/10.11646/zootaxa.3745.4.3

Metallinou, M., Cervenka, J., Crochet, P--A., Kratochvil, L., Wilms, T., Geniez, P., Shobrak, M.Y., Brito, J.C. & Carranza, S.
(2015) Species on the rocks: Systematics and biogeography of the rock-dwelling Ptyodactylus geckos (Squamata:
Phyllodactylidae) in North Africa and Arabia. Molecular Phylogenetics and Evolution, 85, 208-220.
https://doi.org/10.1016/j.ympev.2015.02.010

Moravec, J. (2004) Distribution and morphological variation of the lizard Mesalina brevirostris in Syria. In: Pérez-Mellado, V.,
Riera, N & Perera, A. (Eds.), The biology of lacertid lizards. Evolutionary and ecological perspectives. Institut Menorqui
d’Estudis, Menorca, pp. 245-257.

de Pous, P., Machado, L., Metallinou, M., Cervenka, J., Kratochvil, L., Paschou, N., Mazuch, T., Smid, J., Simé-Riudalbas, M.,
Sanuy, D. & Carranza, S. (2016) Taxonomy and biogeography of Bunopus spatalurus (Reptilia; Gekkonidae) from the
Arabian Peninsula. Journal of Zoological Systematics and Evolutionary Research, 54 (1), 67-81.
https://doi.org/10.1111/jzs.12107

R Development Core Team (2016) R: a language and environment for statistical computing R Foundation for Statistical
Computing, Vienna, Austria. Available from: http://www.R-project.org/ (accessed 11 April 2016)

Rambaut, A. & Drummond, A.J. (2013) Tracer v1.5. Available from: http://beast.bio.ed.ac.uk/Tracer (accessed 1 May 2018)

Schitti, B. & Desvoignes, A. (1999) The herpetofauna of Southern Yemen and the Sokotra Archipelago. Instrumenta
Biodiversitatis IV, Muséum d'Histoire Naturelle, Genéve, 178 pp.

Schitti, B. & Gasperetti, J. (1994) A contribution to the herpetofauna of Southwest Arabia. Fauna of Saudi Arabia, 14, 348—
423.

Segoli, M., Cohen, T., & Werner, Y.L. (2002) A new lizard of the genus Mesalina from Mt. Sinai, Egypt. Faunistiche
Abhandlungen Staatliches Museum fiir Tierkunde Dresden, 23 (9), 157-176.

Silvestro, D. & Michalak, 1. (2012) raxmIGUI: a graphical front-end for RAXML. Organisms Diversity & Evolution, 12 (4),
335-337.
https://doi.org/10.1007/s13127-011-0056-0

Simé-Riudalbas, M., Metallinou, M., de Pous, P., Els, J., Jayasinghe, S., Péntek-Zakar, E., Wilms, T., Al-Saadi, S. & Carranza,
S. (2017) Cryptic diversity in Ptyodactylus (Reptilia: Gekkonidae) from the northern Hajar Mountains of Oman and the
United Arab Emirates uncovered by an integrative taxonomic approach. PLoS ONE, 12 (8), e0180397.
https://doi.org/10.1371/journal.pone.0180397

Simo6-Riudalbas M., Tarroso P., Papenfuss T., Al-Sariri T., & Carranza S. (2018) Systematics, biogeography and evolution of
Asaccus gallagheri (Squamata, Phyllodactylidae) with the description of a new endemic species from Oman. Systematics
and Biodiversity, 16 (4), 323-339.
https://doi.org/10.1080/14772000.2017.1403496

Sindaco, R. & Jeremcenko, V.K. (2008) The reptiles of the Western Palearctic. Annotated checklist and distributional atlas of
the turtles, crocodiles, amphisbaenians and lizards of Europe, North Africa, Middle East and Central Asia. Monografie
della Societas Herpetologica Italica, 1, 1-579.

Smid, J., Carranza, S., Kratochvil, L., Gvozdik, V., Nasher, A.K. & Moravec, J. (2013) Out of Arabia: A Complex
Biogeographic History of Multiple Vicariance and Dispersal Events in the Gecko Genus Hemidactylus (Reptilia:
Gekkonidae). PLoS ONE, 8 (5), €64018.
https://doi.org/10.1371/journal.pone.0064018

Smid, J. & Frynta, D. (2012) Genetic variability of Mesalina watsonana (Reptilia: Lacertidae) on the Iranian plateau and its
phylogenetic and biogeographic affinities as inferred from mtDNA sequences. Acta Herpetologica, 7 (1), 139—153.
http://doi.org/10.13128/Acta_Herpetol-10193

Smid, J., Moravec, J., Gvozdik, V., Stundl, J., Frynta, D., Lymberakis, P., Kapli, P., Wilms, T., Schmitz, A. & Shobrak, M.
(2017a) Cutting the Gordian Knot: Phylogenetic and ecological diversification of the Mesalina brevirostris species
complex (Squamata, Lacertidae). Zoologica Scripta, 46 (6), 649-664.
https://doi.org/10.1111/zsc.12254

Smid, J., Moravec, J., Kratochvil, L., Nasher, A.K., Mazuch, T., Gvozdik, V. & Carranza, S. (2015) Multilocus phylogeny and
taxonomic revision of the Hemidactylus robustus species group (Reptilia, Gekkonidae) with descriptions of three new

536 - Zootaxa 4429 (3) © 2018 Magnolia Press SINDACO ET AL.


http://beast.bio.ed.ac.uk/Tracer

species from Yemen and Ethiopia. Systematics and Biodiversity, 13 (4), 346-368.
https://doi.org/10.1080/14772000.2014.996264

Smid, J., Shobrak, M., Wilms, T., Joger, U. & Carranza, S. (2017b) Endemic diversification in the mountains: genetic,
morphological and geographical differentiation of the Hemidactylus geckos in southwestern Arabia. Organisms Diversity
and Evolution, 17 (1), 267-285.
https://doi.org/10.1007/s13127-016-0293-3

Stamatakis, A. (2006) RAXML-VI-HPC: maximum likelihood-based phylogenetic analyses with thousands of taxa and mixed
models. Bioinformatics, 22 (21), 2688-2690.
https://doi.org/10.1093/bioinformatics/btl446

Stresemann, E. (1954) Hemprich und Ehrenberg Reisen zweier naturforschender Freunde im Orient, geschildert in ihren
Briefen aus den Jahren 1819-1826. Abhandlungen der Deutschen Akademie Wissenschaften zu Berlin. Klasse fur
Mathematik und Allgemeine Naturwissenschaften, 1954 (1), 1-177.

Szczerbak, N. (1974) Yaschurki Palearktiki. Akademiya Nauk Ukrainskoi SSR Institut Zoologii, Naukova Dumka, Kiev, 296
pp-

Szczerbak, N. (1989) Catalogue of the African Sand Lizards (Reptilia: Sauria: Eremiainae: Lampieremias, Pseuderemias,
Taenieremias, Mesalina, Meroles). Herpetozoa, 1 (3/4), 119-132.

Tamar, K., Carranza, S., Sindaco, R., Moravec, J., Trape, J.F. & Meiri, S. (2016) Out of Africa: phylogeny and biogeography of
the widespread genus Acanthodactylus (Reptilia: Lacertidae). Molecular Phylogenetics and Evolution, 103, 6—18.
https://doi.org/10.1016/j.ympev.2016.07.003

Tamura, K., Stecher, G., Peterson, D., Filipski, A. & Kumar, S. (2013) MEGAG6: molecular evolutionary genetics analysis
version 6.0. Molecular Biology and Evolution, 30 (12), 2725-2729.
https://doi.org/10.1093/molbev/mst197

Uetz, P., Goll, J. & Hallerman, J. (2017) The reptile database. Available from http://www.reptile-database.org (accessed 3
February 2017)

Vasconcelos, R. & Carranza, S. (2014) Systematics and biogeography of Hemidactylus homoeolepis Blanford, 1881
(Squamata: Gekkonidae), with the description of a new species from Arabia. Zootaxa, 3835 (4), 501-527.
https://doi.org/10.11646/zootaxa.3835.4.4

Werner, Y.L. & Ashkenazi, S. (2010) Notes on some Egyptian Lacertidae, including a new subspecies of Mesalina, involving
the Seligmann effect. Turkish Journal of Zoology, 34, 123—133.
https://doi.org/10.3906/z00-0905-8

Wilcox, T.P., Zwickl, D.J., Heath, T.A. & Hillis, D.M. (2002) Phylogenetic relationships of the dwarf boas and a comparison of
Bayesian and bootstrap measures of phylogenetic support. Molecular Phylogenetics and Evolution, 25 (2), 361-371.
https://doi.org/10.1016/S1055-7903(02)00244-0

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX Zootaxa 4429 (3) © 2018 Magnolia Press - 537



a3pd jxau a1y uo panu1juod

PU/EU  001L96AM  SPIL96AM  LITL96AM  LLIL9GAM  €1€  I8%E  6I1¢ €S Joeis| 95791 -NV.L 95791NV L wiplooypg W
SU/Ed  L9OOKOHIN  STOOPOHN  €866S0HIN  TE66EOHIN  STE  6L°vE  0TIE TS Joeis| 8T 1IVL-MINH wiplooypg W
69C  6LYE  VTIE IS Joes] ok PSS-NV.L tuipjavypq | I

SWEU  9900vOHIN  +TOOKOHIN ~ T866E0HIN  TE66S0HIN 06T  LL'PE  TTTIE  0S Jouis| LTIVLI-AINH wiplooypg W
998 €LPE  6S°0€ 6 [oeis] ok 156 4-NV.L uipavypq “Jy I

066 €9v€  0S0€ 8 [oeis] ok 7S ¥-NVL wipjavynq I

TIWITY  SLOOPOH  SEO0VOHIN  I866E0HIN  TH66E0HIN  TLT  ShpE  S8°0¢€  Lb Joes| 76791 4-NV.L Y6791NV.L mpvypqg |
6UWHU  PLOOYOHIN  PEOOFOHIN  0866€0HIN  TH66EOHIN 65T #¥'vE  98°0€ 9 Joeis| €6291 U-NVL €6291NV.L wiplooypg W
60T UYE  68°0¢ S Joeis]  sok €E191¥-NVL wiplooypg W

88TSSSId  9pTsssdd IS61  86°€C  V¥S8T ¥ 1d48g 7'801°€'08ONHN wipjavypg I

L8TSSSAA  Spsssdd 1S61  86°€€  ¥S8T  t¥ 1435 €'801°€'08DNHN upjavyng I

987SSsdd  pbTsssdd IS61  86°€€  ¥S8T b 1435 T'801°€'08DNHN wuipravyvq I

68TESSAd  €PTSSSdA IS61  86°€€  ¥S'8T 14434 1'801°€ 08ONHN uipavypq “Jy I

€U/EY  TLOOVOHIN  OSO0POHIN  6L66SOHIN  LEGGEOHIN  TI9I  S6'€E  SS8T  €F 1443y (£)6SST 100N 96¥TS wiplooypg W
LT e8ee 0I'lE T WASg sk 9€LLYNVYL npavypqg |

LT gg'ee oI'le T A8y sk SILLY-NVL tuipjavypq | I

LT €8'ce 0I'IE T A8y sok €ELLY-NVL upjavyng Jy I

€8TSSSId THTSssdd vr8  sL'ee 18T 1 1443y $'801'€'08DNHN wiplooypg W

€U/Ty  TLOOKOHIN  T€00POHIN  8L66EOHIN  8E66E0HN 6601  €L°€€  6L'8T  OF 1443y 791 100N ¢€8TS ipjavynq I
€8  0S°€E  ST6T  6€ WASg sk 1L801°¥4-NV.L wapavypq |

¥8TSSSId  ThEsSssdd 1S 9I'€€  L66T 8¢ 1437 TTTL'C08ONHN wipjooynq | 1

dION (/25 8§91 sl
‘deyg SIqUINN UOISSIINY Yueguan A«F_:M ‘uoy e 0] Anuno) ‘ydaopy AP0 JAYINO A 3pod ddweg Jureu $INAAS “owu“..__“

-Apms sty ul pasodoad sa3ueyd 03 puodsariod (sweu sa19adg) sowreu uoxe) [y “xa[dwod vpwynng py Y1 UIIm paZIugodal saFeaul] A1 9y} 03 SIJal  Joquinu d3edul ], 9y [, ‘paulIopun
are sad£yered pue () adKjojoy ay | ‘orqnday yoaz) ‘ongeid wnasnjy [euoneN [JJAN] ‘Auewion ‘uuog ‘Srudoy] JOPUBXI[Y WNISNWSIUNYISIO,] SAYISIF0[007 [NINAZ] <198IS] ‘AIAY [9], ‘A10ISIH [BINEN
Jo wnasnjy Iprequialg oy [NV1] ‘wnasnjy A103sTH [erneN uew( [INHNO] :A1ei ‘9zuair] ¢, ejodadg e, 00130[007 03snjA ‘azuail,] Ip eysidAtu) [IN7ZIA] ‘ATe)] ‘unn] ‘ejouSewwie)) ‘[eInjeN L0}
1p 091A1D) 09snA [1DDIA] fureds ‘euojaareq ‘(IdN-DISD) A3ojorg Aleuonnjoad jo amusul :[gg]] {[OBIS] ‘WIBSNII[ JO ANSIdAIUN MAIQIH YL NMNH] N ‘UopuoT ‘wnasny A1oisty [einjeN :[IAg]
ouel, JAI[dIUOIN “QAIINJOAT 19 9[[AUUONIOUO] AIFO[0] P 2UID) ‘SYIGIMIA SIp 9130[007 19 dryder3og3org [A9g] ‘Suond9[[09 FUIMO[[0] Y} 0 191 dqe[IBAR SUdWIdAS JO Sap0od Joyono A (¢ aIn31g)
oua3 Ieaonu i 7y paseyd ) Jo SI[A[[E OM] A1) JO AUO 1Ord STUO[Aq SISA[EUE Yomau o) Jo adKjodey yorym o) sojestpur _ dep,, uwnjod dY ], ‘g pue | saIn3rj ur pojuasaid are (-007) SIoquinu A)I[E907]
"SIoqUINU U0ISSadde douanbas pue eyep A1jeoo] urpuodsariod yym ‘saskfeue (a4 = ‘ydiopy) [eardojoydiow pue (apod ojdwes) onouadorAyd ay ur pasn suswidads ayy uo uoneunoju] : XIANAddV

SINDACO ET AL.

538 - Zootaxa 4429 (3) © 2018 Magnolia Press



a3vd jxau a1} UO panu1Uod

OLTTIVINA  vTOTTPINA 0SL  66S€  09°1€  ¥L uepiof 6Y'CL € 08DINHN luipjavybq |y I
SLITIPANM  €TOTTHIN 168 L6S€  1T1E €L uepiof 81" CL'€ 08DNHN luipjavynq I
PLITIVINAL - TCOTTHINY 168 L6S€  1T1E €L uepiof LY'TL € 08DNHN uipjavynq I
IV 0€0TTHINY pLS  8L'SE  9S°1E  TL uepiof 001°ZL'€ 08DAHN luipjavynq I
LLITIPINAL - STOTTPINY 81 89°¢E  88°1E 1L uepiof 16801'AHE  0STL € 08DNHN uipjovypq | I
CE00YOHN 6€66S0HIN 11T L9°6€  LI'0E 0L ueplof 9rLES tuipjovypq | I
6esssdd 0STsssdd L6T  19°6E  STIE 69 uepiof 0T TL € 08DNHN tuipjovynq I
v6CsSsdd  TSTSSSAA L6T  19°SE  STIE 69 uepiof TT°CL € 08DNHN luipjavypq I
€6CSSSdd  16TsSSdd L6T  19°6E  STIE 69 uepiof 0TCL € 08DNHN luipjavypq I
S6TSSSAd  €6TSSSdd 0¥l 8S°S€  0L0€ 89 uepiof €1'CL € 08DINHN luipjavypq jy I
€C00YOHIN  8866€0HIN  0€66E0HIN Il vrse  66°1€ L9 Jued ISOM 9TV L-dINH uipjovynq I
10CIIYINY - 6F0T TN 16  vr'se  €€0€ 99 ueplof T0SEIMNAZ  TTTTL'E08DNHN uipjovynq I
I8TTIYINY  6T0TTHINA ST8  £FSE 96T S9 ueplof SOLEL'AHE  66TL € 08DINHN tuipjovynq I
O8TTIVINM  8TOTIYINY 88L  £¥'SE  696T V9 uepiof ESLEL'AJE  86'CL'C08DNHN uipjaoypq I
Sv6  TWSE  LS6T €9 uepiof  sok 69171 -NV.L luipjavybq |y I
1T€S66Ad 6LTSSSdd IL6  1¥'SE  LS6T 79 uepiof YTTL E08DNHN luipjavypq |y I
LTOOYOHN  L866SOHIN  ¥E66EOHIN  08€  €T'S€  €€1€ 19 [oeIS] 0~ TIVL-drNH uipjavynq I
OIU/LU  8900KOHW  9ZOOFOHIN ~ 9866€0HIN  €€66E0HIN  08€  €T'S€  €€1€ 19 [oBIS] 6TV L-AINH uipjavynq I
u/ey €LOOVOHIN ~ €E00VOHIN ~ S866E0HIN  OV66EOHIN 97§ LI1S€  9T1E 09 [oeIs] €991 Y-NV.L €9791NV.L luipjavynq I
14/14 S900VOHIN  TTOOVOHIN ~ ¥866SOHIN  6T66EOHIN 91§ 9I°SE  STIE 6§ [oeis| 99061-¥rNH 99061-d(NH tuipjovypq | I
61  vI'SE 680  8S joeisp - sok 8YSU-NVL tuippavyvg I
960TT¥INAT  ¥P60T TN TLE  ¥8YE  90°1E LS [oeIs] 7E88°'Add  96'CL'E08DNHN tuipjovynq I
S60TIFN  EV60THINL e v8rE  90°1E LS [oBIs] 1€88'Add  S6'TL'€08DNHN luipjavypq jy I
00TTTYINM ~ 8¥60THINM €LS  T8YE  T90E  9S [oBIS] 919IL'Add  88'CL'€ 08DNHN luipjavypq jy I
POOTTYINA - THOOTHINY 069  8LVE IL0E  SS [oelIs] 0088'Add  ¥6'TL'€ 08DNHN luipjavypq jy I
€60TTPN  IF60THINY 069  8LYE  1L0€  SS [aels] 66L8'Add  €6'TL'C08DNHN uipjovynq I
8vS  LLYE  6L0E  ¥S jeisp - sak 8¥64-NV.L tutpjovypq | I
YIDW pH 891 scI
‘dey SIqUINN UOISSINY Jueguan M.”.AW ‘uo| JeT 0] Anuno) ‘ydaoy AP0 JIYINO A pod ddwreg Juieu SIS “mw_“._._-“

(panupuo)) ‘I XIANAddV

539

Zootaxa 4429 (3) © 2018 Magnolia Press

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX



a3pd jxau 2y uo panunuod

EOTTIPAN  TS60THINDL 618 €76 1€€T 81 eLR3Y 16'CL' € 08DINHN Dpng Y C
TOTTIFINYL - 67601 7N S0l Iv'6  vrvT LI BLOTY 68'CL € 08DNHN onpnd [4
COTTIVINDL - 0S601FINA Wil 006 0SST 91 BLOTY 06°CL € 08DNHN vwpng [4
ELITIPNL  TTOTTYINA 8Erl  6€8 AT eLaglY 88101'Add  9¥'TL'€08DINHN opng C
SOTTIPINA - #IOTTIYINY vl 8€8 SAYAEY eLOTY 68101'AHd  #¥'TL' € 08DINHN owIng py [4
LOTTTYINL 06 8¥'c  wveE ¥l eLagY SYCL € 08DNHN gy C
660TTYINYL  LPO0TFINM oIl ST¢  89%E €1 L3y L8'TL'E08DNHN ppng [4
060TTYIN  6€60THINA (474 BRI R4 A A 095010\ 9L6'Add  S8'TL'E08DNHN gy C
680TTYINY  8E60THINA (474 B 130 CR 4 A A 005010 SLO'AFL  $8TL'E08DNHN ppng C
SLITIFVINA  9T0TT¥INA €6Ll  9L€- 6STE I 095010 9SY0I'AdE  IS'TL'E08DNHN vnpnd [4
8R0TTVINN  LEOOTTINA 6L8  ¥8°¢-  6TEE Ol 005010 T00T'Add  €8'TL'€08DINHN ppng C
COOTTVINA - 9€601FINA 6L8  ¥8°¢-  6TEE 01 095010 12001°Add  T8'TL € 08DNHN vnpngd W [4
L6TSSSdd §6TSSsdd €€l vy S0°CE 6 005010\ STL'E08ONHN pnpnd [4
00€5SSdd  8STSSSAH st Tt 1L°IE 8 005010 [TTLE08DNHN opng C
86CSSSdd  9STssSdAd 80¥1  €L°S-  OpIE L 005010\ 6'CL'€08DNHN pnpnd [4
LOOTTVINIL  SPO0TFINA 701 ¥T°9-  80°0€ 9 005010\ OI8Add  L6TL'C08DNHN vwpng [4
66CSSsdd LSTSSSAd 68T L¥'9-  60°1€ S 095010\ 81°CL '€ 08DNHN vnpnd [4
TITITYINYL 090 TT#INA €26 889 6£°0€ 14 095010\ $STL' € 08DNHN owIng Y [4
CITITYNYL  T90TTHINM 9y 90'8-  S¥6C € 035010 SSTL'E08DNHN g C
OTTITYINYL - 6SOTTHINA ver 07’8  LE6T [4 095010\ €SCL'E08ONHN opnd [4
ITU/124  T80OFOHN  €V00FOHIN  TO666EOHIN  0S66E0HIN 0L 8I°€l-  vI'LT I eleyes u)som 0€YE00NdS g C
€IW/ZIY  0LOOYOHIN ~ 6T00VOHIN  0666S0HIN  9S66E0HIN  L¥IT €V 1¥  TELT 6L BIqely Ipneg Syeo1S-ddl SYe0lS luipjavybq |y I
SIWPIU  6900¥OHIN  8TOOVOHIN ~ 6866E0HIN ~ SE66E0HIN 988 89°9€  9L0€ 9L uepiof ¥0/991 luipjavypg N I
0Tesssdd 8LTSSSAH S€9  T99¢  16°1€  SL uepiof LT'TL'E€08DNHN luipjavypg | I
61€5SSdd  LLTSSSAH S€9  T99¢  16°1€  SL ueplof 91'CL € 08DINHN uipjavynq !
81666649 9LTSSSAH S€9  T99¢  16°1€  SL uepiof SI'TL'E€08DNHN uipjavybg |y I
L1€SSSAd  SLTSSSAH S€9  T99¢  161€  SL ueplof P1CL € 08DNHN uipjavynq N !
yIOW pH 591 scI
‘dey SIIQUINN UOISSIINY Jueguarn) Ahww ‘uoy e 0] Anuno) ‘ydaopy IP0I JIYINO A pod dwreg Jweu SIS “muw___“_.“

(panunuo)) I XIANAddV

SINDACO ET AL.

540 - Zootaxa 4429 (3) © 2018 Magnolia Press



23vd jxau 2y U0 panunuod

8 $9TE  ILST ¥E WASg sk 88€'8T°01 LWL g 4
v8  ¥9TE 69T €€ ASg sok RESTOIL %m w3 W g
P8 P9TE 69T €€ 87 sok SESTOI L @Azmvm owpumS W ¢
8  ¥9TE  69°6T €€ A3y sak CYRESTOL'L @A_\QM ppopying 4
¥8  ¥9TE  69°ST €€ W37 sak L8-¥8€'8TO1 LOWNE opng Y 4
8L  09TE TLST TE WASg sk L6E'88°01 LOWG oy Jy 4
8L 09T TSt TE AT sk 96£8T 01 LENE o W g
4 89°1€ 060  I€ W37 sak 78€'8T0OI'L6NE opng Y 4
6IWLIU  €800VOHIN  #POOFOHIN ~ 9666E0HIN  TS66EOHIN 181 69°0¢  LOIT  0F uepng ELLVLANN  89-010T/21ANS o W g
8IWSIU  I800VOHIN  THOOPOHIN ~ S666E0HIN  6V66EOHIN 01 0T6CT  €8°0¢ 6T 1439 (8)Z8€TO0NAS oy W g
6C1  0T6T  TSST 8T W37 sak (€)8T0r'8'8€61NE opng Y 4
61 0T'6T  TSST 8T A3 sek (08T 0r'8'8€61NE pppyng W 4
621 0T'6T  TSST 8T A3 sek (18T 0r'8'8€61NE g W 4
9 vULT  SEIE LT W87 sak 0T8Tl vT6ING opng Y 4
9675$SAd  $STSSSAA vS1 ¥S¥T  LV0E 9T eAqQr] 8'TL'€08OHN w3 W g
TP TLOTTHIN S 8LTL vH8T ST eAqQr] LS'TLE08DNHN w3 W g
SELTIVINY  L860THIN 81¢ 18Tl TITE  ¥C eAqry SETL'E08ONHN oy W ¢
6TITIFA 18601 81¢ 18Tl TITE  #T eAqry 9T'TL' € 08DNHN o W g
OSTTTHA 81¢  18TI  TITE  #T eAqry STTL'C08OWHN o W g
EELTIPINY  ¥8601HIN Wy Tl 90TE €T eAqr] 1€TL € 08DNHN oy W ¢
TELTIPAY  T860THINY 1L 1971 8671 T eAqr] 8T°TL'€08OWHN o3 W g
8E00POHIN ~ P666E0HIN  SPO6EOHIN  SLP  SHOT  1€0€ 1T eAqry LO6ES oy W g
TCWITY  LLOOVOH  LEOOYOHIN  €666E0HN  +H66EOHIN  SLv  StO1  1€0€ 1T eAqry T19¢S oy W ¢
TIESSSAd 0LTSSSAH 00  6C01  SI'ee 0T eisiun], L'TL'€08OWHN o3 W g
11€6SSdd  69TSSSAd 8y 666 TSEE 61 eIsiung, TTLE08ONHN o3 W g
01€SSSA  89TSSSAA 8y 666 TSEE 6l eIsiun, 1'2L € 08DWHN o W g
JIDW [//1b] S91 scl
‘dey SIIqUINN UOISSIINY JUBGUID) M__:M ‘uoy JeT 0] Anuno) ‘ydaoy AP0 JIYINO A pod ddwreg Jweu SIS HMMH____“

(ponunuo)) T XIANAddV

541

Zootaxa 4429 (3) © 2018 Magnolia Press

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX



23vd jxau 2y U0 panunuod

< < - *AOU

8TU/STU  9SO00YOHIN ~ €I00YOHIN  LL66SOHIN  0T66EOHIN 1.9 864S  SILT  LII uew( sk 1/9967L-A9dINN I¥9LND ds porqavossny Wy €
¢ ¢ N — *AOU

STU/STY  ¥SO0YOHIN ~ TT00VOHIN ~ 9L66EOHIN ~ 8T66E0HIN 149 86%S  SI'LT LI uew)  sak T996¥L-A9dAN T6ELND ds porgavossnp €
. . [ *AOU

STU/FTU  SSOOYOHIN ~ TIOOVOHIN  SL66EOHIN  6166E0HIN  #6ST  18%S  9I°LT 911 wew) sk 0T8TUTOON 8E9LND ds porgavousnp €
< ‘ e — AU

8TU/STU  ¥900YOHIN  1TOOYOHIN ~ ¥L66SOHIN  8T66EOHIN  80€1  IL%S  TI'LT  SII wew) sk TEEHINHINO YTELS ds porgoavo.ysnp Iy €
3 < AU

STU/STU  €900FOHIN  0TOOPOHIN  €L66EOHIN  LT66EOHIN  LOST  ILPS  TILT 11 UBwQ 8€8TS ds porgpavo.snp Jy €
3 < *Aou

STU/STU  T900VOHIN  6100¥0HIN 9T66EOHIN  LOET  IL%S  I1°LT  ¥I1 UewQ STLTS -ds porgpavo.sn Jy €
. . ‘AU

9TU/STY  1900¥0HIN  8I100FOHIN  TL66SOHIN ~ STO6EOHIN  LOET LS TILT  ¥lI uewQ 10LTS ds porqavousnp g €
3 < AU

STU/STU  0900vOHIN ~ LIOOVOHIN ~ TL66SOHIN  vT66E0HIN  LOET  IL%S  TI°L1 ¥l uewQ 66STS ds porqavosnp g €
3 < *AOU

STU/STY  6SO0FOHIN ~ 9T00POHIN ~ OL6G6EOHIN  €T66EOHIN  LOST  ILPS  TILT 11 uewQ 1TTS ds porqavousnp 7y €
. . ‘AU

LTW/LTU  8SOOFOHIN  STOOFOHIN  6966EO0HIN  TT66EOHIN 1011 8T'€S 0891  CII uewQ 0LNIf ds pognavossny W €
. . ‘AU

STU/STU  LSOOVOHIN ~ ¥100OHIN ~ 8966E0HIN  TT66E0HIN  #901 €06 06%1  OI1 LEIIE)N 60 TNAT ds porgqavousnp €
. . o AU

SPITIPINY 8660 THINY 0v0T  SO'St  S9FI 601 U A CESEVINAZ  601°CL € 08DONHN -ds porgqavousnp g €
n . . L AU

PRITIPN  L660TFIN 9161  L6€Y  €T91  TOI UQUWd A SESEYINAZ  801°CL € 08ONHN -ds porgoawo.snp Jy €

€TU/ETU  8LOOYOHIN ~ 6£00FOHIN ~ 6666E0HIN  9V66E0HIN  B/U e/u e/u e/u 0920J0]A NLLYTI00AdS opopns 4

LTW/9TY  0800FOHIN  T#00FOHIN  8666E0HIN  8¥66E0HIN €€ L9°9¢  81TT L€ 1dA39 (£6)89€TO0NS oo 4

0TU/0TU  6LO0YOHIN  0VOOYOHIN  L666SOHIN  LP66SOHIN €€ L99¢  81°TC L€ 1d43g (L)L9ETOONJS ownpng py 4

T60TTHIAY  0V60THINY L1 65°¢€  1I'€T 9¢ 1dA3g LOTLAALD  T6'TL € 08DAHN ownpng py 4

¥8S  S6'€E  99°6T  S¢ 143 sk STI'S0061Nd vpopng | 4

¥8S  S6'€E 99°6T  S€ A3y sak ¥'Tl'S 66INd oo 4

8 §9°Ce  IL'ST  vE A3y sak T6£°8T01 LONE opopns 4

8 S9TE  ILST  ¥E A3 sk 16€'87°01° L6WNE ooy 4

8 69'TE  IL'ST  vE WdASg sk 06£'8T01 LONE vpopng | 4

8 69'TE  IL'ST  vE WASg sk 68€'8CT01 LONE vpopmng | 4

YIDW Qo 91 SCI
‘dey SIqUINN UOISSINY JuBguUI) M.”_AW ‘uo| e 07 A1nuno) ‘ydaop IPOI IYINOA Ipod djdweg Juieu SIS HMMH.H__M

(panunuo)) I XIANAddV

SINDACO ET AL.

542 - Zootaxa 4429 (3) © 2018 Magnolia Press



23vd jxau a1} U0 panuljuod

T 9sEr  TOLL 6 uowdx  sok 8TI8T-ANZIN “sou ds ipjouw v s
T 9SEr LT t6 LE1UE) EEIN 6808C-ANZIN “Aou -ds 1pjouiw py S
69%T  SSEF TOLT €6 udwag sk 11182-ANZIN “Aou -ds 1pjouw py S
69YT  SS'Er  TOLl €6 wuwok Sk €1182-4NZIN o ds ipjoww ¢
(81T €S'€h 80Ul T6 wuwak sk S1182-4NZIN “souds ipjoww ¢
v8€T €St 1041 16 wuwek sk PL8LTNZIN “souds ipjoww ¢
656 8Ty  STLL 06 wwax  SA TI18T-ANZIN “aou -ds 1pjouiw py S
6TCT  I1STH  TC81 68 vIqeIy Ipneg ok 061°0861NE “aou -ds 1pjouiv py S
6TCT  ISTH TC81 68 vIqeIy Ipneg ok SSEI8LOTING “aou -ds 1pjouiv Jy S
6CC  1STH T8l 68 vIqeIy Ipneg  saA YSET'8LOTING “Aou “ds ipjouiv S
96T  LETH LTSI 88 vIqeIy Ipneg  saA 1L6'6L6TNE “aou “ds ipjowin jy §
TEWTEY  6800VOHIN  SETITHINM  LSOTTHINM  LS66EOHIN 60T  v9°Lv  9v'6C L8 wemny  sok YSO0T'AAE  6S'TL € 08DNHN ds 4
SSITIYINY  €€0TTHINY vse  ILLY  1¥9T 98 eIqeIy Ipneg LE'TL € 08DNHN ds gy v
98ITIFNY  PEOTTHIN 86¢  LVL¥  TH9T S8 eIqery Ipneg 8€°TL € 08DNHN ds gy v
PSITIFNY  TEOTTHIAY 6tk 8E°LY 9T 8 eIqeIy Ipneg 9€'TL € 08DINHN ds 4
T€W/6TY  0600YOHIN  SYOOPOHIN  €000VOHIN  8S66EOHIN  S€9  T99%  LTST €8 eIqeIY IpNeS T€E01S-a4l TEE01S ds gy v
68TTTVIN  LEOTTHIAL LE9  SY9y  vTer T8 evIqRIY IpNeS 1¥°TL°€ 08DNHN ds gy v
SSITIFIANL 90T THIN 819  Tr9r  6l'cc 18 evIqRIY IpNeS 0F'TL € 08DNHN ds gy v
LSTTTHPNY  SEOTTHINY SI8  Sg€9F  8TET 08 eIqeIy Ipneg 6€'TL € 08DNHN ds 4
TEWIEY  L800YOHIN  LYOOVOHIN  COOOKOHIN  SS66E0HIN  S6L  T0°LE  LITE 8L uepiof Y0/911 ds 4
TEY/0EY  8800VOHIN  GLITIVINY  LTOTTHINY  9S66EOHIN LIS 169€  88°1¢€  LL uepiof  sok SI60T'AdL  TSTL € 08DNHN ds gy 4
*Aou *ds
LOET  IL¥S  TILT €11 uew( s OVOOTETOON DoIgapOLSHD Ty €
. . < ‘Aou *ds
LOST  IL¥%S  TILT €11 uew(  $d (O¥TITOON o1qpavosSID Y €
. . < *Aou *ds
- .
LOST  IL¥S  TILL €11 wewQ 9 YTITOON poIqavosHD Ty 3
‘ ¢ uew SoK - "aou *ds
LOET  IL¥S  TILT €11 0 ) *TT9TETOON DoIgavoLsHD Iy €
. . < *Aou *ds
8¥8  00°€S  00°LT  TIII wewQ  $9 1$6¥L-A9dINN DoIqpavo.snD Ty 3
JIDW P S91 scr
(ur) Jquinu
“dey SIIQUINN UOISSIIIY HUBGUIL) v ‘uo| e 0] Anuno) ‘ydaoy JP0I JIYINOA pod ddureg Jureu saAdg sgvaury

(panunuoD) *I XIANAdY

543

Zootaxa 4429 (3) © 2018 Magnolia Press

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX



23nd jxau a1} UO panuIUod "

yESE  86°€r  8TSI €01 RELEEIN sak 799'9861Nd “Aou *ds ipjouin Jy S
yese  86°€k  8TST €01 Uswa A sak 099'9861INd *Aou “ds ipjouv jy S
8000¥OHIN ~ €966E0HIN  SI66EOHIN  LT6T  88°th 16561 101 USWd X sk %068 T TOON 068Y-TDON *Aou *ds ipjouv S
909C  88cy  8¥'SI 001 USWo A sak 0L98C-dNZIN *Aou “ds ipjouv S
Sevl SL'EY  LEST 66 LEEIN sk S088C-ANZIN “Aou “ds ipjouin S
S90T 19ty  08°LI 86 LEEIN sak 9118C-1NZIN “Aou “ds ipjouv S
691  SS€r 08°LT L6 LEIEIN sak Y118C-1NZIN “Aou *ds ipjouin Jy S
IL6T  T9¢y  OTLI 96 LEUEIN sak TCI8T-ANZIN “Aou “ds ipjouv jy S
IL6T  T9€y  0TLI 96 LEIUEIN sk YT18C-ANZIN “Aou *ds ipjouin Jy S
1L61 9y 0T'LT 96 LElEIN sak 6118C-1NZN *Aou *ds ipjouv S
IL61 Tty  0TLI 96 LEEIN sk STI8T-ANZIN *Aou *ds ipjouv S
IL6T  T9¢y  OTLI 96 LElEIN sak €CI8C-ANZIN “Aou “ds ipjouv Jy S
IL6T  T9°¢y  0TLI 96 LEIEIN sak LT18CT-ANZIN “Aou *ds ipjouin Jy S
IL6T  T9¢y  OTLI 96 LEEIN sak 8118C-ANZIN “Aou “ds ipjouv S
IL6T  T9€y  0TLI 96 LEIUEIN sk 1218¢-1NZIN “Aou “ds ipjouin Jy S
1L61 9y 0T'LT 96 LEEIN sak 0C18CT-1NZIN *Aou *ds ipjouiv S
IL61 79y 0T'LI 96 UWI A sk €C18C-ANZIN “Aou “ds ipjouin S
L661  LS€y  TI'LI S6 LEEIN sak 9CI8T-ANZIN “Aou “ds ipjouv Jy S
L661  LS€V  TI'LT S6 LEIEIN sak 688LC-1NZIN *Aou *ds ipjouv S
e 9s'ey  T0LT ) LEEIN sak 9€18C-1NZIN “Aou “ds ipjouv py S
T 9s'ey  T0LT 1) LEIUEIN sk 8€18TINZIN “Aou *ds ipjouin Jy S
Wt 9sEy T0°LT ) LEEIN sak €e18¢-ANZIN *Aou *ds ipjouv S
T 9s'ey T0L1 6 LEEIN sk I€18C-ANZIN “Aou “ds ipjouin S
Wt 9sEy  ToLI ) LEEIN sak LET8T-ANZIN “Aou “ds ipjouv S
T 9sey  T0LT ) LEISEIN sak YEI8CT-1NZIN “Aou “ds ipjouv jy S
e 9s'ey  T0LT ) LElEIN sak CEI8T-ANZIN “Aou “ds ipjouv S
T 9s'ey  T0LT 1) LEIUEIN sk LTI8T-ANZIN “Aou *ds ipjouin Jy S
dION Qo 91 \Y44
ey SAUINN UOISSINIY HUBgUID M___M woy  JEl 0] Anuno) ydaopy 3P0d 13YINOA apod djdureg Jweu sAAdS “wmw_______“

(ponunuo)) *f XIANAddV

SINDACO ET AL.

544 - Zootaxa 4429 (3) © 2018 Magnolia Press



LTTLOTXY  S80L6TXA  T966E0HIN  9€896TX 1433 (96)09€200NdS  (dnoxgino) suivjjanos 'y
9STLO6TXA  001L6TXY  09660HN  £5896TX M eIUEILING [\ 660 (dnoigino) sadisuop
1600P0HIN ~ 6F00FOHIN  #000FOHIN  6S66E0HIN uel| 01ZVA DUDUOSIDM T
9800VOHN  9700FPOHIN  T000FOHN  #S66E0HIN uepng I/S9LVLANN  LS-0107/21ANS pipoundo.qn
S800YOHIN ~ SHOOYOHIN  0000POHIN  £566E0HN 143 HOvSS La1a1j0
P800VOHIN  SOTITPINY  €S601IN  TS66E0HIN A3y 9006 Add  T991'€'08ONHN o
TILIGAN  LYIL96AM  6ITL9GAN  6LILI6AN Uowa§ 89€$S wny
60ILI6AN  €STLI96AM  L8ILIGAM  L8IL96AM avn NSSYT00NS SLS0.14249 TY
9L00VOHN  9S00POHIN  T666€0HN  €v66E0HIN USWAA 00STS 1nofing
0S00VOHIAL ~ SO00POHIN  T966E0HN  TI66E0HIN uewQ $008ND-ddI S008ND pUDIUDAPD "

9000V OHN  L9G6EOHIN  €I66S0HIN  T8LT  L¥'bb  9€'ST 801 uowa § STOWAS “Aou ds ipjouw ¢

TEWTEY  TSOOPOHIN  LOOOVOHIN ~ 9966E0HIN  ¥I66E0HIN  689T  Shvy  8€ST  LOI uowa 4 PINAL “souds ipjouw ¢

€997 LEVF  SOST 901 uowag  sak 1L98T-4NZN “sou ds ipjouw ¢

€997 LEYF  SOST 901 uowa)  sak €L98T-INZN ‘aouds pjouw g

€997 LEVF  SOST 901 uowag - sak TL98T-ANZN “sou ds ipjouw ¢

€997 LEYY  SOST 901 LELUE) SN ¥L98T-ANZN ‘aou ds ;pjouw ¢

PEWEEY  €SO0POHIN  OI00VOHIN  S966E0HIN  LI66EOHIN  OFET  8THy  8L¥T  SO1 LRI 6v0tS ‘aouds ipjouw g

SEWPEY  TSOOPOHIN  6000FOHIN  P966SOHIN  9I66E0HIN  OPET  8THF  8LYT  SO1 uowa § S19€S ‘Aouds ipjouw ¢

ISEL 807y SPLL  $0I eiqery ipneg - sak LTT8'3E61Nd ‘aouds ipjouw g

YIOW qaH 591 scr
‘deyg SIIquINN UOISSIIIY Jueguar) Mﬂw uoy e 0] Anuno) ydiopy PO JAYINOA 3po)d Jjdwreg Juieu SIS “MMM._____“

(panunuo)) 1 XIANAddV

545

Zootaxa 4429 (3) © 2018 Magnolia Press

SYSTEMATICS OF THE MESALINA GUTTULATA SPECIES COMPLEX



APPENDIX II. Amplification conditions and information on markers used in this study. The PCR conditions were as
follows: 94 °C for 5 min, 35 cycles of denaturation at 94 °C for 30 sec, annealing temperature (*) for 45 sec, and
extension at 72 °C for 1 min, and a final extension step at 72 °C for 5 min.

Gene Sequence (5°-37) Order Temp (*) Reference

12S 12Sa  AAACTGGGATTAGATACCCCACTAT F 48 °C Kocher et al. 1989
12Sb GAGGGTGACGGGCGGTGTGT R

16S 16Sa CGCCTGTTTATCAAAAACAT F 48 °C Carranza et al. 2004
16Sb CCGGTCTGAACTCAGATCACGT R

cytb GludG TGACTTGAARAACCAYCGTTG F 49 °C Palumbi et al. 1991
Cytb2 CCCTCAGAATGATATTTGTCCTCA R

MCIR  MCIR-F AGGCNGCCATYGTCAAGAACCGGAACC F 56 °C Pinho et al. 2010
MCIR-R ACTCCGRAAGGCRTAAATGATGGGGTCCAC R
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