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Abstract. North Africa is the most important centre of diversification for the skinks of the genus Chalcides. Morocco alone
is inhabited by 16 species of which nine are endemic, while eight species are known from Algeria, none of them endemic.
We add here to this diversity a taxon that was first collected by PAUL PALLARY in 1925, discussed by PELLEGRIN in 1926, and
whose status has been debated by several authors since without reaching a satisfactory consensus. In 2003 and 2008, two
specimens with the same habitus as PALLARY’s specimen were found near Missour (Morocco) and near Djelfa (Algeria),
respectively. A molecular analysis based on mitochondrial and nuclear genes shows that these two recent individuals be-
long to an undefined lineage that is sister to Chalcides montanus, and that we describe here as a new subspecies. It shares
many morphological features with the nominate subspecies, but differs most prominently in its colour pattern of five black
stripes in the first third of the dorsum, ocelli on the dorsum and on the flanks that disappear roughly in the first third or
half of the body, and two broad light dorsolateral bands that disappear around midbodys; its genetic divergence is estimated
at 4.2% in cytochrome b sequence and 0.8% in a concatenated alignment of several nuclear loci. This new taxon is presently

known from three specimens and two localities in the Hauts Plateaux of eastern Morocco and Algeria.

Key words. New subspecies, taxonomy.

Introduction

The Maghreb is the most important centre of diversifica-
tion for the skinks of the genus Chalcides LAURENTI, 1768.
Morocco alone is inhabited by 16 species while eight species
are known from Algeria. Nine of these species are endemic
to Morocco: Chalcides polylepis BOULENGER, 1890, C. co-
losii LANZA, 1957, C. manueli HEDIGER, 1935, C. montanus
WERNER, 1931, C. lanzai PASTEUR, 1967, C. ebneri WERNER,
1931, C. mionecton (BOETTGER, 1874), C. trifasciatus CHA-
BANAUD, 1917, and C. pseudostriatus CAPUTO, 1993. Three
other species are northwestern Maghreb endemics shared
between Morocco and Algeria: C. mauritanicus (DUMERIL
& BIBRON, 1839), C. parallelus DOUMERGUE, 1901, and
C. minutus CAPUTO, 1993. Chalcides sphenopsiformis
(DUMERIL, 1856) is a western Maghreb endemic that reach-

es Mauritania while C. delislei (LATASTE, 1876) and C. bou-
lengeri ANDERSON, 1892 have a wider distribution range in
the southern and northern Sahara, respectively, including
Morocco and Algeria. Lastly, C. ocellatus (FORSKAL, 1775)
is a widely distributed circum-Mediterranean species (Ma-
TEO et al. 1995, BONS & GENIEZ 1996, CARRANZA et al.
2008, SINDACO & JEREMCENKO 2008, BROWN et al. 2012,
MONTERO-MENDIETA et al. 2017, MARTINEZ DEL MARMOL
et al. 2019). The only molecular phylogeny available for the
genus Chalcides (CARRANZA et al. 2008) suggests a group-
ing of these species into a “grass-swimming clade” that in-
cludes species with an elongated body, reduced limb size,
and reduced numbers of digits (in Morocco, represented
by C. pseudostriatus, C. minutus and C. mauritanicus), and
three clades of species with the typical C. ocellatus mor-
phology (the “five-fingered” species of MATEO & GENIEZ
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1995 with stocky body and long limbs) or which exhibit
an elongated body and reduced limbs and digit numbers.
This phylogeny was based on relatively short fragments of
the mitochondrial DNA (mtDNA) and requires corrobo-
ration with additional data. Within each of these clades,
several taxonomic questions have remained unanswered
(CARRANZA et al. 2008, GIOVANNOTTI et al. 2013, MONTE-
RO-MENDIETA et al. 2017). Among these species, C. ebneri
is known from only three specimens found in 1930 (1) and
1970 (2), only two of which were collected, and the species
has never been seen since then in spite of several search
initiatives (MARTINEZ DEL MARMOL et al. 2019, own data)
and has never been investigated genetically.

In addition to these 16 species, one specimen of the
skink genus Chalcides has so far been defying identification
(LaNzA 1957, MATEO et al. 1995). This specimen was col-
lected by PauL PALLARY on 30 December 1925 at Missour,
northeastern Morocco (PELLEGRIN 1926), and is currently
preserved in relatively bad shape in the Muséum nation-
al d’Histoire naturelle in Paris (MNHN) under catalogue
number MNHN-RA-1925.215 (Fig. 1; a photo of the speci-
men was also published by LANZzA [1957]). It clearly belongs
to the “five-fingered species group’, which is not a mono-
phyletic clade according to CARRANZA et al. (2008) but
whose species have similar phenotypes (see below). PEL-
LEGRIN (1926) labelled it as “Chalcides ocellatus var paral-
lelus DOUMERGUE, but it was later re-identified as C. ocel-
latus by LANzA (1957) and MATEO et al. (1995) and it is still
catalogued as such in the Paris collection. However, on the
basis of its coloration as well as its rather small size for a pre-
sumed adult, GEORGES PASTEUR suggested (pers. comm. to

PG) that this specimen might belong to a low-altitude pop-
ulation of C. montanus, a species normally restricted to ar-
eas above 1500 m in the High Atlas (BoNs & GENIEZ 1996,
CARRANZA et al. 2008). Two specimens exhibiting a similar
colour pattern have recently been discovered in Morocco
(Missour) and Algeria (Djelfa), allowing to gather new data
on their morphology and to collect genetic samples.

To clarify the taxonomic status of these unidentified
skinks, we first conducted a thorough morphological ex-
amination of these three specimens in comparison with
397 other specimens from the eight five-fingered species
of the genus Chalcides found in North Africa (see Supple-
mentary Table S3). We also gathered mitochondrial and
nuclear gene sequences from the two modern specimens
and, for the purpose of comparisons, from specimens of
other species from Morocco. These data were complement-
ed with sequences from Genbank, facilitating a compre-
hensive phylogenetic analysis comprising 16 taxa.

Material and methods
Morphological examination

A large majority of the specimens examined come from the
Biogéographie et Ecologie des Vertébrés (BEV) collection
housed at the Centre d'Ecologie Fonctionnelle et Evolutive
(CEFE, EPHE & CNRS) in Montpellier, France (94 speci-
mens) and the collection of the Estacién Bioldgica de Doiia-
na in Sevilla, Spain (EBD, 44 specimens). We also examined
PALLARY’s Chalcides specimen MNHN-RA-1925.215 in the
Muséum national d’Histoire naturelle in Paris. In addition,

Figure 1. Dorsolateral view of MNHN-RA-1925.215, preserved holotype of Chalcides montanus pallaryi ssp. n., adult female collected

by PauL PALLARY at Missour (Morocco). Photograph by P. GENIEZ.
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data on colour pattern were obtained from photos of an
additional 227 live specimens in PHILIPPE GENIEZ’s icono-
graphic collection (PGe.xxxx numbers, contributed by many
photographers, see Acknowledgements and Supplementary
Table S3) of which no tissue samples have been preserved,
and 34 specimens of which both tissue samples and photos
(but not vouchers) were available (BEV.Txxxx numbers).

The 400 specimens studied represent the following geo-
graphic distribution: 71 Chalcides ocellatus ocellatus from
Algeria (9 specimens), Tunisia (8), Egypt (4), Israel (15),
Jordan (4), Syria (1), United Arab Emirates (1), Turkey (7),
Cyprus (6), and Greece (16); 80 Chalcides ocellatus subtyp-
icus WERNER, 1931 from Morocco (65), Spanish territories,
Chafarinas islands (7), and Algeria (8); 92 Chalcides ocella-
tus tiligugu (GMELIN, 1789) from Morocco (1), Algeria (45),
Tunisia (9), Malta (9), Sicily (8), and Sardinia (20); 1 Chalci-
des humilis BOULENGER, 1896 from Egypt; 22 Chalcides co-
losii from Morocco; 10 Chalcides manueli from Morocco;
13 Chalcides lanzai from Morocco; 28 Chalcides parallelus
from Morocco (9), Spanish territories, Chafarinas islands
(5), and Algeria (14); 45 Chalcides montanus from Moroc-
co; 35 Chalcides polylepis from Morocco; and 3 Chalcides sp.
(PALLARY’s skink) from Morocco (2) and Algeria (1).

Our morphological examination focused on the colour
patterns of the various taxa of Chalcides in North Africa.
We noted the presence and distribution of ocelli (a pale
spot on a dorsal or flank scale, paler than the ground co-
lour of the body, sometimes bordered with a darker col-
oration) on the body and the number of scales separating
scales with ocelli, the presence or absence of 5 black lines
on the anterior part of the back, the pileus punctuation
(uniform, barely spotted, or strongly spotted with dark,
with or without white dots), the presence or absence of two
light wide dorsolateral stripes, the proportion of uniform
pattern (all over the body, on the back of the body, or none
at all), the colour of the snout and the tail (orange or not),
the colour of the belly (whitish, yellowish or pure yellow).
Data on size (snout-vent length) and on scalation (number
of scale rows around the body, position of the loreal scale
in relation to the supralabials [above the 274 supralabial or
overlapping the 2™ and 3"]) were largely obtained from
Bons & GENIEZ (1995) and supplemented by the examina-
tion of additional specimens. A list of all specimens exam-
ined morphologically is given in Supplementary Table S3.

In order to check that coloration allows unambigu-
ous separation of the new taxon from its closest relatives
C. montanus, C. manueli and C. polylepis (see below), we
performed a Principal Component Analysis (PCA) with the
software Statistica (Statsoft, Hamburg, Germany). A selec-
tion of seven colour variables was coded as follow: 'DOcel’
= extent of ocelli on the dorsum (o = no ocelli; 1 = in the
first third; 2 = up to the halfway limit; 3 = up to two thirds;
4 = up to the base of the tail); 'FOcel' = extent of ocelli on
the flanks (same codes); 'SPDL' = length of the light supra-
dorsolateral stripes along the back (o = no light dorsolat-
erals; 1 = in the first third; 2 = up to the halfway limit; 3 =
up to two thirds; 4 = up to the hind legs); Flanks' = extent
of the dark wide stripe along the flanks (o = no dark stripe

along the flanks; 1 = in the first third; 2 = up to the halfway
limit; 3 = up to two thirds; 4 = up to the hind legs); 'Pileus’ =
extent of dark punctuation on the pileus (1 = no black spots;
2 = weakly spotted; 3 = strongly spotted); 'NDStrL' = num-
ber of dark stripes on the nape; 'NDStr' = length of the dark
stripes on the nape (as number of dorsal scales covered).
These variables were retained from the full list of mor-
phological characters examined because they could be re-
trieved from voucher specimens as well as from good-qual-
ity photographs of non-collected live specimens, allowing
us to increase the number of specimens available for several
species that have been collected only rarely.

Genetic analyses

For the complete nuclear data set of five nuclear loci, in ad-
dition to the two newly found specimens of the unidenti-
fied skink, we selected samples from the three species that
have previously been linked to PALLARY’s specimen (see
Introduction): Chalcides ocellatus (10), C. parallelus (7),
and C. montanus (2). As for C. ocellatus, we selected rep-
resentatives of the various lineages identified by previous
studies (KORNILIOS et al. 2010, LAVIN & PAPENFUSS 2012):
2 C. o. ocellatus from Israel, 6 C. o. tiligugu (2 from Tunisia
and 4 from Algeria), and 2 C. o. subtypicus from Morocco.
We also added samples of two other species from Morocco,
C. lanzai (1, Middle Atlas) and C. colosii (1, Rif). We thus
sequenced samples from all “five-fingered” species report-
ed from northern Morocco and western Algeria except for
C. polylepis, C. mionecton, and C. trifasciatus, because these
species are easily distinguished by several diagnostic mor-
phological features. The tree was rooted with a selection of
five skink species (one individual per species) belonging
to the “grass-swimming clade” of CARRANZA et al. (2008):
Chalcides minutus from Morocco, C. mertensi KLAUSE-
WITZ, 1954 from Algeria, C. pseudostriatus from Moroc-
co, C. striatus CUVIER, 1829 from France, and C. guentheri
BOULENGER, 1887 from Lebanon. We chose to root the tree
on the branch leading to the node regrouping the five spe-
cies from the “grass-swimming clade”, because this clade
constitutes the most basal split within the Chalcides phy-
logeny according to CARRANZA et al. (2008). A total of 25
samples of the genus Chalcides were selected from the BEV
collection where they are stored as whole specimens (BEV
numbers) in ethanol at room temperature or as tissue sam-
ples in ethanol at -20°C (BEV.T numbers for tissue samples
with no associated vouchers).

Genomic DNA was extracted from ethanol-preserved
muscle tissue following the manufacturer’s protocol of the
DNeasy blood & tissue extraction kit (Qiagen®, Valencia,
California, USA). Amplifications were performed through
standard Polymerase Chain Reaction (PCR) in final vol-
umes of 20 pL, containing 10 pL TAQ SIGMA reaction buf-
fer, 1 uL of primers (mix of reverse and forward primers at
10 uM), 7 uL H O and 2 uL DNA extract. Both strands were
sequenced with the primers used for amplification by Eu-
rofins-genomics (Germany).
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Table 1. Sequence, annealing temperatures, and references for the primers used in this study. The amplification protocol was as fol-
lows: 94°C/3 min; 94°C/30 s; 35-40 cycles of annealing temperature/40 s; 72°C/1 min; 72°C/10 min. Temp. — Annealing temperatures.

Gene Primer  Primer Sequence Temp. References
CYTB GLUDGE 5-TGACTTGAARAACCAYCGTTG-3* 4C Sttt & ParToN (1993); McGurss et al. (2007)
CYTB2  5-TCAGAATGATATTTGTCCTCA-3" MITH N s VICHUIRE et ak
MClr MCIr-F  5“GGCNGCCATYGTCAAGAACCGGAACC-3’
, , 60°C  PINHO et al. (2010)
MCIr-R  5-CTCCGRAAGGCRTAAATGATGGGGTCCAC-3
ODC ODC-F  5-GCTACACTAAAAACCAGCAG-3¢ 60°C Yao etal. (1995
ODC-R  5“CCACCAATATCAAGCAGGTAC-3¢ etak
PRLR PRLR-F 5-GACARYGARGACCAGCAACTRATGCC-3¢ S45/60°C. Townsenp et al. (2008)
PRLR-R  5-GACYTTGTGRACTTCYACRTAATCCAT-3¢ etad
R35 R35-F  5-GACTGTGGAYGAYCTGATCAGTGTGGTGCC-3¢
. . 60°C  BRANDLEY et al. (2011)
R35-R  5-GCCAAAATGAGSGAGAARCGCTTCTGAGC-3
TROP TROP-F  5-CGGTCAGCCTCCTCCGCAATGTGCTT-3"
. . 60°C  FRIESEN et al. (1999)
TROP-R  5-GAGTTGGATCGCGCTCAGGAGCG-3

We initially tested nine nuclear primer pairs, but only
five loci were retained for sequencing as they allowed
DNA amplification and showed polymorphism at the cor-
responding loci: three exons from the RNA fingerprint
protein 35 (R35), the melanocortin receptor 1 (MCir) and
the prolactin receptor (PRLR), and two loci with partially
coding and non-coding DNA from the tropomyosin gene
(TROP) and the ornithine decarboxylase gene (ODC). The
ODC sequencing failed in several specimens including
many C. ocellatus and in all C. montanus and C. lanzai.

To ensure that our unidentified skink does not belong
to any of the described Chalcides taxa from Northern Af-
rica (all of which have been sequenced by CARRANZA et
al. 2008), even if they are all morphologically distinct, we
also compared a short fragment of its mitochondrial cy-
tochrome b gene (cytb) to published and unpublished
cytb sequences. Mitochondrial cytochrome b sequences
were retrieved from GenBank, from BEDDEK et al. (2018)
where available, or else a short fragment of the cytb gene
was amplified and sequenced for the present study. For
C. montanus, one sample from one of the localities used
here had been sequenced by CARRANZA et al. (2008) and
we used this cytb GenBank sequence. Further cytb Gen-
bank sequences were added for C. polylepis (3), C. mionec-
ton (2), and C. trifasciatus (2). As for the nuclear dataset, all
five species (one individual per species) belonging to the
Chalcides chalcides group were also used to root the mito-
chondrial tree. All sequences produced for this study were
deposited in Genbank. Primers and PCR conditions used
for the amplification of the molecular markers are detailed
in Table 1. The list of all samples with their origin, the genes
sequenced for each of them and their GenBank accession
numbers are given in Table 2.

Chromatograms obtained from sequencing were visu-
alised and cleansed using Codon code aligner version 4.2.7
(CodonCode Corporation, MA, USA). All sequences were
verified by eye, paying particular attention to heterozygous
sites that are poorly resolved by the analysis software. The
presence of heterozygous indels was furthermore consid-
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ered by carefully checking forward and reverse sequenc-
es. Alignments were performed manually and verified
with Clustal omega (McWILLIAM et al. 2013). The mean
between-group genetic distances (p-uncorrected dis-
tance, option pairwise deletion) were calculated in Mega
v7 (KUMAR et al. 2015). Phylogenetic trees were generat-
ed separately for mitochondrial (cytb) and concatenated
nuclear loci (R35, PRLR, MC1r, TROP, ODC) using Mega
vy or IQ-Tree (NGUYEN et al. 2014) for Neighbor Joining
(N]) and Maximum Likelihood (ML) trees respectively.
NJ trees were computed with the K2 + G model chosen
by Mega’s modelfinder approach as the best model for dis-
tance computation, all substitutions included a pairwise
option for handling missing data. ML trees were inferred
based on the best model of sequence evolution as deter-
mined by ModelFinder incorporated in IQ-Tree, for the
mitochondrial dataset (JC), or by running partitionfind-
er vi.1.2 (LANFEAR et al. 2012), which identified five parti-
tions for the concatenated nuclear dataset (R35 (HKY+I),
PRLR (GTR+I), MCir (TrN+I+G), TROP (HKY+I+G),
ODC (HKY+I)). The best model of sequence evolution
was chosen using the Bayesian Information Criterion
(BIC) obtained from IQ-TREE or partitionfinder vi.1.2.
Branch support was assessed using 1000 bootstrap repli-
cates for NJ trees and 100 bootstrap replicates for ML trees.
For comparative purposes, Bayesian trees were also gen-
erated with MrBayes v.3.2.6 (RONQUIST et al., 2012) using
4 chains, 10,000,000 generations, a burn-in of 25%, and
the same models and partitions as for the ML analyses or
the closest model when a best model was not available in
MrBayes (Supplementary Figs S1, S2). Nuclear sequences
from the ingroup taxa (i.e., excluding the “grass-swimming
clade” members) were phased with DNASP v6 (Rozas et
al. 2017) using the PHASE algorithm and the default op-
tions except for the number of iterations (1000) and burn-
in iterations (1000). Median-joining networks (BANDELT
et al. 1999) were then built using PopART (available from
www.popart.otago.ac.nz) using default options and an ep-
silon value of zero.
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Table 1 continued

)

CYTB / MCl1r/ ODC / PRLR / R35 / TROP

Code

(m)

Elev.

Lat., Long.

Locality

Taxon

16 BEV.11917 MN604786 MN604811 MN611509 MN604835 MN604760 MN611489

35.1321, -2.3970

Morocco, 2 km ESE of Ras El Ma

Chalcides parallelus

1 BEV.T4730 MN604787 MN604812 MN611510 MN604836 MN604761 MN611490

35.1159, -2.3211

Morocco, beach between Saidia and the Oued Mou-

louya mouth

Chalcides parallelus

30 BEV.11306 MN604785
50 BEV.6052 EU278092

1257 BEV.6051

35.1308, -2.3976

Morocco, road N16, 2.8 km ESE of Ras El Ma port

Chalcides parallelus

33.28, -8.35

Morocco, Azemmour

Chalcides polylepis*

EU278094

33.43, -6.02

Morocco, Oulmes

Chalcides polylepis*

1556 BEV.9230 EU278093

32.98, -5.43

Morocco, Aguelmam Azigza

Chalcides polylepis*

30 BEV.8374 MN604788 MN604813 MN611511 MN604837 MN604762 MN611491

35.663, -5.295

Morocco, Cabo Negro

Chalcides pseudostriatus

Chalcides montanus pallaryi

918 BEV.T4238 MN604779 MN604807 MN611505 MN604831 MN604756 MN611485

Algeria, Djelfa, Khanguet-el-Melah near Ain Maadeb 34.83006, 3.08471

ssp. n.

Chalcides montanus pallaryi

1060 BEV.T4249 MN604780 MN604808 MN611506 MN604832 MN604757 MN611486

33.00, -4.15

Morocco, Missour, foothill of Jbel Missour

ssp. n.
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43.3215, 6.2911 165 BEV.T11410 MN604789 MN604814 MN611512 MN604838 MN604763 MN611492

France, Gonfaron

Chalcides striatus

EU278101

29.88,-9.72

Morocco, 21 km N of Tiznit

Chalcides trifasciatus*

EU278102

29.38, -10.17

Morocco, Sidi Ifni

Chalcides trifasciatus*

Nomenclatural acts

The electronic edition of this article conforms to the re-
quirements of the amended International Code of Zoo-
logical Nomenclature, and hence the new names contained
herein are available under that Code from the electronic
edition of this article. This published work and the nomen-
clatural acts it contains have been registered in ZooBank,
the online registration system for the ICZN. The LSID (Life
Science Identifier) for this publication is: urn:lsid:zoobank.
org:pub:95DB3D86-D9Ag-4CCo-A2C7-A4EE516EFES6.
The electronic edition of this work was published in a jour-
nal with an ISSN, and has been archived and is available
from the following digital repositories: www.salamandra-
journal.com, zenodo.org.

Results
Morphology of PALLARY’s specimen

The MNHN specimen collected by P. PALLARY measures
96 mm in snout-vent length and has 30 longitudinal scale
rows at midbody. It presents a distinct colour pattern (see
Fig. 1): on the nape, five dark stripes run on a pale back-
ground and disappear progressively beyond the insertion
level of the forelegs, so as to be absent in the posterior por-
tion of the back and on the tail. A wide dark stripe runs
along the anterior part of each flank. Some indistinct ocelli
are barely visible in the middle section of the back. The pil-
eus is largely concolorous with the back, with some small
black markings. The loreal is in contact with the 274 supra-
labial only (as is often the case in C. parallelus; in C. ocellatus,
the loreal is in contact with the 274 and 3¢ supralabials). Co-
lour pattern and pholidosis of this specimen are thus unlike
in C. ocellatus, which occurs in the same area (see Fig. 2).
Clearly, this specimen does not fit within the variation of
any of the currently described taxa from North Africa.

Morphology of the recent specimens from Missour
and Djelfa

On 9 September 2003, one of us (YH) captured a speci-
men of Chalcides in the foothills of the Djebel Missour,
near Missour (33.00° N, 4.15° W, 1060 m a.s.l.). This animal
(Fig. 3) bears a strong resemblance to PALLARY’s specimen:
its upper parts are pale brownish with five black continuous
stripes in the anterior portion of the dorsum, which turn
into indistinct ocelli in the middle section of the back, and
then disappear to leave a uniform pale brown coloration
on the lower back, legs and tail. The anterior parts of the
flanks are blackish with pale spots (ocelli), but this pattern
disappears shortly beyond the insertion level of the fore-
legs and the body sides become the same uniform colour as
the back. In the anterior portion of the body the five dor-
sal stripes and the dark area on the anterior flank delimit
two broad pale dorsolateral stripes that fade progressively
near the rear end of the first third of the body. The snout
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and subcaudal area are pale orange, the throat is white, the
belly and the lower side of the tail base are lemon-yellow,
and the pileus is uniform except for three very small dark
spots on the parietals (Fig. 3). The forelimbs and hindlimbs
are well developed with five fingers and toes, respectively.
The specimen was not collected, but measured before being
released, some scale counts were done, and a blood sam-

Figure 2. Chalcides ocellatus subtypicus in life, adult female, Na-
dor, dunes between the sea and the Mar Chica (Morocco). Pho-
tograph by V. RIVIERE.
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ple was taken (BEV.T4249). Its body scales were relative-
ly numerous (30 longitudinal rows at midbody) and the
loreal was in contact with the 274 supralabial. Its snout-vent
length was 100 mm and its non-regenerated tail length was
140 mm. The habitat where it was found is an arid steppe
at the foothills of a low mountain (Fig. 4). The other squa-
mate species known from Missour are Uromastyx nigri-
ventris ROTHSCHILD & HARTERT, 1912, Tarentola mauritan-
ica (LINNAEUS, 1758), Acanthodactylus boskianus (DAUDIN,
1802), Psammodromus algirus (LINNAEUS, 1758), Chalcides
ocellatus subtypicus, Spalerosophis dolichospilus (WERNER,
1923), and Natrix maura (LINNAEUS, 1758) (BONs & GENIEZ
1996), but this list is probably incomplete.

On 5 May 2008, a third specimen of PALLARY’s Skink was
found and photographed in Algeria by VR and Julien Vi-
glione at Khanguet-el-Melah near Ain Maadeb (province
of Dijelfa, 34.83006° N, 3.08471°E, 918 m a.s.l); a tail sam-
ple was preserved (BEV.T4238), but the specimen was not
collected. This individual (Fig. 5) is very similar to the two
previous specimens with the anterior part of the body ex-
hibiting the same colour pattern of five black stripes, poor-
ly marked ocelli except on the wide dark flank stripe from
the ear opening to a short distance behind the forelegs, pale
broad dorsolateral stripes and black flanks, giving way to a
completely uniform light brown coloration in the posterior
parts of the body, the hindlimbs and the tail. The pileus has
a black pattern (unlike YH’s specimen from Missour but like
PALLARY’s specimen), and the loreal is situated above the 27
supralabial. This third locality is situated 680 km east of Mis-
sour, but forms part of the same region of the Algero-Moroc-
can Hauts Plateaux. The habitat was similar (an arid plateau
around 1000 m a.s.l, Fig. 6). Other reptiles and amphibians
observed at this place (within a radius of 1 km) were (VR &
OP obs.) Testudo graeca LINNAEUS, 1758, Mauremys leprosa
(SCHWEIGGER, 1812), Agama bibronii DUMERIL in DUMERIL

> F

Figure 3. Chalcides montanus pallaryi ssp. n. in life, BEV.T4249, adult, Jbel Missour (Morocco). Photograph by Y. HINGRAT.
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& DUMERIL, 1851, Chamaeleo chamaeleon (LINNAEUS, 1758),
Tarentola mauritanica, Ptyodactylus oudrii LATASTE, 1880,
Acanthodactylus boskianus, Psammodromus algirus, Chalci-
des ocellatus, Trogonophis wiegmanni Kaup, 1830, Hemor-
rhois hippocrepis (LINNAEUS, 1758), Psammophis schokari
(FoRrsKAL, 1875), and Bufonidae sp. (tadpoles).

Comparison with other Chalcides spp.

The unidentified specimens are easily distinguished
from most congeneric species by morphological features.
Chalcides ocellatus and C. humilis are larger with adults
usually exceeding 110 mm in snout-vent length, lack con-
tinuous black stripes in the anterior portion of the dor-
sum, but exhibit sharply defined ocelli on the body and tail

that are arranged in transverse series and separated from
each other by 2 or 3 uniformly coloured scales (no ocelli
on the dorsum in the new taxon or, if they exist, ocelli are
not clearly defined and are separated from each other by o
or 1 uniformly coloured scale), and by the loreal scale be-
ing contiguous with both the 2™ and 3™ supralabials (with
the 2™ supralabial only in the new taxon, suggesting a
shorter nose). Chalcides manueli is either entirely uniform
brown (northern population from the Essaouira region) or
with 5 black stripes on the dorsum (southern population),
which are shorter than in the new taxon, and without ocel-
li. Chalcides colosii has no dark stripes on the dorsum, a
broad dark stripe on each flank and a broad light stripe
running along each edge of the dorsum up to the level of
the hind limbs; the loreal is frequently (but not always) sit-
uated above the 27 and 3¢ supralabials. Chalcides ebneri

Figure 5. Chalcides montanus pallaryi ssp. n. in life, BEV.T4238, adult, Khanguet-el-Melah, province of Djelfa (Algeria). Photographs
by V. RIVIERE.
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has a complete black and yellowish striped pattern without
any ocelli except on the tail. Chalcides parallelus and C. lan-
zai may look similar at a first glance, but bear many ocelli
on the whole dorsal body and tail, and the two light wide
dorsolateral stripes are frequently (parallelus) or always
(lanzai) missing. Chalcides polylepis is frequently larger (up
to 153 mm in snout-vent length), has always more scales
around the body (33-40 longitudinal scale rows vs. 30),
and the loreal scale touches the 274 and 34 supralabials, like
in C. ocellatus. Lastly, C. mionecton, C. trifasciatus, C. bou-
lengeri, C. sphenopsiformis, C. delislei, and the species of the
“grass-swimming” clade all differ obviously in body (much

elongated) and limb (much shorter) proportions and num-
bers of digits (less than five except in C. trifasciatus).
PALLARY’s Skink is most similar to the Mountain Skink,
Chalcides montanus (Fig. 7), a taxon endemic to the high
altitudes of the High Atlas in Morocco. Chalcides montanus
shares with PALLARY’s Skink the following features: mod-
erate size (around 100 mm SVL), five black dorsal stripes
continuous in the anterior portion of the back, dark ante-
rior part of the flanks delimiting two broad light dorso-
lateral stripes, snout with some orange, belly yellow, loreal
usually in contact only with the 279 supralabial, but some-
times reaching both 274 and 374 supralabials. It differs from

Figure 7. Chalcides montanus montanus in life, adult, 5 km below Oukaimeden, 2328 m a.s.1. (Morocco, High Atlas). Photograph by
P. GENIEZ.
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PaLLARY’s Skink by the existence of white and black ocel-
li all over the body including the flanks at least in adults
(but neither on the hindlimbs nor on the tail), a dark wide
stripe along the flank, and by having two broad light dorso-
lateral stripes reaching the base of the tail. As can be seen
from the PCA results (Fig. 8), the colour pattern allows to
distinguish all specimens of C. polylepis, C. manueli, and
especially the similar C. montanus from the three known
specimens of PALLARY’s skink.

15 . " C.manueli
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Figure 8. PC1 (horizontal axis) X PC2 (vertical axis) scatterplots
of three independent PCAs comparing all three known individu-
als of PALLARY’s Skink (grey triangles) with specimens of Chalci-
des manueli, C. polylepis and C. montanus montanus, respectively
(black squares).
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Genetic results

A 425-base pair (bp) alignment of the cytb gene was
avaijlable for our final analyses, with individual sequence
lengths varying from 396 to 425 bp (no indels). For the
nuclear loci, the concatenated alignment was made up of
approximately 470 bp for TROP, 665 for MCur, 650 bp for
R35, 520 for PRLR, and 540 for OD (including indels for all
genes). The loci available for every individual are listed in
Table 2, together with the Genbank accession number of
each sequence.

Both mitochondrial and nuclear data sets confirm that
the two specimens of Chalcides from Missour and Djelfa
are so closely related as to be conspecific and that they do
not belong to Chalcides ocellatus sensu lato (Figs 9-10) or
to C. parallelus. The individual nuclear gene networks re-
veal a complete lack of allele-sharing for four loci between
the sympatric Chalcides ocellatus and the new skink, sug-
gesting strong reproductive isolation (Fig. 11). Both data-
sets firmly place the new skink as sister to C. montanus,
and the mitochondrial data suggests they belong to a clade
that also includes C. manueli, C. polylepis, and C. mionec-
ton. Both nuclear and mitochondrial data sets also high-
light the genetic distinctiveness of the new skink as they do
not share nuclear or mitochondrial alleles with their clos-
est relative, C. montanus, or with any other Chalcides spp.
inhabiting Morocco. Genetic distances to the nearest spe-
cies, C. montanus, are 4.2% in cytb and 0.8% for the concat-
enated nuclear loci (Tables 3, 4)

Systematic section

The unidentified taxon represented here by the Missour
and Dijelfa specimens is morphologically and genetical-
ly distinct from all other described Chalcides spp. Even if
we could not obtain sequences from PALLARY’S specimen,
it is morphologically similar to these two specimens and
originates from the same area as the Missour specimen. We
have therefore no doubt that it belongs to the same taxon.
These three specimens thus represent a new taxon that is
genetically closely related and morphologically similar to
C. montanus, but is distinct from this taxon in morphology,
mitochondrial DNA and nuclear DNA.

These two taxa inhabit distinct ecozones, with C. monta-
nus being restricted to the upper forest belt and high-alti-
tude steppe vegetation of the High Atlas above 1782 m and
up to 3172 m a.s.l. (CAPUTO et al.1995, MARTINEZ DEL MAR-
MoL et al. 2019, present study) while the as yet unnamed
specimens have been found in the semi-arid steppe of the
Hauts Plateaux (between 9oo and 1100 m a.s.l., but only two
precise localities are known). It might be worthy of note
that we were unable to verify the identification of a spec-
imen of “Chalcides ocellatus montanus” from the eastern
High Atlas, 20 km NW Talsint, 1750 m a.s.l. (BONs 1960);
its locality (question mark in Fig. 12) is situated far from
the other known populations of C. montanus and the alti-
tude is lower than what is typical for C. montanus. Other
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species recorded at the same locality include Psammophis
schokari and Ptyodactylus oudrii, amongst others (Bons
1960). We are not convinced that this specimen indeed rep-
resents C. montanus, and it could be another specimen of
PaLLARY’s skink. This adds to the uncertainty surround-
ing the relative range limits of C. montanus and PALLARY’s
skink. Their known ranges do not currently overlap, and
while a contact zone between C. montanus and the new
taxon along the northern foothills of the eastern High At-
las is entirely possible, we need to treat the two lineages as
allopatric for the time being. The assessment of their sta-
tus (conspecific or different species) must rest on indirect
evidence such as their extent of divergence compared with
other closely related species pairs in the same group.
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Leaving aside C. lanzai and C. colosii, whose status rel-
ative to C. parallelus will clearly require further work, the
amount of nuclear genetic divergence (concatenated align-
ment, see Tables 3a, 3b) between C. montanus and the as
yet unnamed taxon is similar to the divergence between
other widely-recognised species pairs included in our data-
set (0.8% versus 0.4% for pseudostriatus — striatus, 0.6%
for mertensi — minutus, 1.2% for ocellatus — humilis) while
their amounts of mitochondrial divergence are slightly
lower (4.2% versus 5.8% for pseudostriatus — striatus, 15.6%
for mertensi — minutus, 14.8% for ocellatus — humilis, 10%
for mionecton - trifasciatus, 7.8% for manueli - polylepis).
The divergence between Chalcides montanus and the new
taxon lies in the grey area between subspecies and closely
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Figure 9. Neighbour-joining (N7, left) and Maximum likelihood (ML, right) trees of the concatenated nuclear dataset containing 7 of
the 16 Chalcides species occurring in Morocco. The new subspecies of C. montanus is highlighted in red. The values along branches
are node bootstrap supports (for support > 50%, values > 90% in bold). Discordances in the tree topology (blue) and branching order

of individuals are highlighted in different colours.
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related species. Their amount of nuclear genetic divergence
is more typical of interspecific comparisons using the same
markers in our dataset, they exhibit marked ecological
divergence, and a level of phenotypic divergence similar
to the divergence between accepted species in the genus
Chalcides in Morocco. However, they are not unambigu-
ously recovered as reciprocally monophyletic in our trees,
and we acknowledge the need for further sampling in the
eastern High Atlas and western Hauts Plateaux to better
understand if they come in contact or not and assess their
amount of reproductive isolation. We thus err on the side
of caution here and describe this new taxon as a subspecies
of Chalcides montanus pending further analyses.
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Chalcides montanus pallaryi ssp. n.

ZooBank LSID: urn:Isid:zoobank.org:act:
DFBCE8C6-D7D9-4C16-85E5-84AE9D12A 618

Holotype. MNHN-RA-1925.215, adult female from Missour
(eastern Morocco) collected by PAUL PALLARY on 30 De-
cember 1925 and deposited in the Muséum national d’'His-
toire naturelle in Paris (Fig. 1).

Etymology. Dedicated to PAUL PALLARY (1869-1942) who
collected the holotype. PAUL PALLARY was a teacher work-
ing in Algeria and a knowledgeable zoologist (particularly
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Figure 10. Neighbour-joining (NJ, left) and Maximum likelihood (ML, right) trees of the mtDNA dataset containing 11 of the 16

Chalcides species occurring in Morocco. The new subspecies of C.
node bootstrap supports (for support > 50%, values > 90% in bold).
individuals are highlighted in different colours.
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. C. nov. pallary
O C. montanus
. C. parallelus
. C. colosii
. C. lanzai

c. R35 d. TROP © c ocellats ssp

Figure 11. Median-joining networks depicting the relationships between haplotypes of the nuclear genes MClr (665 bp), PRLR
(533bp), R35 (649 bp), and TROP (470 bp). The various haplotypes are depicted in pie charts, with the slices representing a given
haplotype relative frequency (the haplotype size/frequency ratio is shown in the bottom right insert). The colours correspond to the
mitochondrial lineage assignment as defined by the phylogenetic trees (NJ vs. ML) shown above.

ALGERIA o

* Chalcides montanus pallaryi ssp. nov.
Chalcides montanus montanus

Chalcides montanus spp. indet.

® v O

Chalcides ocellatus

Figure 12. Schematic map of northwestern Africa showing the known distribution ranges of Chalcides montanus pallaryi. ssp. n. and
C. montanus montanus, and the distribution of C. ocellatus in Morocco and northern Algeria. The question mark points to a locality
(20 km NW Talsint) where C. m. montanus was recorded by Bons (1960, see text), but which might in fact refer to C. m. pallaryi.
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Table 3a. Matrix of pairwise distances between groups for the mitochondrial dataset. Analyses were conducted using the Kimura
2-parameter model, and rate variation was modelled under a gamma distribution (shape parameter = 1).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
C. colosii
C. guentheri 0.196
C. humilis 0.152 0.216
C. lanzai 0.128 0.191 0.191
C. manueli 0.169 0.217 0.180 0.170
C. mertensi 0.215 0.162 0.206 0.213 0.204
C. minutus 0.157 0.134 0.211 0.146 0.183 0.156
C. mionecton 0.189 0.225 0.189 0.217 0.134 0.244 0.223
C. montanus montanus 0.181 0.234 0.195 0.190 0.079 0.234 0.199 0.151
C. ocellatus ocellatus (Israel) 0.147 0.197 0.148 0.163 0.169 0.204 0.159 0.216 0.189

C. montanus pallaryi ssp. n.
C. parallelus

0.175 0.235 0.189
0.123 0.171 0.183

0.180 0.078 0.200 0.206 0.145 0.042 0.179
0.040 0.172 0.232 0.150 0.212 0.196 0.170 0.194

C. polylepis

C. pseudostriatus

C. striatus

C. ocellatus subtypicus (Morocco)
C. ocellatus tiligugu (Algeria)

C. ocellatus tiligugu (Tunisia)

0.177 0.228 0.186 0.193 0.078 0.212 0.184 0.145 0.073 0.178 0.074 0.198

0.167 0.139 0.203 0.174 0.157 0.140 0.116 0.221 0.184 0.150 0.192 0.172 0.182

0.180 0.139 0.194 0.170 0.190 0.160 0.130 0.233 0.189 0.177 0.196 0.172 0.201 0.058

0.108 0.207 0.103 0.146 0.152 0.188 0.155 0.156 0.189 0.129 0.175 0.139 0.175 0.182 0.178

0.154 0.196 0.125 0.154 0.147 0.213 0.159 0.179 0.169 0.101 0.173 0.178 0.157 0.154 0.178 0.115
0.144 0.201 0.115 0.164 0.160 0.220 0.158 0.186 0.165 0.111 0.164 0.167 0.155 0.167 0.194 0.097 0.044

Table 3b. Matrix of pairwise distances between groups for the concatenated nuclear dataset. Analyses were conducted using the Kimura
2-parameter model, and rate variation was modelled under a gamma distribution (shape parameter = 1).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
C. colosii
C. guentheri 0.028
C. humilis 0.015 0.024
C. lanzai 0.007 0.030 0.015
C. mertensi 0.033 0.020 0.030 0.033
C. minutus 0.029 0.016 0.024 0.029 0.006
C. montanus montanus 0.017 0.025 0.016 0.019 0.030 0.026
C. ocellatus ocellatus (Israel) 0.015 0.025 0.012 0.019 0.032 0.027 0.016
C. montanus pallaryi ssp. n. 0.022 0.032 0.018 0.022 0.037 0.034 0.008 0.023
C. parallelus 0.005 0.028 0.014 0.005 0.032 0.028 0.017 0.016 0.023
C. pseudostriatus 0.028 0.019 0.025 0.029 0.017 0.014 0.024 0.028 0.033 0.028
C. striatus 0.028 0.017 0.025 0.029 0.016 0.013 0.025 0.027 0.032 0.027 0.004
C. ocellatus subtypicus (Morocco) 0.015 0.026 0.011 0.016 0.030 0.028 0.018 0.013 0.024 0.014 0.027 0.026
C. ocellatus tiligugu (Algeria) 0.014 0.024 0.012 0.017 0.031 0.026 0.016 0.007 0.022 0.014 0.027 0.026 0.009
C. ocellatus tiligugu (Tunisia) 0.019 0.030 0.014 0.020 0.032 0.027 0.018 0.009 0.020 0.018 0.027 0.027 0.012 0.005

in continental malacology and arachnology) exploring Al-
geria and Morocco; he was also interested in geology, pre-
history and archaeology (Anonymous 2023).

Diagnosis. A medium-sized skink (around 100 mm in
snout-vent length), with 30 longitudinal scale rows around
mid-body, 5 digits on well-developed forelimbs and hind-
limbs, five continuous black dorsal stripes in the anterior
part on the back giving way to a near-uniform coloration
in the rear portion of the body in the shape of brown scales
with slightly paler centres, dark anterior part of the flanks
delimiting two broad light dorsolateral stripes that disap-
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pear at about midbody, pileus uniform or with black mark-
ings, and loreal positioned directly above the 2"¢ supra-
labial. The combination of five longitudinal black stripes in
the first third of the dorsum, ocelli on the dorsum and on
the flanks disappearing roughly in the first third or half of
the body, and two broad light dorsolateral stripes that dis-
appear at about midbody seems to be diagnostic for Chalci-
des montanus pallaryi ssp. n. See the Results section above
for comparison with other species.

Description of the holotype. An adult female in a relatively
bad state of preservation measuring 96 mm in snout-vent
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length and having 30 longitudinal scale rows at midbody,
five dark continuous longitudinal stripes in the anterior
portion of the dorsum that are separated from the dark
flank by one broad light dorsolateral stripe on each side,
this pattern progressively fades to a uniformly coloration
on the more posterior back, the flanks, the legs and the tail.
Loreal above the 274 supralabial.

Range. Moroccan and Algerian Hauts Plateaux, known
only from two areas: Missour and Jbel Missour in Moroc-
co, and Khanguet-el-Melah, near Ain Maadeb, province of
Djelfa, in Algeria, (Fig. 12).

Conclusions

The discovery of a new reptile taxon in the Western Pa-
laearctic in the 21 century illustrates the challenge of as-
sessing biodiversity erosion while we are still in the process
of describing biodiversity. Squamates of arid climates are
threatened by human activities and are highly susceptible
to climate change (MARTINEZ DEL MARMOL et al. 2019).
Paradoxically, the statuses of many of these taxa remain
indeterminate due to a lack of data. The remoteness of
their habitats and their particular habits render the study
of their biology and demography particularly challeng-
ing. The specimen found at Missour, Morocco, by YH was
maintained in captivity for two years before being released
where it had been collected. During this period, and al-
though fed ad libitum (live crickets), this individual was
active only from March to October, and was active above
the surface mainly when feeding. Outside of feeding time
and during autumn and winter, the animal remained bur-
ied and immobile. This could partly explain the apparent
rarity of this species. Indeed, species with such habits are
difficult to find and because of this, difficult to survey.

Our results have also identified numerous cases of con-
flicts between phylogenetic data and currently accepted
taxonomy (see for example the C. parallelus - lanzai - colo-
sii clade). While we refrain from proposing taxonomic de-
cisions at this stage, our data (together with the previously
published studies by CARRANZA et al. [2008] and BARATA
[2013]) highlight the need for the proper systematic revi-
sion of several species in Morocco, incorporating genetic,
ecological and morphological data on a larger number of
specimens.
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