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Abstract

Cordylus angolensis (Bocage, 1895) was described 128 years ago on the basis of a single specimen collected at Caconda in the
west-central highlands of Angola. Additional specimens referred to this species were collected at ‘Mombolo’ (also in the central
highlands) during the Vernay Angola Expedition in 1925. As the holotype was apparently destroyed in the fire of 1978 at the Museu
Bocage in Lisbon and no additional specimens have been collected, its taxonomic status and phylogenetic relationships has remained
uncertain. The species has eluded all efforts aimed at its re-discovery in the vicinity of the type locality, with a single specimen from
near Condé¢, north of Mombolo—collected in 1970 by Wulf Haacke—the only other specimen of Cordylus known from west-central
Angola. Recent field work in the Angolan highlands resulted in the collection of a series of specimens from Taqueta Mountain (west
of Caconda), Monte Verde (Sandula, ‘Mombolo’) and Uassamba (Vondo). A phylogenetic analysis, using three mitochondrial and
six nuclear genes, indicated the existence of two distinct species-level lineages in the Angolan highlands. These two species are
allopatric and morphologically distinct, differing especially in terms of their colour patterns, eye colour and certain scalation char-
acteristics. We therefore confirm that C. angolensis is a valid species and designate a neotype, and describe a new species, Cordylus
momboloensis sp. nov.
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Introduction

Cordylus Laurenti, 1768 is the most speciose and geo-
graphically widespread genus of girdled lizards (Cordyl-
idae), comprising 21 species of mainly rupicolous lizards
that occur from the south-western tip of South Aftrica
northwards through Botswana and Namibia to Angola,
and elsewhere to Mozambique, Zimbabwe, Zambia, Mala-
wi, south-eastern Democratic Republic of the Congo, Tan-
zania and Kenya, with an apparently isolated population
in southern Ethiopia (Branch 1998; Broadley and Branch
2002; Branch et al. 2005; Greenbaum et al. 2012; Bates et
al. 2014; Stanley et al. 2016; Marques et al. 2019).

Cordylus originally encompassed all heavily armoured
members of the family Cordylidae, but a phylogenetic
analysis by Stanley et al. (2011) revealed that this group-
ing was paraphyletic and the genus was consequently
divided into six genera, five of which were new. Cordy-
lus was reduced to only 20 species, with three additional
species, Cordylus marunguensis Greenbaum et al., 2012,
Cordylus namakuiyus Stanley et al., 2016, and Cordylus
phonolithos Marques et al., 2019 described subsequent-
ly. Two species in the C. minor FitzSimons, 1943 group,
namely C. cloetei Mouton & Van Wyk, 1994 and C. ari-
dus Mouton & Van Wyk, 1994, were recently synony-
mised with C. minor (Tolley et al. 2021).

Stanley et al. (2011) identified two geographically dis-
tinct clades within Cordylus, a predominantly East African
group (that also included the Angolan Cordylus machadoi
Laurent, 1964) containing species found from the South
African province of Mpumalanga northwards to Ethiopia
(see Broadley and Branch 2002), and a Cape group con-
taining species restricted mainly to the Western and Eastern
Cape provinces of South Africa (see Branch 1998; Bates
et al. 2014). Within the more northerly East African group,
Cordylus vittifer (Reichenow, 1887) was recovered as sis-
ter to all other species, with Cordylus jonesii (Boulenger,
1891), C. machadoi and Cordylus rhodesianus (Hewitt,
1933) forming a clade sister to the remaining eastern and
northern species. Subsequently, more species-rich phylog-
enies returned the Angolan C. machadoi as sister to the
East African group (Greenbaum et al. 2012; Stanley et al.
2016; Marques et al. 2019). However, the phylogenetic
position of another Angolan species of Cordylus, C. ango-
lensis Bocage, 1895, remained unknown as the latter was
not sampled in any of these studies.

Despite some early reptile and amphibian collecting
in Angola during the colonial era (e.g., Bocage 1895;
Schmidt 1933; Parker 1936; Monard 1937; Hellmich
1957; Laurent 1964), there were few subsequent collec-
tions (e.g., Branch and McCartney 1992) until the first de-
cade of the 21 century. Angola has experienced long-last-
ing political instability and armed conflicts, starting with
the Angolan struggle for national liberation (1961-1974),
and following independence from Portuguese rule in
1975, by the Angolan Civil War (1975-2002). With the
advent of peace and increased security across the coun-
try, modern surveys have revealed a very rich herpeto-
logical diversity (e.g., Haacke 2008; Huntley 2009, 2011;

Conradie et al. 2012a, 2012b, 2013, 2016, 2020a, 2020b,
2021, 2022a, 2022b; Ceriaco et al. 2014, 2016, 2018,
2020a, 2020b, 2020c, 2021; Branch and Conradie 2015;
Stanley et al. 2016; Branch et al. 2017, 2018, 2019a,
2019b, 2021; Branch 2018a; Baptista et al. 2018, 2019a,
2020; Marques et al. 2019, 2020, 2022a, 2022b, 2023; Vaz
Pinto et al. 2019, 2021; Hallerman et al. 2020; Nielsen et
al. 2020; Lobdén-Rovira et al. 2021, 2022a, 2022b, 2022c;
Parrinha et al. 2021; Wagner et al. 2021). Historical re-
cords of reptiles and amphibians in Angola (1840 to 2017)
were recently summarised and mapped by Marques et al.
(2018), a checklist of the country’s snakes was published
by Branch (2018b), and summaries of current knowledge
of reptiles and amphibians were produced by Branch et al.
(2019c) and Baptista et al. (2019b) respectively.

Four species of Cordylus have been recorded from
Angola, namely C. angolensis and three closely relat-
ed species restricted to the south-western parts of the
country, namely C. machadoi, C. namakuiyus and C.
phonolithos. Bocage (1895) examined three specimens
of Angolan Cordylus, all of which he considered simi-
lar to Cordylus cordylus (Linnaeus, 1758). He described
Zonurus (= Cordylus) angolensis on the basis of one of
these specimens, sent from Caconda (13°46’S, 15°05’E)
in the west-central part of Angola by the Portuguese col-
lector José Alberto de Oliveira Anchieta (1832—1897).
The other two specimens without specific localities were
assigned to Z. cordylus. Perhaps because the description
of Z. angolensis is contained under the heading “Zonurus
cordylus” and Bocage (1895: 25) noted that it was “in-
cluded in our catalogues provisionally under the name
Z. angolensis” (translated from French), he neglected to
mention this species in his subsequent list of type speci-
mens in the Lisbon collection (Bocage 1897). The holo-
type of Z. angolensis is presumed to have been destroyed
in the fire of 1978 at the Museu Bocage in Lisbon (Al-
maga and Neves 1987; Madruga 2011).

Broadley (1965, 1966) split the genus Cordylus into
two groups on the basis of habitat: an essentially East Af-
rican group of mainly tree-living species, and a South Af-
rican-Zimbabwe group of more strongly depressed rupi-
colous taxa (see also Visser 1971). Although nothing was
known about its habitat use, Broadley (1965) assigned C.
angolensis—presumably on geographical grounds—to
the more northerly group of partly arboreal species.

Broadley (1971: 22) considered the taxonomy of the
northern forms of Cordylus and noted “I have examined
the type and only known specimen of Zonurus angolensis
Bocage from Caconda, Angola, and it is probably synon-
ymous with C. t. tropidosternum Cope, having the three
outer rows of ventrals keeled and mucronate and the tail
almost equal to snout-vent length in spite of the tip being
missing.” Broadley and Branch (2002: 10) noted that C.
angolensis appeared to be a valid species, but “only three
or four specimens are available, so this species should
be redescribed when more material becomes available
from Angola”. The additional specimens they referred to
were three lizards from Mombolo in the collection of the
American Museum of Natural History (New York) col-
lected in Angola during the Vernay Angola Expedition in
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1925 (Bogert 1940) and another specimen (Ditsong Na-
tional Museum of Natural History [formerly Transvaal
Museum], Pretoria) from near Condé further north in the
country (D.G. Broadley in litt. 17 April 2009).
Greenbaum et al. (2012) examined three (AMNH
R4733-5) Mombolo specimens for which they provided
various measurements and scale counts. Although they
referred their material to C. angolensis because it was
similar to Bocage’s (1895) holotype with regard to colour
pattern, head dimensions, lack of a loreal scale, presence
of a small row of scales between the anal plates, and in
having similar numbers of transverse rows of ventrals,
they noted that their specimens had only 11-12 longitu-
dinal rows of ventrals compared to 16 in the holotype.
Reissig (2014) also provided scalation data for ‘C. an-
golensis’, but without reference to museum material, and
mapped it at the two localities mentioned above.
Cordylus vittifer machadoi was described by Laurent
(1964) on the basis of a male holotype (see fig. 26 in
Ceriaco et al. 2020d) and a juvenile paratype (Fig. S1),
both collected at an elevation of 1800 m a.s.l. at Leba
(15°03’S, 13°16’E) on the Humpata Plateau, Huila Prov-
ince, Angola. This locality is about 240 km south-west of
Caconda, the type locality of C. angolensis. A few addi-
tional nearby localities for C. machadoi were added by
Stanley et al. (2016). Laurent (1964) considered his An-
golan lizards to be closely related to South African popu-
lations of C. vittifer (Figs 1, S2), despite them occurring
about 1600 km apart, as they shared the characteristically
elongated scales of the first row of transverse dorsals (see
FitzSimons 1943, p. 461 and fig. 368; this feature is also
present in C. namakuiyus and C. phonolithos). Cordylus
v. machadoi was distinguished from other C. vittifer on
the basis of its greater numbers of longitudinal dorsal
scale rows (26-28 versus 20-24) and a narrower rostral
scale (2.32-2.34 times wider than deep versus 3—4 times
wider). Reichenow (1887), in his original description of
Zonurus vittifer (Fig. S2), reported only 20-22 longitudi-
nal dorsal scale rows and did not mention the size or shape
of the rostral, and it therefore seems that Laurent (1964)
was referring to Loveridge (1944a, see table on p. 15) and
possibly also FitzSimons (1943) when comparing macha-
doi to vittifer. It should be noted that concepts of species
boundaries within Cordylus around the time of Laurent’s
(1964) description were very different from what they are
now. At that time, biological rather than lineage-based
species concepts were often followed, and morpholog-
ical similarity was used to rank populations, sometimes
resulting in morphologically distinct and geographically
disparate populations being considered subspecies. Both
FitzSimons (1943) and Loveridge (1944a), for example,
recognized several subspecies of C. cordylus, often iso-
lated, occurring from the Cape Peninsula (C. c. cordylus)
to as far north as Zimbabwe (i.e., C. c. rhodesianus = C.
rhodesianus) and central Namibia (C. c. pustulatus [Pe-
ters, 1862] = Namazonurus pustulatus); and Loveridge
(1944a) considered Z. angolensis a subspecies of C.
cordylus, despite a geographical gap of about 2000 km.
Material from “Damaraland” (north-western Namib-
ia), identified as Zonurus griseus Cuvier, 1829 by Pe-

ters (1869) and Z. cordylus by Boulenger (1885), was
referred to Cordylus cordylus angolensis by Loveridge
(1944a) and Mertens (1955, 1971), although this region
is close to southerly records of C. namakuiyus in Angola
(Lobon-Rovira et al. 2022b) and C. cf. machadoi in adja-
cent northern Namibia (Stanley et al. 2016). However, the
Damaraland material cannot be assigned to any species of
Cordylus with certainty as Peters (1869) did not provide
morphological data, while Boulenger’s (1885) descrip-
tion included material (probably C. cordylus) from South
Africa, and he does not mention the characteristically
elongated first row of transverse dorsals that characteris-
es the C. machadoi group (C. machadoi, C. namakuiyus,
C. phonolithos) and C. vittifer. Peters’ specimens were
probably deposited in the collection of the Museum fiir
Naturkunde der Humboldt-Universitit, Berlin, but most
Namibian Cordylus specimens there are without specific
localities and it was not possible to trace any specimens
specifically from Damaraland (F. Tillack in litt. 2 Feb-
ruary 2012). Mertens (1955, 1971) suggested that “C. c.
pustulatus” may be a junior synonym of “C. c. angolen-
sis”, but N. pustulatus is in fact morphologically distinct
and restricted to central Namibia (Branch 1998).

Monard (1937) referred Bocage’s (1895) two Angolan
“C. cordylus” without localities to C. vittifer, but it is not
clear why he was of that opinion. Perhaps he had in fact
examined some of the Angolan material and had observed
the elongated first row of transverse dorsals that character-
ises C. vittifer and the C. machadoi group. Nevertheless,
Loveridge (1944a) disagreed with Monard and suggest-
ed, apparently on the basis of their assumed geographi-
cal proximity, that Bocage’s Cordylus were all referable
to C. c. angolensis. Loveridge (1944a: 39) also noted that
Boulenger’s (1897) record of a Zonurus cordylus from the
Aruwimi River (a tributary of the Congo River) in Dem-
ocratic Republic of the Congo “may be angolensis or else
an undescribed form, it certainly would not be typical
cordylus.” Laurent (1964) felt that Monard (1937) could
not have assigned the two Angolan specimens (lacking
locality details) to C. vittifer based on the information pre-
sented by Bocage. Bocage’s (1895) description of these
specimens includes sparse details and the scalation details
given do not identify the specimens with certainty as C.
machadoi, C. namakuiyus or C. phonolithos. However, the
same details do not unequivocally refer these specimens
to C. angolensis as suggested by Loveridge (1944a), and
Bocage’s specimens may likely represent the first Angolan
records of either C. machadoi or C. namakuiyus, consider-
ing that his main provider of Angolan material, José¢ de An-
chieta, collected extensively within the geographical range
of these two species, and not C. phonolithos (see below)
which is restricted to Serra da Neve. The problem is now
academic, as these specimens, along with the holotype of
C. angolensis, were apparently destroyed in the fire at the
Museu Bocage in Lisbon in 1978. Although Bocage’s de-
scription of C. angolensis is brief and unillustrated, there
is little reason to suggest that his species is synonymous
with C. machadoi, C. namakuiyus or C. phonolithos.

A molecular phylogeny conducted by Stanley et al.
(2016) on cordylids from south-western Angola deter-
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Figure 1. Live specimens of various species of Cordylus: A C. machadoi (PEM R25218 — 6 km north of Humpata, Huila Province,
Angola; photo: William R. Branch); B C. namakuiyus (PEM R18005 — between Namibe and Omahua lodge, Namibe Province,
Angola; photo: William R. Branch); C C. phonolithos (CAS 263581, holotype — vicinity of N’Dolondolo, Serra da Neve, Namibe
Province, Angola; photo: Luis M. P. Ceriaco); D C. rhodesianus (near Chimoio, Mozambique; photo: David Maguire); E C. tropi-
dosternum (Kayalekera, Malawi; photo: Luke Verburgt); F C. jonesii (Umbabat Private Nature Reserve, Mpumalanga Province,
South Africa; photo: Darren Pietersen); G C. vittifer (NMB R8523 — Farm: Dipka 220, Vrede district, Free State Province, South
Africa; photo: Michael F. Bates); H C. cordylus (NMB R8540 — Ha Sehlaba, Lesotho; photo: Michael F. Bates). Representatives of
all four Cordylus clades recovered by the current genetic analysis are included.
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mined that C. machadoi occurred at high elevations on the
Humpata Plateau, while populations in the Pro-Namib, at
lower elevations in the more arid western parts, represent-
ed a new species, C. namakuiyus. Morphologically, the
latter species differed most notably from C. machadoi on
account of its extensive osteodermal armour, and posses-
sion of a large interparietal scale that completely separates
the anterior parietals (in C. machadoi the interparietal is
small and does not fully separate the anterior parietals).
The status of Namibian populations from Baynes and Oti-
jihipa mountains referred to as C. machadoi (e.g., Branch
1998; Stanley et al. 2016, as C. cf. machadoi) remains un-
clear as they have not been subjected to genetic analysis,
although newly-collected Cordylus namakuiyus material
from the highlands of Iona National Park (2033 m eleva-
tion), near the southern border of Angola (Lobdén-Rovira
et al. 2022b), suggests that the material from Baynes and
Otjihipa mountains may belong to this species. Speci-
mens were recently collected in the Otjihipa Mountains
and will be subjected to genetic analysis to examine their
status (F. Becker pers comm. 2022).

A third species in the C. machadoi group, namely C.
phonolithos, was described by Marques et al. (2019). It
was based on a subadult male (holotype) and a juvenile
(paratype) collected at Serra da Neve inselberg, north of
the other two species and about 200 km west of Caconda.
The new species was shown to be the sister species to C.
machadoi + C. namakuiyus. The authors named several
morphologically diagnostic features that distinguished
their new species from the latter two species, but with a
larger sample at hand, most of these characters appear to
be variable (see below; P. Vaz Pinto and J. Lobén-Rovira,
unpubl. data).

Fortunately, the holotype of C. angolensis was exam-
ined at the Museu Bocage in 1968 by the late Dr Donald
Broadley (Natural History Museum, Bulawayo) before it
was apparently destroyed in the fire a decade later. Broad-
ley’s scale counts agree with data presented by Bocage
(1895), but he also recorded additional morphological
data (see below). A series of five specimens from Mom-
bolo on the plateau in west-central Angola, collected on
11 September 1925 by H. and A. Chapman during the
Vernay Angola Expedition, were initially catalogued at
the American Museum of Natural History (New York)
as “Cordylus tropidosternum jonesii”. Although similar
to C. angolensis, to which they were referred by Broad-
ley and Branch (2002) and Greenbaum et al. (2012), it
was evident that these specimens differed with regard to
certain scalation characteristics. Differences in morphol-
ogy between C. angolensis and the Mombolo samples
mentioned above led us to hypothesise that at least two
distinct species were present in the central-western high-
lands of Angola.

Recent field work in central-western Angola resulted
in the collection of a series of specimens from Taqueta
Mountain (c. 100 kms west of Caconda), Monte Verde
(Sandula, ‘Mombolo’) and Mount Uassamba (Vondo). In
order to examine the evolutionary relationships between
these populations, we conducted a phylogenetic analysis
using three mitochondrial and six nuclear genes. A de-

tailed morphological evaluation was also conducted, indi-
cating the existence of two distinct species, one of which
we refer to C. angolensis, while the other represents a
new species (initially referred to as C. ‘Mombolo’) which
we describe below.

Materials and methods

Molecular analysis

Sampling

Between 2016 and 2021, specimens of Cordylus were col-
lected across Angola, focusing on the central highlands. A
total of 25 specimens, comprising 12 C. angolensis-like
specimens and 13 specimens of the C. machadoi group,
were collected as vouchers. Specimens were euthanised
by injection of tricaine methanesulfonate (MS222) (Con-
roy et al. 2009). After euthanasia, specimens were fixed
in 10% formalin, after which they were transferred to
70% ethanol for long-term storage in the Museo Nacion-
al de Ciencias Naturales (MNCN), Spain, Port Elizabeth
Museum, Ggeberha (PEM), South Africa and Fundagao
Kissama (FKH), Angola. For phylogenetic analyses, liver
or muscle samples were collected and stored in 96% or
99% ethanol. Localities were recorded by Global Posi-
tioning System (WGS84 co-ordinate system).

Molecular data

Phylogenetic analysis was used to provide a phylogenetic
context and support the morphological findings. For that
purpose we generated 213 new Cordylus sequences from
24 individuals from across Angola following Stanley et
al. (2011), summarised in Table 1. DNA was extracted us-
ing EasySpin Genomic DNA Tissue Kit (Citomed, Portu-
gal), following the manufacturer’s protocols. PCR ampli-
fications were performed to amplify three mitochondrial
genes (168, 125 and ND2) and six nuclear genes (RAG-1,
c-mos, BDNF, PRLR, MYH2 and Kif24) following Stan-
ley et al. (2011, 2016). Primer and PCR conditions are
presented in Table 2. For phylogenetic comparisons we
combined the newly-generated sequences and comple-
mented this with previously published sequence data of
60 Cordylus individuals (Stanley et al. 2011, 2016; Gree-
baum et al. 2012; Nielsen and Colston 2014; Marques et
al. 2019), using Namazonurus campbelli (FitzSimons,
1938) as outgroup, and Pseudocordylus + Ouroborus as
sister groups (Stanley et al. 2011; Table 1). Samples of
20 of the 21 known species (excluding only C. nyikae
Broadley & Mouton, 2000) were included in the analysis.
Sequences were cleaned and inspected visually using GE-
NEIOUS Prime v2021.1.1 (http://www.geneious.com),
and aligned using MUSCLE with the same software. Fi-
nally, sequences were concatenated using MESQUITE
v3.6 (Madisson and Madisson 2019). All sequences have
been deposited in GenBank (Table 1).
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http://www.ncbi.nlm.nih.gov/nuccore/KT941411
http://www.ncbi.nlm.nih.gov/nuccore/HQ167430
http://www.ncbi.nlm.nih.gov/nuccore/KT941416
http://www.ncbi.nlm.nih.gov/nuccore/HQ167211
http://www.ncbi.nlm.nih.gov/nuccore/HQ167100
http://www.ncbi.nlm.nih.gov/nuccore/HQ167540
http://www.ncbi.nlm.nih.gov/nuccore/HQ167322
http://www.ncbi.nlm.nih.gov/nuccore/KT941414
http://www.ncbi.nlm.nih.gov/nuccore/KT941412
http://www.ncbi.nlm.nih.gov/nuccore/HQ167431
http://www.ncbi.nlm.nih.gov/nuccore/KT941417
http://www.ncbi.nlm.nih.gov/nuccore/HQ167233
http://www.ncbi.nlm.nih.gov/nuccore/HQ167122
http://www.ncbi.nlm.nih.gov/nuccore/HQ167562
http://www.ncbi.nlm.nih.gov/nuccore/HQ167344
http://www.ncbi.nlm.nih.gov/nuccore/KT941415
http://www.ncbi.nlm.nih.gov/nuccore/HQ167453
http://www.ncbi.nlm.nih.gov/nuccore/KT941418
http://www.ncbi.nlm.nih.gov/nuccore/HQ167234
http://www.ncbi.nlm.nih.gov/nuccore/HQ167123
http://www.ncbi.nlm.nih.gov/nuccore/HQ167563
http://www.ncbi.nlm.nih.gov/nuccore/HQ167345
http://www.ncbi.nlm.nih.gov/nuccore/HQ167454
http://www.ncbi.nlm.nih.gov/nuccore/HQ167212
http://www.ncbi.nlm.nih.gov/nuccore/HQ167101
http://www.ncbi.nlm.nih.gov/nuccore/HQ166997
http://www.ncbi.nlm.nih.gov/nuccore/HQ167541
http://www.ncbi.nlm.nih.gov/nuccore/HQ167323
http://www.ncbi.nlm.nih.gov/nuccore/HQ167432
http://www.ncbi.nlm.nih.gov/nuccore/HQ167169
http://www.ncbi.nlm.nih.gov/nuccore/HQ167058
http://www.ncbi.nlm.nih.gov/nuccore/HQ166958
http://www.ncbi.nlm.nih.gov/nuccore/HQ167498
http://www.ncbi.nlm.nih.gov/nuccore/HQ167280
http://www.ncbi.nlm.nih.gov/nuccore/KT941186
http://www.ncbi.nlm.nih.gov/nuccore/HQ167389
http://www.ncbi.nlm.nih.gov/nuccore/KT941149
http://www.ncbi.nlm.nih.gov/nuccore/HQ167170
http://www.ncbi.nlm.nih.gov/nuccore/HQ167059
http://www.ncbi.nlm.nih.gov/nuccore/HQ166959
http://www.ncbi.nlm.nih.gov/nuccore/HQ167499
http://www.ncbi.nlm.nih.gov/nuccore/HQ167281
http://www.ncbi.nlm.nih.gov/nuccore/HQ167390
http://www.ncbi.nlm.nih.gov/nuccore/HQ167216
http://www.ncbi.nlm.nih.gov/nuccore/HQ167105
http://www.ncbi.nlm.nih.gov/nuccore/HQ166999
http://www.ncbi.nlm.nih.gov/nuccore/HQ167545
http://www.ncbi.nlm.nih.gov/nuccore/HQ167327
http://www.ncbi.nlm.nih.gov/nuccore/HQ167436
http://www.ncbi.nlm.nih.gov/nuccore/HQ167217
http://www.ncbi.nlm.nih.gov/nuccore/HQ167106
http://www.ncbi.nlm.nih.gov/nuccore/HQ167000
http://www.ncbi.nlm.nih.gov/nuccore/HQ167546
http://www.ncbi.nlm.nih.gov/nuccore/HQ167328
http://www.ncbi.nlm.nih.gov/nuccore/KT941211
http://www.ncbi.nlm.nih.gov/nuccore/KT941374
http://www.ncbi.nlm.nih.gov/nuccore/HQ167437
http://www.ncbi.nlm.nih.gov/nuccore/KT941174
http://www.ncbi.nlm.nih.gov/nuccore/HQ167218
http://www.ncbi.nlm.nih.gov/nuccore/HQ167107
http://www.ncbi.nlm.nih.gov/nuccore/HQ167001
http://www.ncbi.nlm.nih.gov/nuccore/HQ167547
http://www.ncbi.nlm.nih.gov/nuccore/HQ167329
http://www.ncbi.nlm.nih.gov/nuccore/HQ167438
http://www.ncbi.nlm.nih.gov/nuccore/HQ167221
http://www.ncbi.nlm.nih.gov/nuccore/HQ167110
http://www.ncbi.nlm.nih.gov/nuccore/HQ167004
http://www.ncbi.nlm.nih.gov/nuccore/HQ167550
http://www.ncbi.nlm.nih.gov/nuccore/HQ167332
http://www.ncbi.nlm.nih.gov/nuccore/KT941212
http://www.ncbi.nlm.nih.gov/nuccore/KT941375
http://www.ncbi.nlm.nih.gov/nuccore/HQ167441
http://www.ncbi.nlm.nih.gov/nuccore/KT941175
http://www.ncbi.nlm.nih.gov/nuccore/HQ167222
http://www.ncbi.nlm.nih.gov/nuccore/HQ167111
http://www.ncbi.nlm.nih.gov/nuccore/HQ167005
http://www.ncbi.nlm.nih.gov/nuccore/HQ167551
http://www.ncbi.nlm.nih.gov/nuccore/HQ167333
http://www.ncbi.nlm.nih.gov/nuccore/HQ167442
http://www.ncbi.nlm.nih.gov/nuccore/HQ167219
http://www.ncbi.nlm.nih.gov/nuccore/HQ167108
http://www.ncbi.nlm.nih.gov/nuccore/HQ167002
http://www.ncbi.nlm.nih.gov/nuccore/HQ167548
http://www.ncbi.nlm.nih.gov/nuccore/HQ167330
http://www.ncbi.nlm.nih.gov/nuccore/KT941213
http://www.ncbi.nlm.nih.gov/nuccore/KT941376
http://www.ncbi.nlm.nih.gov/nuccore/HQ167439
http://www.ncbi.nlm.nih.gov/nuccore/KT941176
http://www.ncbi.nlm.nih.gov/nuccore/HQ167220
http://www.ncbi.nlm.nih.gov/nuccore/HQ167109
http://www.ncbi.nlm.nih.gov/nuccore/HQ167003
http://www.ncbi.nlm.nih.gov/nuccore/HQ167549
http://www.ncbi.nlm.nih.gov/nuccore/HQ167331
http://www.ncbi.nlm.nih.gov/nuccore/HQ167440
http://www.ncbi.nlm.nih.gov/nuccore/HQ167230
http://www.ncbi.nlm.nih.gov/nuccore/HQ167119
http://www.ncbi.nlm.nih.gov/nuccore/HQ167013
http://www.ncbi.nlm.nih.gov/nuccore/HQ167559
http://www.ncbi.nlm.nih.gov/nuccore/HQ167341
http://www.ncbi.nlm.nih.gov/nuccore/KT941214
http://www.ncbi.nlm.nih.gov/nuccore/KT941377
http://www.ncbi.nlm.nih.gov/nuccore/HQ167450
http://www.ncbi.nlm.nih.gov/nuccore/KT941177
http://www.ncbi.nlm.nih.gov/nuccore/HQ167231
http://www.ncbi.nlm.nih.gov/nuccore/HQ167120
http://www.ncbi.nlm.nih.gov/nuccore/HQ167014
http://www.ncbi.nlm.nih.gov/nuccore/HQ167560
http://www.ncbi.nlm.nih.gov/nuccore/HQ167342
http://www.ncbi.nlm.nih.gov/nuccore/HQ167451
http://www.ncbi.nlm.nih.gov/nuccore/KT941405
http://www.ncbi.nlm.nih.gov/nuccore/KT941402
http://www.ncbi.nlm.nih.gov/nuccore/KT941397
http://www.ncbi.nlm.nih.gov/nuccore/KT941392
http://www.ncbi.nlm.nih.gov/nuccore/KT941389
http://www.ncbi.nlm.nih.gov/nuccore/KT941215
http://www.ncbi.nlm.nih.gov/nuccore/KT941378
http://www.ncbi.nlm.nih.gov/nuccore/KT941388
http://www.ncbi.nlm.nih.gov/nuccore/KT941178
http://www.ncbi.nlm.nih.gov/nuccore/HQ167236
http://www.ncbi.nlm.nih.gov/nuccore/HQ167125
http://www.ncbi.nlm.nih.gov/nuccore/HQ167565
http://www.ncbi.nlm.nih.gov/nuccore/HQ167347
http://www.ncbi.nlm.nih.gov/nuccore/HQ167456
http://www.ncbi.nlm.nih.gov/nuccore/HQ167235
http://www.ncbi.nlm.nih.gov/nuccore/HQ167124
http://www.ncbi.nlm.nih.gov/nuccore/KT941398
http://www.ncbi.nlm.nih.gov/nuccore/HQ167564
http://www.ncbi.nlm.nih.gov/nuccore/KT941216
http://www.ncbi.nlm.nih.gov/nuccore/KT941379
http://www.ncbi.nlm.nih.gov/nuccore/HQ167455
http://www.ncbi.nlm.nih.gov/nuccore/KT941179
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Phylogenetic analysis

Bayesian inference (BI) and maximum likelihood (ML)
analyses were performed with sequence data for 85 speci-
mens using separate analyses for each gene, as well as dif-
ferent analyses for concatenated sets of three mitochon-
drial genes (ND2, 16S and 12S) and six nuclear genes
(RAG-1, c-mos, BDNF, PRLR, MYH2 and Kif24), and
all genes combined. The partitioning schemes were de-
termined using PartitionFinder2 (Lanfear et al. 2017) and
the best substitution model of sequence evolution was se-
lected using ModelFinder (Kalyaanamoorthy et al. 2017)
in IQ-Tree v.1.6.12, with the Bayesian Information Crite-
rion (BIC). We partitioned the combined dataset by gene,
as suggested in PartitionFinder2. The best fit substitu-
tion models were TN+F+I+G4 (ND2), TPM2u+F+1+G4
(125), TIM2e+I+G4 (16S), HKY+F+I (RAG-1), TP-
M2u+F+I (c-mos), K2P+I (BDNF), K2P+G4 (PRLR),
K2P+G4 (MYH2) and TNe+I+G4 (Kif24). Phylogenies
were constructed based on concatenated data. Bayesian
inference analyses were conducted with MrBayes v.3.2.7
(Ronquist et al. 2012) on CIPRES (Miller et al. 2010)
with nine partitions of the concatenated dataset, while
ML was performed in 1Q-Tree v.1.6.12 using “ultrafast”
bootstrapping option (Trifinopoulos et al. 2016). The fi-
nal BI analysis was run for 10 x 10° generations of the
Metropolis coupled Markov chain Monte Carlo [(MC)3],
sampled every 1000 generations. Convergence was as-
sessed by examining the effective sample size (ESS)
values using Tracer 1.7 (Rambaut et al. 2014) where all
parameter values had ESS values >200, and 25% of the
trees obtained were discarded as burn-in, to generate a
50% majority rule consensus tree in MrBayes. We set the
substitution model space with the option Iset nst=mixed
rates=invgamma. Bootstrap analyses (BS) with 1000
pseudoreplicates were used to evaluate relative branch
support. Bootstrap values of 95% or higher were consid-
ered as supported (Huelsenbeck and Hillis 1993). Poste-
rior probabilities (PP) were used to assess nodal support,
and PP > 0.95 was considered strongly supported. Uncor-
rected pairwise sequence divergences (p-distance) were
calculated for ND2 sequences in MEGA v.10.1.7 (Kumar
et al. 2018).

The identity of an individual from Morro do Pundo,
Bocoio (P1-279 in Table 1), for which only a tail tip was
obtained, was determined (as C. ‘Mombolo’) using the
16S marker under the conditions as defined above. This
sample was not included in the phylogenetic analysis, but
its locality was plotted on the distribution map below.

Morphological evaluation

Material examined

This study was based on material in the herpetological
holdings of the following museums/collections: Ameri-
can Museum of Natural History, New York (AMNH);
Ditsong National Museum of Natural History (formerly
Transvaal Museum), Pretoria (TM); Florida Museum of


http://www.ncbi.nlm.nih.gov/nuccore/HQ167237
http://www.ncbi.nlm.nih.gov/nuccore/HQ167126
http://www.ncbi.nlm.nih.gov/nuccore/KT941399
http://www.ncbi.nlm.nih.gov/nuccore/HQ167566
http://www.ncbi.nlm.nih.gov/nuccore/HQ167348
http://www.ncbi.nlm.nih.gov/nuccore/KT941217
http://www.ncbi.nlm.nih.gov/nuccore/KT941380
http://www.ncbi.nlm.nih.gov/nuccore/HQ167457
http://www.ncbi.nlm.nih.gov/nuccore/KT941180
http://www.ncbi.nlm.nih.gov/nuccore/HQ167241
http://www.ncbi.nlm.nih.gov/nuccore/HQ167130
http://www.ncbi.nlm.nih.gov/nuccore/HQ167019
http://www.ncbi.nlm.nih.gov/nuccore/HQ167570
http://www.ncbi.nlm.nih.gov/nuccore/HQ167352
http://www.ncbi.nlm.nih.gov/nuccore/KT941218
http://www.ncbi.nlm.nih.gov/nuccore/KT941381
http://www.ncbi.nlm.nih.gov/nuccore/HQ167461
http://www.ncbi.nlm.nih.gov/nuccore/KT941181
http://www.ncbi.nlm.nih.gov/nuccore/HQ167242
http://www.ncbi.nlm.nih.gov/nuccore/HQ167131
http://www.ncbi.nlm.nih.gov/nuccore/HQ167020
http://www.ncbi.nlm.nih.gov/nuccore/HQ167571
http://www.ncbi.nlm.nih.gov/nuccore/HQ167353
http://www.ncbi.nlm.nih.gov/nuccore/KT941219
http://www.ncbi.nlm.nih.gov/nuccore/KT941382
http://www.ncbi.nlm.nih.gov/nuccore/HQ167462
http://www.ncbi.nlm.nih.gov/nuccore/KT941182
http://www.ncbi.nlm.nih.gov/nuccore/HQ167243
http://www.ncbi.nlm.nih.gov/nuccore/HQ167132
http://www.ncbi.nlm.nih.gov/nuccore/HQ167021
http://www.ncbi.nlm.nih.gov/nuccore/HQ167572
http://www.ncbi.nlm.nih.gov/nuccore/HQ167354
http://www.ncbi.nlm.nih.gov/nuccore/KT941220
http://www.ncbi.nlm.nih.gov/nuccore/KT941383
http://www.ncbi.nlm.nih.gov/nuccore/HQ167463
http://www.ncbi.nlm.nih.gov/nuccore/KT941183
http://www.ncbi.nlm.nih.gov/nuccore/HQ167174
http://www.ncbi.nlm.nih.gov/nuccore/HQ167063
http://www.ncbi.nlm.nih.gov/nuccore/HQ166962
http://www.ncbi.nlm.nih.gov/nuccore/HQ167503
http://www.ncbi.nlm.nih.gov/nuccore/HQ167285
http://www.ncbi.nlm.nih.gov/nuccore/KT941221
http://www.ncbi.nlm.nih.gov/nuccore/KT941384
http://www.ncbi.nlm.nih.gov/nuccore/HQ167394
http://www.ncbi.nlm.nih.gov/nuccore/KT941184
http://www.ncbi.nlm.nih.gov/nuccore/HQ167177
http://www.ncbi.nlm.nih.gov/nuccore/HQ167066
http://www.ncbi.nlm.nih.gov/nuccore/HQ166965
http://www.ncbi.nlm.nih.gov/nuccore/HQ167506
http://www.ncbi.nlm.nih.gov/nuccore/HQ167288
http://www.ncbi.nlm.nih.gov/nuccore/KT941222
http://www.ncbi.nlm.nih.gov/nuccore/KT941385
http://www.ncbi.nlm.nih.gov/nuccore/HQ167397
http://www.ncbi.nlm.nih.gov/nuccore/KT941185
http://www.ncbi.nlm.nih.gov/nuccore/HQ167268
http://www.ncbi.nlm.nih.gov/nuccore/HQ167157
http://www.ncbi.nlm.nih.gov/nuccore/HQ167046
http://www.ncbi.nlm.nih.gov/nuccore/HQ167597
http://www.ncbi.nlm.nih.gov/nuccore/HQ167379
http://www.ncbi.nlm.nih.gov/nuccore/HQ167486
http://www.ncbi.nlm.nih.gov/nuccore/HQ167267
http://www.ncbi.nlm.nih.gov/nuccore/HQ167156
http://www.ncbi.nlm.nih.gov/nuccore/HQ167596
http://www.ncbi.nlm.nih.gov/nuccore/HQ167378
http://www.ncbi.nlm.nih.gov/nuccore/HQ167485
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Table 2. PCR primer details used for this study.

Gene Primer Length (bp) | Sequence Reference

16S 16Sa 581 5" CGCCTGTTTATCAAAAACAT 3° Simon et al. (1994)
16Sb 5" CCGGTCTGAACTCAGATCACGT 3’

128 12s£700 459 5 AAACTGGGATTAGATACCCCACTAT 3° Stanley et al. (2011)
12sr600 5" GAGGGTGACGGCGGTGTGT 3°

ND2 L4437-R 1025 5" AAGCTTTCGGGCCCATACC 3° Macey et al. (1997)
H5540-F 5 TTTAGGGCTTTGAAGGC 3°
R102 5" CAGCCTAGGTGGGCGATTG 3~ Stanley et al. (2011)

RAG-1 |RAGI fla 1040 57 CAGCTGYAGCCARTACCATAAAAT 3° Wiens et al. (2010)
RAGI_r2 5" CTTTCTAGCAAAATTTCCATTCAT 3°

c-mos G73 407 5" GCGGTAAAGCAGGTGAAGAAA 3° Wiens et al. (2010)
G74 5" TGAGCATCCAAAGTCTCCAATC 3°

BDNF BDNF_f 732 5" GACCATCCTTTTCCTKACTATGGTTATTTCATACTT 3’ | Wiens et al. (2010)
BDNF r 57 CTATCTTCCCCTTTTAATGGTCAGTGTACAAAC 3°

PRLR PRLRf1 532 5" GACARYGARGACCAGCAACTRATGCC 3° Townsend et al. (2008)
PRLRrl 5" GACYTTGTGRACTTCYACRTAATCCAT 3°

Kif24 Kif24f 572 5 WGGCTGCTGRAAYTGCTGGTG 3° Portik et al. (2010)
Kif24r 5" SAAACGTRTCTCCMAAACGCATCC 3°

MYH2 |MYH2f 765 5 GAACACCAGCCTCATCAACC 3° Stanley et al. (2011)
MYH2r 5" TGGTGTCCTGCTCCTTCTTC 3°

Natural History, Gainesville (UF); Museum of Com-
parative Zoology, Harvard (MCZ); National Museum,
Bloemfontein (NMB); Port Elizabeth Museum, Ggeberha
(PEM); Museo Nacional de Ciencias Naturales, Madrid
(MNCN); Fundagao Kissama Private Collection, Luan-
da (FKH); Colecgdo Herpelogica do Lubango, Lubango
(CHL); University of Texas at El Paso, El Paso (UTEP);
and Tim Colston’s field series, private (TJC). Material
examined in detail is listed in the species accounts and
in Appendix 1.

External morphology

Specimens were examined using binocular dissecting mi-
croscopes (up to 40 or 48 times magnification). Measure-
ments were performed using digital calipers (0.01 mm) or
a ruler (1 mm), often under magnification. Apart from five
AMNH specimens from ‘Mombolo’ and 13 similar new
specimens, 140 additional specimens (14 C. machadoi,
one C. cf. machadoi from Namibia, 30 C. namakuiyus,
seven C. phonolithos, 72 C. vittifer, five C. jonesii, five
C. rhodesianus, six C. tropidosternum [Cope, 1869]) were
examined for comparison (Appendix 1). These numbers
include specimens for which details of head scalation only
were available from photographs (two C. machadoi, two
C. namakuiyus, five C. phonolithos; see below). Males
were usually identified by their well-developed femoral
pores (weakly developed with small or absent secretory
plugs in females) and the presence of differentiated fem-
oral scales (absent in females). However, because some
females of C. vittifer possess differentiated femoral scales
(De Waal 1978), all specimens of this species were also
dissected and examined for presence of ovaries and/or ovi-
ducts in females, and testes and/or sperm ducts in males.
Measurements were performed on the right side of
the body unless damaged. The following were measured:

snout-vent length (SVL, from tip of snout to anterior
margin of vent, with lizard on its back and flattened); tail
length (posterior margin of vent to tail tip, original tails
unless indicated); head length (tip of snout to posterior
margin of lateral temporals); head width (widest part in
the temporal area); head height (midpoint of eye from
top of head to bottom of lower jaw); ear length (greatest
distance more-or-less dorso-ventally); eye length (ex-
cluding small scales around the eye); nostril-eye distance
(shortest distance between); eye-ear distance (short-
est distance); snout-eye length (tip of snout to anterior
margin of eye, excluding small scales around the eye);
internarial distance (shortest distance between nostrils);
inter-orbital distance (measured between the middle of
the eye sockets); snout-arm length (from tip of snout
to anterior margin of forelimb); axilla-groin distance
(posterior edge of forelimb insertion to anterior edge of
hindlimb insertion); forearm (inner part of elbow fold to
tip of claw of fourth (longest) finger; 4" (longest) toe of
hindlimb.

Scale counts were, unless indicated, performed on
both sides of each lizard. The following counts were tak-
en: supralabials (all scales bordering the upper lip, ex-
cluding the rostral, but including the scale at the corner
of the mouth; the second last supralabial is the largest);
infralabials (all scales bordering lower lip, excluding
the mental, the posterior one situated at the corner of the
mouth below and partly behind the posterior supralabial);
sublabials (large scales in contact with the infralabials,
the posterior one situated near the ear opening below and
partly behind the posterior infralabial); number of chin
shields in contact with anterior sublabials; supraoculars
(large scales); supraciliaries (narrow and elongate scales
above the eye and in contact with the much larger su-
praoculars, excluding tiny granules and postocular scales
that may be in contact with the posterior supraocular); lo-
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reals; suboculars (all scales bordering eye and in contact
with the supralabials, but excluding the preocular and any
postoculars; when present, a fourth subocular is invari-
ably situated near the back of the eye); preoculars; rows
of gulars between posterior angles of jaws, excluding
tiny granules; dorsals, transverse rows (from immediate-
ly behind occipitals to vent); dorsals, longitudinal rows
(counted midway between fore- and hindlimbs, exclud-
ing granular or minute scales on either side if present);
ventrals, transverse rows (from axilla to groin; the most
anterior row curves anteriorly and the most posterior row
curves posteriorly); ventrals, longitudinal rows (counted
midway between fore- and hindlimbs; the most lateral
row consists of scales generally at least half as wide as the
adjacent inner ones; when this row is not clearly distin-
guishable, the formula ‘12 + 2’ is used, indicating a pos-
sible extra row on either side); subdigital lamellae on 4%
(longest) toe (the most basal scale counted is fully present
on the digit); femoral pores; differentiated femoral scales
(generation glands).

The interpretation of ‘occipital’ requires explanation.
In the genus Cordylus, occipitals are typically defined as
the scales posterior to, and in contact with, the pair of
posterior parietals, plus those scales in contact with the
posterior upper temporals [on either side of the posterior
parietals] (e.g., FitzZSimons 1943). This is quite straight-
forward in some species, such as C. vittifer (Fig. S2),
as the occipitals are often distinct, of similar size and
present as a more-or-less straight row across the back of
the head; and also, in this species, the row of occipitals
is followed immediately behind by the first transverse
row of dorsals which consists of mostly elongated scales
(longer than those of the next row of dorsals) and has
the appearance of a collar. However, the interpretation
of what comprises occipitals in most species of Angolan
Cordylus is complicated by the presence of what appear
to be incomplete rows of these scales, i.e., rows that start
with a scale situated behind the posterior upper tempo-
ral, followed by one or more scales on other side (and in
contact behind the posterior parietals), but the ‘row’ is
then interrupted medially by the intrusion of large scales
from the row behind. We refer to the interrupted row as
‘occipitals’ (‘pre-occipitals’ in Stanley et al. 2016) and
the undivided row behind, which has some scales in
contact with the parietals medially, as ‘post-occipitals’
(Fig. 2). The posterior part of the post-occipitals aligns,
more-or-less, with the posterior part of the posterior lat-
eral temporals. In the three species of the C. machadoi
group, the two rows of ‘occipitals’ are both situated ante-
rior to the ‘collar’ represented by the first transverse row
of dorsals, which, as in C. vittifer, is easily recognized
by its much-elongated scales. In C. namakuiyus and C.
phonolithos the first ‘row’ of occipitals is incomplete,
but in C. machadoi it is often continuous throughout.
The situation is somewhat more difficult to interpret in
the two west-central highlands species as neither has
the transverse row of much-elongated dorsal scales. In
the Taqueta Mountain population of Angolan Cordylus
(C. angolensis) there is a continuous row of occipitals
(the next row is considered the first transverse row of

dorsals), the posterior ends of which are more-or-less
aligned with the posterior parts of the posterior lateral
temporals; but in other populations from the west-cen-
tral highlands of the country (C. ‘Mombolo’) there is a
medially-interrupted row of occipitals followed by a row
of post-occipitals (posterior edges extending slightly be-
yond, or aligned with, the posterior edges of posterior
lateral temporals).

Comparison with related species

All material referable to C. angolensis, as well as that of
C. ‘Mombolo’, was compared to one another and sam-
ples of other Angolan Cordylus, namely C. machadoi,
C. namakuiyus and C. phonolithos (Fig. 1). Samples of
four related, geographically proximate, species, name-
ly C. tropidosternum, C. jonesii, C. rhodesianus and C.
vittifer (Fig 1; see data and relationships to C. machadoi
group: Broadley and Branch 2002; Stanley et al. 2011;
Marques et al. 2019) were also examined for compari-
son. As there is uncertainty about the type locality of C.
vittifer (given as ‘Transvaal’ by Reichenow 1887, but
possibly ‘Bethel’ as noted by Bauer et al. 1994) and the
species varies considerably in terms of scale characters
and colour pattern (e.g., De Waal 1978; Jacobsen 1989),
samples were selected from six areas representing its to-
tal range, with populations assigned to the three known
varieties (A, B, C) where possible (Fig. S3). A number
of scalation and body size characters were compared
(see below).

In the diagnoses and diagnostic key below, compara-
tive morphological details were derived from: Bocage
(1895); FitzSimons (1943); Loveridge (1944a); Laurent
(1964); Mouton (1986, 1987); Mouton and Van Wyk
(1990, 1994); Broadley and Mouton (2000); Broadley
and Branch (2002); Branch et al. (2005); Bates (2007);
Greenbaum et al. (2012); Stanley et al. (2016); Marques
et al. (2019); and data presented in this paper.

Osteological analysis

For osteological descriptions of the west-central Ango-
lan cordylid material, microComputed Tomography (CT)
datasets of C. ‘Mombolo’ (AMNH R47333—4 and TM
46476) and C. angolensis (MNCN 50648) were produced
using Phoenix V|Tome|X M (Nanoscale Research Facili-
ty, University of Florida), Phoenix V|Tome|X S (Micros-
copy and Imaging Facility, American Museum of Natural
History) and Zeiss Xradia 510 Versa (Centro de Instru-
mentacion Cientifica of Granada [CIC], Spain) systems.
Separate scans of the head and body were performed to
maximize the resolution of the cranial datasets. Xray set-
tings were modified to maximize resolution, contrast and
signal to noise (Table S1). X-ray radiographs were con-
verted to tomograms using filtered back-projection, with
Datos|X R (Waygate Technologies) and Reconstructor
Scout-and-Scan Control System (Zeiss) software. Com-
parative CT datasets for the other three species of An-
golan Cordylus and nine species of east African Cordy-
lus were produced at the institutions listed above, or
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Figure 2. Arrangement of occipitals (red circles) and post-occipitals (yellow triangles) in A Cordylus angolensis (CHL 611),
B C. momboloensis sp. nov. (MNCN 50760), C C. namakuiyus (CHL 609), and D C. machadoi (CHL 700)]. The first transverse
row of dorsal scales is labeled. Photos: Pedro Vaz Pinto (A, B), and Timéteo Julio (C, D).

obtained from www.morphsource.org. All CT data were  nial bones, postcranial skeleton and osteoderms to facil-
processed in VGStudioMax 2022.1 (Volume Graphics, itate osteological descriptions and comparative analysis.
Heidelberg, Germany) to digitally isolate individual cra-  Total osteoderm and postcranial skeleton volumes were
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recovered for all scanned Angolan cordylid material and
the osteoderm/postcranial skeleton volume ratio plotted
against SVL to provide an allometric assessment of the
degree of armour for each species. All resulting tomo-
gram data are freely available on www.morphosource.org
(Table S1).

Species assessment

We follow a lineage-based species concept whereby a
species is represented by an independently evolving meta-
population lineage (Frost and Hillis 1990; de Queiroz
1998, 2007). The species delimitation approach followed
in this study is based on an integrative approximation
(Vieites et al. 2009; Padial et al. 2010; Lobon-Rovira et
al. 2022d), considering as separate species those lineages
that are well supported based on phylogenetic, morpho-
logical, and biogeographic/ecological differences.

Results

Phylogenetic analysis

Both the BI and ML analyses were largely concordant,
yielding the same well-supported topology. Phylogenetic
analyses demonstrate that Angolan Cordylus is sister to
the C. jonesii—C. rhodesianus group (PP: 0.99, BS: 87)
(Fig. 3).

Angolan Cordylus represents a well-supported mono-
phyletic group (PP: 1, BS: 100), divided into a northern
clade, which includes C. angolensis from the central
highlands of Angola and an undescribed sister species,
C. ‘Mombolo’, from slightly further north (PP: 0.99, BS:
88), and a southern clade that includes the three species
of the C. machadoi group (C. machadoi, C. namakuiyus
and C. phonolithos). The Taqueta material is referable to
C. angolensis on the basis of its similarity to the holo-
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Table 3. ND2 divergences (uncorrected pairwise distances) between cordylid taxa, including all Cordylus from Angola. Bold values

depict intraspecific divergences.

1 2 3 4 5 6 7 8 9
1. Namazonurus campbelli —
2. Pseudocordylus m. subviridis 22.46 7.7
3. Cordylus vittifer 22.12 20.82 11.7
4. Cordylus jonesii 22.02 20.75 16.54 2.8
5. Cordylus namakuiyus 22.07 19.50 16.05 16.43 4.3
6. Cordylus machadoi 23.19 20.27 16.38 16.82 7.57 24
7. Cordylus phonolithos 21.56 18.90 16.77 15.60 9.40 8.94 0.4
8. Cordylus ‘Mombolo’ 22.74 21.25 16.60 16.70 9.85 11.59 12.29 1.1
9. Cordylus angolensis 22.22 19.82 16.55 15.15 10.85 11.97 11.92 9.22 0.2

type (see below). These clades show large genetic ND2
p-distance between them (~10.00%). The uncorrelated
ND2 p-distance found between C. angolensis and C.
‘Mombolo’ was 9.2% (Table 3) where uncorrelated ND2
p-distance within each taxon was 1.1% or less. Within
the southern clade, the minimum uncorrelated ND2 p-dis-
tance was 7.6% between the species. Cordylus machadoi
clusters as sister to the recently described C. phonolithos
(uncorrelated p-distance: 8.9%; PP: 0.77, BS: 77), leav-
ing the remaining clade of C. namakuiyus as sister spe-
cies of this latter group (PP: 1, BS: 100).

Morphological evaluation

Length of scales in the first transverse row of dorsals
(Figs 4, S2). In C. machadoi, C. namakuiyus and C.
phonolithos, and C. vittifer, all or most of the scales in
the first transverse row of dorsals are about 1.5-3 times
longer than those in the row behind. In some cases, this
row appears as a distinct collar. In C. angolensis and C.
‘Mombolo’, as well as all other species of Cordylus (e.g.,
FitzSimons 1943; Broadley and Branch 2002), the first
transverse row of dorsals is similar to the second, with
most or all scales of about the same length.

Presence or absence of a loreal scale (Figs 5, 7). A lo-
real shield (usually distinctly smaller than the preocular)
is usually present in most species compared here, as well
as C. cordylus (see also FitzSimons 1943; Mouton 1987;
Bates 2007; Broadley and Branch 2002), but always ab-
sent in C. angolensis and C. ‘Mombolo’. A loreal was ab-
sent in eight out of 35 C. vittifer variety B (partly fused
with preocular on one or both sides of head in two speci-
mens; absent on left side only in one specimen) and partly
fused with the preocular on the right side of the head in
one (of 18) C. vittifer from KwaZulu-Natal.

Nasal scales (Figs 5, 7). In all Angolan species, C. jone-
sii, and C. rhodesianus the nasal scale is divided posteri-
orly (i.e., longitudinally), while it is undivided in C. tropi-
dosternum (see also Broadley and Branch 2002) and C.
vittifer (but divided longitudinally in NMB R8768). In a
couple of C. ‘Mombolo’ (i.e., TM 46476 and right side of
PEM R025217) the nostril appears to be in contact with

the preocular. There are also differences in the position of
the sulcus — it is situated between the outer center of the
nostril and the preocular in C. angolensis and C. ‘Mom-
bolo’, between the outer center of nostril and loreal in C.
machadoi, C. phonolithos and C. namakuiyus, between
outer center of nostril and suture between loreal and
first supralabial (‘curved sulcus’ according to Broadley
and Branch 2002) in C. rhodesianus, and is present as a
groove (also referred to as a ‘curved sulcus’ by Broadley
and Branch 2002) running from above the nostril down to
the outer center of the loreal in C. jonesii.

Position of the nostril (Figs 5, 7). Broadley and Branch
(2002) noted that the position of the nostril within the na-
sal proved to be a useful taxonomic character. The nostril
of C. angolensis and C. ‘Mombolo’ is pierced halfway up
the posterior edge of a large, slightly domed nasal, and is
well separated from the first supralabial (usually by more
than the greatest extent of the nostril). In C. machadoi,
C. phonolithos and C. namakuiyus the situation is similar
and the nostril is also well separated from the first supral-
abial — lower edge of nostril separated from first supralabi-
al by a distance of at least % its own diameter, whereas in
C. vittifer the nostril and first supralabial are in close prox-
imity — usually (87.5%, n = 72) separated by a distance of
<!s diameter of nostril (first supralabial is in contact with
the nostril in two specimens, and in NMB R8864 the nasal
rim and first supralabial are fused). In C. marunguensis
(south-eastern Democratic Republic of the Congo) the
nostril is situated centrally on the lower margin of the na-
sal, separated from the first supralabial by a narrow rim
(Greenbaum et al. 2012). In C. cordylus the nostril is situ-
ated in the lower, posterior part of the nasal, and frequent-
ly bordered below by a small scale (FitzSimons 1943;
Bates 2007). In C. jonesii and C. rhodesianus the nostril
is pierced centrally in the posterior half of a semi-divided
nasal; whereas in C. tropidosternum it is pierced in the
postero-inferior corner of the nasal and bordered by the
first supralabial (Fig. 7; Broadley and Branch 2002).

The position of the nostril relative to the suture be-
tween rostral and first supralabial is also informative. In
C. angolensis and C. “‘Mombolo’ the entire nostril is sit-
uated posterior to the suture, as is the case in C. tropido-
sternum and C. vittifer, whereas in all three species of the
C. machadoi group at least some part of the nostril is sit-
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uated above the suture, which is often also the case with
C. rhodesianus and C. jonesii (Fig. 7; see also Broadley
and Branch 2002).

Texture of sublabial scales (Figs 5, 6). The sublabials
are moderately to deeply corrugated in C. angolensis, C.
‘Mombolo’, C. machadoi, C. namakuiyus, C. phonolithos
and C. jonesii; but the first two pairs of sublabials may be
largely smooth in some C. machadoi (Fig. 6W-Y) and
all sublabials are weakly corrugated in a juvenile C. cf.
machadoi (TM 57561) from Namibia. In C. vittifer and
C. rhodesianus most sublabials are smooth, with only the
posterior ones (last and sometimes also second last subla-
bial; also third last in C. vittifer, NMB R8867) distinctly
corrugated in some specimens. According to Broadley
and Branch (2002) the sublabials are rugose in C. jonesii
and C. tropidosternum, but smooth to feebly rugose in C.
rhodesianus.

Relative size of the frontonasal scale (Fig. 4). In C. ma-
chadoi, C. namakuiyus and C. phonolithos the frontonasal
is always larger than either of the prefrontals, whereas it
is always smaller in C. ‘Mombolo’ and usually smaller in
C. vittifer (of equal size in NMB R4591, NMB R10301—
2, 10329; larger in NMB R8149, 8740; absent in NMB
R8866). The frontonasal varies in size in C. angolensis
(smaller than a prefrontal in three specimens, bigger in
two [Fig. 4B, C]), C. rhodesianus (smaller than a pre-
frontal in three specimens, of equal size in NMB R10031,
slightly larger in NMB R10034) and C. jonesii (smaller in
three specimens, larger in NMB R8652, 8655).

Proximity of the frontonasal to the frontal scale (Fig.
4). In most species the frontonasal and frontal are usually
separated by the prefrontals. However, these scales were
in contact in 38% of C. jonesii and 29% of C. rhodesianus
(Broadley and Branch 2002). They were separated in all
C. ‘Mombolo’ specimens, but in contact in two (Fig. 4A,
C) of the five C. angolensis examined. This character
seems to be quite variable in the C. machadoi complex: in
C. machadoi the frontal and frontonasal are often in good
contact, in narrow contact medially in CHL 700, narrowly
excluded in TM 40132, and separated by the prefrontals
in TM 57561 (C. cf. machadoi); C. namakuiyus: usually
separated by prefrontals but occasionally in contact; C.
phonolithos: separated in the type series (Marques et al.
2019), but in Fig. 4: equally often in broad contact (R,
T, U) or separated by prefrontals (Q, S, V), once in nar-
row median contact (P). The frontonasal and frontal are
occasionally in contact in C. vittifer, as they are in one
of five specimens of both C. jonesii and C. rhodesianus
examined. In variety A of C. vittifer the frontonasal and
frontal are often (five out of 12 specimens) separated by
one or two (NMB R3825) azygous shields.

Occipitals and post-occipitals (Figs 2, 4). In C. angolen-
sis there is always a regular, uninterrupted row of six oc-
cipitals in broad contact (narrowly medially in CHL 615).
In C. ‘Mombolo’ a medially-interrupted row (i.e., 23
small scales on either side of the head) is always present,

as well as a row of 5-6 post-occipitals. A medially-inter-
rupted row of small occipitals also characterises C. na-
makuiyus (2—4 on either side of head; plus 6—8 post-oc-
cipitals; the holotype has 2—3 occipitals on either side of
the head and 7 post-occipitals), and C. phonolithos (3—5
occipitals on either side of head; plus 67 post-occipitals;
the holotype has 4 occipitals on either side of the head,
but on the right side there is an additional two scales be-
tween the occipitals and the 10 post-occipitals), but in C.
machadoi there may be a continuous row of 6—8 occip-
itals, plus a continuous row of 6—8 post-occipitals (Fig.
4), although the holotype has four occipitals on the left
and three on the right, narrowly interrupted medially by
the fifth (from the left) of seven post-occipitals (Laurent
1964; fig. 26, Ceriaco et al. 2020d), while the paratype
(Fig. S1) has 8 ‘occipitals’ and what is best described as
four small, narrow, supernumerary scales between them
and the posterior parietals. A regular row of six occipitals
(occasionally 4, 5, 7 or 8 in C. vittifer; 8 in C. rhode-
sianus [NMB R10035]; 5 in C. jonesii [NMB R8653])
was present in all specimens examined of the other spe-
cies. However, in C. vittifer var. A, most specimens had
two occipitals on either side of the head, and a row of 7-8
post-occipitals.

Anterior parietals (Fig. 4). In C. phonolithos and most
C. namakuiyus the pair of anterior parietals is completely
separated by the interparietal, which is therefore in contact
with the frontoparietals. However, in two (M, N) of three
C. namakuiyus shown in Fig. 4, the interparietal does not
separate the anterior parietals (although it almost does in
one [N] of these two specimens), it does so only narrowly
in AMNH 47316, and it separates most of the anterior
parietals in PEM R25218 but a few small adjacent scales
are present between interparietal and frontoparietals. The
anterior parietals are also completely separated by the in-
terparietal in 11 out of 13 specimens of C. vittifer var. A,
but in other populations of this species they are usually
in contact anteriorly. In other species, including C. an-
golensis, C. ‘Mombolo’, C. machadoi, C. jonesii, C. rho-
desianus and C. tropidosternum (see also Broadley and
Branch 2002), the anterior parietals are usually in contact
anteriorly. Exceptions (anterior parietals fully separat-
ed by interparietal) in material examined: one specimen
each of C. angolensis and C. ‘Mombolo’, TM 57561 (C.
cf. machadoi) from Namibia, three out of 31 specimens
of C. vittifer var. B, one out of 18 C. vittifer from Kwa-
Zulu-Natal (in two others a small squarish scale anterior
to the interparietal separates the anterior parietals), and
one out of five specimens of both C. jonesii and C. rhode-
sianus. Marques et al. (2019) indicated that the posterior
parietals of C. phonolithos were fully separated by a large
scale that is also in contact with the interparietal. Howev-
er, such a scale was absent in all seven specimens (P to V)
of this species photographed for Fig. 4.

Femoral pores and differentiated femoral scales (gen-
eration glands) (Table 4, Table S2). Males of all spe-
cies have large secretory femoral pores. One male C.
machadoi (PEM R19782) also has a differentiated scale
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Figure 4. Dorsal views of the head in Angolan Cordylus. Cordylus angolensis—A CHL 611, B CHL 615, C MNCN 50649, D CHL
613, E MNCN 50648 (neotype); C. momboloensis sp. nov.—F MNCN 50760 (paratype), G FKH 0125 (paratype), H FKH 0127
(paratype), I FKH 0128 (paratype), J FKH 0129, K PEM R25217 (holotype), L MNCN 50761 (allotype); C. namakuiyus—M PEM
R25218, N CHL 616, O CHL 609; C. phonolithos—P CHL 852, Q CHL 1056, R MNCN 50651, S CHL 851, T CHL 1057,
U MNCN 50652, V CHL 848; and C. machadoi—W CHL 701, X CHL 700, Y PEM R19784. Photos: Pedro Vaz Pinto (A-N, P-V),
Timoteo Julio (O, W—X), and William R. Branch (Y).
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(possibly a generation gland) on a lateral pre-anal scale
at the tail base. In C. angolensis males there are 5-6 fem-
oral pores, and 19-25 well-developed generation glands,
per thigh; while the one female has 5 pores on the left
and 6 on the right (no generation glands). However, in
the material assigned to C. ‘Mombolo’, males have 5-8
femoral pores with 25-37 generation glands, and females
have 4-7 femoral pores (no generation glands). Counts
for C. machadoi are: femoral pores 5—7 in males and 6—7

Figure 5. Lateral views of the head in Angolan Cordylus. Cordylus angolensis—A CHL 611, B CHL 615, C MNCN 50649, D CHL 613, E MNCN 50648 (neotype);
C. momboloensis sp. nov.—F MNCN 50760 (paratype), G FKH 0125 (paratype), H FKH 0127 (paratype), I FKH 0128 (paratype), J FKH 0129, K PEM R25217

(holotype), L MNCN 50761 (allotype); C. namakuiyus—M PEM R25218, N CHL 616, O CHL 609; C. phonolithos—P CHL 852, Q CHL 1056, R MNCN 50651,
S CHL 851, T CHL 1057, U MNCN 50652, V CHL 848; and C. machadoi—W CHL 701, X CHL 700, Y PEM R19784. Photos: Pedro Vaz Pinto (A-N, P-V),

Timoteo Jalio (O, W—X), and William R. Branch (Y).

females, generation glands in males 10-25; for C. na-
makuiyus: femoral pores 4—6 in males, 4-5 (once 6) in
females, generation glands in males 9-18; and C. phono-
lithos: femoral pores 7—8 in males, 7 in female, generation
glands in males 16-21. Females of most species usually
have small to moderate femoral pores with secretions,
but pores vary in C. vittifer (var. A and B [Mpumalanga/
Eswatini and Limpopo populations]: small, pit-like and
apparently non-secretory [of moderate size with secre-
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Figure 6. Ventral views of the head in Angolan Cordylus. Cordylus angolensis—A CHL 611, B CHL 615, C MNCN 50649, D CHL
613, E MNCN 50648 (neotype); C. momboloensis sp. nov.—F MNCN 50760 (paratype), G FKH 0125 (paratype), H FKH 0127
(paratype), I FKH 0128 (paratype), J FKH 0129, K PEM R25217 (holotype), L MNCN 50761 (allotype); C. namakuiyus—M PEM
R25218, N CHL 616, O CHL 609; C. phonolithos—P CHL 852, Q CHL 1056, R MNCN 50651, S CHL 851, T CHL 1057,
U MNCN 50652, V CHL 848; and C. machadoi—W CHL 701, X CHL 700, Y PEM R19784. Photos: Pedro Vaz Pinto (A-N, P-V),
Timoteo Julio (O, W—X), and William R. Branch (Y).
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Figure 7. Arrangement of the nasal shield, nostril and scales of the snout in Cordylus: A C. angolensis (CHL 615 — Taqueta Moun-
tain, Angola); B C. momboloensis sp. nov. (AMNH R47333 — ‘Mombolo’, Angola); C C. machadoi (TM 40133 — 1.4 km NE of
Humbia, Angola); D C. namakuiyus (PEM R25218 — 10.4 km S of Rio Mucungo on tar road to Bentiaba, Namibe Province, Angola);
E C. phonolithos (CAS 263581, holotype — vicinity of N’Dolondolo, Serra da Neve, Angola); F C. vittifer (NMB R8721 — Farm
Goede Hoop 182, Mpumalanga Province, South Africa); G C. tropidosternum (PEM R13288 — Moebase village, Zambesiaca
Province, Mozambique); H C. jonesii (NMB R8656 — Farm Doorenwaard 313, Limpopo Province, South Africa); I C. rhodesianus
(NMB R10034 — York Forest Land, Zimbabwe); J C. cordylus (NMB R9525 — De Hoop Nature Reserve, Western Cape Province,
South Africa). Photos: Javier Lobon-Rovira (A), Michael F. Bates (B, C, F, H, I, J), William R. Branch (D, G), and Luis M. P. Ce-
riaco (E).
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tions in NMB R8768 from Mpumalanga]; var. B [Free
State] and var. C: large and secretory; KwaZulu-Natal:
moderate to large and secretory). Differentiated femoral
scales are present in males of all species, but absent in
all females except those of C. vittifer variety C. Cordylus
Jjonesii, C. rhodesianus and C. tropidosternum all have
similar numbers of femoral pores per thigh (3—8) to the
Angolan species; but often lower numbers of generation
glands per thigh (3-21) (Broadley and Branch 2002), al-
though a couple of specimens examined for the present
study had high counts (C. rhodesianus: 23-26).

Ventral scale rows longitudinally (Table 4, Table S2).
All newly-collected specimens of C. angolensis have
14 longitudinal rows of ventral scales versus the 11-14
(usually 12—13) in material assigned to C. ‘Mombolo’.
Bocage (1895) recorded 16 ventral scale rows for the
holotype of C. angolensis, but he may have included an
extra row of small ‘pseudoventrals’ on either side. There
was much variation in the other species: 11-18 in C.
machadoi; 10-18 in C. namakuiyus; 1617 in C. phonoli-
thos; 12—14 in C. tropidosternum, C. jonesii and C. rho-
desianus, and 14-18 in C. vittifer (var. A: 16—18, mean
16.2; KwaZulu-Natal: 14-16, mean 14.3; var. B: 14-16,
sometimes 18; var. C: 14).

Other scale counts (Table 4, Table S2). There is consid-
erable variation in most other meristic scale characters.
Regarding the number of gular scales in contact with
the first pair of chin shields, C. angolensis (5-6, mean
5.2) and C. ‘Mombolo’(4-5, mean 4.5) had the highest
counts, and C. vittifer var. A had the lowest (2-3, mean
2.3), but these were the only populations that did not
overlap in this character.

Colour pattern (in life; Figs 1, 4, 6 and other figures be-
low). The back of both C. angolensis and C. ‘Mombolo’ is
a mixture of pale and dark brown, the darker scales tend-
ing to form vague transverse bands. In both species there
is always a paired series of irregular, pale, cream-greenish
to blue markings/blotches paravertebrally along the back,
from the neck to the base of the tail (see figures below). In
C. angolensis the markings tend to be smaller and less ex-
tensive compared to C. ‘Mombolo’, which also has more
extensive pale markings on the top of the head. The belly
is dirty white, but while the throat is of a similar colour in
C. ‘Mombolo’, it is cream in C. angolensis. In C. mach-
adoi, C. namakuiyus and C. phonolithos the central part
of the back, top of limbs and top of head are mostly plain
medium brown, and the flanks tan to cream-yellow; in the
latter two species the flanks are paler, and C. phonolithos
has vaguely marked, broad, cream dorsolateral stripes. In
C. vittifer the dorsum is brown to orange-brown, usually
with darker markings, and may contain dark (occasional-
ly pale) lateral stripes and/or a pale vertebral stripe (e.g.,
Bates et al. 2014; Reissig 2014). Cordylus tropidoster-
num is dark brown above, often with pale or darker mark-
ings that may form ragged dorsolateral bands; C. jonesii
is light brown with darker blotches, while C. rhodesianus
is yellow-brown to black with pale (sometimes bright yel-

low) and dark blotches (Broadley and Branch 2002). The
venter of most species is white to cream, but in C. mach-
adoi it is sometimes mainly yellow (Fig. S4) or a mixture
of yellow and cream, and it may be cream-yellow in C.
namakuiyus.

Colour of the iris of the eye (Fig. 5). This character
needs to be photo-recorded using live specimens. In most
of the Angolan species (C. angolensis and the three spe-
cies of the C. machadoi complex) the iris in life is brown
(Fig. 5). However, in C. “‘Mombolo’ most of it is greenish
(blueish-green to some eyes), with a narrow brown ring
around the black pupil. This eye colour is a diagnostic
feature that easily separates the latter and its sister species
C. angolensis. Based on colour photographs in Reissig
(2014) and Fig. 1, the iris in C. jonesii, C. tropidosternum,
C. rhodesianus and C. vittifer is brown to orange-brown
(distinctly orange in C. tropidosternum, Fig. 1E).

Texture of gular scales (Fig. 6). Gulars or throat scales
are smooth in C. angolensis but weakly keeled at least
laterally in most C. “Mombolo’ specimens’. In one speci-
men (MNCN 50760) of C. ‘Mombolo’ most of the gulars
are obtusely keeled (Fig. 6). Judging from Fig. 6, the gu-
lars are smooth in C. machadoi and C. phonolithos, but
in C. namakuiyus two of the three specimens have obtuse
keeling laterally on the throat. Most of the gulars are ob-
tusely keeled in C. tropidosternum, smooth in C. rhode-
sianus, while in C. jonesi they are smooth mesially but
feebly keeled laterally (Broadley and Branch 2002). In C.
vittifer the gulars are usually smooth except for the lateral
ones below the ear openings which are often weakly and
obtusely keeled (e.g., holotype, Fig. S2), but all scales
may be smooth as in var. C; occasionally the laterals are
distinctly keeled, and in a few cases most other gulars
are also weakly or even moderately (e.g., NMB R8773)
keeled.

Cranial skeleton (Fig. 8, Table S3). CT scans of Angolan
Cordylus and select members of the East African Cordy-
lus clade (see Table S1) reveal some consistent skeletal
differences between the two morphotypes from west-cen-
tral Angola. The maxilla of C. ‘Mombolo’ is deeper and
the maxilliary process more pronounced than observed in
C. angolensis, causing a steeper, shorter articulation with
the nasals. The posteriomedial process of the parietal dif-
fers between C. angolensis and C. ‘Mombolo’, the former
having a narrow and biconcave “Y”-shaped projection
that articulates with the sagittal crest of the supraoccipi-
tal, while the latter’s process is less laterally compressed,
forming an “M”-shaped projection. The posteriomedial
process of the members of the C. machadoi complex is
variably bifurcated, and the shape of this process is high-
ly variable within these and other species of Cordylus
(Lang 1991; Stanley et al. 2016). Cordylus ‘Mombolo’
has nine premaxillary teeth while all other Cordylus ob-
served have seven (rarely 6) such teeth. Cordylus ‘Mom-
bolo’ has 18-20 maxillary and 22-26 dentary teeth, C.
angolensis has 22 maxillary and 25-26 dentary teeth, C.
machadoi has 13—17 maxillary and 18-21 dentary teeth,
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Figure 8. Computed tomography images depicting the cranial osteology of the five species of Cordylus from Angola.

C. namakuiyus has 15-18 maxillary and 16-22 dentary
teeth, and C. phonolithos has 19-20 maxillary and 22-23
dentary teeth. Counts for other East African Cordylus are
14-20 maxillary, and 16-23 dentary, teeth.

Osteoderms (Figs 9, S5). Both C. angolensis and C.
‘Mombolo’ are more heavily armoured than C. machadoi,
C. jonesi and C. marunguensis, with a distribution and
degree of osteodermal armour similar to that seen in C.
namakuiyus, C. rhodesianus, C. beraduccii Broadley and
Branch 2002, C. tropidosternum, C. vittifer and C. nyikae
(Stanley 2013). It has been hypothesised that the degree
of armour in cordylids is linked to microhabitat use, with
species living in more exposed environments possessing
greater amounts of armour (Stanley 2013). The degree of
dermal armour has also been shown to increase allome-
trically with SVL within cordylid species (Stanley et al.
2016; Broekhoven et al. 2017). Our assessment of Ango-
lan Cordylus osteoderm volume (Fig. S5) reveals a strong
allometric signal in the relative amount of dermal armour,
with larger individuals having a greater osteoderm/post-
cranial skeleton volume ratio. There are also clear differ-
ences in the degree of armourment between the well-ar-
moured C. namakuiyus and the more lightly armoured
species, C. machadoi. When included in the allometry
plot (Fig. S5), C. ‘Mombolo’ and C. phonolithos appear
to be as robustly armoured as C. namakuiyus, while C.

angolensis appears to occupy an intermediate position
between C. namakuiyus and C. machadoi, though an ex-
panded sampling of ontogenetic series is required before
fine-scale diagnostic characters in the degree of armour
can be reported.

The morphological and genetic differences mentioned
above, together with allopatry, support the recognition of
two different species in the C. angolensis clade. We take
the opportunity below to describe the C. ‘Mombolo’ lin-
eage as a new species.

Systematics

Squamata: Sauria: Cordylidae

Cordylus angolensis (Bocage, 1895)
Figs 4-11; Tables 5, 6
Angolan girdled lizard; Lagarto-espinhoso de Angola

Chresonymy. Zonurus angolensis Bocage, 1895: 25.
Type locality. Caconda, Angola.
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Cordylus machadoi PEM R19784

Cordylus phonolithos CAS 263581
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Cordylus angolensis MNCN 50648

Figure 9. Computed tomography generated images showing the osteology of the five Angolan Cordylus species. Osteoderms are

highlighted in blue-green.

Cordylus cordylus angolensis — Loveridge (1944a: 38); Mertens (1955:
59, 1971: 53).

Cordylus angolensis — Visser (1971: 19); Broadley and Branch (2002)
partim; Branch et al. (2005) partim; Adolphs (2006: 17); Broadley
(1971: 22); Broadley (2006: 1) partim; Stanley et al. (2011: 67) par-
tim; Greenbaum et al. (2012: 32) partim: Caconda; Reissig (2014:

33) partim.

Bocage’s (1895) description of a single type specimen
(MBL 429, adult male) of C. angolensis was fairly terse
and he did not provide any illustrations. He described the
dorsal parts of the head and back as being a variety of
brown and black on a pale tan, with two longitudinal se-
ries of small irregular whitish spots along the back, the
tail brown, with venter white. Regarding scalation he
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noted only that: Internasal (= frontonasal) rhomboid, in
contact with the anterior part of the frontal, thus separat-
ing the prefrontals; loreal absent; preocular large and in
contact with the posterior part of the nasal; nasal large,
slightly domed, pierced halfway up the posterior edge;
gular with quadrangular scales, smooth, narrow, juxta-
posed, of various shapes, and significantly smaller than in
C. cordylus; dorsals in 26 longitudinal and 24 transverse
rows; ventrals in 16 longitudinal and 27 transverse rows;
two large pre-anal scales separated on the median line
by two small plates; pre-anal pores 6 [presumably num-
ber of femoral pores on each thigh]; snout-vent length =
74 mm,; tail length = 78 mm (incomplete). Head width/
SVL = 24.3%; head length/SVL = 31.1% [based on head
and body measurements provided].

In 1968 Dr Donald G. Broadley (in litt., 18 January
2012) examined the holotype (MBL 429) of C. angolen-
sis at the Museu Bocage in Lisbon and recorded the fol-
lowing data: nasals in broad contact, loreal absent (fused
with preocular); frontal and frontonasal in contact, sub-
oculars 3, supraciliaries 3, gulars 26, dorsals in 24 trans-
verse and 26 longitudinal rows, ventrals in 27 transverse
and 16 longitudinal rows, femoral pores 6 on each thigh;
outer three rows of ventrals keeled and mucronate; SVL
=78 mm; tail length 74 mm tail (broken). As mentioned
earlier, Broadley (1971: 22) noted that the tail of the ho-
lotype was “almost equal to snout-vent length in spite of
the tip being missing”.

According to Madruga (2011: 4), despite the fire
at Museu Bocage in 1978, “many of Bocage’s papers,
folder, manuscripts and correspondence still exist to-
day”. From February to April 2012 MFB corresponded
with Catarina Madruga (Museu Bocage) who searched
through Bocage’s correspondence and notes in the hope
of finding information and/or diagrams of the holotype of
C. angolensis, but nothing was found. The holotype of C.
angolensis is no longer available, so in order to stabilise
the taxonomy we designate a neotype that is in agree-
ment with Bocage’s (1895) description of the species (see
above).

The new specimens from Taqueta Mountain were col-
lected about 100 km west of Caconda and are assigned
to C. angolensis on the basis of their similarity to the
holotype as described by Bocage (1895) and Broadley
(pers. comm.) (see details above). Their colour patterns
are similar, as are several of the scale counts. Bocage
(1895) noted that the frontonasal was in contact with
the frontal in the holotype; and while this was the case
in only two of the five new specimens, this is clearly
a variable character. Bocage's (1895) holotype of C.
angolensis reportedly had 16 longitudinal rows of ven-
trals, whereas the Taqueta Mountain specimens exam-
ined here all had 14 rows. Such discrepancies proba-
bly reflect the likelihood that different observers count
these rows differently, e.g., some observers may exclude
a poorly differentiated lateral row that others count. A
similar problem may occur with regards to the longitu-
dinal rows of dorsals (26 in holotype versus 20-23 in
new material), transverse rows of ventrals (27 versus
22-24) and gulars across the throat (26 versus 20-21).

Neotype. The holotype (MBL 429) is no longer in exis-
tence, and therefore we propose and describe one of the
new specimens as neotype: MNCN 50648, an adult male
from Taqueta Mountain, Benguela Province, Angola
(—13.7778°, 14.1794°; 2112 m a.s.l.) collected 10 August
2017 by Afonso Vaz Pinto and Pedro Vaz Pinto.

Additional new material. Adult males: MNCN 50649,
CHL 611, CHL 613; adult female: CHL 615. Same col-
lecting information as neotype.

Diagnosis. A medium to large rupicolous Cordylus with a
moderately depressed head and body. Referred to Cordy-
lus (rather than any other species of Cordylidae) by the
following combination of characters: head distinct from
body, two pairs of large and well developed limbs (body
serpentiform, head indistinct from body, and limbs ru-
dimentary in Chamaesaura Schneider, 1799), scales on
back large and keeled (granular in Platysaurus Smith,
1844, partly granular in Pseudocordylus Smith, 1838
and Hemicordylus Smith, 1838), non-spinose occipitals
(spinose in Smaug Stanley et al., 2011), 23—-24 transverse
dorsal scale rows (40—43 in Ninurta Stanley et al., 2011;
3146 in Karusasaurus Stanley et al., 2011; 15-16 in
Ouroborus Stanley et al., 2011); loreal absent (present in
Smaug, Nirnuta, Ouroborus, Karusasaurus, and Nama-
zonurus Stanley et al., 2011).

Cordylus angolensis is distinguishable from oth-
er members of its genus by the following combination
of characters: (1) back dark brown with a paravertebral
series of pale markings; (2) top of head plain brown or
with occasional pale blotches; (3) iris of the eye brown;
(4) scales of the first transverse row of dorsals similar in
appearance to those of the row behind; (5) loreal shield
absent; (6) nostril pierced in the posterior part of a large
nasal, situated behind the suture of rostral and first supra-
labial, usually well separated from both the first supral-
abial and the preocular; (7) a regular row of six enlarged,
non-spinose occipitals; (8) Frontonasal separated from
the frontal by a pair of prefrontals (each of which usu-
ally exceeds it in size) or in contact; (9) Anterior pair of
parietals usually in contact anteriorly; (10) dorsolateral
and lateral scales may be weakly to moderately spinose;
(11) tail spinose, but more weakly so distally; (12) dor-
sal scale rows transversely 24-25; (13) dorsal scale rows
longitudinally 20-23; (14) ventral scale rows transverse-
ly 22-24; (15) ventral scale rows longitudinally 14; (16)
subdigital lamellae on 4* toe 14; (17) femoral pores per
thigh 5—6 in males and females; (18) differentiated fem-
oral scales [generation glands] per thigh in males 19-25;
(19) premaxillary teeth 7.

Its status as a distinct species is supported by mono-
phyly with high levels of support from a suite of three
mitochondrial and six nuclear markers (see above); and it
differs from C. ‘Mombolo’ (see below), the most similar
species genetically and morphologically, by an uncor-
related ND2 p-distance of 9.22% (Table 3).

Comparisons with other Cordylus species. It differs
from most other Cordylus (except C. ukingensis [Love-
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ridge, 1932], C. macropholis [Boulenger, 1910], and
C. vittifer [which occasionally has a loreal]) in lacking
a loreal. It differs from C. ukingensis and C. macropho-
lis by virtue of its smooth (rarely with a few weak keels
on a few scales) versus strongly keeled (even spinose in
C. macropholis) gulars, as well as by having its nostril
pierced near the middle of the posterior part of the nasal
scale (versus infero-posteriorly). Differs from C. tropi-
dosternum by having smooth versus keeled gulars, and
having the nostril well separated from the first supralabial
(not in contact or near-contact); from C. rhodesianus by
having distinctly rugose versus finely rugous to smooth
upper head shields, 24-25 versus 25-29 transverse rows
of dorsals, and a straight versus curved sulcus dividing
the posterior part of the nasal; from C. jonesii by having
its nostril pierced halfway up the posterior edge of the
nasal rather than towards the centre, and a straight ver-
sus curved sulcus dividing the posterior part of the nasal;
and from C. marunguensis which has the nostril pierced
centrally on the lower margin of the nasal. Distinguished
from C. vittifer and C. machadoi, C. namakuiyus and C.
phonolithos by always lacking a loreal scale, having most
or all scales of the first transverse row of dorsals of simi-
lar length (rather than longer) than those of the next row,
and by having a pair of paravertebral rows of pale green-
ish-cream spots or blotches versus a lack of these. Most
similar to C. ‘Mombolo’ (see below).

Description of the neotype. MNCN 50648 (Figs 4-6,
8—11; Tables 5, 6). External morphology: Head and body
moderately depressed. SVL 88.4 mm. Tail 62.8 mm (tip
missing), 0.71+ times as long as SVL. Head 24.6 mm,
1.18 times as long as wide (20.9 mm); head depth
10.6 mm, 50.6% head width. Upper head shields coarse-
ly rugose. Nasals in broad contact; frontonasal quadran-
gular and slightly smaller than a prefrontal; prefrontals
in contact with one another (separating frontonasal from
frontal), and each one in contact with the frontal, first
supraocular, preocular and a large nasal on either side;
frontal in contact with first and second supraoculars,
followed by a pair of frontoparietals in median contact;
interparietal flask-shaped, narrowing and extending an-
teriorly to completely separate the anterior parietals;
each anterior parietal smaller than a posterior parietal;
a straight row of six rugose but non-spinose occipitals.
Four supraoculars and three supraciliaries. Nasals large,
with nostril pierced more-or-less centrally in the posteri-
or part of the scale; nostril separated from preocular by
a distance of more than half its diameter, distinctly sep-
arated from first supralabial by a distance almost equal
to the height of the latter scale (and almost equal to the
greatest extent of the nostril); nasal divided posteriorly
at the level of the middle of the nostril. Loreal absent.
Lower eyelid with 9—10 vertical septa. Three suboculars,
well separated from the lip, with another large scale bor-
dering the eye between posterior subocular and posto-
cular. Rostral semi-divided dorsally and about twice as
broad as deep; supralabials 6; infralabials 6; sublabials 5.
Mental almost twice as broad as long. Gulars vary con-
siderably in size and shape, from rectangular (especially

on the sides) to square and oval, mostly smooth (a few
centrally have feeble blunt keels medially) and at most
subimbricate, forming about 12 transverse rows (from
first row in line with angle of jaws to last distinct row
posterior to chin shields), and 20 longitudinal rows be-
tween posterior angles of jaws; 5 chin shields (including
tiny median scale anteriorly) in contact with 1% pair of
sublabials; two pairs of distinctly enlarged chin shields
posterior to these.

Dorsal scales rectangular, rugose, moderately keeled
(less so medially), seldom spinose or mucronate, not
serrated at the posterior edges; laterals oval, juxtaposed,
rugous, sharply keeled and moderately spinose, no addi-
tional spines on the free end of scales; dorsals plus later-
als in 25 transverse rows and 20 longitudinal rows (ver-
tebral scales slightly smaller); on the central part of the
belly the mesial ventrals are rectangular (transversely)
and larger than others, the next row on either side with
slightly rectangular scales, including the next two rows
on either side; ventrals mostly smooth, but 2-3 lateral
rows on either side with some obtusely keeled scales;
ventrals in 22 transverse and 14 longitudinal rows (plus
a row of oval, keeled scales on either side); a pair of en-
larged and somewhat oval pre-cloacal plates is followed
anteriorly (before the ventrals) by two transverse rows of
much smaller irregular scales.

Scales on limbs above are large, strongly keeled and
spinose; scales under fourth (longest) toe 14 on left and
right feet; femoral pores 6 on left thigh, 5 on right, with
distinct plugs of yellowish secretion; differentiated glan-
dular femoral scales on thigh 21 on left, 20 on right. Tail
with whorls of large, elongate, strongly keeled, spinose
(spines directed backwards and longest superolaterally),
weakly serrated, scales; supracaudals strongly keeled
throughout most of their length, subcaudals basally dis-
tinctly keeled mainly on the distal half. Scales on palms
of hands and soles of feet moderately to obtusely keeled;
supradigital scales of hands smooth to weakly keeled, of
feet smooth to moderately keeled; subdigital scales of
hands weakly keeled, of feet moderately keeled.

Colour: The colour pattern of the neotype in life is
similar to that described for the holotype (see above). The
back is a mixture of light and dark brown, with some of
the darker markings forming ill-defined transverse bands,
and there is a series of greenish-cream blotches, mostly
elongated, arranged in close proximity paravertebrally
(about eight pairs). Top of the head is a mixture of pale
and dark brown, with an ill-defined pale median band
longitudinally. The upper parts of the tail are brown, with
some keels dark brown. Belly is dirty white and the throat
cream. Bocage (1895) recorded the markings on the back
as ‘whitish’, but this may have been in reference to pre-
served material that had faded somewhat.

Cranial skeleton (Fig. 8, Table S1): Segmented mesh
file of MNCN 50648 can be found here http://tinyurl.com/
CordylusAngola. Morphosource link to tomogram stacks
doi.org/10.17602/M2/M529985. The scales of the dorsal
and temporal regions of the skull and the ventrolateral
aspects of the jaws are underlain with rugose osteoderms.
These osteoderms fuse to the parietal, frontal and postor-
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Figure 10. Neotype (MNCN 50648) of Cordylus angolensis from Taqueta Mountain, Benguela Province, Angola. A dorsal aspect,
B ventral region, C top of the head, D left side of the head, E ventral side of the head. Photos: Pedro Vaz Pinto.

bital bones, although the mesokinetic and metakinetic
joints appear unobstructed and flexible. Lateral maxilla
and anterior aspect of the premaxilla lack osteoderms.
The parietal is pentagonal, with five osteoderms that un-
derlie the parietal shields fused to its dorsal surface, and
a narrow, bifid, “Y’-shaped medioposterior process that
articulates with the sagittal crest of the supraoccipital.
Three large osteoderms are fused to the frontal, which is
unpaired and clasped by the parietal at its posterolateral
edge. The upper temporal fenestra is obscured anteriorly
by a large osteoderm fused to the dorsal surface of the
postorbital bone, and posteriorly by two unfused rectago-
nal osteoderms that overlie the squamosal. Premaxilla is
unpaired and contains seven pleurodont teeth, with a dor-
sal process that extends posteriorly to intersect the nasals,
which themselves overlie the frontal. The maxillae are
typically scinciform, with a deeply grooved crista denta-
lis, a deep fossa that lodges the lacrimal sac, 9 (left) or 11
(right) lateral foramina, and 22 (left) or 23 (right) teeth.
Teeth display pleurodont attachment and are unicuspid,
with a slight concave surface where they connect with the
mandibular teeth. No palpebral is present but the prefron-
tals possess a small protuberance, forming a shelf that di-
rectly underlies the anteriormost superorbital osteoderm.
The jugal is triangular in cross-section and asymmetrical-
ly T-shaped, with a tapering anterior process and a broad,

truncated posterior process that extends along and past
the posterior edge of the maxilla. The lacrimal bone is
small, flattened and oval, slightly bicuspid anteriorly, the
two processes meeting prefrontal cusps to bracket the
lacrimal duct. Pterygoids are edentate and extend back
to connect with the quadrates, becoming C-shaped in
cross-section posterior to the epipterygoid condyle. The
squamosal is curved and blade-like, circular in cross-sec-
tion anteriorly, becoming flattened posteriorly, where it
articulates with the cephalic condyle of the quadrate and
the supratemporals. Supratemporals are flattened, ovoid
and not fused with the elongate paraoccipital processes.
The posterior aspect of the prootic not fully fused with
the otooccipital, resulting in a deep groove along the dor-
sal aspect of the paraoccipital processes. Quadrates very
broad with a pronounced ridge and concave region at the
lateral edge of the adductor musculus mandibulae poste-
rior origin. The supraoccipital has a strong sagittal crest
that extends posteriorly to contact the ventral surface of
the medioposterior process of the parietal. The prootic
bears an extended alar process and a well-developed,
rhomboid christa prootica, and a very weak supratrigem-
inal process. Basipterygoid processes are well developed
and flattened. The lower jaw possesses a large adductor
fossa, a highly flattened and medially extended retroar-
ticular process, a medially open Meckelian canal that is
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Figure 11. Cordylus angolensis: live neotype (A) and habitat at the collecting site of Taqueta Mountain, Angola (B); and C. mom-
boloensis sp. nov.: live holotype (C) and habitat at the type locality of Sandula, Angola (D). Photos: Pedro Vaz Pinto (A, B), and

William R. Branch (C, D).

closed posteriorly by a large splenial, and a dentary with a
strong subdental shelf; 25 (left) and 27 (right) mandibular
teeth, and six dentary foramina.

Postcranial skeleton: Segmented mesh file of MNCN
50648 can be found here (tinyurl.com/Cang1Skel Morpho-
source link to tomogram stack https://doi.org/10.17602/
M2/M529986). The axial skeleton comprises 26 presacral
(eight cervical, three sternal, two xiphisternal, five long
asternal ribs with ossified costal cartilage, seven short
asternal ribs and one very short pair of ribs immediately
anterior to the sacral vertebrae), two sacral and 15 (in-
complete, regenerated tail) caudal vertebrae. Cervical ribs
4-6 are distally flattened and biphid, with the ventral pro-
cesses more elongated. Pubis flattened and curved with a
large, ventrally angled pectineal tubercle. Pubic symphy-
sis flattened and triangular, separating the pubes entirely.
Hyperischiam and hypoischium well developed. Sternal
plate broad with no fontanelle. Interclavicle cruciform.
Digits three and four on right manus are truncated, but
display a typical phalangeal pattern of 2—3—4—5-3 for the
manus and 2—3-4-5-4 for the pes.

Osteoderms: (Fig. 9) The dorsal trunk is covered in
rectangular, dorsomedially keeled, imbricate osteoderms,
each roughly three times as long as wide. Dorsal osteo-
derms are arranged in whorls and become progressively
more oval and better separated laterally. The nuchal os-
teoderms are spined posterior to the tympanic opening.
Ventral osteoderms are delicate and plate-like, and con-

centrated in the gular, antero-pectoral and abdominal re-
gions. No precloacal osteoderms. The forelimbs are cov-
ered in keeled, imbricate, rhomboid osteoderms, except
for the axillary, antecubical and palmar regions, which
are unarmoured. The hindlimbs are covered in rhomboid
osteoderms, except for the ventral femoral, popliteal and
plantar regions. Hindlimb osteoderms are unkeeled on
the anterior thigh, and become more spinose posteriorly
and distally. The caudal osteoderms are large, robust and
arranged in imbricated whorls, feebly keeled and mucro-
nate along the dorsal and ventral aspects, becoming more
heavily spined laterally.

Variation in additional new material. (Figs 4-6; Tables
5, 6). External morphology: Detailed morphometrics and
mensural data for the new material is presented in Tables
5-6. All additional material agrees in general with the
holotype and neotype, but differs as follows: Less than
half the length of the nasals are separated by the fron-
tonasal in CHL 613; frontonasal pentagonal in MNCN
50649; size of the frontonasal varies from much smaller
than a prefrontal scale (CHL 613), only slightly smaller
(CHL 611), about equal to or only slightly larger (CHL
615) or distinctly larger (MNCN 50649); frontonasal and
frontal in narrow (CHL 611) and broad (MNCN 50649)
contact, separating frontonasal and frontal. Shape and
size of the interparietal varies: usually kite-shaped (with
most acute angle anteriorly) and separating more than
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Figure 12. Geographical distribution of Cordylus angolensis (dark blue) and C. momboloensis sp. nov. (green) in Angola. The dis-

tribution of the three species of the C. machadoi group (C. machadoi [red], C. namakuiyus [pale blue], C. phonolithos [yellow]) is
also indicated. Type localities are indicated by stars; for C. angolensis, the original type locality of Caconda is indicated by a black
star, while the neotype locality is indicated by a dark blue star. Locality records are from the present study (see species accounts and
Appendix 1) as well as Bocage (1895), Laurent (1964), Stanley et al. (2016), Marques et al. (2019), and Lobdén-Rovira et al. (2022b).

three-quarters of the anterior parietals, but rhomboidal
(diamond-shaped) and separating only about half the an-
terior parietals in CHL 615. Occipitals only 7 in MNCN
50649. Nostril pierced in the middle (not posterior part)
of the nasal in CHL 611; nostril separated from pre-oc-
ular by a distance varying from less than half its diame-
ter (right side in CHL 613) to about equal thereto (e.g.,
left side of CHL 613); and nostril separated from first
supralabial by more than half the height of the latter and
a distance about equal to the first supralabial on the left
side in CHL 611 and CHL 613. Supralabials 5 on right
side of head in CHL 611. In CHL 613 a small, discrete,
triangular scale (‘postnasal’) is present between the na-
sal, preocular and first two supralabials on the right side
of the head. Rostral undivided, and partly fragmented in
MNCN 50649. Mental less than twice as broad as long
in CHL 611. Gulars smooth, juxtaposed to subimbricate.
Six chin shields (including tiny median one) in contact
with first supralabials in CHL 611. Dorsals in 24-25 rows
transversely, and 20-23 rows longitudinally. Ventrals in
22-24 rows transversely. Femoral pores 6 on left and
right limbs in CHL 613; differentiated glandular femo-
ral scales in males 19-25 per thigh, but absent in female
CHL 615.

Colour: Similar to that described for the neotype, but
CHL 611 and CHL 615 have a few scattered cream mark-
ings on the top of the head, and none have a pale median
band.

Size: Largest male (CHL 611, Taqueta Mountain):
SVL 88.5 mm, tail length 73.6 mm (original), total length
162.1 mm, head length (HL) 23.2 mm, head width (HW)
22.1 mm, head height (HH) 10.9 mm. Largest female
(CHL 615, Taqueta Mountain): SVL 103.1 mm, tail length
84.1 mm (original), total length 187.2 mm, HL 25.7 mm,
HW 22.3 mm, HH 10.3 mm.

Habitat. Although no specific habitat information was
available in Bocage’s (1895) original description, the
morphology of this species suggested that it is rupicolous,
as are most other congeners (Branch 1998). The type lo-
cality of Caconda, where Jos¢ de Anchieta was based, lies
in relatively flat terrain between 1500 and 1700 m a.s.l.
The local habitat there today comprises mostly agricul-
tural fields, interspersed with very occasional, scattered,
small granite outcrops. In the past, the region of Caconda
was probably covered by well-developed miombo wood-
lands, characterised by dominance of tree species such
as Julbernardia paniculata, Brachystegia spiciformis
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Table 5. Meristic data for scalation characters in Cordylus angolensis and Cordylus momboloensis sp. nov. from Angola. When different, the number of scales on the left and right sides of the head are

separated by a slash symbol (/). For occipitals, when the row is medially interrupted by post-occipitals, the number of scales on the left and right sides of the head respectively are separated by a plus

sign (+).
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and Brachystegia spp. (Bar-
bosa 1970). Nevertheless,
the species has never again
been found in the vicinity
of Caconda, but was instead
found almost 100 km to the
west on Taqueta Mountain,
at 2112 m a.s.l., where the
habitat is typical of the An-
golan highlands (Fig. 11B).
All specimens were found
in cracks and crevices in
granite outcrops present on
moderate to steep slopes,
surrounded by well-devel-
oped montane grassland in
proximity to Afromontane
forest patches in deep ra-
vines.

Distribution. Although the
original type locality is giv-
en as Caconda (Huila Prov-
ince), efforts over more than
one century to rediscover
the species at or near that
locality have failed. The fact
that Anchieta was based at
Caconda for more than 20
years (Banha de Andrade
1985), and the holotype
appears to be the only speci-
men collected, suggests that
the species was likely rare
there in those days possi-
bly due to scarcity of rocky
habitat, which subsequently
must have been further im-
pacted by human encroach-
ment and use of rocks for
construction. Alternatively,
the holotype may have
also been collected on the
mountains criss-crossed by
the 19* century land routes
linking Caconda to the ma-
jor coastal city of Benguela,
a route that was often fol-
lowed by Anchieta himself
and his assistants. While
conducting surveys in this
region in 2017, and specif-
ically targeting the moun-
tains thought to have been
along those historical routes,
we made the discovery of a
population of C. angolensis
at Taqueta Mountain. This
new locality is currently the
only site where this species
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is known to occur with any certainty (Fig. 12). Never-
theless, it is likely to be present on various rocky hills on
the highlands west of Caluquembe, along the ridge of the
southern Angolan escarpment, where suitable habitat is
present.

Localities. Angola: Caconda (—13.7199°, 15.0648°), Ta-
queta Mountain (—13.7778°, 14.1794°).

Conservation. This species is known from only one lo-
cality, and little is known about its biology or popula-
tion trends. Nevertheless, it should be noted that montane
habitats in Angolan highlands are currently under anthro-
pogenic pressure due to widespread excessive burning,
cutting of remnant forests, and overgrazing of grasslands,
all of which may negatively affect the species. The actual
range of this species is difficult to infer and threats cannot
be fully assessed at this time, but a Data Deficient cate-
gorisation, based on IUCN (2022a) Standards and Peti-
tions Committee criteria, may apply.

Remarks. It was not possible to locate the specimen of
‘Zonurus cordylus’ from Aruwimi (presumably Aruwimi
River, a tributary of the Congo River) in northern Demo-
cratic Republic of the Congo as documented by Bouleng-
er (1897). However, we reject Loveridge’s (1944a) inclu-
sion of this record under C. c. angolensis. If the locality is
indeed valid and a population of Cordylus does/did occur
in the vicinity of this river, it is likely — as suggested by
Loveridge (1944a) — to represent an undescribed species.
The Aruwimi River enters the Congo River at Basoko and
extends eastward to a position north of Bunia (near Nizi)
where it continues, as the Nizi River, to the vicinity of Jiba
near the western shores of Lake Albert. The nearest other
cordylids are C. tropidosternum (see map in Greenbaun
et al. 2012) from northern Tanzania, about 700 km south-
east from the nearest part of the Aruwimi/Nizi River, and
Katanga Province (D.R.C.) about 900 km to the south.

Cordylus momboloensis sp. nov.

https://zoobank.org/F34A7197-A522-4B65-93D0-C6AF3D-
40FAEC

Figs 4-9, 11, 13-15; Tables 5, 6
Mombolo girdled lizard; Lagarto-espinhoso do Mombolo

Chresonymy. Cordylus angolensis not Bocage, 1895:
Broadley and Branch (2002: 10) partim; Branch et al.
(2005: 137) partim; Broadley (2006: 1) partim; Stanley et
al. (2011: 67) partim; Greenbaum et al. (2012: 32) partim:
Mombolo; Reissig (2014: 33 + map) partim; Stanley et al.
(2016: 202 + map) partim.

Holotype. PEM R25217, an adult male from Sandula
(Mombolo), Cuanza Sul Province, Angola (—12.1789°,
15.0292°; 1975 m a.s.l.) collected on 6 November 2016 by
William R. Branch, Ninda Baptista and Pedro Vaz Pinto.

Paratypes. Allotype: MNCN 50761, an adult gravid fe-
male from Sandula (Mombolo), Cuanza Sul Province,
Angola (-12.1811°, 15.0316°; 2095 m a.s.l.) collected 29
May 2019 by Pedro Vaz Pinto. Other paratypes: AMNH
R47333 (adult male), AMNH R47331 (adult female),
AMNH R47332 (adult female), AMNH R47334 (adult
female) and AMNH R47335 (subadult female), all from
Mombolo, Angola (exact site unknown, but likely at the
Chapman’s farm of Sandula, same co-ordinates as for the
holotype) collected on 11 September 1925 by ‘H. Chap-
man and A. Chapman’ during the Vernay Angola Expe-
dition. MNCN 50760 (male), FKH 0127 (male), FKH
0128 (male), FKH 0125 (female), from Vondo (Uassam-
ba Mountain), Cuanza Sul Province, Angola (—11.2415°,
14.6288°; 1989 m a.s.1) collected 3 February 2019 by Pe-
dro Vaz Pinto.

Additional referred material. TM 46476, an adult fe-
male from 3 km W of Condé, Cuanza Sul Province, An-
gola (about —10.8516°, 14.6387°; 1236 m a.s.l.) collect-
ed on 25 May 1974 by Wulf D. Haacke. FKH 0129, a
juvenile from Vondo (Uassamba Mountain), Cuanza Sul
Province, Angola (—11.2415°, 14.6288°; 1989 m a.s.l)
collected 3 February 2019 by Pedro Vaz Pinto.

Diagnosis. (Where variation in additional material falls
outside the range of type material, this is indicated in
parentheses.) A medium to large rupicolous Cordylus
with a moderately depressed head and body. Referred to
Cordylus (rather than any other species of Cordylidae)
by the following combination of characters: head dis-
tinct from body, two pairs of large and well developed
limbs (body serpentiform, head indistinct from body, and
limbs rudimentary in Chamaesaura), scales on back large
and keeled (granular in Platysaurus, partly granular in
Pseudocordylus and Hemicordylus), non-spinose occip-
itals [and post-occipitals] (occipitals spinose in Smaug),
23-24 transverse dorsal scale rows (4043 in Ninurta;
3146 in Karusasaurus; 15-16 in Ouroborus); loreal ab-
sent (present in Smaug, Nirnuta, Ouroborus, Karusasau-
rus, and Namazonurus).

Cordylus momboloensis sp. nov. is distinguishable
from other members of its genus by the following com-
bination of characters: (1) back dark brown with a para-
vertebral series of pale markings; (2) top of head with
pale blotches; (3) iris of the eye mostly pale green (blue-
green to some eyes), with a brown ring around the pupil;
(4) scales of the first transverse row of dorsals similar in
appearance to those of the row behind; (5) loreal shield
absent; (6) nostril pierced in the posterior part of a large
nasal, situated behind the suture of rostral and first supral-
abial, always well separated from the first supralabial, and
usually separated from the preocular; (7) an interrupted
row of non-spinose occipitals consisting of 2—3 scales on
either side of head; (8) a row of 5—6 non-spinose post-oc-
cipitals, the median scales of which are in contact with the
posterior parietals and separate the occipitals; (9) Fron-
tonasal separated from the frontal by a pair of prefron-
tals, each of which exceeds it in size; (10) Anterior pair
of parietals usually in contact anteriorly; (11) dorsolateral


https://zoobank.org/F34A7197-A522-4B65-93D0-C6AF3D40FAEC
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and lateral scales weakly to moderately spinose; (12) tail
spinose, more weakly so distally; (13) dorsal scale rows
transversely 22—-24; (14) dorsal scale rows longitudinally
18-23; (15) ventral scale rows transversely 22-27; (16)
ventral scale rows longitudinally 12—13 [rarely 11 or 14];
(17) subdigital lamellae on 4® toe 11-15; (18) femoral
pores per thigh 5-8 in males, 4-6 in females [rarely 0; 7
on one side in a non-type specimen, TM 46476]; (19) dif-
ferentiated femoral scales [generation glands] per thigh in
males 25-37; (20) premaxillary teeth 9.

Its status as a new species is supported by monophy-
ly with high levels of support from a suite of three mi-
tochondrial and six nuclear markers (see above); and it
differs from C. angolensis, the most similar species ge-
netically and morphologically, by an uncorrelated ND2
p-distance of 9.22% (Table 3).

Comparisons with other Cordylus species. The new
species differs from all other Cordylus in having nine
(rather than seven, rarely six) premaxillary teeth, and
from most other congeners (except C. angolensis, C.
ukingensis, C. macropholis, and C. vittifer [occasion-
ally has a loreal]) in lacking a loreal. It differs from C.
ukingensis and C. macropholis by virtue of its weakly
keeled or smooth versus strongly keeled (even spinose
in C. macropholis) gulars, as well as by having its nostril
pierced near the middle of the posterior part of the nasal
scale (versus infero-posteriorly). Differs from C. tropi-
dosternum by having smooth or weakly keeled versus
keeled gulars, and having the nostril well separated from
the first supralabial (not in contact or near-contact); from
C. rhodesianus by having distinctly rugose versus finely
rugose to smooth upper head shields, 22-24 versus 25-29
transverse rows of dorsals, and a straight versus curved
sulcus dividing the posterior part of the nasal; from C.
Jjonesii by having its nostril pierced halfway up the poste-
rior edge of the nasal rather than towards the centre; and
a straight versus curved sulcus dividing the posterior part
of the nasal; and from C. marunguensis which has the
nostril pierced centrally on the lower margin of the nasal.
Distinguished from C. vittifer, C. machadoi, C. namakui-
yus and C. phonolithos by always lacking a loreal scale,
having most or all scales of the first transverse row of
dorsals of similar length (rather than longer) than those
of the next row, and by having a pair of paravertebral
rows of pale greenish-cream spots or blotches versus a
lack of these.

The new species is most similar to C. angolensis, but
distinguished from it as follows: in live specimens the iris
of the eye is largely pale green to blueish-green versus
brown; top of head distinctly marked by pale blotches
versus mostly plain brown; throat usually dirty white ver-
sus cream; a medially-interrupted row of occipital scales
(2-3 on either side of head) is present, never forming a
continuous row, each scale usually smaller than a post-oc-
cipital versus a continuous row of 6 occipitals across the
back of the head; lower numbers of ventral scale rows
longitudinally (usually 12—-13 vs 14); relatively longer
forearms (forearm/SVL 0.20-0.25 versus 0.15-0.19);
higher numbers of generation glands in males (25-37 per

thigh versus 19-25); and higher numbers of premaxillary
teeth (nine versus seven).

Description of holotype. PEM R25217 (Figs 4-6, 11,
13, Tables 5, 6). External morphology: Head and body
moderately depressed. SVL 85.1 mm. Tail 77.5 mm (tip
truncated and healed), 91.1% SVL. Head length 25.3
mm, 1.19 times as long as wide (21.4 mm), head depth
9.2 mm, 43.2% head width. Upper head shields coarse-
ly rugose, not striated. Nasals in moderate contact, their
posterior halves separated by the frontonasal, which is
quadrangular and about half the size of a prefrontal; pre-
frontals in moderate contact with one another, and con-
tacting the supranasals, preoculars and anterior supra-
oculars on either side; frontal in contact with first and
second supraoculars, followed by a pair of frontoparietals
in median contact; interparietal quadrangular, separating
posterior one-third of anterior parietals, and anterior one-
third of posterior parietals, the latter being distinctly larg-
er than the anterior ones; occipitals two on one side of
head, three on the other, interrupted by a slightly curved
row of six post-occipitals; occipitals and post-occipitals
rugose, occasionally striated but essentially non-spinose.
Four supraoculars and three supraciliaries (postocular
also in contact with posterior supraocular). Nasals large,
with nostril pierced more-or-less centrally in the posteri-
or part of the scale; nostril separated from preocular by
a distance of about half its diameter, distinctly separated
from first supralabial by a distance of more than half the
height of the latter scale (i.e., at least half the greatest
extent of the nostril); nasal divided posteriorly at the level
of the middle of the nostril, and also divided below the
nostril, forming a small postnasal. Loreal absent. Lower
eyelid with 6-7 vertically enlarged septa; suboculars 4
left and 3 right, well separated from the lip. Rostral 2.3
times as broad as deep; supralabials on left side six (four
anterior to median subocular), right side five (three an-
terior to median subocular); infralabials 6; sublabials 5.
Mental 1.9 times as broad as long; gulars vary consider-
ably in size and shape, from elongate, sometimes rectan-
gular, on the sides of the throat, to squarish, oval and ir-
regular, sometimes pentagonal or hexagonal, smooth and
at most subimbricate, forming about 12 transverse rows
(from first row in line with angle of jaws to last distinct
row posterior to pair of sublabials), and 26 longitudinal
rows between posterior angles of jaws; 5 chin shields (in-
cluding a tiny elongate scale medially) in contact with 1*
pair of sublabials.

Dorsal scales closely-set but often juxtaposed, rectan-
gular, rugose, moderately keeled (less so on middle of
back), some are also weakly spinose dorso-laterally, oc-
casionally weakly serrated at their posterior edges; later-
als occasionally subimbricate, often oval, rugose, sharply
keeled and moderately spinose, no additional spines or
serrations on the free ends of scales; dorsals (including
laterals) in 22 transverse rows (excluding one half-row)
and 23 longitudinal rows (including row of small verte-
bral scales which is interrupted at parts); on the central
part of the belly the paired rows of mesial ventrals are
rectangular (transversely), the next row on either side
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dorsal and ventral aspects, B lateral (right), dorsal and ventral aspects of the head, C underside of the foot, D femoral region of the

legs. Although not evident because of the way the holotype was photographed, its tail is intact. Photos: Pedro Vaz Pinto.

with only slightly transversely rectangular scales, the oth-
ers being squarish, with two rows of lateral ventrals on ei-
ther side consisting of longitudinally-rectangular scales;
ventrals mostly smooth, but the outermost lateral row on
either side, and an additional row of ‘pseudo-ventrals’ on
either side, with some obtusely keeled scales; ventrals
in 22 transverse and 12 longitudinal rows (excluding a
row of oval, keeled scales on either side best considered
‘pseudo-ventrals’); a pair of enlarged pre-cloacal plates
is followed anteriorly (before the ventrals) by 2—3 trans-
verse rows of much smaller plates.

Scales on upper parts of hindlimbs are large, strong-
ly keeled and strongly spinose; scales of forelimbs large,
moderately keeled and moderately spinose; scales under
fourth (longest) toe 13 on left foot, 14 on right; scales
under fourth (longest) finger 10 on left hand, 11 on right;
femoral pores 7 on each thigh, of moderate size with
distinct plugs of yellowish secretion; differentiated glan-
dular femoral scales on thighs 26 on left, 27 right. Tail
whorled, dorsally with large, elongate, rugose, strongly
keeled, spinose, weakly serrated scales, with spines di-
rected backwards and longest superolaterally; supra-
caudals strongly keeled throughout most of their length,
subcaudals basally distinctly keeled mainly on the distal
half of tail. Scales on palms of hands obtusely keeled,

on soles of feet moderately keeled; supradigital scales of
hands weakly keeled, of feet moderately keeled; subdigi-
tal scales of hands and feet weakly keeled or smooth.
Colour of holotype (in life): The upper parts of the
head, back, flanks, limbs and tail were mostly dark
brown, with irregular pale or light greenish to blueish-
green markings on either side of the midline (about six
pairs) and on top of the head; venter whitish to cream;
throat dirty white (Fig. 13). After preservation: As above,
but back with indications of dark bands, and pale dorsal
markings and venter have faded to a dirty white colour.

Variation in paratypes. (n = 10). (Figs 4-6, 8-9, 14; Ta-
bles 5, 6). Note: In AMNH R47333 the following charac-
ters could not be examined as the snout had been crushed/
damaged: loreal, septa in eyelid, suboculars, infralabials
and mental.

External morphology: All paratypes are similar to
the holotype, but differ as follows: SVL 76.1-90.5 mm
(males), 60.7-89.5 mm (females). Original tail shorter
than SVL (87.5-97.6%, n = 9). Head 1.05-1.21 times as
long as wide, head height 0.416-0.582 times head width.
Nasals in narrow contact in FKH 0125, MNCN 50760
and MNCN 50761 (allotype; posterior three-quarters
separated by frontonasal). Frontonasal tiny in AMNH



632

Bates MF et al.: New species of Cordylus from Angola and rediscovery of C. angolensis

Figure 14. Paratypes of Cordylus momboloensis sp. nov. from ‘Mombolo’, Angola (from left: AMNH R47333, R47332, R47331).

Photo: Wulf D. Haacke.

R47333, slightly smaller than a prefrontal in FKH 0127,
MNCN 50760 and MNCN 50761, about equal in size to
a prefrontal in FKH 0125 and FKH 0129; prefrontals in
broad contact in MNCN 50760 and FKH 0128, in nar-
row contact in MNCN 50761; interparietal irregular and
separating anterior parietals in FKH 0125, kite-shaped
(with most acute angle anteriorly) in MNCN 50760, com-
pletely separating posterior parietals in AMNH R47331,
completely separating anterior parietals in MNCN 50760,
and separating most of the anterior parietals in AMNH
R47332 (the anterior part of the interparietal is followed,
after a short gap, by an elongate lozenge-shaped scale
which separates the anterior extremity of the anterior pa-
rietals and contacts the suture between frontoparietals);
anterior and posterior parietals similar in size in AMNH
R47331, 47333—-4. Occipitals 2—-3 on either side of head,
interrupted medially by the row of post-occipitals; a
slightly (AMNH R47335) to distinctly (AMNH R47332—
4, MNCN 50760) curved row of six (five in FKH 0128)
post-occipitals; nasal not divided below the nostril; a tiny
elongate scale is present between the nasal, preocular and
first supralabial in AMNH R47332 (nostrils damaged/
reamed in AMNH R47334). A few occipitals with weak
keels in FKH 0125. Nostril separated from preocular by
more than half its diameter on left side of head and less
than half on right (FKH 0125, MNCN 50760), about half
on left and less than half on the right in FKH 0127-8, and
less than half on both sides in FKH 0129; and nostril sep-
arated from first supralabial by a distance greater than half

its height on left and equal on right (MNCN 50760), equal
to half the distance on the left in FKH 0125, and exceed-
ing the height of the supralabial on the left in FKH 0129.
Lower half of preocular with a vertical suture medially in
MNCN 50761 (allotype). Lower eyelid with 5-7 vertical
septa; suboculars 3—4 (two on left side of head in FKH
0125, usual two posterior scales apparently fused). Ros-
tral 2.21-2.60 times as broad as deep [AMNH only]; su-
pralabials 5—6; infralabials 5—6, but 4 on right side of head
of AMNH R47331. Anterior pair of sublabials of FKH
0125 completely separated by a moderate-sized elongate
scale that contacts the mental; 4-5 chin shields (including
small median scale) in contact with 1* pair of sublabials.
Mental 1.52—1.75 times as broad as long [AMNH only];
gulars subimbricate to juxtaposed, irregular throughout in
FKH 0125, FKH 0127, MNCN 50760 and MNCN 50761
(allotype), a few lateral gulars with obtuse and feeble me-
dian keels, but FKH 0125, FKH 0128 and FKH 0129 also
have feebly keeled gulars centrally, in 16-22 longitudinal
rows between posterior angles of jaws.

Dorsals plus laterals in 2224 transverse rows and 18—
22 longitudinal rows; ventrals in 22-27 transverse and
12-13 [11 in FKH 0128, 14 in AMNH R47333] longitu-
dinal rows (an additional row of ‘pseudo-ventrals’ on ei-
ther side between ventrals and laterals in AMNH R47331
and 47332 only).

Scales under fourth (longest) toe 11-15, under fourth
(longest) finger 10—-12 [AMNH only]; femoral pores per
thigh 5-8 in males, 46 (0 in AMNH R47334) in females;
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differentiated glandular femoral scales in males only,
25-37 per thigh. In AMNH R47332 the basal subcau-
dals are obtusely keeled or smooth. Supradigital scales
of hands smooth to moderately keeled, of feet smooth to
strongly keeled; in AMNH R47331 subdigital scales of
feet strongly keeled and occasionally spinose, especially
posteriorly.

Colour of paratypes (in life): Colouration of the San-
dula and Vondo paratypes was similar to that of the holo-
type. The belly had a slightly blueish tinge.

Colour of paratypes (in preservative): AMNH R47331
is the most distinctly marked of the old ‘Mombolo’ series
(Fig. 14): The upper parts of the head, back, flanks, limbs
and tail are medium to dark brown; there are five dark
transverse bands across the back from nape to tail, sepa-
rated by narrower bands of paler colour, including three
pairs of large and distinct cream-coloured paravertebral
blotches, together with a series of less distinct but simi-
larly pale blotches dorso-laterally; and a few cream spots
are present on the top of the head. In the other AMNH
specimens the upper parts of the head, back, flanks, limbs
and tail are medium to dark brown, but without distinct
dark markings or pale spots (pattern may have faded).
Venters of all AMNH specimens are cream to pale tan.

Cranial skeleton: (Fig. 8; segmented mesh files of
paratype AMNH R47334 and TM 46476 can be found
here (tinyurl.com/CangolensisAMNH) and here (tinyurl.
com/CordylusAngola2). Morphosource links to tomo-
gram stacks (https://doi.org/10.17602/M2/M530010 and
https://doi.org/10.17602/M2/M530028). Consistent char-
acters between both specimens are reported here, with
any differences noted. The scales of the dorsal and tempo-
ral regions of the skull and the ventrolateral aspects of the
jaws overlie rugose osteoderms. These osteoderms fuse
to the proximal parietal, frontal and postorbital bones,
although the mesokinetic and metakinetic joints appear
unobstructed and flexible. Lateral maxilla and anterior
aspect of the premaxilla lack osteoderms. The parietal is
pentagonal, with five osteoderms that underlie the parietal
shields fused to its dorsal surface, and tapers to a bifid
medioposterior process, which articulates with the sagit-
tal crest of the supraocciptial. Three large osteoderms are
fused to the frontal, which is unpaired and clasped by the
parietal at its posterolateral edge. The upper temporal fe-
nestra is obscured anteriorly by a large osteoderm fused to
the dorsal surface of the postorbital bone, posteriorly by
two unfused rectagonal osteoderms that overlie the squa-
mosal. Premaxilla is unpaired and contains nine pleuro-
dont teeth, with a dorsal process that extends posteriorly
to intersect the nasals (absent due to damage in AMNH
R47334), which themselves overlie the frontal. The max-
illae are typically scinciform, with a deeply grooved crista
dentalis, a deep fossa that accommodates the lacrimal sac,
and 20-21 (TM 46476) to 18-19 (AMNH R47334) teeth.
Teeth display pleurodont attachment and are unicuspid,
with a slight concave surface where they connect with the
mandibular teeth. No palpebral is present but the prefron-
tals possess a small protuberance, forming a shelf that di-
rectly underlies the anteriormost superorbital osteoderm.
The jugal is triangular in cross-section and asymmetrical-

ly T-shaped, with a tapering anterior process and a broad,
truncated posterior process that extends along and past the
posterior edge of the maxilla. The lacrimal bone is small,
flattened and oval, slightly bicuspid anteriorly, the two
processes meeting prefrontal cusps to bracket the lacrimal
duct. Pterygoids are edentate and extend back to connect
with the quadrates, becoming C-shaped in cross-section
posterior to the epipterygoid condyle. The squamosal is
curved and blade-like, circular in cross-section anteri-
orly, becoming flattened posteriorly, where it articulates
with the cephalic condyle of the quadrate and the supra-
temporals. Supratemporals are laterally flattened, ovoid
and not fused with the elongate paraoccipital processes.
The posterior aspect of the prootic in the smaller AMNH
R47334 is not fully fused with the otooccipital, resulting
in a deep groove along the dorsal aspect of the paraoccip-
tal processes. Quadrates very broad with a pronounced
ridge and concave region at the entire lateral edge in TM
46476 (right quadrate of AMNH R47334 partially dam-
aged). The supraoccipital has a strong sagittal crest that
extends posteriorly to contact the ventral surface of the
medioposterior process of the parietal. The prootic bears
an extended alar process and a well-developed, rhomboid
christa prootica, and a very weak supratrigeminal process.
Basipterygoid processes are well developed and flattened.
The lower jaw possesses a large adductor fossa, a highly
flattened and medially extended retroarticular process, a
medially open Meckelian canal that is closed posteriorly
by a large splenial, and a dentary with a strong subdental
shelf; 22 (AMNH R47334) and 25-26 (TM 46476) man-
dibular teeth, and 6—7 dentary foramina.

Postcranial skeleton: Segmented mesh files of AMNH
R47333 and TM 46476 can be found here: tinyurl.com/
CangAMNHSkel and here tinyurl.com/Cang2Skel. Mor-
phosource links to tomogram stacks (https://doi.org/
10.17602/M2/M 15862 and https://doi.org/10.17602/M2/
M529986). The axial skeleton is comprised of 25 pre-
sacral vertebrae: eight cervical, three sternal, two xiphis-
ternal, five long asternal ribs with ossified costal cartilage,
then seven short asternal ribs (the ribs immediately ante-
rior to the sacral vertebrae in AMNH R47333 are highly
reduced), two sacral and 24 caudal vertebrae (incomplete,
regenerated tail in AMNH R47333). Cervical ribs 4—6 are
distally flattened and biphid, with the ventral processes
more elongated. Pubis flattened and curved with a large,
ventrally-angled pectineal tubercle. Pubic symphysis
flattened and triangular, separating the pubes entirely.
Hyperischiam and hypoischium well developed. Sternal
plate broad, lacking a fontanelle. Interclavicle cruciform.
Digits display a typical phalangeal pattern of 2—3—4-5-3
for the manus and 2—3-4-5—4 for the pes.

Osteoderms (Fig. 9): The dorsal trunk is covered in
rectangular, dorsomedially keeled, imbricate osteoderms,
each roughly three times longer than its width. The dorsal
osteoderms are arranged in whorls, becoming more oval
and better separated laterally. The nuchal osteoderms are
spined posterior to the tympanic opening. Ventral osteo-
derms are absent in AMNH R47333, and delicate and
plate-like in TM 46476, grading from rhomboid in the
gular region to mildly imbricated and cycloid in the pec-


https://doi.org/10.17602/M2/M530010
https://doi.org/10.17602/M2/M530028
https://doi.org/%C2%AD10.17602/M2/M15862
https://doi.org/%C2%AD10.17602/M2/M15862
https://doi.org/10.17602/M2/M529986
https://doi.org/10.17602/M2/M529986

634

Bates MF et al.: New species of Cordylus from Angola and rediscovery of C. angolensis

Figure 15. A, C Adult female Cordylus momboloensis sp. nov. (TM 46476) from 3 km W of Cond¢, Cuanza Sul Province, Angola.
B Habitat shown is in the vicinity of Condé. Photos: Wulf D. Haacke (A, C), and William R. Branch (B).

toral region, square and non-imbricate in the abdominal
region, to pentagonal in the cloacal region. The forelimbs
are covered in keeled, imbricate, rhomboid osteoderms,
except for the axillary, antecubical and palmar regions,
which are unarmoured. The hindlimbs are covered in
rhomboid osteoderms, except for the ventral femoral,
popliteal and plantar regions. Hindlimb osteoderms are
unkeeled on the anterior thigh, become more spinose pos-
teriorly and distally. The caudal osteoderms are large, ro-
bust and arranged in imbricated whorls, feebly keeled and
mucronate along the dorsal and ventral aspects, becoming
more heavily spined laterally.

Variation in additional material (n = 2). (Figs 4-6, 8-9,
15; Tables 5, 6)

External morphology: TM 46476 (female). SVL 106.0
mm. Original tail 106.7% SVL. Head 1.25 times as long
as wide, head height 0.469 times head width. Nasals in
broad contact. Interparietal bulb-shaped with a long neck,
completely separating the anterior parietals. Anterior
and posterior parietals similar in size and shape. Nostril
in contact with preocular, nasal scale apparently not di-
vided, and no postnasal present. Lower half of preocular
with a vertical suture medially, suggesting partial fusion
with loreal. Lower eyelid with five vertically enlarged
septa. Rostral 2.8 times as broad as deep. Supralabials
5 left, 7 right. Mental 1.49 times as long as broad. Gu-
lars mostly rectangular and obtusely and feebly keeled,
imbricate to subimbricate, forming nine transverse rows
(from first row in line with angle of jaws to last distinct
row posterior to pair of sublabials), and 23 longitudinal
rows between posterior angles of jaws. Four chin shields
in contact with first pair of sublabials. Dorsals in 24 trans-
verse and 20 longitudinal rows. Ventrals in 22 transverse
and 12 (plus one row of ‘pseudo-ventrals’ on either side)
longitudinal rows. Pair of cloacal plates preceded by two
transverse rows of much smaller plates. Scales under

fourth toe 13 (both sides), under fourth finger 12 (both
sides). Femoral pores 7 left, 5 right; no differentiated
femoral scales. Subdigital scales of feet strongly keeled
and spinose, especially posteriorly.

FKH 0129 (juvenile). Data for head only, see Figs 4-6
and Table 5. Supralabials 6. Infralabials 7 left, 6 right.
Suboculars 3. Occipitals 2 on either side of head.

Colour of additional material (in life). TM 46476: Up-
perparts medium brown with a paired series of irregular
cream paravertebral blotches from nape to base of tail;
top of head with a few small, scattered, cream markings.
FKH 0129 was similar to the type series.

Size. Largest male (MNCN 50760, Vondo): SVL 90.5
mm, tail length 88.4 mm (original), total length 178.9
mm, head length 23.1 mm, head width 21.3 mm, head
height 11.9 mm. Largest female (MNCN 50761 allotype,
Vondo): SVL 89.5 mm, tail length 85.4 mm (original),
total length 174.9 mm, HL 22.3 mm, HW 20.5 mm, HD
11.8 mm. A non-type female (TM 46476, 3 km W of
Condé¢), referred to this species, measures SVL 106.0,
mm, tail length 113 mm (original), total length 219 mm,
HL 26.8 mm, HW 22.2 mm, HD 12.7.

Etymology. The name ‘momboloensis’ derives from the
local name (“m’bolo”) for Mombolo which in Umbundo
— main language in central Angola — is applied to bread
or staple food. It is a reference to the fact that the region
in question consists of a fertile and relatively large high-
land plateau (surrounded by mountains, in Luanza Sul
Province). Most of the available specimens, including the
holotype as well as the first series of specimens of this
species collected during the Vernay Angola Expedion in
1925, were collected in Mombolo.

Habitat. Although no specific habitat information is
available for the material housed at the AMNH, it is like-
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ly that it may have been obtained at the same site as the
recent material from Sandula. At both the Sandula and
Vondo localities, the species proved to be rupiculous
and specimens were found sheltering inside cracks and
crevices in rocky outcrops (igneous rocks in Sandula and
granite in Vondo) present in fairly steep slopes above
1900 m a.s.l. (Fig. 11D). The surrounding habitat at San-
dula and Vondo is montane grassland. The specimen from
Cond¢ was reportedly found in a rock outcrop surrounded
by grassland and sparse miombo savannah (see Fig. 15B).

Distribution. This species was collected at Sandula
(Monte Verde) and Vondo (Mount Uassamba), both in
Cuanza Sul Province on high mountain peaks at 1975-
2095 m a.s.l., and an individual was briefly observed
at Morro do Pundo (-12.4464°, 13.9171°) in Benguela
Province, at approximately 1000 m elevation near the
town of Bocoio (Fig. 12). The Bocoio specimen quickly
disappeared into a deep crevice and only a tail tip was se-
cured. The latter was analysed for 16S and the specimen
was referred to this species. The two peaks at Sandula and
Vondo are situated about 110 km apart in highlands that
include several mountain chains that have never been sur-
veyed before, suggesting that the species is widespread
on the west-central Angolan plateau in suitable mountain
habitat, while the specimen from 3 km W of Condé places
the species further north at elevations of about 1236 m
a.s.l. in miombo woodlands (Fig. 12).

Key to the genus Cordylus in Angola

The AMNH material was collected by ‘H. Chapman
and A. Chapman’ in 1925 and simply labeled as ‘Mombo-
lo’. This location, however, is rather vague as the region
of Mombolo covers about 1000 km?, and included three
farms belonging to the Chapman family. A very detailed
discussion on the problems in relation to another rupic-
ulous lizard, Afroedura bogerti, collected under iden-
tical circumstances (Loveridge 1944b), is provided by
Branch et al. (2017). It can be noted that Hill and Carter
(1941) stated that “Boulton and Charles Chapman went
to Namba in the Mombolo region.” Two of Chapman’s
farms were located on the separate mountain chains of
Namba and Monte Verde (Sandula), suggesting that the
geographic location could be confidently narrowed down
to those two sites. However, several recent surveys con-
ducted on both mountains have so far resulted in Cordy-
lus being found only at Sandula, suggesting that this was
the original locality where the Chapman specimens were
collected.

Conservation. Little is known about the biology of this
species, but habitat at the four sites where it has been
found appears to be relatively undisturbed. Given the
current knowledge, if an assessment was to be done, it is
likely to result in a classification of Least Concern based
on IUCN (2022a) Standards and Petitions Committee cri-
teria.

1la Loreal present; nostril situated above the suture between rostral and first supralabial; scales of the first transverse

row of dorsals MOSLY ClONZALEA .......cc.eiiiiiiei ettt ettt sttt eneens 2
1b Loreal absent; nostril situated posterior to suture between rostral and first supralabial; scales of the first transverse
row of dorsals not elongated, similar to those of SUDSEqUENt TOWS........eceeiirieriieieiieiere e 4
2a Interparietal small, not completely separating the anterior parietals; ventral osteoderms absent.......... C. machadoi
2b Interparietal large and usually in contact with the frontoparietals, separating the anterior parietals; ventral osteo-
413000 T 03 (213 RSP SSTS 3
3a Femoral pores in adults 4—60 Per L€ .....c.coueieiiiiiiiiiiiiieerese et C. namakuiyus
3b Femoral pores in adults 7—8 Per L€ .......coueviiiiiiiiiiiiiieerere ettt C. phonolithos
4a Iris of the eye brown; occipitals in a regular row of six scales; ventral scales in 14 rows longitudinally; generation
glands in males 19-25 per leg; forearm/SVL 0.15-0.19.....cccccoociiiminiinininininicieceeeeeeeeee C. angolensis
4b Iris of the eye pale green or blue-green; occipitals 2—3 on either side of head, interrupted medially by a row of 5-6
post-occipitals; ventral scales in 12—13 (rarely 11 or 14) rows longitudinally; generation glands in males 25-37 per
leg; forearm/SVL 0.20—0.25...c..coiiiriiieieeetetetetee ettt C. momboloensis sp. nov.
Discussion most closely related to the other species of the Angolan

The most recent phylogeny of the genus Cordylus indicat-
ed a distinct Angolan clade consisting of three species: C.
machadoi, C. namakuiyus and C. phonolithos (Marques
et al. 2019). However, the relationship of these species to
C. angolensis Bocage, 1895 was not established pending
the availability of samples. Nevertheless, Stanley et al.
(2016) hypothesised that ‘C. angolensis’ based on materi-
al housed at AMNH (i.e., C. momboloensis sp. nov.) was

clade (C. machadoi group) considering the known strong
biogeographic fidelity of the genus Cordylus and co-oc-
currence in this area.

In the present study we analysed lizards from the
west-central highlands of Angola and placed them in a
phylogenetic context with their congeners, including the
three species in the C. machadoi group. Cordylus ango-
lensis and C. momboloensis sp. nov. form a sister clade
to the C. machadoi group. Within the latter, C. machadoi
(high elevation escarpment) and C. phonolithos (Serra da
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. C. beraduccii
. C. cordylus
[ jonesii I c. vittifer

. C. machadoi* @ C. phonolithos*
DC. marunguensis @ C. angolensis*
D C. meculae @ C. macropholis
. C. momboloensis* @ C.imkeae

D C. namakuiyus* @ C. mclachlani
. C. nyikae @ C. minor

. C. rhodesianus @ C. niger

\:‘ C.rivae C. oelofseni ' &

D C. tropidosternum
I:] C. ukingensis

Figure 16. Geographical distri-
bution of the genus Cordylus,
restricted to sub-Saharan Afri-
ca. In the key, Angolan species
are indicated by an asterisk.
Polygons for non-Angolan spe-
cies are reported from IUCN
(2022b).

Neve inselberg) group together, rather than C. machadoi
+ C. namakuiyus (arid lowlands) as indicated by Marques
et al. (2019), but support is weak and therefore relation-
ships within the group remain unresolved. The C. mach-
adoi—C. phonolithos relationship suggests a once contin-
uous highland population, and therefore the possibility of
taxonomic over-inflation (see Tolley et al. 2021) within
the C. machadoi group should be investigated.

Cordylus angolensis and C. momboloensis sp. nov.
are superficially similar species of comparable size, co-
lour pattern and scutellation. Nevertheless, we show that
they differ with regard to the arrangement of occipitals/
post-occipitals, numbers of ventral scale rows longitu-
dinally, relative forearm length, numbers of generation
glands in males, and in terms of eye colour — a character
not usually mentioned in cordylid species comparisons
(see Diagnosis above). There are also differences be-
tween C. angolensis and C. momboloensis sp. nov. with
regard to the skeleton and osteoderms: 22-23 maxillary
teeth on either side versus 18-21 respectively; premax-

illary teeth 7 versus 9; and in C. angolensis the posterior
process of the parietal is much longer compared to C.
momboloensis sp. nov. Osteoderm distributions of C.
momboloensis sp. nov. differ between the two specimens
scanned, but greater sampling is needed to ascertain
whether this is a result of ontogenetic, geographic or sto-
chastic variation.

Our phylogeny agrees largely with that of Stanley
et al. (2016) and Marques et al. (2019) in regard to the
Cape/South African and East African clades, with one
noticable difference. We found that the Angolan Cordy-
lus were most closely related to a C. jonesii + C. rhode-
sianus clade, comprising two species which in our anal-
ysis fall outside the East African clade. This C. jonesii
+ C. rhodesianus grouping is supported by at least one
scale character (a posteriorally divided nasal scale). The
close relationship of C. jonesii + C. rhodesianus with the
Angolan species may suggest a mechanism as to how
the ancestors of the strictly rupicolous Angolan Cordylus
were able to traverse about 1400 km of non-rocky habitat
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and colonise their current territory. Cordylus jonesi and
C. rhodesianus form part of the continuous corridor of
the eastern clade, co-occuring with C. vittifer in the south
and C. tropidosternum in the north (Fig. 16). Cordylus
Jonesii has a broader distribution than most Cordylus spe-
cies and, like the similarly widespread C. tropidosternum,
is an ecologically unusual cordylid, often eschewing the
typical cordylid rock-crevice retreat sites for tree bark and
hollow tree limbs in mopane woodlands (Branch 1998).
If the reduced reliance on rocky habitat seen in C. jone-
sii represents the plesiomorphic condition for this clade,
the ancestors of Angolan Cordylus may have been able
to disperse through the dry woodlands of the southern
African Miocene via Botswana, Zimbabwe, Zambia and
northern Namibia (Bamford 2000), reverting to obligate
rupicoly upon reaching the rocky habitats of the Angolan
escarpment and coastal desert. The current diaspora in
the northern Cordylus clade implies that the intermediate
habitat must have become unsuitable following the west-
wards dispersal, with aridification of the Kalahari in the
mid- to late-Miocene providing one explanation of how
this isolation could have occurred (Hoetzel et al. 2015).
Recent studies on other rupicolous lizards in the
south-western quarter of Angola have indicated similar
distribution patterns to Cordylus. In both Angolan Afio-
edura and Cordylus, the main divide splits one clade in
the west-central highlands and one clade widely distrib-
uted along the south-western coastal plain and escarp-
ment. The six species of Angolan flat geckos (Branch
et al. 2021; Conradie et al. 2022b) show a distribution
pattern similar to the five species of Cordylus (Fig. 12):
in the west-central highlands the 4. bogerti group is sim-
ilarly distributed to the C. angolensis group, and in the
south-western group the other three species of Afroedu-
ra have a similar distribution to the C. machadoi group
(high elevations at the top of the southern escarpment: A.
vazpintorum and C. machadoi; Serra da Neve inselberg:
A. praedicta and C. phonolithos; widely distributed on
the semi-arid coastal plain: 4. donveae, A. vazpintorum,
C. namakuiyus). Hemidactylus benguellensis is another
gecko restricted to south-western Angola (Lobon-Rovira
et al. 2021), with a distribution similar to the C. machadoi
group as its range includes the lowlands (similar to the
range of C. namakuiyus), highlands (similar to C. macha-
doi) and Serra da Neve (habitat of C. phonolithos).
These similar distribution patterns strongly suggest
that the same evolutionary forces may have shaped the
speciation history of these genera in Angola. The Ango-
lan west-central highlands, corresponds to the marginal
mountain chain or ancient massif (Huntley 2019), and
includes most of the country’s highest peaks and Afro-
montane ecosystems. These highlands are recognized as
an important centre of biodiversity endemism, as part of
a continent-wide archipelago of relic montane grasslands
and forests (Huntley 2019). Radiation of saxicolous liz-
ards speciating allopatrically in ‘rock islands’ has been
well documented (e.g., Branch et al. 2021; Conradie et
al. 2022b), and our data suggest that the species current-
ly present in the Angolan central highlands, such as C.
angolensis and C. momboloensis sp. nov., represent rela-

tively old lineages, while speciation in the south-western
clade is more recent and may not be fully resolved.

Despite several recent studies on the herpetofauna of
Angola (see references in Introduction), more surveys
will be required to allow an evaluation of the true dis-
tribution of both C. angolensis and C. momboloensis sp.
nov., and to investigate the possibility of additional con-
geners occurring in the country. The highlands of central
Angola are still relatively poorly known biologically and
barely explored, but it is likely that future work will re-
veal similar speciation patterns in other rupiculous taxa,
which may significantly contribute to a better interpre-
tation of Angolan biogeography in general. Our findings
underline the importance of the Angolan west-central
highlands in functioning as a regional reservoir of bio-
diversity, and highlight the need to conserve its highly
threatened montane habitats.

Conclusion

Our evaluation of genetic and morphological data indi-
cates that two species of allopatric, rupicolous Cordylus,
C. angolensis and C. momboloensis sp. nov., occur in the
west-central highlands of Angola. Cordylus angolensis
was until now known only from the holotype collected
128 years ago. We also show that these two species form
a clade most closely related to the three species of the C.
machadoi complex in south-western Angola, and togeth-
er the Angolan assemblage of Cordylus is a distinct clade
most closely related to east African congeners, especially
C. jonesii + C. rhodesianus.
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1513AB; 1688 m); Tchivinguiro (Agronomics School), about 25 km
due SSW of Lubango, Huila Province — NMN 7002 (15°10°S, 13°18’E;

1513AB); Tundavala, Huila Province — CHL 700-1 (14°50°26.4”S,
13°22°28.8”E; 1413CD; 2239 m); CAS 263578-9* (14°49°25.9”S,
13°22°52.1”E; 1413CD).

Cordylus cf. machadoi
NAMIBIA. Baynes Mountains, Kunene Region — TM 57561 (1712BA).
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DEMOCRATIC REPUBLIC OF CONGO. Marungu Mountains, Ka-
tanga Province — UTEP 20374* (07°43°08.1"’S, 29°45°52.4”E; 0729DB;
1993 m).

Cordylus namakuiyus
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47310* also used for CT scanning], 47317-21; 1.8 km W of Caracu-
lo, Namibe province — CAS 254912-4* (15°0°59.4”S, 12°38°31.3”E;
1512BA; 503 m), CAS 256529* (15°0°57.37S, 12°38°32.6”E; 1512BA;
509 m); 88 km N of Espinheira, near Iona National Park, Namibe
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Province — PEM R18005 (also used for CT-scanning; 15°59°48.5”S,
12°24°24.6”E; 1512CD; 308 m); vicinity of Mariquita Meva, Benguella
Province — CHL 609, 616 (13°29°52.0”S, 12°36°17.0”E; 1312BC;
331 m); 35 km NW (by road) of Pico Azevedo, Namibe Province —
CAS 254754-5%, 256530-1* (15°28°33.2”S, 12°27°45.7”E; 1512AD;
421 m); 10.4 km S of Rio Mucungo on tar road to Bentiaba, Namibe
Province — PEM R25218-9 (14°50°31.0”S, 12°25°40.0”E; 1412CD;
369 m; data for first transverse row of dorsals, occipitals, post-occi-
pitals, interparietal/anterior parietals, and ventral rows longitudinally
only, not included in Table 4); 49 km ESE of Tombua, Namibe Provin-
ce — TM 40430 (15°53°S, 12°16’E; 1512CD; 215 m).

Cordylus nyikae
MALAWI. Nyika Plateau, Northern Region — PEM R20120*, PEM
R20121*.

Cordylus phonolithos

ANGOLA. Namibe Province: Serra da Neve, N’Dolondolo — CAS
263581* (13°48°24.4”S, 13°08°06.3”E; 1313CC; 754 m); Serra da
Neve — CHL 848 (13°46°10.4”S, 13°15°07.2”E; 1313CD; 1715 m);
CHL 851 (13°46°23.6™S, 13°14°56.0”E; 1313CC; 1934 m); CHL 852,
1056-7 (13°46°26.6”S, 13°14°51.3”E; 1313CC; 1983 m); MNCN
50651 (13°46°19.7”S, 13°15°03.9”E; 1313CD; 1838 m; female: SVL
= 94.5 mm, scales around 15" row of caudals = 12); MNCN 50652
(13°46°21.4S, 13°15°00.4”E; 1313CD; 1883 m; male: SVL =95.7 mm,

scales around 15" row of caudals = 8).

Cordylus rhodesianus

ZIMBABWE. Manicaland Province: Nyanga district: Chinaka farm —
NMB R10035 (1832BC); Gugurumba — NMB R10031 (1832BC);
Inyangani Mountain — NMB R10032-3 (1832BD); Nyanga National
Park — CAS 209623* (18°18°57” S, 32°41°52”E; 1832BC; 1846 m);
York Forest Land — NMB R10034 (1832BC).

Cordylus rivae
ETHIOPIA. East of Negelle, Oromia Region — TIC 0564*.

Cordylus tropidosternum

MALAWTI. Chitipa district, near Jembya Forest Reserve, Northern Re-
gion — PEM R20121 (1033BA); MOZAMBIQUE, Zambesiaca Prov-
ince: Moebase village — PEM R13288 (1638DC); east of Moebase
village — PEM R13297 (1638DC); 1 km west of Namagure village —
PEM R13264-5 (1638DC); Top of Tenge Hill, Capital Iron Ore mine
site, Tete, Tete Province — PEM R20599 (1533DB); TANZANIA. Ma-
goroto, East Usambara Mountains, Tanga Region — UF:herp:63302*
(05°06'30.2"S, 38°44'37.3"E; 0538BA; 785 m).

Cordylus ukingensis
TANZANIA. Tandala, Ukinga Mountains, Njombe Region — MCZ
R-30761%* (09°23°00”S, 34°14°00”E; 0934AC; 2008 m).

Cordylus vittifer variety A (Free State and Gauteng prov-
inces) (1 in Fig. S3)

SOUTH AFRICA. Free State: Annie’s Rust 763, Heilbron district —
NMB R3412-3 (2628CC); Baltespoort 998, Vredefort district — NMB
R912 (2727AA); Mara 395, Parys district — NMB R3771-2 (2627DC);
Mara 855, Vredefort district — NMB R4049, 4054 (2727AD); Van der
Walts Rust 1021, Vredefort district — NMB R3825 (2627CC); Gauteng:
Bronkhorstspruit, Bronkhorstspruit district — NMB R1603-5 (2528DC);
Orange Grove, Johannesburg — MCZ R-14215*% (26°10°01.2”S,

28°04°58.8”E; 2628AA; 1706 m); 2.3 km WSW of Visitors Centre,
Suikerbosrand Nature Reserve, Heidelberg district — NMB R8869
(2628AC).

Cordylus vittifer variety B (Free State Province) (2 in
Fig. S3)

SOUTH AFRICA. Free State, Vrede district: Berlin 497 — NMB R2420,
2422 (2729AC); Dipka 200 - NMB R3002, 8523 (2729CA); Klipplaat
380 — NMB R2393, 2395 (2728BD); Rouxmenel 896 — NMB R8800
(2729CB); Tygerfontein 240 - NMB R2922, 2925 (2729CB); Uitvlugt
227 — NMB R827, 832 (2729AD); Woudzicht 492 — NMB R2449-50
(2728DB).

Cordylus vittifer variety B (Limpopo Province) (3 in Fig.
S3)

SOUTH AFRICA. Limpopo Province: Bloemhof 4, Potgietersrus dis-
trict — NMB R8865 (2429AA); Entabeni Nature Reserve, Soutpansberg
district — NMB R8858-9, 88634 (2230CD); Helderfontein 6KS, Pot-
gietersrus district — NMB R8194 (2429AA); Monte Christo 1011, Tha-
bamoopo district — NMB R8148-9 (2329DD); Zwartkloof 707, Warm-
bad district - NMB R8857 (2428CC).

Cordylus vittifer variety B (Mpumalanga Province and
Eswatini) (4 in Fig. S3)

SOUTH AFRICA. Mpumalanga: De Goedeverwachting 57, Carolina
district — NMB R8290 (2630AA); Desire 563, Pilgrim’s Rest 2 district —
NMB R8770, 8773 (2430DD); Goede Hoop 182, Ermelo district— NMB
R8721-2 (2630BA); Joubertsdal 448, Nelspruit district — NMB R8866
(2530DB); Lochiel 192, Eerstehoek district — NMB R8291 (2630BB);
Mount Sheba, Pilgrims Rest 2 district — NMB R8768 (2430DC); Riet-
fontein 19, Carolina district - NMB R8723 (2630AB); Sabieshoek 200,
Pilgrims Rest 2 district - NMB R8727-8 (2530BA); Saddleback Hill,
Barberton, Barberton district — NMB R8867 (2531CC): ESWATINI.
Malolotja Nature Reserve — NMB R8868 (2631AA).

Cordylus vittifer variety C (Free State Province) (5 in
Fig. S3)

SOUTH AFRICA. Free State, Harrismith district: Tafelberg ‘A’ 1312 —
NMB R8193 (2829AA); Waterfall 1157 — NMB R3077, 3086, 4591-3,
4597 (2829AD).

Cordylus vittifer (KwaZulu-Natal Province) (6 in Fig. S3)
SOUTH AFRICA. KwaZulu-Natal: Dewar 2400, Dundee district —
NMB R10324-5 (2830AD); Geotoli, N of Kranskop, Kranskop dis-
trict — NMB R8739-40 (2830DD); Honig Krantz 945, Camperdown
district — NMB R10306, 10309 (2930DC); Howard 4353, Lions River
district — NMB R10315, 10321 (2929BD); Isandlwana, Nqutu district —
NMB R8402 (2830BC); Maritz Daal 940, Lions River district - NMB
R10311, 10314 (2930AC); Tarzan 13727, Ubombo district — NMB
R10323 (2732CA); Upper end of Langefontein 980, Pinetown district —
NMB R10304 (2930DB); Farm no. 822, Vryheid district — NMB—
R10326, 10328 (2831AA); Farm no. 906, Camperdown district — NMB
R10301-2 (2930DA); Farm no. 15356, Nhlusane Mountain, Lions Riv-
er district — NMB R10329 (2929DB).
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Supplementary Material 1

Figure S1

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .tif

Explanation note: Paratype of Cordylus machadoi (MCZ 74120). Dorsal A, lateral B and ventral C aspects of the
head; dorsal D and ventral E aspects of the body. Photos: William R. Branch.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/vz.73.€95639.suppl1l

Supplementary Material 2

Figure S2

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .tif

Explanation note: Holotype (ZMB 10762) of Zonurus vittifer. A-D Lateral, ventral and dorsal aspects of the head;
E, F: dorsal and ventral aspects of the body; G, H femoral region of the right and left legs, respectively. Photos:
Frank Tillack.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/vz.73.€95639.suppl2

Supplementary Material 3

Figure S3

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .png

Explanation note: Geographical distribution of Cordylus vittifer in South Africa and Eswatini. Shaded areas depicting
the species overall distribution are based on Bates et al. (2014). The different populations for which morphological
data is provided are numbered and colour coded: 1 (pink): variety A, Free State and Gauteng provinces, South Af-
rica; 2 (pale green): variety B, Free State Province, South Africa; 3 (yellow): variety B, Limpopo Province, South
Africa; 4 (dark green): variety B, Mpumalanga Province, South Africa and Eswatini; 5 (blue): variety C, Free State;
6 (purple): KwaZulu-Natal Province, South Africa.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/vz.73.€95639.suppl3
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Supplementary Material 4

Figure S4

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .jpg

Explanation note: Ventral aspect of Cordylus machadoi (PEM R19784 — 6.3 km north of Humpata, Angola). Photo:
William R. Branch.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/vz.73.€95639.suppl4

Supplementary Material 5

Figure S5

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .pdf

Explanation note: Allometry plot of relative osteoderm volume (osteoderm-postcranial skeleton volume ratio) against
snout-vent length (mm) in Angolan Cordylus. 1) Cordylus machadoi PEM R18006, 2) C. machadoi PEM R18009,
3) C. machadoi PEM R19782, 4) C. machadoi PEM R19784, 5) C. machadoi CAS 263579, 6) C. machadoi CAS
263578, 7) C. namakuiyus CAS 254912, 8) C. namakuiyus CAS 254913, 9) C. namakuiyus CAS 254914, 10) C. na-
makuiyus CAS 254754, 11) C. namakuiyus CAS 254755, 12) C. namakuiyus CAS 56529, 13) C. namakuiyus CAS
56530, 14) C. namakuiyus CAS 256531, 15) C. namakuiyus PEM R18005, 16) C. namakuiyus AMNH R47301,
17) C. angolensis MNCN 50648, 18) C. momboloensis sp. nov. AMNH R47333, 19) C. momboloensis sp. nov.
TM 46476, 20) C. phonolithos CAS 263581. Dotted lines represent hypothetical osteoderm growth pattern of C.
namakuiyus (blue) and C. machadoi (red).

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/vz.73.€95639.suppl5

Supplementary Material 6

Table S1

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .xlsx

Explanation note: Scan settings and Morphosource DOIs for CT datasets of Angolan Cordylus studied in this de-
scription. Scan location codes: NRF-UF = Nanoscale Research Facility, University of Florida, USA. MIF-AMNH =
Microscopy Imaging Facility, American Museum of Natural History, New York, USA. GE-SC = General Electric
Inspection Technologies, LP Technical Solutions Center, San Carlos, California, USA. CIC = Centro de Instru-
mentacion Cientifica of Granada, Spain.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.
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Table S2

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .xIsx

Explanation note: Comparative meristic data for Cordylus from the Angolan clade and various species and popula-
tions in the East African clade (including C. jonesii—C. rhodesianus). The first row of data refers to the range of
values, the second row is the mean, and the third row is the standard deviation. For C. phonolithos, data is for the
holotype and paratype (Marques et al. 2019) and two new specimens (MNCN 50651-2). (M = male, F = female, ] =
juvenile. "' means that sample size for a particular character was one less than that indicated in the second column,
2 means two less, * means three less. *Includes FKH 0129 in Fig. 4; **Holotype, paratype, and CHL 848, 851, 852,
1056 and MNCN 50652 in Fig. 4).

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/vz.73.€95639.suppl7
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Table S3

Authors: Bates MF, Lobon-Rovira J, Stanley EL, Branch WR, Vaz Pinto P (2023)

Data type: .xIsx

Explanation note: Premaxillary, maxillary and dentary teeth counts for Angolan and east African Cordylus.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.
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