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Abstract

Molecular phylogenetic analyses of southern African lacertid lizards (Eremiadini) using mitochondrial and nuclear 
markers revealed two examples of generic assignments incompatible with monophyletic clades. Australolacerta 
Arnold 1989, a genus endemic to South Africa and to which two isolated species have been referred, is 
paraphyletic at the generic level. In addition, the species Ichnotropis squamulosa Peters 1854 was found to be 
embedded within the genus Meroles. To resolve the paraphyly in Australolacerta we erect a new genus, 
Vhembelacerta Edwards, Branch, Herrel, Vanhooydonck, Measey, & Tolley, gen. nov., to accommodate Lacerta 
rupicola FitzSimons 1933. To maintain a monophyletic Ichnotropis Peters 1854, Ichnotropis squamulosa Peters 
1854 is transferred to Meroles Gray 1838, now named Meroles squamulosus comb. nov. Where necessary the 
genera affected by these actions are re-characterized.

Key words: Lacertidae, Eremiadini, Ichnotropis squamulosa, Australolacerta, paraphyly, mitochondrial and 
nuclear DNA 

Introduction

Lacertids are a diverse group of lizards, ubiquitous throughout much of the Old World and occur in a wide variety 
of habitats; e.g. high mountain tundra, heath lands, Mediterranean scrub, tropical forest, semi-desert and desert 
(FitzSimons 1943; Arnold 1989; Branch 1998). However, they have an unusual distribution, with only a limited 
penetration into south-east Asia, and are absent from Australia and Oceania. Lacertids are also absent from 
Madagascar but occur throughout mainland Africa, with high regional endemism at both genus and species level 
(Branch 1998; Spawls et al. 2002). Although diverse lacertid faunas occur in southern Africa (at least 8 genera and 
37 species; Branch 1998; Conradie et al. 2012) and eastern Africa (10 genera, 19 species; Spawls et al. 2002; 
Greenbaum et al. 2011), only three species (Nucras ornata (Gray 1864), Ichnotropis capensis (Smith 1838) and I. 
squamulosa Peters 1854) occur in both regions and then only marginally, with the southern African species just 
entering the southern parts of East Africa. 

Early classification of lacertids, as with that of most organisms, relied almost exclusively on morphological 
characteristics, occasionally supplemented with other types of biological data. Phylogenetic hypotheses of lacertid 
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relationships were originally based on morphology, and Arnold (1986; 1989) presented a generic level 
phylogeny which recognised two Afrotropical groups: a South African clade containing Tropidosaura Fitzinger 
1826, Pedioplanis Fitzinger 1843, Meroles Gray 1838 and Ichnotropis Peters 1854; and another comprising 
Nucras Gray 1838 and a subclade consisting of Latastia Bedriaga 1884, Heliobolus Fitzinger 1843 and 
Philochortus Matschie 1893, referred to as the Northeast African group. 

The use of molecular phylogenetics as a tool for systematics has revealed some surprising relationships for 
lizards, which are often incongruent with taxonomy based on morphological characters (e.g. lack of genetic 
distinction between morphologically different agamids: Agama agama and A. finchi; Leaché et al. 2009; Agama 
boueti and A. castroviejoi; Gonçalves et al. 2012). Morphological traits can be labile, and the phenotype may be 
influenced by factors such as microhabitat and environment (e.g. Vanhooydonck & Van Damme 1999; Herrel et 
al. 2002; Revell et al. 2007; Barros et al. 2011; Hopkins & Tolley 2011; Edwards et al. 2012; Herrel et al. 2013), 
dietary preferences (e.g. Measey et al. 2009), sexual selective pressures (Herrel et al. 2011), or a combination of 
these factors. If a particular environment places a selective pressure on a lizard to evolve a specific trait, then 
lizards living in similar environments may evolve convergent phenotypes (e.g. Revell et al. 2007; Edwards et al. 
2012), confounding taxonomy. Arnold (1991) investigated why phylogenies based on morphology varied 
considerably in quality, based (in part) on what he considered to be a “robust and explicit morphological 
phylogeny” for Meroles and a poorly-supported morphological phylogeny for Pedioplanis. He found the former 
to most likely result from exposure to different ecological conditions, resulting in pectinate phylogenies or what 
is often termed an ‘adaptive radiation’. In Meroles this was postulated to reflect the increasing acquisition of 
morphological synapomorphies in species inhabiting increasingly more aeolian habitats.

To ensure that systematics and taxonomy reflect evolutionary history, molecular phylogenies are routinely 
used as a guide. Recent molecular studies have indicated primary divisions within the Lacertidae, although there 
has been debate as to the taxonomic hierarchy assigned to the divisions. Harris et al. (1998) divided the family 
into three subfamilies: Gallotiinae, Eremiainae and Lacertinae, but it now seems more appropriate to recognize 
Gallotiinae as a clade sister to Lacertinae. The latter contains the tribes Eremiadini Szczerbak 1975 and 
Lacertini Oppel 1811 (Arnold et al. 2007; Kapli et al. 2011; Salvi et al. 2011), of which only the Eremiadini 
occurs in sub-Saharan Africa.

Various phylogenies, based on molecular markers, have generally agreed on relationships between southern 
African lacertid genera within Eremiadini (Mayer & Pavlicev 2007; Hipsley et al. 2010; Kapli et al. 2011), and 
Salvi et al. (2011) showed a sister-group relationship within the Eremiadini of Australolacerta Arnold 1989 and 
Tropidosaura. However, these phylogenies used only a few representatives from each genus, and thus 
interspecific relationships within genera remained largely unknown. To date only phylogenies for the southern 
African genera Meroles (Harris et al. 1998; Lamb & Bauer 2003; Edwards et al. 2012) and Pedioplanis
(Makokha et al. 2007; Conradie et al. 2012) have been investigated. The evolutionary history of both genera, as 
well as of other lizards in the subcontinent (Lamb et al. 2003; Bauer & Lamb 2005), was thought to be driven by 
habitat changes induced by climate aridification during the Mid-Miocene (Siesser 1978; 1980).  

Southern African lacertid lizards inhabit a wide variety of microhabitats, differing in substrate, openness, 
elevation and inclination (or slope) (Branch, 1998). In instances where unrelated species are convergent in 
morphology due to occurrence in similar habitats, species may be incorrectly classified. Recent molecular 
phylogenies using mitochondrial and nuclear markers for southern African lacertid lizards (Eremiadini) revealed 
two examples of existing generic assignments incompatible with evolutionary history (Edwards et al. 2012; 
Engleder et al. 2013). The first was that Ichnotropis squamulosa, a species previously not included in higher 
level phylogenies, grouped within a clade containing nearly all of the described Meroles. This species did not 
group with other Ichnotropis previously incorporated in phylogenies, including the type species I. capensis. The 
second was that the two known Australolacerta species, A. australis Hewitt 1926 and A. rupicola FitzSimons 
1933, showed high levels of genetic divergence and were paraphyletic with respect to Tropidosaura, 
Ichnotropis, and Meroles. These unexpected results were interpreted to be due to convergence in morphology 
between species from different lineages (Edwards et al. 2012). These phylogenetic results have taxonomic 
consequences. We therefore conducted a re-analysis of evolutionary relationships within southern African 
lacertids within a taxonomic framework.
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Material and methods

Sampling and laboratory protocols. We obtained complete genus level taxon sampling of southern African 
Eremiadini (Meroles, Australolacerta, Pedioplanis, Tropidosaura, Ichnotropis, Nucras and Heliobolus), which 
included complete sampling for Australolacerta, and near complete species level taxon sampling for Meroles. In 
order to re-investigate the phylogenetic relationships of all southern African lacertid lizard taxonomic groups, 
individuals used in Edwards et al. (2012) were included and additional individuals from Pedioplanis and Nucras
(highlighted in grey in Table 1) were sequenced using standard PCR techniques for four genes (mitochondrial: 16S, 
ND4 and nuclear: RAG1, KIAA2018) as in Edwards et al. (2012). Sequences were aligned using Clustal Omega 
v.1.1.0 (Sievers et al. 2011) and checked in BioEdit Sequence Alignment Editor v. 7.0.5.2 (Hall 1999). All 
sequences have been deposited in EMBL-Bank (see Table 1 for all voucher information, with corresponding 
EMBL-Bank accession numbers).

Genetic analyses. We first analysed the mitochondrial (16S vs. ND4) and nuclear (RAG1 vs. KIAA2018) 
datasets separately and then analyzed the combined dataset (nuclear vs. mitochondrial), using a partition 
homogeneity test (Farris et al. 1994; 1995) in PAUP* v4.0b10 (Swofford 2002), to ensure that there was no conflict 
in the markers within each genome. The saturation of the codon positions was assessed (Dambe v.5.2.65; Xia et al.
2003) and the third codon position of the ND4 gene was found to be saturated, so it was coded as a separate 
partition in the maximum likelihood and Bayesian analyses using nucleotide substitution models (thus five 
partitions in total:16S, ND4-1, ND4-2, RAG1 and KIAA2018). Individuals from two genera (Nucras and 
Heliobolus) were used as outgroup, as they are nested within the sister clade to the southern African lacertids 
within the Eremiadini (Mayer & Palicev 2007; Kapli et al. 2011). Sequence divergences (uncorrected p-distances) 
were determined in MEGA v.4 (Tamura et al. 2007). 

Phylogenetic trees were constructed based on the combined total evidence dataset using two different 
algorithms (Figure 1). Bayesian inference (BI; MrBayes v.3.1.0; Huelsenbeck & Ronquist 2001; Ronquist & 
Huelsenbeck 2003) was performed using the best-fit models of nucleotide substitution for all five gene partitions 
(Modeltest v.3.6; Posada & Crandall 1998). The best-fit models of nucleotide substitution for all the mitochondrial 
gene partitions were GTR+I+G and all the nuclear gene partitions were GTR+G, and uniform priors were kept for 
all other parameters. A second Bayesian inference was performed, using a codon substitution model for all three 
partitions of coding genes (ND4, RAG1 and KIAA-2018) and the best-fit model of nucleotide substitution 
(GTR+I+G) for the 16S gene fragment partition. The nucleotide substitution parameters within the codon models 
were of the 6-rate variety (inferring different rates for all nucleotide pairs, GTR-like), with empirical codon 
frequencies. The MCMCs were run with 2 parallel runs for 20 x 106 generations each, sampling trees every 1000 
generations. The number of generations to discard as burn-in was determined by examining the number of 
generations 1) at which the standard deviation of split frequencies stabilized (at less than 0.001), 2) at which the 
log-likelihood tree scores reached stationarity, and 3) the effective sample sizes (ESS) of all parameters which were 
≥600 (Tracer v.1.5;Rambaut& Drummond 2007). A 50% majority rule tree was constructed with the burn-in 
excluded using the ‘sumt’ command in MrBayes, and nodes with ≥0.95 posterior probability values were 
considered supported. A partitioned maximum likelihood (ML) analysis was also run in RAxML v.7.2.8 
(Stamatakis 2006), at the CIPRES Science Gateway (www. phylo.org/sub_sections/portal/) using the same 
partitions as the Bayesian analysis, a GTR+I+G model of evolution, and automatic halting of bootstrapping 
(Stamatakis 2006; Stamatakis et al. 2008).

Competing phylogenetic hypotheses of monophyly for Ichnotropis and Australolacerta were investigated 
using a Shimodaira–Hasegawa (SH) test (Shimodaira & Hasegawa 1999; Goldman et al. 2000) and the 
approximately unbiased (AU) test (Shimodaira, 2002) generating maximum likelihood scores for the trees (1000 
replicates) using PAUP* v.4.0b10 (Swofford 2002) and bootstrapping p values for the SH and AU tests in Consel 
(Shimodaira 2002).The Bayesian consensus topology obtained was compared to a topology which constrained 1) I. 
squamulosa to be within Ichnotropis, and 2) Australolacerta australis and A. rupicola as monophyletic.

Results

Phylogenetic trees were obtained using an aligned sequence dataset of a total of 2683 nucleotide base pairs (bp) from 
the four genes (16S: 515bp, ND4: 678bp, RAG1: 679bp, KIAA: 813bp) for the 64 taxa. The number of variable sites 
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for each gene were as follows: 16S = 134, ND4 = 434, RAG1 = 357, KIAA = 199 (1076 total variable sites). The 
topologies of the phylogenetic trees obtained with the additional taxa were similar to the one obtained by Edwards et 
al. (2012), with the trees obtained using the codon- substitution models being the best resolved with the highest node 
support values (Figure 1). The generic-level polytomy was again found when nucleotide-substitution models were 
employed. However the polytomy between Tropidosaura, Ichnotropis, Australolacerta and Meroles was resolved 
when a codon-substitution model was used. The two examples of conflict with existing classification observed in the 
earlier study were again recovered within this phylogenetic study: a) Ichnotropis squamulosa falls within Meroles, not 
Ichnotropis; and b) the two Australolacerta species are genetically distinct and do not form a monophyletic clade.

FIGURE 1. Phylogenetic relationships of the southern African clade of lacertid lizards (Lacertidae: Eremiadini) 
estimated from four mitochondrial and nuclear markers (Bayesian topology estimated using a nucleotide substitution 
model shown). Nodes that are supported using Bayesian inference (posterior probabilities > 0.95) using nucleotide 
substitution models and maximum likelihood (bootstrap values >75%) using GTR+I+G nucleotide substitution model 
are shown at nodes (post. prob. using nucleotide-substitution model/bootstrap value for ML). A dash indicates that the 
node was not supported for the particular analysis. Species highlighted in grey are those species which are reclassified in 
this study. Stars next to species names indicate presence of gular fold; circles indicate presence of collar and a star within 
a circle indicate the presence of both a gular fold and a collar.
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The members of Pedioplanis formed a well-supported monophyletic clade, as was expected (Edwards et al. 
2012). The genera Ichnotropis, Australolacerta and Tropidosaura formed a well-supported clade (using the codon 
substitution model), within which Australolacerta was polyphyletic. Divergence between the two Australolacerta
species was high compared to other inter-specific divergence levels within this study (16S: 9.55±2.08%; ND4: 
22.69±1.60%; RAG1: 3.74±0.76%; KIAA: 1.90±0.47%), although a monophyletic Australolacerta could not be 
rejected using the SH and AU tests. Meroles formed a well-supported clade, within which the sand-diving, 
psammophilic species (M. anchietae, M. cuneirostris, M. ctenodactylus) formed a well-supported subclade. As was 
found previously (Edwards et al. 2012), I. squamulosa grouped with Meroles with strong support, and inclusion of 
this species within a monophyletic Ichnotropis can be rejected by the SH and AU tests (P<0.01, P<0.001, 
respectively).

Discussion

The phylogenetic analyses in this study shows that the two Australolacerta species are not monophyletic and that 
Ichnotropis squamulosa is placed within Meroles. The re-analysis using a codon-substitution model, instead of 
nucleotide-substitution model of evolution, also increased support for some nodes at the generic-level between the 
southern African lacertid lizards. 

Codon-based models (such as GY94; Goldman & Yang 1994; Muse & Gaut 1994) may be the most 
biologically realistic models of coding sequence evolution as they explicitly incorporate information about the 
genetic code (Shapiro et al. 2006). However, the use of codon-substitution models in phylogenetic analyses is not 
as wide-spread as the use of nucleotide-substitution models, due to commonly used model selection programs, such 
as jModeltest (Posada & Crandall 1998), which do not include the codon-substitution models. Here, we found that 
the employment of a codon-substitution model produced the most resolved and best supported tree, clearly 
showing the paraphyly of Australolacerta and the placement of I. squamulosa within Meroles. 

Monophyly of Australolacerta

The two species of Australolacerta are endemic to South Africa (Branch 1998), and both were originally placed 
within Lacerta, creating a zoogeographic paradox as most congeners were restricted to Eurasia (Arnold 1989). 
Arnold (1989), when describing Australolacerta, gave only a minimal diagnosis, noting that  “… the South African 
species share a number of features with other Ethiopian lacertids which are not found in the apparent closest 
Palaearctic relatives, namely Lacerta jayakari etc.”. The latter, now transferred to Omanosaura, was initially 
considered to form a basal lineage within the Eremiadini (Harris et al. 1998), although fuller taxon sampling of 
African lacertids (Arnold et al. 2007; Hipsley et al. 2009; Kapli et al. 2011) shows it to cluster with a suite of 
mainly north African genera (e.g. Acanthodactylus, Mesalina, Ophisops), with Atlantolacerta basal within the 
Eremiadini (Arnold et al. 2007). The sister relationship of Australolacerta and Tropidosaura proposed by Salvi et 
al. (2011) and Kapli et al. (2011) was based on the inclusion only of A. australis, and the inclusion of A. rupicola 
(Edwards et al. 2012; Engleder et al. 2013; this study) revealed the paraphyly of Australolacerta and the basal 
position of A. australis in a subclade including Ichnotropis, Tropidosaura and A. rupicola.

Both species are rupicolous and Kirchhof and Richter (2009) and Kirchhof et al. (2010a,b; 2012) give details 
of the species’ biology. They are morphologically similar, albeit that many of these similarities are plesiomorphic 
within lacertids (Arnold 1989). Due to their high-altitude and small ranges (Branch 1998), the two species have 
been difficult to collect and therefore little morphological data exists for either species. Recent morphological 
analyses (Edwards et al. 2012) confirm the similarity between the two species. Yet, important features of 
hemipenial ornamentation and everted hemipenis structure remain unknown. Whether these similar morphologies 
reflect adaptive convergence to rupicoly or the retention of plesiomorphic features remains unknown.

The two species are allopatric and geographically separated from one another by a distance of approximately 
1700km. Few other genera in southern Africa are known to show such large geographical disjunctions between 
congeners, and analysis of previous examples has often revealed deep genetic divergence best reflected in generic 
re-assignment. Examples include: the erection of the genera Kinyongia and Nadzikambia for non-South African 
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dwarf chameleons previously included in Bradypodion (Tilbury et al. 2006), and Inyokia for the problematic Swazi 
rock snake that was shown to be sister to the tropical forest snake Homonotus modestus (Kelly et al. 2011). In one 
of the few exceptions of congeneric range disjunctions within the subcontinent, cordylid flat lizards of the 
Platysaurus capensis complex are separated geographically from other Platysaurus by approximately 850km 
(Branch & Whiting 1997). Other described lacertid species are also separated from congeners by large distances, 
for example Heliobolus lugubris is separated from its congeners (H. spekii, and H. nitidus) by >2000km and 
Ichnotropis chapini is separated from other Ichnotropis by approximately 2000km (Branch, 1998; Spawls et al. 
2002). However, the Central African region is undersampled and it is possible that with increased sample collection 
new species may be discovered or that ranges of described species may increase, lessening the geographic gap 
between congeners. 

Although there were no significant differences between the obtained trees and the constrained trees in the SH 
or AU test when the topology was constrained to monophyly for Australolacerta sequence divergence estimates 
and the long branch lengths in the phylogenetic analyses (Figure 1) all other evidence strongly suggests that the 
two Australolacerta species do not share a recent evolutionary history (Edwards et al. 2012).To provide 
consistency between taxonomic divisions in the Eremiadini, we propose that the two species of Australolacerta 
should be placed in separate genera. The type species of Australolacerta is Lacerta australis (Arnold 1989), and 
we therefore erect a new genus for the remaining species Lacerta rupicola, based on morphology and genetic 
divergence. 

Vhembelacerta Edwards, Herrel, Vanhooydonck, Measey, Tolley& Branch, gen. nov.

Type species. Lacerta rupicola FitzSimons 1933 
Content. Vhembelacerta rupicola (FitzSimons 1933)
Characterization and diagnosis. The monophyly of the monotypic genus Vhembelacerta is established on the 

basis of a suite of mitochondrial and nuclear markers (Edwards et al. 2012; this study). Morphologically similar to 
Australolacerta (differences noted in brackets below), it can be distinguished from all other lacertids by the 
following combination of characteristics (FitzSimons 1943; Jacobsen 1989; Branch 1998;Kirchhof& Richter 
2009): size small, (SVL ~52mm), maximum snout-vent length (SVL) 70mm, tail somewhat depressed basally, 
cylindrical distally, nearly 1.5x SVL (up to 2x SVL); upper head shields smooth; nostril pierced between a 
supranasal, 2 postnasals and narrowly separated from first upper labial (in contact with first upper labial); 
supranasals in contact behind rostral; frontonasal much broader than long; prefrontals in contact; frontal hexagonal; 
supraoculars 4, 1st smallest and separated from frontal; parietals in contact with 4thsupraocular; shallow parietal 
foramen present (absent); rostral not entering nostril; 5 (4) upper labials anterior to subocular, whose lower border 
is not distinctly narrowed (lower border much shorter than upper) and only feebly keeled; lower eyelid scaly but 
with a about 3 enlarged and elongate scales in the middle (no enlarged scales in lower eyelid); elongate tympanic 
shield on upper anterior border of large, exposed ear-opening;  five pairs of chin shields, first smallest, first 3 in 
contact in midline; gular fold distinct (present, but not strongly marked); collar present, straight, free, composed of 
7–8 scales; dorsal scales flat, hexagonal, faintly keeled posteriorly and in 34–43 rows across midbody (small, 
granular, non-keeled and about 68 across midbody); ventral plates quadrangular, feebly imbricate and in 6 
longitudinal and about 26 (28) transverse rows; a very large preanal plate, bordered by smaller plates (enlarged 
preanal preceded by two smaller ones);  femoral pores 15–19; subdigital lamellae smooth, about 26 below 4th toe 
(23–25); and the adpressed hindlimb reaches the armpit (to collar).

Coloration: top of head and dorsum dark brown, back with paired narrow reddish brown vertebral stripes, and 
a white dorsolateral stripe that extends from the eye to the tail base (head and dorsum olive-green, body with 
numerous spots that are yellow dorsally and white on flanks, demarcated by a dorsolateral series of orange spots).   

Distribution. Endemic to the Soutpansberg mountain range in Limpopo Province, South Africa (Branch 
1998).

Etymology. The species is endemic to the Vhembe region of Limpopo Province, South Africa, after which the 
genus name is partially constructed. The second part of the name “lacerta’ (L. lizard) also retains the historical link 
to the genus Lacerta to which the single species was originally referred. 
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Australolacerta Arnold 1989

Type species.  Lacerta australis Hewitt 1926
Content. Australolacerta australis (Hewitt 1926)
Characterization and diagnosis. With the transfer of Lacerta rupicola to Vhembelacerta, a re-diagnosis of 

Australolacerta is required. The monophyly of the monotypic genus Australolacerta is established on the basis of a 
suite of nuclear and mitochondrial markers (Edwards et al. 2012). Morphologically closest to Vhembelacerta, it 
can be distinguished from all other lacertids by the following combination of characteristics (FitzSimons 1943; 
Branch 1998): head moderately depressed, body feebly so; SVL 50–65mm, maximum 70mm; adpressed hindlimb 
reaches collar; tail cylindrical; head shields normal with upper head shields smooth, occipital region flat; snout 
pointed, shorter than postocular part of head; nostril pierced between the nasal and one or two postnasals, and 1st

upper labial, with nasals in contact with one another behind rostral; frontoparietals paired in contact; parietals in 

contact with the 4th of four supraoculars and separated from the postoculars; parietal foramen absent; interparietal 
about twice as long as broad, in good contact with occipital; a series of 9 granules between supraoculars and 
supraciliaries; 4 upper labials anterior to subocular, which has a strongly-marked keel along upper border and a 
lower border that is much shorter than upper; elongate temporal shield posterior to the subocular, followed by 3 
smaller rounded ones; temporal scales small and granular, similar to dorsal scales; ear-opening large, exposed, 
bordered anteriorly by an elongate tympanic shield and with no auricular denticulation; lower eyelid scaly, lacking 
vertically-enlarged scales in the middle; 6 lower labials and five pairs of enlarged chin-shields, 1st smallest, 4th

largest, and 1st three pairs in median contact with one another; gular fold present, but not strongly marked; collar 
composed of 8 plates, straight, free, and even-edged; dorsal scales small, granular, smooth, similar to laterals and 
about 68 across midbody; ventral plates quadrangular, feebly imbricate, in 6 longitudinal and 28 transverse series; 
preanal plate enlarged, preceded by two smaller scales; Forelimb with small granular scales on upper surface of 
forearm and a series of strongly enlarged, smooth and imbricate plates along anterior surface of humerus; hindlimb 
with granular scales on upper surface of tibia; a series of much enlarged and vertically elongate plates run along 
anterior surface of thigh and on the lower surface of tibia;. 16–19 femoral pores; sub-digital lamellae smooth; 
scales on tail enlarged, quadrangular, elongate; more or less smooth dorsally, becoming keeled distally, and below 
scales smooth basally, more strongly keeled and bluntly mucronate distally. 

Coloration: head and dorsum dark brown to olive, with numerous pale spots arranged in more or less regular 
longitudinal series that are yellow on back, white on flanks, and separated by a dorsolateral series of orange spots; 
upper surface head with pale green to yellow vermiculations; distinct pale vertical stripes on temporal region; 
indistinct pale spots on tail; venter bluish green; labials, chin-shields and throat pale greenish, with small black 
spots and mottling. 

Distribution. Found in the southwestern Cape Fold Mountains in Western Cape Province, South Africa 
(Branch 1998).

Taxonomic position of Ichnotropis squamulosa Peters, 1854

Both the present phylogenetic analysis (Figure 1) and that of Edwards et al. (2012) clearly place I. squamulosa
within Meroles with strong support, and with genus-level sequence divergences between I. squamulosa and 
Ichnotropis. There was a significant difference between the Bayesian topology and that in which I. squamulosa was 
constrained within Ichnotropis (SH and AU test: P < 0.01) supporting the conclusion that I. squamulosa should be 
moved to Meroles. A relationship between I. squamulosa and Meroles was found previously using nuclear markers 
(Mayer & Pavlicev 2007) and combined mitochondrial and nuclear datasets (Harris et al. 1998; Kapli et al. 2011). 
However, the taxonomic significance was not previously appreciated due to the incomplete taxon sampling for 
Ichnotropis in those analyses. 

Confusion of I. squamulosa with members of the genus Ichnotropis is understandable as they are very similar 
morphologically, and cluster together when body dimensions, head measurements and limbs measurements are 
investigated (Edwards et al. 2012). The species possess a more slender body than most Meroles, and in addition 
displays characters not possessed by other Meroles (e.g. strongly keeled, imbricate body scalation and rugose head 
shields). The geographic range and habitat of I. squamulosa overlaps with that of a number of Ichnotropis, but not 
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that of other Meroles (Branch 1998; Spawls et al. 2002). An overlapping niche may explain the morphological 
similarities between I. squamulosa and other Ichnotropis, where limb dimensions reflect adaptation to substrate, 
and similar head shape are adaptation to similar diets. The absence of a nuchal collar is also unusual within 
Meroles, but also occurs in M. anchietae as well as in other lacertids (e.g. Tropidosaura) and its loss may be 
secondary and not indicative of shared ancestry. Both Meroles and Ichnotropis have symmetrical armatured 
hemipenes (Arnold 1986). However, due to intra-generic variation in hemipenial morphology in both Ichnotropis
and Meroles (Arnold 1986), the hemipenis of I. squamulosa gives no insight to its generic placement. Indeed, the 
phylogenetic placement of M. suborbitalis (Figure 1) indicates that even the hemipenial armature in this species 
has been secondarily lost. Thus, we conclude that the similarity in body plan between I. squamulosa and 
Ichnotropis is a result of convergence and not shared ancestry (Edwards et al. 2012), and in light of genetic 
monophyly (Figure 1) we therefore transfer this species to the genus Meroles.

Meroles Gray 1838

Type species. Meroles knoxii (Milne-Edwards 1829)
Content. Meroles anchietae (Bocage 1867), Meroles ctenodactylus (Smith 1838), Meroles cuneirostris 

(Strauch 1867), Meroles knoxii (Milne-Edwards 1829), Meroles micropholidotus Mertens 1938, Meroles 
reticulatus (Bocage 1867), Meroles squamulosus (Peters 1854), Meroles suborbitalis (Peters 1869)

Characterization and diagnosis. The inclusion of M. squamulosus requires the genus to be redefined. Head 
shields normal and usually smooth (rugose in squamulosus), but occipital often very small or absent; nostril pierced 
between three nasals and widely separated from 1stupper labial; subocular not bordering mouth; lower eyelid scaly, 
without window; collar distinct (absent in squamulosus); gular fold absent; dorsal scales granular, juxtaposed or 
subimbricate, (but rhombic, strongly keeled and imbricate in squamulosus); ventral plates smooth, not or feebly 
imbricate, posterior borders straight; digits subcylindrical, compressed or depressed (feebly compressed in 
squamulosus), laterally serrated, denticulated or fringed (except in squamulosus); subdigital lamellae smooth or 
keeled (pluricarinate and spinolose in squamulosus), femoral pores present; parietal foramen present (absent or 
feebly marked in squamulosus); and tail long and cylindrical (in knoxii, suborbitalis and squamulosus) or 
depressed basally and feebly compressed distally. 

Remark. As the gender of Meroles is masculine the specific ending of squamulosa must be adjusted 
accordingly to squamulosus.

Ichnotropis Peters 1854.

Type species. Ichnotropis macrolepidota (Peters 1854); = I. capensis (Smith 1838)
Content. Uetz (2012) recognizes six species (excluding squamulosus): Ichnotropis bivittata Bocage 1866, 

Ichnotropis capensis (A. Smith 1838), Ichnotropis chapini Schmidt 1919, Ichnotropis grandiceps Broadley 1967, 
Ichnotropis microlepidota Marx 1956, Ichnotropis tanganicana Boulenger 1917.  

Characterization and diagnosis. The monophyly of the genus Ichnotropis remains to be established with 
complete taxon sampling of the referred species. The removal of M. squamulosusfrom Ichnotropis does not 
significantly alter the diagnosis for the genus given in FitzSimons (1943), as morphological variation within the 
remaining species still incorporates that of M. squamulosus.

Remark. No modern revision of the genus has been undertaken, and the status of a number of taxa remains 
equivocal, e.g. Ichnotropis bivittata pallida Laurent 1964; Ichnotropis capensis nigrescens Laurent 1952; 
Ichnotropis microlepidota Marx 1956, and the generic assignment of many requires molecular confirmation. 

Revised key to genera of Southern African Lacertidae

1 Tail cylindrical, without a lateral fringe; rock-living or terrestrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2
- Tail flattened, with a lateral fringe of large, flat scales; arboreal  . . . . . . . . . . . . . . . . . . . . . . . Holaspis (Blue-tailed tree lizard)
2 Smooth or tubercular lamellae beneath toes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
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Keeled lamellae beneath the toes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6
3 A distinct collar present; dorsal scales small, granular or flattened and not overlapping. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
- No distinct collar; dorsal scales large, strongly keeled and overlapping  . . . . . . . . . . . . . . . . . Tropidosaura (Mountain lizards) 
4 Nostril pierced between 2–4 nasals; temporal scale elongate; rock-living . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
- Nostril pierced between 2–3 nasals and well separated from first upper labial; temporal scale rounded; terrestrial . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nucras (Sandveld lizards)
5 Nostril in contact with first upper labial; four upper labials anterior to subocular, whose lower border is much shorter than 

upper; dorsal scales small, granular, non-keeled and about 68 across midbody . . . . . . . .Australolacerta (Southern rock lizard) 
- Nostril narrowly separated from first upper labial; five upper labials anterior to subocular, whose lower border is not distinctly 

narrowed; dorsal scales flat, hexagonal, faintly keeled posteriorly and in 34–43 rows across midbody . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Vhembelacerta (Soutpansberg rock lizard)

6 Belly plates in 10 or more long rows  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
- Belly plates in 6 long rows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Heliobolus (Bushveld lizards)
7 Dorsal scales large, keeled and overlapping; head shields striated and keeled. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
- Dorsal scales small or granular; head shields smooth or slightly rough . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
8 Subocular borders lip  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     Ichnotropis (Rough-scaled lizards)
- Subocular does not border lip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Meroles squamulosus (Rough-scaled Desert Lizard)
9 Toes without a serrated or fringed edge: subocular bordering lip . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Pedioplanis (Sand lizards)

Toes with a serrated or fringed edge; subocular not bordering lip  . . . . . . . . . . . . . . . . . . . . . . . . . Meroles (Desert lizards) part.

Acknowledgements

We thank the National Research Foundation (NRF) of South Africa (South African Biosystematics Initiative-
SABI, Key International Science Collaboration-KISC) and the International Foundation of Science (IFS) of 
Sweden and Oppenheimer & Sons for funding this work. SE was supported by NRF Free-standing and SABI 
Grant-holder linked bursaries. We thank Duncan MacFadyen for logistical assistance and Oppenheimer & Sons for 
access to their nature reserves. AREVA Resources Namibia allowed access to their property to conduct this work, 
and field work assistance was given by Werner Conradie, Hannlie Engelbrecht, Stephen Doucette-Riise, Joh 
Henschel, Buyisile Makhubo, Mycke Matengu, Stuart Nielsen, and John Visser. We thank Bayworld (Port 
Elizabeth) and Ditsong (Pretoria) Museums, and the Ellerman Collection (Stellenbosch University) for access and 
use of their collections. This work was conducted under national and provincial research permits: Namibia (1504/
2010 & 81305), Free State (01/6828), Western Cape (AAA004-0322-0035), Eastern Cape (CRO 157/10CR), 
Limpopo (CPM-333-00002), Northern Cape (FAUNA 110/2011), and North West (017297). Ethical clearance was 
obtained for the collection of the specimens and the sampling of tail/liver tissue from the South African National 
Biodiversity Institute (permit no. 002/10) and Stellenbosch University (permit no. 11NP_EDW001). 

References

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

Arnold, E.N. (1989) Towards a phylogeny and biogeography of the Lacertidae: relationships within an Old-World family of 
lizards derived from morphology. Bulletin of the Natural History Museum of Zoology, 55, 209–257.

Arnold, E. N. (1991) Relationships of the South African lizards assigned to Aporosaura, Meroles and Pedioplanis (Reptilia: 
Lacertidae). Journal of Natural History, 25(3), 783–807 
http://dx.doi.org/10.1080/00222939100770511

Arnold, E.N. (2002) History and function of scale microornamentation in lacertid lizards. Journal of Morphology, 252, 145–
169 
http://dx.doi.org/10.1002/jmor.1096

Arnold, E.N., Arribas, O. & Carranza, S. (2007) Systematics of the Palaearctic and Oriental lizard tribe Lacertini (Squamata: 
Lacertidae: Lacertinae), with descriptions of eight new genera. Zootaxa, 1430, 1–86.

Barros, F.C., Herrel, A. & Kohlsdorf, T. (2011) Head shape evolution in Gymnophthalmidae: does habitat use constrain the 
evolution of cranial design in fossorial lizards? Journal of Evolutionary Biology, 24, 2423–2433. 
http://dx.doi.org/10.1111/j.1420-9101.2011.02372.x

Bedriaga, J. von (1884) Die neueLacertiden-GattungLatastia und ihreArten (L. doriain.sp. var. Martensi m., SamharicaBlanf. 
und Boscain.sp.). Annali del Museocivico di storianaturale Giacomo Doria, 20, 307–324. 
 Zootaxa 3669 (2)  © 2013 Magnolia Press  ·  111 REVISED TAXONOMY FOR SOUTHERN AFRICAN LACERTID LIZARDS



Branch, W. (1998) Field guide to snakes and other reptiles of southern Africa, Struik Publishers, Cape Town, South Africa. pp. 
160–176.

Branch, W.R. & Whiting, M.J.(1997)   A new Platysaurus (Squamata: Cordylidae) from the Northern Cape Province, South 
Africa.  African Journal of Herpetology, 46(2), 124–136. 
http://dx.doi.org/10.1080/21564574.1997.9649987

Conradie, W., Measey, G.J., Branch, W.R. & Tolley, K.A. (2012) Revised phylogeny of African sand lizards (Pedioplanis), with 
the description of two new species from south-western Angola. African Journal of Herpetology, 61(2), 91–112 
http://dx.doi.org/10.1080/21564574.2012.676079

Edwards, S., Vanhooydonck, B., Herrel, A., Measey, G.J. & Tolley, K. (2012) Convergent evolution associated with habitat 
decouples phenotype from phylogeny in a clade of lizards. Public Library of Science One, 7(12), e51636.  
http://dx.doi.org/10.1371/journal.pone.0051636

Engleder, A., Haring, E., Kirchhof, S. & Mayer, W. (2013) Multiple nuclear and mitochondrial DNA sequences provide new 
insights into the phylogeny of South African Lacertids (Lacertidae, Eremiadinae). Journal of Zoological Systematics and 
Evolutionary Research, 51(2), 132–143. 
http://dx.doi.org/10.1111/jzs.12012

Farris, J.S., Kallersjo, M., Kluge, A.G. & Bult, C. (1994) Testing significance of congruence. Cladistics, 10, 315–320. 
http://dx.doi.org/10.1111/j.1096-0031.1994.tb00181.x

Farris, J.S., Kallersjo, M., Kluge, A.G. & Bult, C. (1995) Constructing a significance test for incongruence. Systematic Biology, 
44, 570–572. 
http://dx.doi.org/10.1093/sysbio/44.4.570

Fitzinger, L.J. (1826) Neue classification der reptilian nachihrennatürlichenverwandtschaften. Nebsteinerverwandtschafts-
tafel und einemverzeichnisse der reptilien-sammlung des K.K. zoologischen museum`s zu Wien.  J.G. Heubner, Wien, 66 
pp. 

Fitzinger, L. (1843) Systemareptilium. Fasciculus primus, Amblyglossae. Vindobonae, Vienna, 106 pp.
FitzSimons, V.F.M. (1933) Descriptions of five new lizards from the Transvaal and southern Rhodesia. Annals of the Transvaal 

Museum, 1933, 273–281. 
FitzSimons, V.F.M. (1943) The lizards of South Africa. Transvaal Museum Memoirs, 1, 1–528.
Goldman, N. & Yang, Z.H. (1994) A codon-based model of nucleotide substitution for protein coding DNA sequences. 

Molecular Biology and Evolution, 11, 725–736.
Goldman, N., Anderson, J.P. & Rodrigo, A.G. (2000) Likelihood-based tests of topologies in phylogenetics. Systematic Biology, 

49, 652–670. 
http://dx.doi.org/10.1080/106351500750049752

Gonçalves, D.V., Brito, J.C., Crochet, P-A., Geniez, P., Padial, J.M. & Harris, D.J. (2012) Phylogeny of North African Agama
lizards (Reptilia: Agamidae) and the role of the Sahara desert in vertebrate speciation. Molecular Phylogenetics and 
Evolution, 64(3), 582–591. 
http://dx.doi.org/10.1016/j.ympev.2012.05.007

Gray, J.E. (1838) Catalogue of the slender-tongued saurians, with descriptions of many new genera and species. Part 1. Annals 
of natural history, 1(1), 274–283. 
http://dx.doi.org/10.1080/00222933809512291 

Gray, J.E. (1864) Notes on some new lizards from south-eastern Africa, with the descriptions of several new species. 
Proceedings of the Zoological Society, London, 1864, 58–62.

Greenbaum, E., Villnueva, C.O., Kusamba, C., Aristote, M.M., & Branch, W.R. (2011) A molecular phylogeny of Equatorial 
African Lacertidae, with the description of a new genus and species from eastern Democratic Republic of the Congo. 
Zoological Journal of the Linnean Society, 163, 913–942 
http://dx.doi.org/10.1111/j.1096-3642.2011.00732.x

Hall, T.A. (1999) BioEdit, a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/
NT.Nucleic Acids Symposium Series (Oxford), 41, 95–98.

Harris, D.J., Arnold, E.N., & Thomas, R.H. (1998) Relationships of lacertid lizards (Reptilia: Lacertidae) estimated from 
mitochondrial DNA sequences and morphology. Proceedings of the Royal Society (London) B, 265, 1939–1948. 
http://dx.doi.org/10.1098/rspb.1998.0524

Harris, D.J., Batista, V. & Carretero, M.A. (2004) Assessment of genetic diversity within Acanthodactylus erythrurus (Reptilia: 
Lacertidae) in Morocco and the Iberian Peninsula using mitochondrial DNA sequence data. Amphibia-Reptilia, 25, 227–
232. 
http://dx.doi.org/10.1163/1568538041231229

Herrel, A., Meyers, J.J., &Vanhooydonck, B. (2002) Relations between microhabitat use and limb shape in phrynosomatid 
lizards. Biological Journal of the Linnean Society, 77, 149–163. 
http://dx.doi.org/10.1046/j.1095-8312.2002.00101.x 

Herrel, A., DaCostaCottam, M., Godbeer, K., Sanger, T., & Losos, J.B. (2011) An ecomorphological analysis of native and 
introduced populations of the endemic lizard Anolis maynardi of the Cayman Islands. Breviora, 522, 1–10. 
http://dx.doi.org/10.3099/0006-9698-522.1.1

Herrel, A., Tolley, K.A., Measey, G.J., daSilva, J.M., Potgieter, D.F., Biostel, R. & Vanhooydonck, B. (2013) Slow but 
EDWARDS ET AL.112  ·  Zootaxa 3669 (2)  © 2013 Magnolia Press



tenacious: an analysis of running and gripping performance in chameleons. Journal of Experimental Biology, 216(6), 
1025–1030 
http://dx.doi.org/10.1242/jeb.078618

Hewitt, J. (1926) Some new or little-known reptiles and batrachians from South Africa. Annals of the South African Museum,
20, 473–490

Hopkins, K.P., & Tolley, K.A. (2011) Morphological variation in the Cape Dwarf Chameleon (Bradypodion pumilum) as a 
consequence of spatially explicit habitat structure differences. Biological Journal of the Linnean Society, 102(4), 878–888. 
http://dx.doi.org/10.1111/j.1095-8312.2011.01618.x 

Huelsenbeck, J.P. & Ronquist, F. (2001) MRBAYES: Bayesian inference of phylogeny. Bioinformatics, 17, 754–755.
Jacobsen, N.H.G. (1989). A herpetological survey of the Transvaal. Ph.D. thesis, University of Natal, Durban, 1621 pp.
Kapli, P., Poulakakis, N., Lymberakis, P. & Mylonas, M. (2011) A re-analysis of the molecular phylogeny of Lacertidae with 

currently available data. Basic Applied Herpetology, 25, 97–104.
Kelly, C. M. R., Branch, W.R., Broadley, D.G., Barker, N.P. & Villet, M.H.  (2011) Molecular systematics of the African snake 

family Lamprophiidae Fitzinger, 1843 (Serpentes: Elapoidea), with particular focus on the genera Lamprophis Fitzinger 
1843 and Mehelya Csiki 1903. Molecular Phylogenetics and Evolution, 58, 415–426. 
http://dx.doi.org/10.1016/j.ympev.2010.11.010

Kirchhof, S. & Richter, K. (2009) Einekaumbekannte Eidechse: die Soutpansberg-Felseidechse Australolacerta rupicola
(FitzSimons, 1933). Die Eidechse, 20, 33–40.

Kirchhof, S., Linden, J., Rödder, D. & Richter, K. (2010a) Daily activity patterns of Australolacerta rupicola (FitzSimons, 
1933) (Sauria: Lacertidae) with comments on niche segregation within a synoptic lizard community. North-Western 
Journal of Zoology, 6(2), 172–181.

Kirchhof, S., Linden, J., Rödder, D. & Richter, K. (2010b) Foraging mode of Australolacerta rupicola (FitzSimons, 1933) 
(Sauria: Lacertidae): evidence of seasonal variation in an extremely active predator? Journal of Natural History, 44(47–
48), 2941–2953. 
http://dx.doi.org/10.1080/00222933.2010.502595

Kirchhof, S., Jacobsen, N. & Richter, K. (2012) Intraspecific variation of morphology, colouration, pholidosis, and tail loss rate 
in a relic lacertid of South Africa, Australolacerta rupicola (Sauria: Lacertidae). Salamandra, 48(3), 125–132.

Leaché, A.D., Chong, R.A., Papenfuss, T.J., Wagner, P., Bohme, W., Schmitz, A., Rodel, M.-oliver, Breton, M.L.E., Ineich, I. & 
Chirio, L. (2009) Phylogeny of the genus Agama based on mitochondrial DNA sequence data. Bonner Zoologische 
Beiträge, 56, 273–278.

Makokha, J.S., Bauer, A.A., Mayer, W. & Matthee, C.A. (2007) Nuclear and mtDNAbased phylogeny of southern African sand 
lizards, Pedioplanis (Sauria: Lacertidae). Molecular Phylogenetics and Evolution, 44, 622–633 
http://dx.doi.org/10.1016/j.ympev.2007.04.021

Matschie (1893) Philochortus neumanni MTSCH. g. n. et sp. n. - Sitzungsberichte der Gesellschaft Naturforschender 
Freundezu Berlin, 1893, 30. 

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

Measey, G.J., Hopkins, K. & Tolley, K.A. (2009) Morphology, ornaments and performance in two chameleon ecomorphs: is the 
casque bigger than the bite? Zoology, 112, 217–226.

Muse, S.V. & Gaut, B.S. (1994) A likelihood approach for comparing synonymous and nonsynonymous nucleotide substitution 
rates, with application to the chloroplast genome. Molecular Biology and Evolution, 11, 715–724

Oppel, M. (1811) Die Ordnungen, Familien und Gattungen der Reptilien, als Prodromeiner Naturgeschichtederselben. 
Munchen: Joseph Lindauer, xii+87 pp

Peters, W.C.H. (1854) Diagnosenneuer Batrachier, welchezusammenmit der früher (24.Juli und 17.August) gegebenen 
Übersicht der Schlangen und Eidechsenmit getheiltwerden. Berichtüber die zur Bekanntmachunggeeigneten 
Verhandlungen der Königlichen Preussische Akademie des Wissenschaftenzu Berlin, 1854, 614–628. 

Posada, D. & Crandall, K.A. (1998) MODELTEST: testing the model of DNA substitution. Bioinformatics, 14(9), 817–818. 
http://dx.doi.org/10.1093/bioinformatics/14.9.817

Rambaut, A. & Drummond, A.J. (2007) Tracer version 1.5. Computer program and documentation distributed by author, 
Available from: http://beast.bio.ed.ac.uk/Tracer (Accessed July 2011)

Revell, L.J., Johnson, M.A., Schulte, J.A., Kolbe, J.J. & Losos, J.B. (2007) A phylogenetic test for adaptive convergence in 
rock-dwelling lizards. Evolution, 61(12), 2898–2912. 
http://dx.doi.org/10.1111/j.1558-5646.2007.00225.x

Ronquist, F. & Huelsenbeck, J.P. (2003) MRBAYES 3: Bayesian phylogenetic inference under mixed models. Bioinformatics, 
19, 1572–1574. 
http://dx.doi.org/10.1093/bioinformatics/btg180

Salvi, D., Bombi, P. & Vignoli, L. (2011) Phylogenetic position of the southern rock lizard Australolacerta australis within the 
Lacertidae radiation. African Journal of Herpetology, 60(1), 60–69. 
http://dx.doi.org/10.1080/21564574.2010.547609
 Zootaxa 3669 (2)  © 2013 Magnolia Press  ·  113 REVISED TAXONOMY FOR SOUTHERN AFRICAN LACERTID LIZARDS



Shapiro, B., Rambaut, A. & Drummond, A.J. (2006) Choosing Appropriate Substitution Models for the Phylogenetic Analysis 
of Protein-Coding Sequences. Molecular Biology and Evolution, 23(1), 7–9. 
http://dx.doi.org/10.1093/molbev/msj021 

Shimodaira, H. (2002) An Approximately Unbiased Test of Phylogenetic Tree Selection. Systematic Biology, 51, 492–508. 
http://dx.doi.org/10.1080/10635150290069913

Shimodaira, H. & Hasegawa, M. (1999) Multiple comparisons of log-likelihoods with applications to phylogenetic inference. 
Molecular Biology and Evolution, 16, 1114–1116. 
http://dx.doi.org/10.1093/oxfordjournals.molbev.a026201

Siesser, W.G. (1978) Aridification of the Namib Desert: evidence from oceanic cores. In: van Zinderen Bakker, E.M. (Ed.), 
Antarctic Glacial History and World Palaeoenvironments. A.A. Balkema, Rotterdam, The Netherlands, pp. 105–113.

Siesser W.G. (1980) Late Miocene origin of the Benguela upwelling system off northern Namibia. Science, 208, 283–285 
http://dx.doi.org/10.1126/science.208.4441.283

Smith, A. (1838) Contributions to the Natural History of Southern Africa. Art. VIII. Magazine of natural history, London, 2 
(14), 92–94. 

Spawls, S., Howell, K., Drewes, R. & Ashe, J. (2002) A field guide to the reptiles of East Africa. London: Academic Press, 544 
pp.

Stamatakis, A. (2006) RAxML-VI-HPC: Maximum Likelihood-based Phylogenetic Analyses with Thousands of Taxa and 
Mixed Models. Bioinformatics, 22(21), 2688–2690. 
http://dx.doi.org/10.1093/bioinformatics/btl446

Stamatakis, A., Hoover, P. & Rougemont, J. (2008) A rapid bootstrap algorithm for the RAxML web servers. Systematic 
Biology, 57, 758–771. 
http://dx.doi.org/10.1080/10635150802429642

Swofford, D.L. (2002) PAUP*.Phylogenetic Analysis Using Parsimony (*and Other Methods), 4.0 edn. Sunderland, MA, USA: 
Sinauer Associates.

Szczerbak, N.N. (1975) Katalogafrikanskih Jascurok. (Catalog of the African Sand lizards). – Naukova Dumka, Kiev, 83 pp. 
Tamura, K., Dudley, J., Nei, M. & Kumar, S. (2007) MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) software 

version 4.0. Molecular Biology and Evolution, 24, 1596–1599. 
http://dx.doi.org/10.1093/molbev/msm092

Tilbury, C.R., Tolley, K.A. & Branch, W.R. (2006) A review of the genus Bradypodion (Sauria: Chamaeleonidae), with the 
description of two new genera. Zootaxa, 1363, 23–38.

Uetz, P. (2012) The Reptile Database. Available from: http://www.reptiledatabase.org/ (Accessed 4 June 2013)
Vanhooydonck, B. & Van Damme, R. (1999) Evolutionary relationships between body shape and habitat use in lacertid lizards. 

Evolutionary Ecology Research, 1, 785–805.
Xia, X., Xie, Z., Salemi, M., Chen, L. & Wang, Y. (2003) An index of substitution saturation and its application. Molecular 

Phylogenetics and Evolution, 26, 1–7. 
http://dx.doi.org/10.1016/S1055-7903(02)00326-3
EDWARDS ET AL.114  ·  Zootaxa 3669 (2)  © 2013 Magnolia Press


	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Monophyly of Australolacerta
	Vhembelacerta Edwards, Herrel, Vanhooydonck, Measey, Tolley& Branch, gen. nov.
	Australolacerta Arnold 1989
	Taxonomic position of Ichnotropis squamulosa Peters, 1854
	Meroles Gray 1838
	Ichnotropis Peters 1854.
	Revised key to genera of Southern African Lacertidae
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


