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CONVENTION ON INTERNATIONAL TRADE IN ENDANGERED SPECIES
OF WILD FAUNAAND FLORA

Cilis
i i

Twenty-seventh meeting of the Animals Committee
Veracruz (Mexico), 28 April — 3 May 2014

Interpretation and implementation of the Convention

Species trade and conservation

Standard nomenclature

REVISED NOMENCLATURE FOR POICEPHALUS ROBUSTUS AND CORDYLUS

1. This document has been prepared by the Scientific Authority of South Africa’.

2. The attached report on the systematics and phylogeography of the Cape parrot (Coetzer et al.) has
reference.

a) The current nomenclature adopted by CITES for Poicephalus robustus is out of date. In
accordance with this outdated taxonomy, the Endangered and South African endemic Cape parrot
is currently traded together with the Grey-headed parrot P.r. suahelicus, thereby hampering
conservation action in South Africa and the control of trade in specimens of the Cape parrot.

b) The Animals Committee is requested to consider the revised nomenclature currently in use by the
International Ornithologists’ Union and Birdlife South Africa, and recommend that it be adopted
into the CITES Appendices and checklists.

3. The attached publication by Stanley et al. (2011) has reference.

a) A taxonomic revision of the sub-Saharan lizard family Cordylidae has resulted in species within the
CITES Appendix-Il listed genus Cordylus being assigned to the genera Smaug, Ninurta,
Pseudocordylus, Ouroborus, Karusasaurus, Namazonorus and Hemicordylus.

b) Confusion may arise when traders use either the old or new names. Species exported from South
Africa include Cordylus cataphractus (now Ouroborus cataphractus), Cordylus cordylus, Cordylus
giganteus (now Smaug giganteus) and Cordylus niger.

c) The Animals Committee is requested to consider the revised nomenclature and recommend that the
CITES Appendices and checklists be updated accordingly in order to ensure that CITES Management
Authorities are able to accurately regulate all specimens in international trade.

The geographical designations employed in this document do not imply the expression of any opinion whatsoever on the part of the
CITES Secretariat or the United Nations Environment Programme concerning the legal status of any country, territory, or area, or
concerning the delimitation of its frontiers or boundaries. The responsibility for the contents of the document rests exclusively with its
author.
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PhD project: Systematics and Phylogeography of the Cape Parrot (Poicephalus robustus)
W.G. Coetzer, C.T. Downs, M.R. Perrin and S. Willows-Munro

School of Life Sciences, University of KwaZulu-Natal, Pietermaritzburg

Introduction

The Cape Parrot (Poicephalus robustus) is endemic to South Africa, restricted to the Afromontane forests of the
Eastern Cape and KwaZulu-Natal provinces and relic populations in eastern Mpumalanga and southern
Limpopo provinces of South Africa (Wirminghaus 1997). The historical distribution range of these parrots has
drastically contracted, especially in the northern parts of KwaZulu-Natal and along the escarpment of
Mpumalanga (Downs 2005; Symes et al. 2004; Wirminghaus et al. 2000). Large flocks of Cape Parrots were
frequently observed during the 1950’s (Symes and Downs 2002), but populations of this parrot have been
declining over the last century (Downs et al. 2013). Sightings now often only occur when the parrots are
experiencing food shortages during which they congregate at agricultural pecan orchards (Downs et al. 2013).
Various factors have been attributed to the population decline, including habitat loss, illegal harvesting and
psittacine beak and feather disease (Wirminghaus et al. 1999; Wirminghaus et al. 2000)

Although many previous authors (Clancey 1997; Perrin 2005; Wirminghaus et al. 2002), based on
morphological, ecological and behavioural data, have suggested that the Cape Parrot should be viewed as a
separate species, the Cape Parrot is currently not recognised by the International Union for Conservation of
Nature (IUCN) as a distinct species separate from the Grey-headed Parrot (P.r. suahelicus) from south-central
Africa. Both are viewed as subspecies of Poicephalus robustus. These two taxa together with the Brown-
necked Parrot (P.r. fuscicollis) from West Africa belong to the Poicephalus robustus species complex
(Wirminghaus et al. 2002). Poicephalus robustus is listed as ‘Least Concern’ by the IUCN. The Cape Parrot has
however been assessed as a separate taxon by BirdLife South Africa, and qualifies for an Endangered listing.
The Cape Parrot is included on Appendix Il to the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES) under the order Psittaciformes. However, management of the international trade
in Cape parrot is hindered as trade is not managed and reported separately from that of the Grey-headed and
Brown-necked Parrots. Recognition as a distinct species will aid in the control of both the illegal and legal trade
in and wild harvesting of the Cape Parrot. The aim of this study is to investigate the phylogenetic relationships
between the Cape Parrot (P.r. robustus) and the other two members of the Poicephalus robustus species
complex. A panel of eight microsatellite markers, previously characterized for the Cape Parrot (Pillay et al.
2010), was used to do a genetic comparison between P.r. robustus, P.r. suahelicus and P.r. fuscicollis.

Materials and Methods
Sampling and DNA extraction

A total of 77 samples from all three P. robustus subspecies (48 P.r. robustus, 19 P.r. suahelicus and 10 P.r.
fuscicollis) were sourced for genetic analysis. These samples comprise both captive bred and wild caught birds
(Table 1). Forty of the Cape Parrot samples were received from the University of Cape Town. These samples
were taken from two localities in the Eastern Cape (30 Fort Hare and 10 King William’s Town). An additional
eight Cape Parrot samples were taken from deceased parrots from the Creighton area in KwaZulu-Natal. The
P.r. suahelicus and P.r. fuscicollis samples were all blood samples collected during a previous study done at the
University of KwaZulu-Natal. One captive bred P. robustus x P.f. suahelicus hybrid bird was also sampled using
a Whatman™ FTA™ Elute card with standard protocols. This hybrid specimen was added to see if it is possible
to identify a hybrid with the assignment testing used.

The NucleoSpin® Tissue kit (Macherey-Nagel) was used for DNA extraction from the blood and tissue samples
following the manufacturer’s protocols. DNA extraction from the FTA cards was done by following the
manufacturer’s protocol and the extracted DNA was eluted in 30 pl distilled water (dH,O). All DNA extracts were
stored at -20 °C.
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Microsatellite amplification and analysis

Eight microsatellite loci were chosen from a suite of markers previously characterized by Pillay et al. (2010).
Amplification was done in three multiplex reactions (Table 2). The KAPA2G™ Fast Multiplex PCR Kit (KAPA
Biosystems) was used in 10 pl reactions. PCR reactions consisted of 5 ul KAPA2G Fast Multiplex mix, 0.2 yM
of each primer, 0.8 ul of template DNA, and 3 pl dH,O for Multiplex 1 and 3, and 3.4 yl dH20 for Multiplex 2.
The following cycle parameters were used for PCR: 94°C for 4 min as the initial denaturation step, 30 cycles at
94°C for 15 seconds, 60°C for 30 min, 72°C for 30 min, with a final elongation step at 72°C for 10 min and a
10°C hold. The amplified products were sent to the Central Analytical Facilities, Stellenbosch University (South
Africa) for fragment analysis.

The software program Gene Marker® v2.4.0 (Soft Genetics) was used for genotype scoring. The frequency of
null alleles were determined with FreeNA software (Chapuis and Estoup 2007). Population structure analysis
was done with the software programme Structure v2.3 (Pritchard et al. 2010). This software uses a Bayesian
framework to assign individuals to clusters/groups containing genetically similar individuals. A run length of
1,000,000 Markov chain Monte Carlo replicates was selected after a burn-in period of 100,000 iterations with
the proposed number of clusters (K) ranging from 1 to 10. The correlated allele frequency model was chosen
such that shared ancestry between the subspecies could be detected. The no admixture ancestry model was
chosen under the assumption that each individual sampled originates either from the one subspecies or the
other. It is suggested by Pritchard et al. (2010) that the no admixture model is best suited for detecting subtle
genetic structure. STRUCTURE harvester (Earl 2009) was used to estimate the optimal number of genetic
clusters using the method implemented by Evanno et al. (2005). Estimations of FST values and the number of
private alleles were calculated using Arlequin v3.5 (Excoffier et al. 2005) and GenAlEx v6.5 (Peakall and
Smouse 2012). These measures provide an estimation of the level of genetic diversity within and between the
three subspecies.

Results

All 77 samples were successfully genotyped for at least two loci. Six of the eight loci had some missing data;
Prob 06 had no amplification at 4 of the 77 samples; Prob 15 had 3 instances of no amplification; Prob 18 had
7 instances of no amplification; Prob 25 had 4 instances of no amplification; Prob 26 had 2 instances of no
amplification; and Prob 31 failed to amplify at one sample. The various software programs used during the
analyses accommodate for the occurrence of missing data. The null allele frequencies (r) ranged between 0
and 0.21. Null allele frequencies below 0.4 are generally considered acceptable in most microsatellite data sets
(Dakin and Avise (2004) and the null allele frequencies detected in this study is well below the norm (r < 0.4).
The pairwise FST analysis indicated significantly high levels of genetic variation between all three subspecies
with p-values less than 0.05 (Table 3). These values were plotted on a graph via Principal Coordinate analysis
(Figure 1), and the three subspecies are clearly genetically separated.

The occurrence of private alleles is a good indication of genetic differentiation (Slatkin 1985). Analysis of the
number of alleles per locus showed that each of the recognised subspecies have a number of private alleles
(Table 4). The allele numbers calculated during this study can be linked to the size of each subspecies
distribution range. The Grey-headed Parrot has the largest distribution range of the three P. robustus
subspecies (Perrin 2009; 2012), and also has the highest number of private alleles (n = 13). The Cape Parrot
has a more continuous distribution range than the Brown-necked Parrot from West Africa (Perrin 2009; 2012)
and also has a higher amount of private alleles, n = 10 and n = 6 respectively.

The assignment test identified two distinct genetic clusters (K=2; Mean LnP(K) = -1968.21). The one cluster
comprised all the P.r. robustus specimens (green in Figure 2) and the other consists of all the P.r. suahelicus
and P.r. fuscicollis specimens (red in Figure 2). There was limited admixture between these two genetic groups,
highlighting the uniqueness of the Cape Parrot. The known hybrid sample can also be clearly identified (right
edge of Figure 2), as it can be seen that it shares genetic material from both clusters (red and green).
According to the assignment test two of the P.r. suahelicus specimens might also be hybrid individuals (marked
by the * in Figure 2), as they also seem to share alleles from both clusters. These specimens are both captive
bred birds, and it is thus possible that these are also intentional hybrids.

Discussion
The taxonomic analyses conducted for the 77 samples from all three P. robustus subspecies indicate clear
genetic differentiation between P.r. robustus and the P.r. suahelicus - P.r. fuscicollis cluster, as seen in the

assignment tests, which recovered two distinct genetic clusters (Figure 2). These results support previous
recommendations that the Cape Parrot should be viewed as a separate species, namely P. robustus, and that
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the Grey-headed Parrot and Brown-necked Parrot should be grouped under the P. fuscicollis species complex
as P.f. suahelicus and P.. fuscicollis respectively (Clancey 1997; Perrin 2005; Wirminghaus et al. 2002). The
assignment test results were supported by the pairwise FST analysis and the occurrence of numerous private
alleles defining each subspecies. The genetic differentiation observed in our data between P.r. robustus and the
P.r. suahelicus - P.r. fuscicollis cluster is comparable to levels observed among other parrot species. For
example, a study by Russello et al. (2010) used nine microsatellite loci to evaluate the taxonomic status of the
Bahama Parrot. The Bayesian assignment tests recovered two distinct genetic clusters representing
populations found on the islands of Abaco and Inagua. These data, in combination with mitochondrial DNA
sequence data and morphological evidence (Reynolds and Hayes (2009), were used to classify these island
populations as two separate species.

A combination of genetic, morphological and behavioural data is important to differentiate between species
(Chan et al. 2009). The genetic results from the current study, in combination with the previous morphological,
ecological and behavioural data published on Cape Parrots (Clancey 1997; Perrin 2005; Wirminghaus et al.
2002), strongly supports the recommendation that the Cape Parrot should be viewed as a separate species,
i.e. P. robustus.

Future work

Additional sampling of KwaZulu-Natal and Limpopo populations will be done to ensure that the total distribution
range of the Cape Parrot is covered. These additional samples will form part of the phylogeographic analysis of
the Cape Parrot highlighting geographically correlated genetic structure. The Grey-headed and Brown-necked
Parrot sample sizes will also be improved with additional captive bred and wild caught samples and will further
strengthen our current results.

References

Chan, C.-h., Zhao, Y., and Chambers, G.K. 2009. Microsatellite DNA markers provide informative genetic
data for studies on New Zealand Cyanoramphus parakeets, New Zealand Natural Sciences, 34, 69-
76.

Chapuis, M.-P. and Estoup, A. 2007. Microsatellite null alleles and estimation of population differentiation,
Mol Biol Evol, 24 (3), 621-31.

Clancey, P.A. 1997. The Cape Parrot: an additional valid species, Honeyguide, 43, 61 - 62.
Dakin, E.E. and Avise, J.C. 2004. Microsatellite null alleles in parentage analysis, Heredity, 93 (5), 504-9.

Downs, C.T. 2005. Abundance of the endangered Cape parrot, Poicephalus robustus, in South Africa:
implications for its survival, African Zoology, 40 (1), 15-24.

Downs, C.T., Pfeiffer, M., and Hart, L. 2013. Fifteen years of annual Cape Parrots (Poicephalus robustus)
census, Ostrich, In review (xx), XX-xx.

Earl, D. 2009. STRUCTURE Harvester', (0.3 edn.: Available at:
http://users.soe.ucsc.edu/~dearl/software/struct _harvest/).

Evanno, G., Regnaut, S., and Goudet, J. 2005. Detecting the number of clusters of individuals using the
software STRUCTURE: a simulation study, Molecular Ecology, 14 (8), 2611-20.

Excoffier, L., Laval, G., and Schneider, S. 2005. Arlequin ver. 3.0: An integrated software package for
population genetics data analysis, Evolutionary Bioinformatics Online, 1, 4750.

Peakall, R. and Smouse, P.E. 2012. GenAIEx 6.5: genetic analysis in Excel. Population genetic software
for teaching and research-an update, Bioinformatics, 28, 2537 — 39.

Perrin, M.R. 2005. A review of the taxonomic status and biology of the Cape Parrot Poicephalus robustus,
with reference to the Brown-necked Parrot P. fuscicollis fuscicollis and the Grey-headed Parrot P. f.
suahelicus, Ostrich-Journal of African Ornithology, 76 (3-4), 195-205.

Perrin, M.R. 2009. Niche separation in African parrots’, in D.M. Harebottle, et al. (eds.), Proceedings of the
12th Pan-African Ornithological Congress (Rawsonville, South Africa: Cape Town: Animal
Demography Unit), 29 - 37.

Perrin, M.R. 2012. Parrots of Africa, Madagascar and the Mascarene Islands (Johannesburg: Wits
University Press).

AC27 Doc. 25.2—-p. 4



Pillay, K., Dawson, D.A., Horsburgh, G.J., Perrin, M.R., Burke, T., and Taylor, T.D. 2010. Twenty-two
polymorphic microsatellite loci aimed at detecting illegal trade in the Cape parrot, Poicephalus
robustus (Psittacidae, AVES), Molecular Ecology Resources, 10 (1), 142-9.

Pritchard, J.K., Wen, X., and Falush, D. 2013. 'Structure, version 2.3', < http://
pritch.bsd.uchicago.edu/software>, accessed 20 November.

Reynolds, M.B.J. and Hayes, W.K. 2009. Conservation taxonomy of the Cuban parrot (Amazona
leucocephala): I. variation in morphology and plumage, Journal of Caribbean Ornithology, 22, 1-18.

Russello, M.A., Stahala, C., Lalonde, D., Schmidt, K.L., and Amato, G. 2010. Cryptic diversity and
conservation units in the Bahama parrot, Conservation Genetics, 11 (5), 1809-21.

Slatkin, M. 1985. Rare alleles as indicators of gene flow, Evolution, 39, 53—65.

Symes, C. and Downs, C. 2002. Occurrence of Cape parrot Poicephalus robustus at non-forest feeding
sites in South Africa: threats to a declining population, Bulletin of the African Bird Club, 9, 27-31.

Symes, C., Brown, M., Warburton, L., Perrin, M., and Downs, C. 2004. Observations of Cape Parrot,
Poicephalus robustus, nesting in the wild, Ostrich-Journal of African Ornithology, 75 (3), 106-09.

Wirminghaus, J.O. 1997. Cape Parrot Poicephalus robustus, in J.A. Harrison, et al. (eds.), The Atlas of
Southern African Birds (1; Johannesburg: BirdLife South Africa).

Wirminghaus, J.O., Downs, C.T., Symes, C.T., and Perrin, M.R. 1999. Conservation of the Cape parrot in
southern Africa, South African Journal of Wildlife Research, 29 (4), 118-29.

Wirminghaus, J.O., Downs, C.T., Symes, C.T., and Perrin, M.R. 2000. Abundance of the Cape Parrot in
South Africa, South African Journal of Wildlife Research, 30, 43 - 52.

Wirminghaus, J.O., Downs, C.T., Perrin, M.R., and Symes, C.T. 2002. Taxonomic relationships of the

subspecies of the Cape Parrot Poicephalus robustus (Gmelin), Journal of Natural History, 36 (3), 361-

78.

Table 1. List of Poicephalus samples used for the taxonomic analyses.

Subspecies Origin Number of samples  Sample type

P.r. robustus Eastern Cape 40 DNA
KwaZulu-Natal 8 Tissue

P.r. suahelicus Captive bred 1 Blood
Mpumalanga 4 Blood
Unknown 14 Blood

P.r. fuscicollis Unknown 10 Blood

P.r. robustus
X P.r. suahelicus Captive bred 1 FTA

Total: 77
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Table 2. List of the multiplex panels used in this study.

Multiplex number Locus Allele size range (bp)
Multiplex 1 Prob6 236-272

Prob15 132-176

Prob26 342-386
Multiplex 2 Prob30 165-205

Prob36 201-221
Multiplex 3 Prob18 205-241

Prob25 184-228

Prob31 129-165

Table 3. Pairwise Fgr values calculated using Arliquin v3.5 (Excoffier et al. 2005).

P.r. robustus P.r. suahelicus P.r. fuscicollis
* P.r. robustus
0.045 (0) * P.r. suahelicus
0.146 (0) 0.072 (0.00198+0.0004) * P.r. fuscicollis

Note: Associated p-values are presented in brackets (significance level of 0.05)

Table 4. Private alleles observed in each of the Poicephalus subspecies.

Population Number of private alleles

P.r. robustus 10 alleles at 7 loci
(Prob 6, Prob 15, Prob18, Prob 25, Prob 26, Prob 30, Prob 31)

P.r. suahelicus 13 alleles at 7 loci
(Prob 15, Prob18, Prob 25, Prob 26, Prob 30, Prob 31, Prob 36)

P.r. fuscicollis 6 alleles at 5 loci

(Prob 15, Prob 25, Prob 26, Prob 30, Prob 36)
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Coord. 2

Figure 1. A graphical presentation of the Pairwise FST values via Principal Coordinate analysis done with the

. P.r. robustus
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P.r. fuscicollis ,ﬁ

Coord. 1

software GenAlEx v6.5 (Peakall and Smouse 2012).
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Figure 2. Barplot of the proportional membership of each individual belonging to the three subspecies. Each
individual is represented as a vertical bar comprising a different coloured scale on the x-axis. Each genetic
cluster is represented with a different colour (green - P.r. robustus; red - P.r. suahelicus and P.r. fuscicollis). The

* indicate potential hybrid individuals.
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New genera

Girdled lizards (Cordylidae) are sub-Saharan Africa’s only endemic squamate family and contain 80 nom-
inal taxa, traditionally divided into four genera: Cordylus, Pseudocordylus, Chamaesaura and Platysaurus.
Previous phylogenetic analysis revealed Chamaesaura and Pseudocordylus to be nested within Cordylus,
and the former genera were sunk into the later. This taxonomic revision has received limited support
due to the study’s poor taxon sampling, weakly supported results and possible temporary nomenclatural
instability. Our study analyzes three nuclear and three mitochondrial genes from 111 specimens, repre-
senting 51 ingroup taxa. Parsimony, likelihood and Bayesian analyses of concatenated and partitioned
datasets consistently recovered a comb-like tree with 10, well-supported, monophyletic lineages. Our
taxonomic reassessment divides the family into 10 genera, corresponding to these well-supported lin-
eages. Short internodes and low support between the non-platysaur lineages are consistent with a rapid
radiation event at the base of the viviparous cordylids.

Southern Africa

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The girdled lizards (Cordylidae) are a family of distinctively ar-
mored scinciform lizards endemic to Sub-Saharan Africa. There are
80 named taxa within the group, most of which are highly adapted
for a rock-dwelling lifestyle, though the family encompasses a
wide variety of morphologies, life histories and behaviors. The
Cordylidae has traditionally been divided into four nominal genera
(Loveridge, 1944; Lang, 1991): Platysaurus are highly flattened,
lightly armored rock specialists occurring chiefly in southeast
Africa, their extreme bauplan allowing them to use the narrowest
of cracks as retreat sites; Chamaesaura are serpentine lizards with
reduced limbs and greatly elongated tails that occupy grasslands of
southern and eastern Africa; Pseudocordylus are crag-dwelling,
moderately armored lizards that occur in the Cape Fold and
Drakensberg mountain ranges of South Africa, Lesotho and
Swaziland; and Cordylus are a morphologically and ecologically
diverse group of heavily armored lizards that range from South
Africa to Angola and Ethiopia. The family has a turbulent

* Corresponding author. Address: Richard Gilder Graduate School, American
Museum of Natural History, Central Park West @ 79th Street, New York, NY 10024,
USA.

E-mail address: estanley@amnh.org (E.L. Stanley).
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taxonomic history, and evolutionary relationships between the
members of the Cordylidae remain poorly understood, despite
being the subject of several modern taxonomic treatments (e.g.
Lang, 1991; Frost et al., 2001).

Gray (1845) placed all fully-limbed cordylids then known in the
family Zonuridae, recognizing the genera Cordylus Gronovius 1763,
Zonurus Merrem 1820, Pseudocordylus Smith 1838, Hemicordylus
Smith 1838, and Platysaurus Smith 1844, along with what are
now gerrhosaurids, lacertids of the genus Takydromus, and several
anguids. Boulenger’s (1884) reassessment of Zonuridae retained
only Zonurus (incorporating Cordylus, Pseudocordylus and Hemi-
cordylus) and Platysaurus, adding Chamaesaura (Fitzinger, 1843).
The genus Pseudocordylus was resurrected one year later (Bouleng-
er, 1885). This taxonomy remained relatively stable until Stejneger
(1936) demonstrated that Cordylus Laurenti 1768 was a senior syn-
onym of Zonurus Merrem 1820. Subsequent taxonomic works have
consistently employed Cordylidae as the familial name of the
group (Mertens, 1937; FitzSimons, 1943; Loveridge, 1944)
although gerrhosaurs have been included in the same family by
some authors (McDowell and Bogert, 1954; Romer, 1956; Town-
send et al., 2004).

Lang (1991) presented the first phylogenetic analysis of the
Cordyliformes (Gerrhosauridae + Cordylidae) using morphological
data. The resulting phylogeny recovered the serpentiform Cham-
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aesaura as the earliest diverging taxon, with Cordylus sister to a
clade comprising Platysaurus and Pseudocordylus. This arrangement
was consistent with previous works (Boulenger, 1884; Loveridge,
1944), which postulated that extensive armor is plesiomorphic in
cordylids and that there was a reduction in osteoderms and spi-
nose scales from Cordylus, through Pseudocordylus, to Platysaurus
(Fig. 1a). However, this topology nests the oviparous Platysaurus
deep within the otherwise viviparous members of the family, a
phenomenon otherwise extremely rare among squamates (Lynch
and Wagner, 2009). Furthermore, despite employing broad taxon
sampling and using a large number of characters, Lang (1991)
did not attempt to resolve species level relationships and assumed
the monophyly of all of the cordylid genera, although he acknowl-
edged that this assumption might prove to be incorrect.

Frost et al. (2001) analyzed sequence data from two mitochon-
drial genes, 12S and 168, for 22 species in the first molecular phy-
logeny of cordylids. Their maximum parsimony analysis recovered
a very different topology to that of Lang (1991). Platysaurus was
shown to be the earliest diverging cordylid clade, which obviated
the need to invoke a reversal in reproductive strategy, and was
consistent with implications from cordylid life histories (Mouton
and van Wyk, 1997). Additionally, Frost et al. (2001) identified
Cordylus and Pseudocordylus as paraphyletic and polyphyletic,
respectively, corroborating preliminary results from other studies
(Herselman et al., 1992a; Mouton and van Wyk, 1997).

Frost et al.’s (2001) analysis retrieved a step-like phylogeny,
with Chamaesaura and two separate lineages of Pseudocordylus
nested among the 15 species of Cordylus sampled (Fig. 1b). Rather
than implement a major taxonomic revision on the basis of an
incompletely sampled phylogeny with limited resolution, the
authors proposed that Pseudocordylus and Chamaesaura be synon-
ymized with Cordylus. Some authors have adopted this arrange-
ment (du Toit et al., 2002; McConnachie and Whiting, 2003;
Cooper, 2005), but the traditional, four-genus taxonomy remains
widely employed (Moon, 2001; Curtin et al., 2005; Costandius
and Mouton, 2006; Menegon et al., 2006; Alexander and Marais,
2007; Eifler et al., 2007). Moreover, adoption of Frost et al.s
(2001) proposal would result in a number of nomenclatural con-
flicts with the necessity for replacement names e.g. Pseudocordylus
nebulosus Mouton and Van Wyk (1995) would have become a ju-
nior homonym of Cordylus nebulosus A. Smith 1838 (=Cordylus
cataphractus Boie 1828).

Some subsequent works have implemented a combination of
the old and new taxonomies (Broadley, 2006; Vitt and Caldwell,
2008), maintaining Pseudocordylus in the synonymy of Cordylus
but treating Chamaesaura as a valid genus. These arrangements
have no phylogenetic basis but rather reflect the strong preference
of many workers to reflect the morphological and ecological dis-
tinctiveness of these attenuate grass-swimmers.

(a) Gerrhosauridae
Chamaesaura
Cordylus
Pseudocordylus &

(b) Gerrhosaurus typicus

Cordylus cataphractus
Cordylus jordani

Cordylus polyzonus | 1)
Chamaesaura anguina L@—‘V,é%
Cordylus warreni \i_,’/_; A
Cordylus giganteus —

Cordylus coeruleopunctatus

Pseudocordylus capensis
Pseudocordylus nebulosus

Cordylus lawrenci w@
)
T

Cordylus vittifer

Cordylus peersi
Pseudocordylus melanotus
Pseudocordylus microlepidotus
Pseudocordylus namaquensis

Cordylus tropidosternum
Cordylus macropholis
Cordylus minor
Cordylus niger

Cordylus oelofseni
Cordylus cordylus

Fig. 1. Phylogenetic relationships of the Cordylidae as proposed by (a) Lang (1991) and (b) Frost et al. (2001).
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Although Frost et al.’s (2001) taxon sampling was limited for
Chamaesaura (1 of 6 taxa) and Platysaurus (2 of 26 taxa), the mono-
phyly of these two genera has never been called into question, and
in the case of Platysaurus it has subsequently been corroborated
(Scott et al., 2004). However, the partial taxon sampling within
Cordylus (15 of 38 taxa) and Pseudocordylus (3 of 10 taxa) limited
the study’s ability to accurately represent the species relationships
of the family as a whole, and may have compounded weaknesses in
the analytical methods (Heath et al., 2008). Furthermore, the genes
utilized in this study may not, by themselves, be capable of resolv-
ing relationships at all depths of the tree, as mitochondrial DNA
tends to evolve rapidly and becomes saturated at deeper nodes
(Overton and Rhoads, 2004).

Four primary factors affect the ability of a molecular phyloge-
netic analysis to accurately estimate true historical relationships
among species: (1) taxon sampling; (2) selection of genetic mark-
ers; (3) amount of sequence data analyzed, and (4) choice of ana-
lytical methods (Swofford et al., 1996). Our study aims to
improve on previous analyses in all four of these areas to recover
a robust and well-resolved phylogeny of the family Cordylidae. If
a strong phylogenetic signal can be recovered by amending these
compounding factors, a new classification may be proposed that
is consistent with traditional groupings based on morphology
and life history while still reflecting generic monophyly.

2. Materials and methods
2.1. Taxon sampling

Sequence data were obtained from 111 specimens, representing
51 cordylid taxa from all four genera. Taxon sampling was partic-
ularly dense in Cordylus and Pseudocordylus (Table 1), as previous
studies have recovered these groups to be non-monophyletic.

Wherever possible, specimens from separate localities were in-
cluded for each taxon. Increased sampling was employed for
widely distributed species (Cordylus polyzonus and C. cordylus), or
species with geographically discrete, well separated populations
(C. oelofseni and C. vittifer) so as to include representatives from
the species’ entire geographic range (Table 2). Following previous
phylogenetic assessments (McDowell and Bogert, 1954; Romer,
1956; Lang, 1991; Townsend et al., 2004) three species of gerrho-
saurid, Gerrhosaurus validus, G. nigrolineatus and Cordylosaurus sub-
tessellatus, were used as outgroups for the study.

2.2. Gene sampling

We analyzed sequence data from three nuclear and three mito-
chondrial genes. The mitochondrial genes 12S, 16S and ND2 were
utilized in previous studies of cordylids (Frost et al., 2001; Odierna
et al., 2002; Daniels et al., 2004) and were included in this study to
facilitate comparisons with these prior analyses. Three rapidly
evolving nuclear genes were selected: Prolactin receptor gene PRLR
(Townsend et al., 2008), Myosin Heavy chain 2 MYH2 (Whiting
et al., 2006) and Kinesin Family Member 24 KIF24 (Portik et al.,

Table 1
The total number of Cordylidae taxa, the number of taxa included by Frost et al.
(2001) and the number of taxa present in this study.

Genus Total named Taxa in Frost et al. Taxa in this
taxa (2001) study
Cordylus 38 15 34
Pseudocordylus 10 5 8
Chamaesaura 6 1 3
Platysaurus 26 2 6

in press). All three genes are protein coding and MYH2 also con-
tains a rapidly evolving, non-coding intron.

2.3. Molecular data

Total genomic DNA was isolated from the liver or skeletal mus-
cle of specimens preserved in 95% ethanol using the Qiagen
DNeasy™ tissue kit (Valencia, CA, USA). DNA from fresh tissues
of members of the Cordylus warreni complex and several other
key species was isolated at the Leslie Hill Laboratories, South Afri-
can National Biodiversity Instituite (SANBI), Kirstenbosch, South
Africa, using a the protocols of Tolley et al. (2004).

Target genes were amplified using double-stranded Polymerase
Chain Reaction (PCR). 2.5 pl of the extracted genomic DNA was
combined with 2.5 pl forward primer (8.p.p.m), 2.5 pl reverse pri-
mer (8.p.p.m), 2.5 pl dinucleotide pairs, 2.5 ul 5x buffer, 2.5 pl
MgCl 10x buffer, 0.18 pl Taq polymerase and 8.92 pl H,0. PCR cy-
cling was executed on an Eppendorf Mastercycler gradient thermo-
cycler and each primer-set was initially amplified under the
following conditions: initial denaturation for 2 min at 95 °C fol-
lowed by 95 °C for 35 s, annealing at 50 °C for 35 s, and extension
at 72 °C for 95 s (Greenbaum et al., 2007). Products were visualized
with 1.5% agarose gel electrophoresis. If necessary, annealing tem-
peratures were modified accordingly (Table 3).

Target products were treated with AMPure magnetic bead solu-
tion (Agencourt Bioscience, Beverly, MA, USA) to remove byprod-
ucts of the PCR process. The cleaned PCR product was then
prepared for sequencing with the DYEnamic™ ET Dye Terminator
Kit (GE Healthcare, Piscataway, NJ, USA). Sequencing reactions
were purified with CleanSeq magnetic bead solution (Agencourt
Bioscience, Beverly, MA, USA) and analyzed with an ABI 3700 auto-
mated sequencer. All genes were sequenced from both 3’ and 5
ends separately and internal primers were used for genes over
800 bp long. The complimentary and contiguous sequences were
aligned using the program Genious™ (Drummond et al., 2008).
Ambiguous or conflicting bases were coded as heterozygotes. Mul-
tiple sequence alignment was performed with Muscle (Edgar,
2004) and visualized with Maclade (Maddison and Maddison,
2000) to confirm the amino acid reading frame and to check for
stop codons.

2.4. Phylogenetic analysis

We employed a pluralistic approach for phylogenetic analysis,
performing separate analyses with the three most commonly em-
ployed optimality criteria, Maximum Parsimony (MP), Maximum
Likelihood (ML) and Bayesian Inference (BI). Separate analyses
were performed on each individual gene as well as concatenated
sets of mitochondrial genes (ND2, 16S and 12S) nuclear genes
(PRLR, MYH2 and KIF24), and all genes.

The maximum Parsimony analyses were run using PAUP*
(Swofford, 2002) under the following conditions: 1000 random
addition replicates, tree bisection-reconnection branch swapping,
zero-length branches collapsed to yield polytomies, and gaps trea-
ted as missing data. Nodal support for this analysis was estimated
using non-parametric bootstrapping (1000 iterations) and Good-
man-Bremer support (Bremer, 1994).

ModelTest 2.2.3 (Posada and Crandall, 1998) was run to identify
the most likely model of evolution for each of the individual genes.
Both ML and BI analyses were partitioned by codon and gene, each
partition employing the appropriate model estimated by
ModelTest.

The Maximum Likelihood analyses were performed using RAx-
ML HPC 7.2.3 (Stamatakis et al., 2008) on the CIPRES server. The
analysis was performed using a GTR gamma model with gaps
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Table 2

Voucher numbers, localities and Genbank accession numbers for samples. (RSA = Republic of South Africa).
Taxon Voucher Locality Coordinates 16s 12s ND2 PRLR KIF24 MYH2
Chamaesaura aenea 1 QP0041 Free State, RSA 28°31'58”S,28°39° HQ167160 HQ167049 HQ166950 HQ167489 HQ167271 HQ167382
Chamaesaura aenea 2 QP0043 KwaZulu Natal, gg" ;:2' 34”S,29°38 HQ167162 HQ167051 HQ166952 HQ167491 HQ167273 HQ167384
Chamaesaura aenea 3 QP0042 ErSeAestate, RSA gg" ;:1' 227S,28°37° HQ167161 HQ167050 HQ166951 HQ167490 HQ167272 HQ167383
Chamaesaura anguina 1 PEM195 Eastern Cape, §§° 52' 24" S,23°52" HQ167163 HQ167052 HQ166953 HQ167492 HQ167274 HQ167385
Chamaesaura anguina 2 Su2 \]j\f:stem Cape, gg" ;:9' 04" S,19°27° HQ167165 HQ167054 HQ166955 HQ167494 HQ167276 HQ167387
Chamaesaura anguina 3 SuU1 \}}\i?stern Cape, .1:2" 58' 48" S,19°27° HQ167164 HQ167053 HQ166954 HQ167493 HQ167275 HQ167386
Chamaesaura a. tenuior PEMR /}:fﬁsha, Kenya ?)g" (1;27‘ 307S,35°19° HQ167166 HQ167055 - HQ167495 HQ167277 HQ167388
Cordylus aridus 1 PEMR16376 Western Cape, ;;" (l;:S' 04”S,22°32" HQ167170 HQ167059 HQ166959 HQ167499 HQ167281 HQ167390
Cordylus aridus 2 PEMR16371 \S\?:stern Cape, ;g“ (l;:S' 04" §,22°32" HQ167169 HQ167058 HQ166958 HQ167498 HQ167280 HQ167389
Cordylus beraduccii WRB0037 l}sllstl:ra, Tanzania ég° (l;:T 58”S,35°59" HQ167172 HQ167061 - HQ167501 HQ167283 HQ167392
Cordylus breyeri MBUR00320  Limpopo, RSA ‘2130 57' 247 S,28°50° HQ167173 HQ167062 HQ166961 HQ167502 HQ167284 HQ167393
Cordylus campbelli 1 MCZ27028 Namibia ;g" 57' 327S5,16°25 HQ167174 HQ167063 HQ166962 HQ167503 HQ167285 HQ167394
Cordylus campbelli 2 MCZ27028 Namibia 3;" 41157' 327S5,16°25 HQ167175 HQ167064 HQ166963 HQ167504 HQ167286 HQ167395
Cordylus cataphractus 1 SuU1 Western Cape, g;" 56' 18”S,18°59" HQ167176 HQ167065 HQ166964 HQ167505 HQ167287 HQ167396
Cordylus cataphractus 2 MBUR01792 E?)?them Cape, 2(2)° 54’ 16”S,18°06° HQ167177 HQ167066 HQ166965 HQ167506 HQ167288 HQ167397
Cordylus coeruleopunctatus  KTH329 \Ij\ieAstern Cape, gi" (l;:O’ 03”§,20°26° HQ167178 HQ167067 HQ166966 HQ167507 HQ167289 HQ167398
Cor:iylus coeruleopunctatus  QP0046 \R/\fl:stem Cape, I]'}g" 51356' 33”5S,20°51" HQ167181 HQ167070 HQ166969 HQ167510 HQ167292 HQ167401
Cor?iylus coeruleopunctatus  SU \}}\?eAstern Cape, ;" 53' 327S,22°24" HQ167179 HQ167068 HQ166967 HQ167508 HQ167290 HQ167399
Corg:iylus coeruleopunctatus  QP0044 \}}\Z\stern Cape, gg" 4::8' 52”§,22°54" HQ167180 HQ167069 HQ166968 HQ167509 HQ167291 HQ167400
Cor‘(‘iylus cordylus 1 AMB8168 E:SAtern Cape, 220 (];:2' 407 S,26° 15 HQ167182 HQ167071 HQ166970 HQ167511 HQ167293 HQ167402
Cordylus cordylus 2 PEMR9714 gj?tern Cape, 3}1" (I)EO’ 417S,29°19° HQI167187 HQ167076 HQ166975 HQ167516 HQ167298 HQ167407
Cordylus cordylus 3 PEMR16382 \R/\?l:stem Cape, gg" ;:]' 60" S,22°21" HQ167185 HQ167074 HQ166973 HQ167514 HQ167296 HQ167405
Cordylus cordylus 4 PEMR17466 E:?tem Cape, 22° fl '43”§,24°50° HQ167186 HQ167075 HQ166974 HQ167515 HQ167297 HQ167406
Cordylus cordylus 5 PEMR17464 gi?tern Cape, ;:g" 59' 46" S,24°31° HQ167190 HQ167079 HQ166978 HQ167519 HQ167301 HQ167410
Cordylus cordylus 6 PEMR17467 E:l:tem Cape, gg" ;:9' 44" S,24°31° HQ167188 HQ167077 HQ166976 HQ167517 HQ167299 HQ167408
Cordylus cordylus 7 PEMR13511 \}}\fl:stern Cape, (3)3" ;-:6' 56" S,25°43° HQ167184 HQ167073 HQ166972 HQ167513 HQ167295 HQ167404
Cordylus cordylus 8 AMB8865 \}j\?:stern Cape, g;" 50' 14”S,17°51" HQI167183 HQ167072 HQ166971 HQ167512 HQ167294 HQ167403
Cordylus giganteus 1 M]JC 5403 }}jrseAe State, RSA ;;" ;56' 227S,29°04° HQ167193 HQ167082 HQ166981 HQ167522 HQ167304 HQ167413
Cordylus giganteus 2 M]JC 6638 Free State, RSA ;Z" (1;29' 40”S,29°19° HQ167194 HQ167083 HQ166982 HQ167523 HQ167305 HQ167414
Cordylus giganteus 3 M]JC 6640 Free State, RSA g;" 59’ 347 S,29°19° HQ167195 HQ167084 HQ166983 HQ167524 HQ167306 HQ167415
Cordylus giganteus 4 M]JC 6642 Free State, RSA g; ;56' 227S,29°04° HQ167196 HQ167085 HQ166984 HQ167525 HQ167307 HQ167416
Cordylus imkeae 1 MBUR01795  Northern Cape, gg° 54’ 16”S,18°06° HQ167197 HQ167086 HQ166985 HQ167526 HQ167308 HQ167417
Cordylus imkeae 2 MBUR01796 II\{Isol:thern Cape, gg" ;:4' 16”S,18°06° HQ167198 HQ167087 HQ166986 HQ167527 HQ167309 HQ167418
Cordylus jonesi 1 AMB8396 iisril\popo, RSA (2)2" 53' 197S,28°24" HQ167200 HQ167089 HQ166988 HQ167529 HQ167311 HQ167420
Cordylus jonesi 2 AMB8310 Limpopo, RSA ;;" E]' 18”S,29°31° HQ167199 HQ167088 HQ166987 HQ167528 HQ167310 HQ167419
Cordylus jordani 1 AMB5876 Namibia ;g" 29' 527 S,17°22" HQ167202 HQ167091 HQ166990 HQ167531 HQ167313 HQ167422
Cordylus jordani 2 MCZ27023 Namibia ;g" 57' 45" S,16°25 HQ167201 HQ167090 HQ166989 HQ167530 HQ167312 HQ167421

15" E
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Table 2 (continued)
Taxon Voucher Locality Coordinates 16s 12s ND2 PRLR KIF24 MYH2
Cordylus lawrenci PEM285 Northern Cape, 29°15'17”S,17°05 HQ167203 HQ167092 - HQ167532 HQ167314 HQ167423
RSA 38" E
Cordylus machadoi 1 KTH09059 Humpata, 14° 5742”7 S5,13°20° HQ167204 HQ167093 HQ166991 HQ167533 HQ167315 HQ167424
Angola 59" E
Cordylus machadoi 2 KTH09080 Humpata, 15°10°39”S,13°19° HQ167205 HQ167094 HQ166992 HQ167534 HQ167316 HQ167425
Angola 17" E
Cordylus macropholis 1 AMB8874 Western Cape, 32°06'37"S,18°18 HQ167207 HQ167096 HQ166994 HQ167536 HQ167318 HQ167427
RSA 14" E
Cordylus macropholis 2 AMB8873 Western Cape, 32°06’36"S,18°18 HQ167206 HQ167095 HQ166993 HQ167535 HQ167317 HQ167426
RSA 13"E
Cordylus mclachlani 1 AMB8855 Western Cape, 33°16°20"S,19°37° HQ167208 HQ167097 HQ166995 HQ167537 HQ167319 HQ167428
RSA 42" E
Cordylus mclachlani 2 SuU1 Western Cape, 32°12'06"S,19°05° HQ167209 HQ167098 HQ166996 HQ167538 HQ167320 HQ167429
RSA 52" E
Cordylus meculae 1 PEMR16203  Mecula, 12°02'277S,37°37° HQ167234 HQ167123 - HQ167563 HQ167345 HQ167454
Mozambique 21"E
Cordylus meculae 2 PEMR16202  Mecula, 12°02'28”S,37°37° HQ167233 HQ167122 - HQ167562 HQ167344 HQ167453
Mozambique 21" E
Cordylus meculae 3 PEMR16165  Mecula, 12°02’15”S,37°38 HQ167211 HQ167100 - HQ167540 HQ167322 HQ167431
Mozambique 19" E
Cordylus meculae 4 PEMR16164  Mecula, 12°02’15”S,37°38 HQ167210 HQ167099 - HQ167539 HQ167321 HQ167430
Mozambique 19" E
Cordylus minor SU Northern Cape, 32°52'04”S,20°33" HQ167212 HQ167101 HQ166997 HQ167541 HQ167323 HQ167432
RSA 10" E
Cordylus mossambicus PEMR5227 Mozambique 17°24'517S,33°22 HQ167213 HQ167102 HQ166998 HQ167542 HQ167324 HQ167433
51"E
Cordylus namagquensis 1 AMB6848 Namibia 27°22'06"S,18°51" HQ167214 HQ167103 - HQ167543 HQ167325 HQ167434
16" E
Cordylus namaquensis 2 AMB6849 Namibia 27°22°06"S,18°51" HQ167215 HQ167104 - HQ167544 HQ167326 HQ167435
16" E
Cordylus niger 1 AMB8875 Western Cape, 32°59'14”S,17°52° HQ167216 HQ167105 HQ166999 HQ167545 HQ167327 HQ167436
RSA 34" E
Cordylus niger 2 Su1 Western Cape, 32°59'04”S,17°52° HQ167217 HQ167106 HQ167000 HQ167546 HQ167328 HQ167437
RSA 37"E
Cordylus oelofseni 1 SU1 Western Cape, 34°02'24"S,18°59° HQ167219 HQ167108 HQ167002 HQ167548 HQ167330 HQ167439
RSA 54" E
Cordylus oelofseni 2 Su2 Western Cape, 34°02'24"S,18°59° HQ167220 HQ167109 HQ167003 HQ167549 HQ167331 HQ167440
RSA 54" E
Cordylus oelofseni 3 AMB8851 Western Cape, 32°54'34”S,19°02° HQI167218 HQ167107 HQ167001 HQ167547 HQ167329 HQ167438
RSA 06" E
Cordylus oelofseni 4 AMB8860 Western Cape, 32°46’117S,18°42' HQ167221 HQ167110 HQ167004 HQ167550 HQ167332 HQ167441
RSA 10" E
Cordylus oelofseni 5 AMB8862 Western Cape, 32°46'11"S,18°42' HQ167222 HQ167111 HQ167005 HQ167551 HQ167333 HQ167442
RSA 10" E
Cordylus polyzonus 1 A38345 Namibia 27°23'53”S,18°25 HQ167223 HQ167112 HQ167006 HQ167552 HQ167334 HQ167443
26" E
Cordylus polyzonus 2 M1117 Northern Cape, 30°21'47”S,17°53" HQ167224 HQ167113 HQ167007 HQ167553 HQ167335 HQ167444
RSA 03" E
Cordylus polyzonus 3 PEMR17462  Eastern Cape, 33°29°517S,24° 30" HQ167225 HQ167114 HQ167008 HQ167554 HQ167336 HQ167445
RSA 45" E
Cordylus polyzonus 4 SuU1 Western Cape, 32°16°35”S,19°05° HQ167226 HQ167115 HQ167009 HQ167555 HQ167337 HQ167446
RSA 09" E
Cordylus peersi MB20710 Northern Cape, 30°42'48”S,19°00° HQ167227 HQ167116 HQ167010 HQ167556 HQ167338 HQ167447
RSA 01" E
Cordylus pustulatus visser006492 Namibia 22°46'19”S,16°21° HQ167228 HQ167117 HQ167011 HQ167557 HQ167339 HQ167448
57" E
Cordylus regius AMB6171 Eastern 19°03'25”S,32°36° HQ167229 HQ167118 HQ167012 HQ167558 HQ167340 HQ167449
Zimbabwe 16" E
Cordylus rhodesianus 1 ELSPET4 captive Unknown HQ167230 HQ167119 HQ167013 HQ167559 HQ167341 HQ167450
Cordylus rhodesianus 2 ELSPET5 captive Unknown HQ167231 HQ167120 HQ167014 HQ167560 HQ167342 HQ167451
Cordylus tasmani 1 PEMR17394  Eastern Cape, 33°46’18”S,25°39° HQ167232 HQ167121 HQ167015 HQ167561 HQ167343 HQ167452
RSA 45" E
Cordylus tasmani 2 PEMR15012 Eastern Cape, 33°47'57”S,25°46° HQ167189 HQ167078 HQ166977 HQ167518 HQ167300 HQ167409
RSA 10" E
Cordylus tropidosternum 1~ WRB0038 Tanzania Unknown HQ167236 HQ167125 - HQ167565 HQ167347 HQ167456
Cordylus tropidosternum 2~ WRB0042 Tanzania Unknown HQ167235 HQ167124 - HQ167564 HQ167346 HQ167455
Cordylus ukingensis WRB0039 Uzungwe Mts, 08°17°58"S,35°40' HQ167237 HQ167126 - HQ167566 HQ167348 HQ167457
Kenya 43" E
Cordylus vandami 1 AMB8292 Mpumalanga, 24°56'22"S,30°15° HQ167240 HQ167129 HQ167018 HQ167569 HQ167351 HQ167460
RSA 09" E
Cordylus vandami 2 AMBS8195 Limpopo, RSA 24°03'35"S,30°49° HQ167239 HQ167128 HQ167017 HQ167568 HQ167350 HQ167459
33"E
Cordylus vandami 3 AMB8193 Limpopo, RSA 24°03'59”S,30°49° HQ167238 HQ167127 HQ167016 HQ167567 HQ167349 HQ167458
56" E
Cordylus vittifer 1 AMB6073 Mpumalanga, 26°08'00"S,31°08 HQ167241 HQ167130 HQ167019 HQ167570 HQ167352 HQ167461

RSA

00" E

(continued on next page)
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Table 2 (continued)

Taxon Voucher Locality Coordinates 16s 12s ND2 PRLR KIF24 MYH2
Cordylus vittifer 2 AMBS8274 Limpopo, RSA 24°31'49”S,30°38 HQ167242 HQ167131 HQ167020 HQ167571 HQ167353 HQ167462
43" E
Cordylus vittifer 3 AMBS8603 Swaziland 25°18117S,30°08 HQ167243 HQ167132 HQ167021 HQ167572 HQ167354 HQ167463
51" E
Cordylus warreni warreni ELS012 Mpumalanga, 25°54'217S,31°52" HQ167244 HQ167133 HQ167022 HQ167573 HQ167355 HQ167464
RSA 21" E
Cordylus w. barbertonensis  RCBS2133 Mololotja, 26°04'57"S,31°15° HQ167171 HQ167060 HQ166960 HQ167500 HQ167282 HQ167391
Swaziland 59" E
Cordylus w. depressus 1 MFB141 Limpopo, RSA 22°58'16"S,29°57° HQ167191 HQ167080 HQ166979 HQ167520 HQ167302 HQ167411
23" E
Cordylus w. depressus 2 MCZF38871 Limpopo, RSA 23°02'10"S,29°25 HQ167192 HQ167081 HQ166980 HQ167521 HQ167303 HQ167412
41" E
Gerrhosaurus validus AMB 6090 Limpopo, RSA 24°18'13”S,30°50" HQ167246 HQ167135 HQ167024 HQ167575 HQ167357 -
21"E
Gerrhosaurus nigrolineatus ~ AMB 8339 Limpopo, RSA 24°03'18"S5,28°25 HQ167245 HQ167134 HQ167023 HQ167574 HQ167356 -
19" E
Cordylosaurus AMB 4649 Northern Cape, 28°42'26"S,17°07° HQ167167 HQ167056 HQ166956 HQ167496 HQ167278 -
subtessellatus 1 RSA 23" E
Cordylosaurus AMB 6928 Namibia 19°05’°00” S, 13°34" HQ167168 HQ167057 HQ166957 HQ167497 HQ167279 -
subtessellatus 2 07" E
Platysaurus broadleyi AMB 4944 Northern Cape, 28°34'45”S,20°17° HQ167247 HQ167136 HQ167025 HQ167576 HQ167358 HQ167465
RSA 59" E
Platysaurus capensis AMB 4524 Northern Cape, 28°07'59”S,16°59° HQ167248 HQ167137 HQ167026 HQ167577 HQ167359 HQ167466
RSA 20" E
Platysaurus minor AMB8411 Limpopo, RSA 24°14’107 S,28°22" HQ167250 HQ167139 HQ167028 HQ167579 HQ167361 HQ167468
31"E
Platysaurus mitchelli MEEP XS173  Malawi 15°52'05”S,35°42" HQ167251 HQ167140 HQ167029 HQ167580 HQ167362 HQ167469
15" E
Platysaurus i. intermedius ~ NMBR Limpopo, RSA 23°52°00"S,29°56° HQ167249 HQ167138 HQ167027 HQ167578 HQ167360 HQ167467
59" E
Platysaurus i. nigrescens PEMR Mash