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Genetic variation within African spiny-tailed lizards (Agamidae:
Uromastyx) estimated using mitochondrial DNA sequences

D. James Harris*, Raquel Vaconcelos, José C. Brito

Abstract. African spiny-tailed lizards (Uromastyx) are large, herbivorous lizards extensively traded locally for food and
internationally as pets. Several species have recently been described, although some remain controversial. To determine
relationships within North African forms, twenty individuals were analysed for over 1000 bases of mitochondrial DNA
sequences. Phylogenetic analyses indicate four deeply divergent lineages that correspond to sampling areas, but not to current
species designations. These results indicate that present taxonomy does not reflect the evolutionary history of these species.

Introduction

Spiny-tailed lizards of the genus Uromastyx are
large generalist herbivores distributed in arid re-
gions from India to the Arabian Peninsula and
across the Saharan region of Africa. Uromastyx
is registered in appendix II of CITES due to
their being collected for food as well as exten-
sively for the pet trade – based on CITES data
over 215 000 Uromastyx were legally traded be-
tween 1977-2001, almost all wild-caught and
primarily from Egypt and Mali (Knapp, 2004).
Because of this, there are many publications
regarding captive breeding and husbandry, but
few related to ecology, behaviour in the wild, or
phylogenetic relationships. Currently 16 species
are recognized (Wilms, 2001), with several in-
cluding Uromastyx geyri (Joger and Lambert,
1986), Uromastyx flavifasciata, Uromastyx oc-
cidentalis (Mateo et al., 1998), Uromastyx al-
fredschmidtii (Wilms and Böhme, 2001) and
Uromastyx leptiens (Wilms and Böhme, 2000)
being recently described. The acceptance of the
specific status of some forms is not univer-
sal (e.g. U. flavifasciata, reviewed in Geniez
et al., 2004). Amer and Kumazawa (2005)
presented the first phylogeny based on mito-
chondrial DNA (mtDNA) sequences that in-
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cluded several African and Arabian taxa. They
clearly showed that the African forms were a
clade, but included only four species within
this clade and none of the more controversial
recently described forms. Further, many were
captive bred individuals, so geographic varia-
tion within species could not be assessed. To
determine relationships within the North–West
African species, 20 individuals were analysed,
all sampled in the field, from five species for
approximately 1050 base pairs of mtDNA from
three genes (cytochrome b, 12S rRNA and 16S
rRNA). Genetic variation was then compared to
the current taxonomic status.

Methods

Specimens were identified in the field using discriminant
characters published in available guides (Geniez et al.,
2004), digital photographs taken (available though the au-
thors by request), and a toe or piece of tail was removed and
stored in 100% ethanol (fig. 1 and table 1). Some specimens
were roadkills. All live specimens were released immedi-
ately after sampling. Total genomic DNA was extracted
from these small pieces of tissue using standard methods,
following Harris et al. (1998). Polymerase Chain Reaction
primers used in both amplification and sequencing were
12Sa and 12Sb, 16SL and 16SH, and cytochrome b1 and cy-
tochrome b3 from Kocher et al. (1989), Simon et al. (1990)
and Palumbi et al. (1991). Amplified fragments were se-
quenced on a 310 Applied Biosystem DNA Sequencing Ap-
paratus.

Mitochondrial DNA sequences were aligned using
Clustal W (Thompson et al., 1994). Since North African
Uromastyx are known to form a clade (Amer and Kumaza-
wa, 2005), the Uromastyx sp. from Yemen was designated
as an outgroup. A total of 20 taxa were analysed. Aligned
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Figure 1. Map showing sampling localities. Codes relate to table 1 and figure 2.

Table 1. Specimens sequenced for this analysis with locality, coordinates and sample code numbers.

Species Locality Coordinates DNA code

Uromastyx sp. Yemen U2
U. acanthinura Derj-Idri, Libya N29◦52.8′′ E10◦45.4′′ U3
U. acanthinura Guelmine, Morocco N29◦9.3′′ W8◦35.6′′ U9
U. acanthinura Tinerhir, Morocco N31◦27.5′′ W5◦37.0′′ U82
U. acanthinura Tinerhir, Morocco N31◦27.5′′ W5◦37.0′′ U91
U. acanthinura Tinerhir, Morocco N31◦27.5′′ W5◦37.0′′ U92
U. acanthinura Tinerhir, Morocco N31◦27.5′′ W5◦37.0′′ U93
U. acanthinura Saka, Morocco N34◦29.8′′ W3◦19.6′′ U127
U. geyri Agadez-Timia, Niger N17◦13.2′′ E8◦6.0′′ U4
U. geyri Agadez-Timia, Niger N17◦18.2′′ E8◦10.2′′ U6
U. geyri Agadez-Timia, Niger N17◦18.2′′ E8◦10.5′′ U7
U. geyri Agadez-Timia, Niger N17◦33.3′′ E8◦44.9′′ U8
U. dispar Tenechfeil, Mauritania N20◦56.7′′ W13◦11.2′′ U10
U. dispar Gleibet Ahmed el’Abeidena, Mauritania N20◦46.6′′ W13◦10.4′′ U12
U. dispar Irmechat, Mauritania N19◦45.4′′ W12◦14.4′′ U16
U. flavifasciata Foum Ajar, Mauritania N18◦32.1′′ W10◦15.5′′ U35
U. flavifasciata Arhrijit, Mauritania N18◦21.2′′ W9◦10.3′′ U38
U. flavifasciata Oujaf well, Mauritania N17◦52.4′′ W7◦55.5′′ U43
U. flavifasciata/dispar Tenechfeil, Mauritania N20◦57.3′′ W13◦11.0′′ U11
U. flavifasciata/dispar Rachid, Mauritania N18◦47.0′′ W11◦41.5′′ U22

sequences for 12S, 16S and cytochrome b were 346, 396
and 312 base pairs long (1054 bp in total), respectively.

The data were imported into PAUP* 4.0b10 (Swofford,
2002) for phylogenetic analysis. For the phylogenetic analy-
sis of the mtDNA data maximum likelihood (ML) and max-

imum parsimony (MP) were used. The approach outlined
by Huelsenbeck and Crandall (1997) was used to test 56
alternative models of evolution, employing PAUP* 4.0b10
and Modeltest (Posada and Crandall, 1998). Once a model
of evolution was chosen, it was used to estimate a tree us-
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ing ML, and support for nodes estimated by bootstrapping
with 200 replicates (Felsenstein, 1985). A MP analysis was
carried out (100 replicate heuristic search, TBR branch-
swapping) with gaps treated as missing data, and support
for nodes estimated by bootstrapping with 1000 replicates.

Results and discussion

Including the outgroup, 20 combined mtDNA
sequences were analyzed. It was concluded that
the GTR model (with a gamma distributed rate
heterogeneity model (4 rate categories, G =
0.487) and an estimated proportion of invariable
sites (0.45)) was the most appropriate model of
evolution for these data. A ten replicate heuris-
tic search incorporating this model found one
tree of − ln 2623. Maximum parsimony analy-
sis of 86 informative characters found six trees
of 241 steps, the 50% bootstrap consensus of
which was similar to the ML analysis, but dif-
fered in weakly supported nodes (fig. 2).

Four genetically distinct units can be iden-
tified from these analyses, all of which are
geographically coherent, although relationships
between these units are not well supported.
One group corresponds to U. geyri from Niger
(Group B, fig. 2). The question of if geyri should
be considered a separate species or a subspecies
of U. acanthinura has been widely debated. Im-
munological data supported a separate species
status (Joger, 1986), although an intergreda-
tion zone has also been reported which might
suggest subspecific status is more appropriate
(Wilms and Böhme, 1993). The degree of ge-
netic divergence found in this analysis (9.3%
for cytochrome b sequences) is slightly less
than typically found between congeneric rep-
tiles species, but would be an unusually high
level of intraspecific variation (Harris, 2002).
All the specimens of U. acanthinura from
Morocco form a second unit (group C), that
contains quite high within-group variation (up
to 4.1% for cytochrome b). However, the speci-
men of U. acanthinura from Libya forms a third
distinct unit (group A), that is not the sister taxa
to U. acanthinura from Morocco, indicating that
U. acanthinura is paraphyletic. The fourth clade

(group D) contains all the specimens collected
from Mauritania, belonging to two described
species; U. flavifasciata and U. dispar. Genetic
variation within these forms is extremely low,
and the limited substructuring observed does
not relate to the presently assigned specific sta-
tus of the forms (fig. 2). Additionally, two spec-
imens captured in Mauritania (U11 and U22),
could not be assigned distinctively to a species
as they shared common morphological charac-
ters with U. flavifasciata and U. dispar (fig. 3).
These specimens have a colour pattern similar
to U. flavifasciata but have a relatively small
body size and less than 175 scales between the
neck and cloaca, a feature of U. dispar (Geniez
et al., 2004) (fig. 3). Combined with the lack of
evidence of genetic differentiation based on the
mtDNA sequences, this indicates the two forms
are probably conspecific. The estimate of rela-
tionships derived using MP supported the same
groups, but relationships between them were:
((D, C), A), B)). Thus, while the four groups are
all clearly distinct, relationships between them
remain ambiguous.

These results suggest the current taxonomy
does not reflect the phylogenetic history of the
species, nor the degree of genetic differentia-
tion between forms. If U. geyri is accepted as
a species distinct from U. acanthinura, then the
latter species is paraphyletic and would need to
be split into two separate species. The range
of these two species would remain largely un-
known. On the other hand, at least one of
the recently described forms from Mauritania
(U. flavifasciatus) does not appear to warrant
separate species status and could be referred to
as U. dispar. However, there are many difficul-
ties in using a single marker such as mtDNA se-
quences to address taxonomic issues (reviewed
in Ballard and Whitlock, 2004). Therefore al-
though the present taxonomy is clearly inade-
quate, we recommend that further sampling and
analysis of nuclear markers is performed prior
to making formal taxonomic changes.

Comparative phylogeography of European
biota indicates a typical pattern of repeated
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Figure 2. Single tree derived from a ML analysis using the model described in the text. Differences between the topology
obtained by MP are discussed in the text. Bootstrap values for MP and ML and given above and below the nodes respectively.
The four main groups are labeled as A-D. The tree was rooted using the specimen from Yemen.

contractions to southern refugia during ice
ages, followed by northwards expansions during
interglacial periods (Hewitt, 2001). However,
much less is understood concerning the evolu-
tionary history of North African fauna during
this period. North Africa experienced alternate
humid and arid periods that appeared to affect
many terrestrial species, from snails (Guiller

et al., 2001) to mammals (Cosson et al., 2005).
Of the reptiles studied, Agama (Brown et al.,
2002), Acanthodactylus (Harris et al., 2004a),
Blanus (Vaconcelos et al., 2006), Lacerta per-
spicillata (Harris et al., 2003) and Tarentola
(Harris et al., 2004b) all show deep phyloge-
netic divisions, and the same is demonstrated
here in U. acanthinura. Whether this is a com-
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Figure 3. Specimens of some of the Uromastyx used in this study. Codes relate to table 1 and figure 2.

mon phylogeographic pattern of North African
reptiles deserves to be further investigated.

Conclusions

Despite being extensively traded, this analysis
shows that the relationships of North African
Uromastyx are poorly understood and that cur-
rent taxonomy is inadequate for describing pat-
terns of genetic variation. Such knowledge is
essential if sustainable exploitation of these
lizards is to be developed. At least four sepa-
rate genetic units can be identified within North
Africa, corresponding to specimens from Niger,
Libya, Morocco and Mauritania. Further sam-
pling is needed to determine if other units exist,
and to establish the ranges of the forms so far
uncovered.

Acknowledgements. This project was supported by grants
from Fundação para a Ciência e Tecnologia POCTI/41906/
BSE/2001, SFRH/BPD/11542/2002 and SFRH/BPD/
5702/2001. Fieldwork was also supported by a grant from
the National Geographic Society Number 7629-04. Thanks
to N.L. Mercader for the sample from Yemen, and to all our
colleagues who assisted during fieldwork in North Africa.

References

Amer, S.A.M., Kumazawa, Y. (2005): Mitochondrial DNA
sequences of the Afro-Arabian spiny-tailed lizards
(Genus Uromastyx; family Agamidae): phylogenetic
analyses and evolution of gene arrangements. Biol. J.
Linn. Soc. 85: 247-260.

Ballard, J.W.O., Whitlock, M.C. (2004): The incomplete
history of mitochondria. Mol. Ecol. 13: 729-744.

Brown, R.P., Suaréz, N.M., Pestano, J. (2002): The Atlas
mountains as a biogeographical divide in North-West
Africa: evidence from mtDNA evolution in the Agamid
lizard: Agama impalearis. Mol. Phylogenet. Evol. 24:
324-332.

Cosson, J.-F., Hutterer, R., Libois, R., Sara, M., Taberlet,
P., Vogel, P. (2005): Phylogeographical footprints of the

http://www.ingentaconnect.com/content/external-references?article=0962-1083()13L.729[aid=6697740]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()24L.324[aid=7651802]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()24L.324[aid=7651802]


6 D.J. Harris, R. Vasconcelos, J.C. Brito

Strait of Gibraltar and Quaternary climatic fluctuations
in the western Mediterranean: a case study with the
greater white-toothed shrew, Crocidura russula (Mam-
malia: Soricidae). Mol. Ecol. 14: 1151-1162.

Felsenstein, J. (1985): Confidence limits on phylogenies: an
approach using the bootstrap. Evolution 39: 783-791.

Geniez, P., Mateo, J.A., Geniez, M., Pether, J. (2004):
The amphibians and reptiles of the Western Sahara.
Frankfurt, Edition Chimaira.

Guiller, A., Coutellec-Vreto, M.A., Madec, L., Deunff, J.
(2001): Evolutionary history of the land snail Helix
aspera in the western Mediterranean: preliminary results
inferred from mitochondrial DNA sequences. Mol. Ecol.
10: 81-87.

Harris, D.J. (2002): Reassessment of comparative genetic
distance in reptiles from the mitochondrial cytochrome
b gene. Herpetol. J. 12: 85-86.

Harris, D.J., Arnold, E.N., Thomas, R.H. (1998): Relation-
ships of the lacertid lizards (Reptilia: Lacertidae) es-
timated from mitochondrial DNA sequences and mor-
phology. Proc. R. Soc. London B. 265: 1939-1948.

Harris, D.J., Batista, V., Carretero, M.A. (2004a): As-
sessment of genetic diversity within Acanthodactylus
erythrurus (Reptilia: Lacertidae) in Morocco and the
Iberian Peninsula using mitochondrial DNA sequence
data. Amphibia-Reptilia 25: 227-232.

Harris, D.J., Batista, V., Carretero, M.A., Ferrand, N.
(2004b): Genetic variation in Tarentola mauritanica
(Reptilia: Gekkonidae) across the Strait of Gibraltar de-
rived from mitochondrial and nuclear DNA sequences.
Amphibia-Reptilia 25: 451-459.

Harris, D.J., Carretero, M.A., Perera, A., Pérez-Mellado,
V., Ferrand, N. (2003): Complex patterns of genetic di-
versity within Lacerta (Teira) perspicillata: Preliminary
evidence from 12S rRNA sequence data. Amphibia-
Reptilia 24: 386-390.

Huelsenbeck, J.P., Crandall, K.A. (1997): Phylogeny esti-
mation and hypothesis testing using maximum likeli-
hood. Ann. Rev. Ecol. Syst. 28: 437-466.

Joger, U. (1986): Phylogenetic analysis of Uromastyx
lizards, based on albumin immunological distances. In:
Studies in Herpetology, p. 187-191. Rocek, Z., Ed.,
Prague, Charles University.

Joger, U., Lambert, M.R.K. (1986): Analysis of the herpeto-
fauna of the Republic of Mali, I. Annotated inventory,
with description of a new Uromastyx (Sauria: Agami-
dae). J. Afr. Zool. 110: 21-51.

Knapp, A. (2004): An assessment of the international trade
in spiny-tailed lizards Uromastyx with a focus on the
role of the European Union. Technical Report to the
European Commission, TRAFFIC Europe 2004.

Kocher, T.D., Thomas, W.K., Meyer, A., Edwards, S.V.,
Pääbo, S., Villablanca, F.X., Wilson, A.C. (1989): Dy-
namics of mitochondrial DNA evolution in animals: am-
plification and sequencing with conserved primers. Proc.
Nat. Acad. Sci. USA 86: 6196-6200.

Mateo, J., Geniez, P., López-Jurado, L., Bons, J. (1998):
Chronological analysis and morphological variations of
saurians of the genus Uromastyx (Reptilia, Agamidae) in
western Sahara. Description of two new taxa. Rev. Esp.
Herp. 12: 97-109.

Palumbi, S., Martin, A., Romano, S., McMillan, W.,
Stick, L., Grabowski, G. (1991): The simple fools guide
to PCR. Version 2, Honolulu, Hawaii.

Posada, D., Crandall, K.A. (1998): Modeltest: testing the
model of DNA substitution. Bioinformatics 14: 817-818.

Simon, C., Franke, A., Martin, A. (1990): The polymerase
chain reaction: DNA extraction and amplification. In:
Molecular Techniques in Taxonomy. NATO ASI Series,
Vol. H57, p. 329-357. Hewitt, G., Johnston, A., Young,
Y., Eds, Springer-Verlag, Berlin.

Swofford, D.L. (2002): PAUP*: Phylogenetic Analysis Us-
ing Parsimony (and other methods) 4.0.b10. Sinauer As-
sociates, Sunderland, MA, USA.

Thompson, J.D., Higgins, D.G., Gibson, T.J. (1994): Clustal
W: improving the sensitivity of progressive multiple se-
quence alignment through sequence weighting, position
specific gap penalties and weight matrix choice. Nucl.
Acid. Res. 22: 4673-4680.

Vaconcelos, R., Carretero, M.A., Harris, D.J. (2006): Phylo-
geography of the genus Blanus (worm lizards) in Iberia
and Morocco based on mitochondrial and nuclear mark-
ers – preliminary analysis. Amphibia-Reptilia 27: 339-
346.

Wilms, T. (2001): Dornschwanzagamen. Lebensweise,
pflege und zucht. Oftenback, Herpeton-Verlag.

Wilms, T., Böhme, W. (1993): Über die intraspezi-
fische systematik von Uromastyx acanthinurus Bell,
1825. DGHT-Rundbried 1994, DGHT-Tagung Idar-
Oberstein, 8.

Wilms, T., Böhme, W. (2000): A new Uromastyx species
from south-eastern Arabia, with comments on the taxon-
omy of Uromastyx aegyptia (Forskål, 1775) (Squamata:
Sauria: Agamidae). Herpetozoa 13: 133-148.

Wilms, T., Böhme, W. (2001): Revision der Uromastyx
acanthinura – Artengruppe, mit Beschreibung einer
neuen Art aus der Zentralsahara (Reptilia: Sauria:
Agamidae). Zool. Abh. Mus. Tierkde. 51: 73-104.

Received: December 17, 2005. Accepted: January 21, 2006.

http://www.ingentaconnect.com/content/external-references?article=0962-1083()14L.1151[aid=7597647]
http://www.ingentaconnect.com/content/external-references?article=0014-3820()39L.783[aid=28361]
http://www.ingentaconnect.com/content/external-references?article=0962-1083()10L.81[aid=7651807]
http://www.ingentaconnect.com/content/external-references?article=0962-1083()10L.81[aid=7651807]
http://www.ingentaconnect.com/content/external-references?article=0962-8452()265L.1939[aid=1258881]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()25L.227[aid=7311832]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()24L.386[aid=7599629]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()24L.386[aid=7599629]
http://www.ingentaconnect.com/content/external-references?article=0066-4162()28L.437[aid=524740]
http://www.ingentaconnect.com/content/external-references?article=0027-8424()86L.6196[aid=28365]
http://www.ingentaconnect.com/content/external-references?article=0027-8424()86L.6196[aid=28365]
http://www.ingentaconnect.com/content/external-references?article=1367-4803()14L.817[aid=522735]
http://www.ingentaconnect.com/content/external-references?article=0305-1048()22L.4673[aid=112576]
http://www.ingentaconnect.com/content/external-references?article=0305-1048()22L.4673[aid=112576]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()27L.339[aid=7651805]

