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Phylogeography of the genus Blanus (worm lizards) in Iberia and
Morocco based on mitochondrial and nuclear markers —

preliminary analysis

Raquel Vaconcelos1,2, Miguel A. Carretero1, D. James Harris1,2

Abstract. The evolutionary relationships of amphisbaenians of the genus Blanus have long been controversial. Presently
two species are recognized for Morocco — Blanus tingitanus and B. mettetali and one for Iberia — B. cinereus. Using
mitochondrial and nuclear DNA sequences, 25 samples from Portugal, Spain and Morocco were analysed. Both markers
indicate the existence of three well-separated clades: one for the Northern Moroccan samples, corresponding to B. tingitanus
and two to the B. cinereus samples. One sample from Taza, Morocco, was identical to specimens from one of the Iberian
forms. These results point to the necessity of a systematic revision. These new groups reinforce the need for geographically
broader sampling accompanied by morphological studies to fully determine the phylogenetic history of this species complex.

Introduction

Amphisbaenians or worm lizards, are limbless
fossorial reptiles belonging to an ancient group
predating the geological split of Pangea 200
million years (My) ago (Macey et al., 2004).
The evolutionary relationships of amphisbaeni-
ans have long been controversial for a num-
ber of reasons, especially the difficulty in ob-
taining tissues for molecular analysis because
of their secretive habits in their natural habi-
tat and the highly derived morphological con-
ditions that can confound comparative studies
(Kearney & Stuart, 2004). Until very recently
the genus Blanus Wagler 1830 was considered
to be composed of only two species, Blanus
strauchi Bedriaga 1884 with a range restricted
to part of Asia Minor and Blanus cinereus (Van-
delli 1797) with a western distribution in almost
all of the Iberian Peninsula and Mediterranean
Morocco. Within this last taxa two subspecies
were recognized for Morocco — B. c. cinereus
for the Northern part and B. c. mettetali (Bons
1963) for the rest of Morocco south of the
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Zebu river (Bons & Geniez, 1996). Later a new
species was established, restricted to North Mo-
rocco, B. tingitanus Busack 1988, based on al-
lozyme electrophoretic data (Busack, 1986) and
morphological studies on pholidosis and allom-
etry (Busack, 1988). The same author elevated
B. c. mettetali to the species level supported by a
higher number of pre-anal pores than the north-
ern individuals. Blanus cinereus was presumed
to have evolved separately from the Moroccan
populations since the reopening of the Gibraltar
Strait during the late Miocene.

Blanus mettetali is found in the plains South
of Rabat and West of the Atlas massif in habitats
with temperate to warm winters and sub-humid
and semi-arid climate. The other endemic Mo-
roccan species, B. tingitanus, is located all over
the Tinges peninsula north of a line Rabat-
Meknés-Djbel Tazzeka in the areas with cool
to warm winter in the humid and sub humid
zones (Bons & Geniez, 1996). Blanus cinereus
is distributed in the drier and humid areas with
Mediterranean climate of the Iberian Peninsula
at low altitudes (Gasc et al., 1997; Barbadillo et
al., 1999; Almeida et al., 2001). This species is
cited in the annexe III of the Bern Convention
and although is considered as “Not Threaten”,
this is because of the almost nonexistent ecolog-
ical information concerning it (Almeida et al.,
2001).
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In another amphisbaenian species (Mulvaney
et al., 2005) and in other Iberian reptiles such as
the Podarcis hispanica species complex (Har-
ris et al., 2002; Pinho et al., 2006) new lin-
eages and more complex phylogeographic his-
tories than expected have been recovered. Fur-
ther, the opening of the strait of Gibraltar is not
always directly related to genetic diversity in
nonvolant terrestrial animals in this area. Some
species crossed relatively recently (e.g. Macro-
protodon — Carranza et al., 2004) while oth-
ers, such as Pleurodeles, have southern Iberian
forms related to Moroccan population (Batista
et al., 2004; Carranza & Arnold, 2004). There-
fore, the aim of this study was to test the present
systematic groups by sampling in the Iberian
Peninsula and Morocco, discussing taxonomic
and conservation implications of distinct evo-
lutionary lineages identified within the genus
Blanus and highlighting key matters that need
to be addressed in future studies.

Methods

Blanus specimens were collected in the field from Portu-
gal, Spain and Morocco and released after a small clip of
material was taken and stored in ethanol. Genomic DNA
was extracted following a standard high-salt protocol. Part
of the ND4 and C-mos genes were amplified by Polymerase
Chain Reaction using the primers ND4 and LEU (Arévalo
et al., 1994)/Mos-F and Mos-R (Godinho et al., 2005) and
conditions described by Harris (2001). The amplified prod-
ucts were sequenced on an automated sequencer (ABI 310
by Amersham Biosciences) and then checked by eye and
aligned against the others using Bio Edit (Hall, 1999). The
location and taxa identification of the 25 samples sequenced
in this study are presented in table 1 and fig. 1. New se-
quences were deposited on GenBank, accession numbers
DQ324863 to 66 and DQ329241 to 65.

Analytical methods

For the mitochondrial DNA (mtDNA), in total 25 ND4
sequences of 800 base pairs (bp) length — four from
Portugal, 12 from Spain and nine from Morocco — were
studied. This corresponds to 654 bp of ND4 and 146 bp
of adjacent tRNAs. One specimen of Blanus strauchi was
also sequenced as an outgroup. The same fragment of Bipes
biporus (Macey et al., 2004) was included as an additional
outgroup.

Mitochondrial DNA sequences were imported into
PAUP* 4.0b10 (Swofford, 2002) for phylogenetic analysis.

For the phylogenetic analysis maximum likelihood (ML)
and maximum 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 & Crandall, 1998). Once
a model of evolution was chosen, it was used to esti-
mate a tree employing ML with random sequence addi-
tion (10 replicate heuristic search). The MP analysis was
also performed with random sequence addition (100 repli-
cate heuristic searches). In MP and ML support for nodes
was estimated using the nonparametric bootstrap technique
(Felsenstein, 1985) with 1000 and 100 replicates respec-
tively.

In order to confirm the groups resulting from the analysis
using the mitochondrial marker four of the referred samples
(B2, B3, B4 and B5), belonging to different mitochondrial
lineages, were analysed for part of the nuclear gene, C-mos,
of 314 base pairs length. These were joined in a median-
joining network (Bandelt et al., 1999) together with three
Blanus sequences downloaded from GenBank, from Harris
(2003) and Kearney & Stuart (2004).

Results

The most appropriate model for the combined
data was the GTR model with a discrete approx-
imation of the gamma distribution (0.402). The
ML heuristic search using this model found one
tree of −Ln 3375. For MP 192 characters were
informative, and the MP search found 4 trees of
555 steps (fig. 2).

In both estimates of relationships based on
mtDNA sequences three major lineages were
detected, as shown in fig. 2. The first clade (A),
well supported as a monophyletic group (100%
bootstrap), included all the B. tingitanus Mo-
roccan samples, except B3. The divergence be-
tween the Northern samples from the Rif Moun-
tains and those from Taza is quite deep (4.2%
sequence divergence) and both groups are well
supported (100% bootstrap). The second clade
(B) includes Iberian Peninsula B. cinereus sam-
ples and one sample from Taza Caves (B3) that
presented a paler appearance than other speci-
mens collected in Taza (D.J. Harris, pers. obs.).
There is almost no genetic diversity in this
group. The third clade (C) corresponds to sam-
ples collected from the Iberian Peninsula but
that present a 10 to 12% sequence divergence
from the other Iberian clade (B).
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Table 1. Location of the samples sequenced for this study with respective codes. Samples marked with * were also sequenced
for the nuclear marker C-mos.

Sample Taxa Locality Code

B1 B. tingitanus Morocco, Taza MT1
B2* B. tingitanus Morocco, Taza MT2
B3* Blanus sp Morocco, Taza Caves MTC1
B4* B. cinereus Portugal, Alentejo, S. Mamede PSM
B5* B. cinereus Spain, Badajoz, St.a Marta SSM1
B6 B. cinereus Spain, Badajoz, St.a Marta SSM2
B7 B. cinereus Spain, Badajoz, Zafra SZ
B8 B. cinereus Spain, Huelva, Castaño del Robledo SCR
B9 B. cinereus Spain, Badajoz, Castrejón de Capote SCC
B10 B. cinereus Portugal, Alentejo, Carvalhal PC1
B11 B. cinereus Portugal, Alentejo, Carvalhal PC2
B12 B. cinereus Portugal, Alentejo, Marvão PM
B13 B. cinereus Spain, Córdoba, Ruins near Castañar, Hermita road SHr
B14 B. cinereus Spain, Córdoba, Mirador road SMr
B15 B. cinereus Spain, Málaga, Puerto Sabar SPS1
B16 B. cinereus Spain, Málaga, Puerto Sabar SPS2
B17 B. cinereus Spain, Cádiz, Laguna de Medina SLM
B18 B. cinereus Spain, Granada, El Turro SeT
B19 B. cinereus Spain, Ávila, Navalonguilla SN
B20 B. tingitanus Morocco, M’idq MM
B21 B. tingitanus Morocco, Tétouan MTe1
B22 B. tingitanus Morocco, Tétouan MTe2
B41 B. tingitanus Morocco, Taza Caves MTC2
B42 B. tingitanus Morocco, Taza Caves MTC3
B43 B. tingitanus Morocco, Taza Caves MTC4

A total of four haplotypes were established
using the nuclear marker, C-mos, that reinforced
the groups found with the mtDNA marker. From
this analysis one haplotype appeared, shared
by the GenBank sequences classified as Blanus
cinereus — Bc1, from an unknown locality
in Portugal and Bc2 from Benalup de Sido-
nia, Southern Spain — B3 and B5; one haplo-
type shown by the B2 sample from Morocco,
corresponding to the B. tingitanus clade, that
presented two mutational differences from this
Iberian haplotype and another by B4, with one
difference, representing the divergent Iberian
clade (C). The Blanus strauchi individual — Bs
from Turkey, Hurma Köyü — presented a dis-
tant haplotype with six mutational steps from
this cluster.

Discussion

Although there is little information regard-
ing expected levels of intraspecific variation

within amphisbaenians, the high level of diver-
gence detected between the three mitochondr-
ial Blanus lineages indicates that these may cor-
respond to separated species. These were also
diagnosable with the nuclear marker — C-mos.

Even with a low number of differences, the C-
mos data reinforced the suggestion that speci-
mens from Iberia may belong to two distinct
species and that B. cinereus is a species com-
plex in the Iberian Peninsula, since many rep-
tiles species are separated by only one or two
mutations with this marker (Harris et al., 2004).
Moreover the high degree of divergence (10 to
12%) shown by the mtDNA sequences is un-
usual within a species and alone could indi-
cate that B. cinereus is a species complex in the
Iberian Peninsula. Indeed in a recent analysis
of spiny-tailed lizards (Ctenosaura) 2-4% diver-
gence for the same ND4 gene region was con-
sidered an indicator of species status (Hasbun et
al., in press). However, the divergence between
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Figure 1. Map showing sampling localities of the Blanus cinereus species complex sequenced for this study. Closed circles
refer to clade B samples and open circles to the ones included in clade C. Open squares refer to B. tingitanus samples.

B. strauchi and the remaining Blanus for ND4
is even higher (17-20%).

The presence of a Moroccan sample, B3,
within Iberian samples of group B and with
the same C-mos haplotype as Bc1, Bc2 and B5
can be explained in three different ways. The
first one implies the existence of a third un-

known lineage in Morocco, in sympatry with
B. tingitanus, at least in Taza, just sampled once
that recently, either naturally or anthropologi-
cally, colonised and spread rapidly in the Iberian
Peninsula. A similar pattern was already re-
ported in some reptile species with similar dis-
tributions, such as Macroprotodon cucullatus
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Figure 2. One of four MP trees inferred from ND4 mitochondrial DNA sequences. Bootstrap support for MP and ML analyses
are indicated above and below nodes respectively. Codes for sequences are given in table 1. The tree was rooted using Bipes
biporus.

(Carranza et al., 2004; Vasconcelos & Harris,
2006). Another possibility is that individual B3
is the result of colonization from Iberia into Mo-
rocco. This assumption is less probable because

of the low amount of variation in the Iberian
samples that in this scenario are assumed to be
belonging to the original population. The prob-
ability of an anthropogenic introduction is also
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Figure 3. Median-joining network of the C-mos nDNA sequences for Blanus. The GenBank sequences are refered as Bs for
Blanus strauchi (No AY444024); Bc1 (No AY234227) and Bc2 (No AY444019) for Blanus cinereus. Vertical lines indicate
presumed missing haplotypes. SBS — Spain, Benalup de Sidonia; P — Portugal, unknown locality; THK — Turkey, Hurma
Köyü. Other codes for the sequences are given in table 1.

low because of its isolated sampling location
in an undisturbed habitat in Tazzeka Natural
Park.

Finally, the high degree of genetic divergence
(10 to 12%) between B and C lineages and the
typical estimated rates of evolution of the ND4
gene (0.4-0.6% per lineage per My, Caccone et
al., 1999), would imply that all the lineages had
diverged from each other much earlier than the
reopening of the strait of Gibraltar around 5.4
My ago (Duggen et al., 2003). However this cal-
ibration may be inappropriate, as shown by a re-
cent study in chameleons that has suggested that
ND4 may be evolving faster than this (Rocha et
al., 2005) and thus any suggested date for diver-
gence of these lineages should be treated cau-
tiously. It does seem likely though that Blanus
is another nonvolant species in which the open-
ing of the strait of Gibraltar is not directly re-
lated to observed patterns of genetic diversity as
already observed in Podarcis lizards (Harris et
al., 2002; Pinho et al., 2005) and in Pleurode-
les (Batista et al., 2004; Carranza & Arnold,
2004).

Conclusions

Despite the sampling limitation of this study,
it seems that Blanus cinereus presents two lin-
eages that should perhaps be described as dif-

ferent species, if additional genetic and mor-
phological data support this data. In this way,
this work reiterates the importance of exten-
sive geographic sampling to phylogenetic stud-
ies, particularly around the geographically com-
plex region of the strait of Gibraltar (Harris et
al., 2002).

It is now important to carry out a detailed
morphological analysis of the Iberian individ-
uals in order to better understand the ancient
divergence shown in the two B. cinereus sub-
groups. Additional sampling in the Blanus sp.
distribution range, especially Iberia and Mo-
rocco would be an important step to resolve
outstanding questions regarding the historical
biogeography, population genetic structure and
taxonomy of this taxa. In this way, taxonomi-
cal recognition and range determination of ap-
parently divergent evolutionary lineages within
B. cinereus and definition of units for conserva-
tion would be possible. Genetic analysis should
help prioritise the areas most in need of protec-
tion (i.e. Tazzeka National Park).

Acknowledgements. This project was supported by grants
from Fundação para a Ciência e Tecnologia POCTI/41912/
BSE/2001 and SFRH/BPD/5702/2001 (to DJH). Thanks to
J. C. Brito, C. Pinho, V. Batista, D. Barbosa, M. Fonseca
(CIBIO/UP) and A. Perera (Universidad de Salamanca)
for helping in fieldwork, to David Donaire for additional
samples and to P. Lymberakis for the sample of B. strauchi.



Phylogeography of the genus Blanus (worm lizards) in Iberia and Morocco 345

References

Almeida, N.F., Almeida, P.F., Gonçalves, H., Sequeira, F.,
Teixeira, J., Almeida, F.F. (2001): Guia Fapas Anfíbios
e Répteis de Portugal, pp. 160-162. Câmara Municipal
do Porto Pelouro do Ambiente, Porto, Portugal.

Arévalo, E., Davis, S.K., Sites, J.W. (1994): Mitochondr-
ial DNA sequence divergence and phylogenetic relation-
ships among eight chromosome races of the Sceloporus
grammicus complex (Phrynosomatidae) in central Mex-
ico. Syst. Biol. 43: 387-418.

Bandelt, H.J., Foster, P., Röhe, A. (1999): Median-joining
networks for inferring intraspecific phylogenies. Mol.
Biol. Evol. 16: 37-48.

Barbadillo, L.J., Lacomba, J.I., Pérez Mellado, V., Sancho,
V., López-Jurado, L.F. (1999): Guiá de Campo de los
Anfíbios y Reptiles de la Península Ibérica, Baleares y
Canarias, pp. 315-316. Editorial Planeta, Barcelona.

Batista, V., Harris, D.J., Carretero, M.A. (2004): Genetic
variation in Pleurodeles waltl Michahelles, 1830 across
the Strait of Gibraltar derived from mitochondrial DNA
sequences. Herpetozoa 16: 166-168.

Bons, J., Geniez, P. (1996): Amphibians & Reptiles of
Morocco (Including Western Sahara) Biogeographical
Atlas, pp. 208-209. Asociación Herpetológica Española,
Barcelona.

Busack, S.D. (1986): Biogeographic analysis of the herpto-
fauna separated by the formation of the Strait of Gibral-
tar. Nat. Geog. Res. Journal 2: 17-36.

Busack, S.D. (1988): Biochemical and morphological dif-
ferentiation in Spanish and Moroccan populations of
Blanus and the description of a new species from North
Morocco (Reptilia, Amphisbaenia, Amphisbaenidae).
Copeia 1998: 101-109.

Caccone, A., Amato, G., Gratry, O.C., Behler, Powell,
J.R. (1999): A molecular phylogeny of four endangered
Madagascar tortoises based on mtDNA sequences. Mol.
Phylogen. Evol. 12: 1-9.

Carranza, S., Arnold, E.N. (2004): History of West Mediter-
ranean newts, Pleurodeles (Amphibia: Salamandridae),
inferred from old and recent DNA sequences. Syst. Bio-
div. 1: 327–337.

Carranza, S., Arnold, E.N., Wade, E., Fahd, S. (2004): Phy-
logeography of the false smooth snakes, Macroprotodon
(Serpentes, Colubridae): mitochondrial DNA sequences
show European populations arrived recently from North-
west Africa. Mol. Phylogen. Evol. 33: 523-532.

Duggen, S., Hoernle, K., van den Bogaard, P., Rupke,
L., Morgan, J.P. (2003): Deep roots of the Messinian
salinity crisis. Nature 422: 602-606.

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

Gasc, J.P., Cabela, A., Crnobrnja-Isailovic, J., Dolmen, D.,
Grossenbacher, K., Haffner, P., Lescure, J., Martens,
H., Martínez Rica, J.P., Maurin, H., Oliveira, M.E.,
Sofianidou, T.S., Veith, M., Zuiderwijk, A., Eds (1997):
Atlas of Amphibians and Reptiles in Europe, p. 320.
Societas Europaea Herpetologica & Muséum National
d’Histoire Naturelle (IEGB/SPN), Paris.

Godinho, R., Crespo, E.G., Ferrand, N., Harris, D.J. (2005):
Phylogeny and evolution of the green lizards, Lacerta
spp. (Squamata: Lacertidae) based on mitochondrial and
nuclear DNA sequences. Amphibia-Reptilia 26: 271-
286.

Hall, T.A. (1999). Bioedit: a user-friendly biological se-
quence alignment editor and analysis program for win-
dows 99/98NT. Nucl. Acids Symp. Series 41: 95-98.

Harris, D.J. (2001): Re-evaluation of 16S ribosomal RNA
variation in Bufo (Anura: Amphibia). Mol. Phylogen.
Evol. 19: 326-329.

Harris, D.J. (2003): Codon bias variation in C-mos between
squamate families might distort phylogenetic inferences.
Mol. Phylogen. Evol. 27: 540-544.

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. Lond. B 265: 1939-1948.

Harris, D.J., Batista, V., Carretero, M.A., Ferrand, N.
(2004): 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., Carranza, S., Arnold, E.N., Pinho, C., Ferrand,
N. (2002): Complex biogeographical distribution of ge-
netic variation within Podarcis wall lizards across the
Strait of Gibraltar. J. Biogeog. 29: 1257-1262.

Hasbún, C.R., Gómez, A., Köhler, G., Luna, D.H. (2005):
Mitochondrial DNA phylogeography of the Mesoamer-
ican spiny-tailed lizards (Ctenosaura quinquecarinata
complex): historical biogeography, species status and
conservation. Mol. Ecol. 14: 3095-3107.

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

Kearney, M., Stuart, B.L. (2004): Repeated evolution of
limblessness and digging heads in worm lizards revealed
by DNA from old bones. Proc. Roy. Soc. Lond. B. 271:
1677-1683.

Macey, J.R., Papenfuss, T.J., Kuehl, J.V., Fourcade, H.M.,
Boore, J.L. (2004): Phylogenetic relationships among
amphisbaenian reptiles based on complete mitochondr-
ial genomic sequences. Mol. Phylogen. Evol. 33: 22-31.

Mulvaney, A., Castoe, T.A., Ashton, K.G., Krysko, K.L.,
Parkinson, C.L. (2005): Evidence of population ge-
netic structure within the Florida worm lizard, Rhineura
floridana (Amphisbaenia: Rhineuridae). J. Herpetol. 39:
118-124.

Pinho, C., Ferrand, N., Harris, D.J. (2006): Re-examination
of the Iberian and North African Podarcis (Squamata:
Lacertidae) phylogeny based on increased mitochondrial
DNA sequencing. Mol. Phyl. Evol. 38: 266-273.

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

Rocha, S., Carretero, M.A., Harris, D.J. (2005); Mitochon-
drial DNA sequence data suggests two independent col-
onizations of the Comoros archipelago by Chameleons
of the genus Furcifer. Belgian J. Zoology 135: 37-40.

Swofford, D.L. (2002): PAUP*. Phylogenetic analysis using
parsimony (*and other methods). Version 4.0 b10. Sin-
auer Associates, Sunderland, Massachusetts.

http://www.ingentaconnect.com/content/external-references?article=0737-4038()16L.37[aid=1841899]
http://www.ingentaconnect.com/content/external-references?article=0737-4038()16L.37[aid=1841899]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()12L.1[aid=5419171]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()12L.1[aid=5419171]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()33L.523[aid=7311836]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()422L.602[aid=7442346]
http://www.ingentaconnect.com/content/external-references?article=0014-3820()39L.783[aid=28361]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()26L.271[aid=7442345]
http://www.ingentaconnect.com/content/external-references?article=0261-3166()41L.95[aid=528494]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()19L.326[aid=3222717]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()19L.326[aid=3222717]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()27L.540[aid=5419176]
http://www.ingentaconnect.com/content/external-references?article=0962-8452()265L.1939[aid=1258881]
http://www.ingentaconnect.com/content/external-references?article=0305-0270()29L.1257[aid=6391690]
http://www.ingentaconnect.com/content/external-references?article=0962-1083()14L.3095[aid=7442344]
http://www.ingentaconnect.com/content/external-references?article=0066-4162()28L.437[aid=524740]
http://www.ingentaconnect.com/content/external-references?article=0962-8452()271L.1677[aid=7442343]
http://www.ingentaconnect.com/content/external-references?article=0962-8452()271L.1677[aid=7442343]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()33L.22[aid=7311863]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()38L.266[aid=7442341]
http://www.ingentaconnect.com/content/external-references?article=1367-4803()14L.817[aid=522735]


346 R. Vaconcelos, M.A. Carretero, D.J. Harris

Vasconcelos, R., Harris, D.J. (2006): Phylogeography of
Macroprotodon mtDNA: sequences from Portugal con-
firm European populations arrived recently from North-
west Africa. Herpetozoa 19 (in press).

Received: September 6, 2005. Accepted: September 27,
2005.


