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Phylogeography of Macroproto don:
mt DNA sequences from Portugal

confirm European populations
arrived recently from NW Africa

The False Smooth Snakes, Macropro-
todon, occur in North Africa from Morocco
to Palestine (BONS & GÊNIEZ 1996) as well
as in the Iberian Peninsula and in the west-
ern Mediterranean islands of Lampedusa,
Mallorca and Menorca (GASC et al. 1997;
WADE 2001). In the most recent morpholo-
gical review, WADE (2001) recognized four
species of Macroprotodon: M. cucullatus
(GEOFFROY, 1827), M. mauritanicus Gui-
CHENOT, 1850, M. abubakeri WADE, 2001 in
North Africa and M. brevis (GÜNTHER,
1862) in both Africa and the Iberian Pen-
insula.

Based on allozymes eletrophoretic
data, BUSACK (1986) postulated an African
origin for the Iberian populations suggesting
they colonized the Iberian Peninsula by raft-
ing across the Strait of Gibraltar during the
Pleistocene. Alternatively, CARRANZA et al.
(2004), using mitochondrial DNA sequence
data, suggested that M. brevis, from extreme
Northern Morocco extended its distribution
in very recent times to Iberia either as the
result of a natural colonization or anthro-
pogenic introduction. This hypothesis was
based on genetic uniformity of the Spanish
samples and their great similarity to the
Northern Moroccan ones. However, for
their continental Iberian Peninsula sam-
pling, they only included individuals from
Andalusia and one from Extremadura, that
is, from the extreme south and central
Iberia. In this way, when concluding low
genetic diversity for the Iberian specimens
of M. brevis ibericus BUSACK & MCCOY,
1990, CARRANZA et al. (2004) assumed no
variation in the rest of Iberia. Similar
assumptions were proved to be erroneous or
too straightforward to explain the phylogeo-
graphic histories of Chamaeleo chamaeleon
(LINNAEUS, 1758) and Podarcis hispanica
(STEINDACHNER, 1870) species complex
when more extensive geographic sampling
was included. In the first case, PAULO et al.
(2002) using mitochondrial 16S ribosomal
RNA gene revealed a double origin for the
Iberian population, since two introduction

events from different Moroccan populations
had occurred - the population from Malaga
being closely related to Mediterranean
North African populations and the Atlantic
Iberian populations more closely related to
populations of the Atlantic North African
coast. In the second case, in the first studies
about Podarcis sp. phylogeography based
on protein data, BUSACK (1986) found low
genetic distances between populations from
southern Spain and Morocco. However, it is
now known, after a wider sampling effort,
that P. hispanica has a much more complex
evolutionary history with a distinct lineage
that is present both in Iberia and North
Africa, and others are unique to each distri-
bution region (HARRIS et al. 2002; PINHO et
al. 2006). These cases underline the impor-
tance of sufficient and adequate sampling
when investigating the role of geographical
barriers in creating differentiation within
clades. This may be particularly relevant
for Macroprotodon, since ALMEIDA &
ALMEIDA (1986) reported a morphological
difference present in an isolated population
from northeastern Portugal - 19 rows of dor-
sal scales at mid-body instead of 21, as
known for the rest of the Iberian specimens.
This morphological character was also
found in northeastern Africa, from eastern
Morocco to Egypt (ALMEIDA & ALMEIDA
1986).

The aim of this work was to test the
hypothesis of a recent arrival of Macropro-
todon from northwest African populations
to Iberia by extending the sampling area in
order to cover more of its distribution range,
especially in the Iberian Peninsula and
including samples from the apparently iso-
lated Portuguese populations (GASC et al.
1997; BARBADILLO et al. 1999) where the
morphological differences were observed.

Macroprotodon specimens were col-
lected in the field from Portugal 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
cytochrome b gene was amplified by PCR
using cytochrome bl and b2 (KOCHER et al.
1989) and conditions described by HARRIS
(2001). This region was chosen to be ampli-
fied as it typically evolves faster than 12S or
16S and because it had also been analyzed
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Table 1 : Locations, sample codes and GenBank numbers of the new samples of Macroprotodon brevis
ibericus BUSACK & MCCOY, 1990 used in this study.

Location

Portugal, Alijó
Portugal, Serra do Monfurado
Portugal, Evora
Portugal, Tua
Morroco, Taza Caves
Morroco, Balcon D'ito

Sample code

Me 067
Me 094
Me 095
Mac 01
Mac 02
Mac 03

GenBank number

DQ324857
DQ324858
DQ324859
DQ324860
DQ324861
DQ324862

by CARRANZA et al. (2004). The amplified
products were sequenced on an automated
sequencer (ABI 310 ® by Amersham Bio-
sciences) and the new sequences - four
from Portugal and two from Morocco -
were checked by eye and aligned against
others previously published using BioEdit
(HALL 1999) - one from Tunisia (NAGY et
al. 2003), one from Spain (SLOWINSKI,
unpublished sequence from GenBank) and
34 analysed by CARRANZA et al. (2004).
Details of the new samples and sequences
used in this study are presented in the table
1. The new sequences were deposited on
GenBank, accession numbers DQ324857 to
DQ324862.

Including the outgroups, 50 sequences
of 291 base pairs length were analyzed. The
approach outlined by HUELSENBECK &
CRANDALL (1997) was used to test 56 alter-
native models of evolution, employing
PAUP* 4.0bl0 (SWOFFORD 2002) and
Modeltest (POSADA & CRANDALL 1998).
Once a model of evolution was chosen, it

was used to estimate a tree using maximum
likelihood (ML). Support for nodes was
estimated using bootstrapping (FELSENSTEIN
1985) with 200 replicates. Maximum parsi-
mony (MP) analysis was also performed,
with a 10 replicate heuristic search, and sup-
port for nodes estimated using bootstrap-
ping with 1000 replicates. To analyse the
low level of variation within M. brevis iber-
icus, all haplotypes of this subspecies were
also joined in a median-joining network
(fig. I)-

The most appropriate model of evolu-
tion for the data was the HKY model (tran-
sition/transversion ratio 4.79) with an esti-
mate of invariable sites (0.48) and a discrete
approximation of the gamma distribution
(1.08). Using this model, the heuristic
search recovered a single tree of -In 1847
(fig. 2). Using MP, the heuristic search
recovered 74 equally parsimonious trees of
335 steps. The strict consensus of the trees
derived from the ML analysis differed from
this only in being less well resolved (fig. 2).
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Fig. 1 : Median-joining network of the cytochrpme b sequences for Macroprotodon brevis ibericus BUSACK
& MCCOY, 1990. The Iberian samples are in grey and the Moroccan ones in white.

Codes for new sequences are given in table 1. All others are from CARRANZA et al. (2004),
except Mc087 (SLOWINSKI, unpublished sequence from GenBank) and McO26 (NAGY et al. 2003).
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The level of divergence found within
cytochrome b sequences of M. brevis iberi-
cus from Portugal, Spain and Morocco was
very low or nonexistent, with a maximum
difference of three mutational steps (fig. 1).
All individuals from Portugal, including the
one presenting the morphological differ-
ence, shared the same haplotype for this
gene, which was also shared by some
Spanish and Moroccan individuals. A high-
er number of haplotypes (five) was revealed

within cytochrome b sequences from Moroc-
can samples.

Five clades were found, three of them
well supported (fig. 2). In the first one, even
with a low bootstrap value, M. brevis ssp.
from Morocco sequences grouped with M.
cucullatus textilis (DUMÉRIL & BIBRON,
1854) from Morocco. In the second one, all
M. brevis ibericus sequences from Morroco
grouped with the ones from Spain and
Portugal. The third one included M. cucul-
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Fig. 2: Single Maximum Likelihood (ML) tree of Macroprotodon inferred from cytochrome b mitochondrial
genes. Bootstrap support for Maximum Parsimony (MP) and ML analyses are indicated above and below

nodes respectively. Codes for new sequences are given in table 1. All others are from CARRANZA et al. (2004),
except McO87 (SLOWINSKI, unpublished sequence from GenBank) and McO26 (NAGY et al. 2003).
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latus textilis from Morocco that are clearly
separated from M. cucullatus ssp. from
Tunisia, Algeria and Libya that form the
fourth group together with M. mauritanicus
from Mallorca, Tunisia and Algeria. In the
last group, M abubakeri specimens appear
clustered with a high convergence value
indicating a well-supported relationship.

Macroprotodon cucullatus appears as
a polyphyletic taxon given that some indi-
viduals appear as a well isolated group (with
81 to 100% bootstrap) and others associated
with M. brevis brevis from Morocco and
also with M. mauritanicus from Tunisia,
Algeria and Mallorca, Spain, within very
distant groups.

The Tunisian sample of M. mauritani-
cus in the analysis of CARRANZA et al. (2004)
did not group within any clade, but appeared
to be sister taxa to all other Macroprotodon.
That is, M. mauritanicus no longer forms a
monophyletic group, as suggested by these
authors, since Me 026 appeared as a separate
lineage in this analysis (fig. 2).

Since cytochrome b is a fast-evolving
gene - around 2,2-3.2% sequence diver-
gence per million years (CARRANZA et al.
2004) - the small genetic variation between
M. b. ibericus sequences from Portugal,
Spain and Morocco and the almost absence
of variation between the Iberian ones, sup-
ports the hypothesis of a very recent colo-
nization of the Iberian Peninsula by
Macroprotodon from northwest Africa, as
predicted by CARRANZA et al. (2004). This
suggests that the reduction of dorsal scale
count arose very recently in the isolated
Portuguese populations and that this charac-
ter does not indicate any close phylogenetic
relationship with North African populations
with similarly reduced scale counts.

These results generally support the
conclusions of CARRANZA et al. (2004).
However, the inclusion of an additional
sample from GenBank of M. mauritanicus
indicates that the phylogeny of Macroproto-
don is more complex than assumed before
and only further morphological and molec-
ular studies in broader areas of North Africa
will help to clarify Macroprotodon''s phy-
logeny and evolutionary history.
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Death adders {Acanthophis laevis
complex) from the island of Ambon

(Maluku, Indonesia)

Death adders of the genus Acanth-
ophis DAUDIN, 1803 are widely distributed
in most of Australia, New Guinea and adja-
cent islands, and the islands of Maluku, In-
donesia. In Maluku, death adders have been
reported from the Tanimbar islands (Timor
Laut of the older literature), the Aru islands,
Kai Kecil, Kai Dulah, and Kai Besar, Obi,
Seram, Haruku, and Saparua (DE ROOIJ
1917; DE HAAS 1950; KLEMMER 1963;
SUPRIATNA 1995; How & KITCHENER 1997;
ISKANDAR & COLIJN 2001; HosER 2002).
Surprisingly, no published record of Acanth-
ophis existed from Ambon, in spite of the
fact that this island of 771 km2 served as the
principal regional basis for European colo-
nialism, travel, commerce, and research
throughout the centuries. Since the 1990s,
numerous death adders have been shipped
from Ambon to exporters' facilities in Java

Fig. 1 : Adult death adder (Acanthophis laevis com-
plex) from Negeri Lima, Ambon (Central Maluku

regency, Maluku province, Indonesia).
Photograph by U. KUCH.

and Bali by the live animal trade. As a con-
sequence, it has become accepted that these
snakes do occur on the island (WÜSTER et al.
2005). However, most if not all death adders
shipped from Ambon had actually been col-
lected on different Maluku islands, namely
Seram, but also Obi, Yamdena, and others
(BAADILLA, pers. comm.), and the presence
of these elapids on Ambon itself remained
unsubstantiated. In this communication we
report on a death adder from Ambon, which
local collectors found in the vicinity of the
village Negeri Lima in April 1998. Negeri
Lima is situated in the northeast of Ambon's
hilly and less densely populated Hitu penin-
sula (Central Maluku regency, Maluku
province, Indonesia). The snake was photo-
graphed (fig. 1), and color slides were de-
posited in the herpetological slide collection
of the Forschungsinstitut und Naturmuseum
Senckenberg, Frankfurt am Main, Germany
(SMF-F 235). Villagers of Hitu peninsula
recognized this snake as belonging to a local
species that was however said to be secre-
tive and only very rarely encountered.

The viper-like elapid snakes of the
genus Acanthophis are characterized by
considerable taxonomic and nomenclatural
confusion. While the prevailing opinion
through many decades was that this genus
contains between two and four species or
subspecies (e.g., KLEMMER 1963; STORR et
al. 1986), there is currently a trend to more
fully appreciate the species diversity of
death adders. This has resulted in the resur-
rection of old names from synonymy and
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