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Abstract.—Malagasy skinks are a poorly known group, and their relationships have not been critically
evaluated previously. In this paper we present a phylogeny of Malagasy “scincine” lizards, based on
quantitative phylogenetic analysis of data from seven molecular markers. Our analysis confirms the
paraphyly of “Amphiglossus”, and supports Madascincus as a valid genus. Pygomeles is sister to three
groups of “Amphiglossus” and Voeltzkowia, but relationships within this clade are tenuous. Paracontias
is monophyletic, but the subgenera Malacontias and Paracontias are not supported. These data support
the monophyly of all sampled Malagasy “scincines” as well as a southern African + Malagasy “scincine”
clade. Despite their low vagility, these skinks appear to have reached Madagascar by dispersal over
water, rather than as a result of vicariance.
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nowledge of the herpetofauna of
Madagascar is still in the discovery phase.
Many species are known from a single specimen or location, and new information about
distributions, behaviour, and basic biology is
being published every year (Raxworthy &
Nassbaum 1994; Glaw & Vences 1996;
Andreone & Raxworthy 1998; Krüger 1999;
Andreone et al. 2000; Andreone et al. 2001).
With many nocturnal or burrowing species, the
ten genera of skinks (Scincidae) are probably
the most poorly studied group of reptiles in
Madagascar (Glaw & Vences 1994), as shown
by the description of nine new species of
Amphiglossus (Raxworthy & Nassbaum 1993),
two new Pseudoacontias (Nussbaum &
Raxworthy 1995), three Paracontias, and one
Pseudoacontias (Andreone & Greer 2002), and
the new genus Sirenoscincus yamagishii
(Sakata & Hikida 2003a). The two genera
belonging to the subfamily Lygosominae
(Trachylepis and Cryptoblepharus) are widespread and fully limbed, whereas the eight gen-

K

era from the subfamily “Scincinae” are all
endemic to the Malagasy region, and all show
limb reduction to some degree (Glaw & Vences
1994; note that Greer’s (1970a) subfamily
Scincinae has been shown to be paraphyletic,
but has yet to be formally revised (Whiting et
al. 2003)).
Amphiglossus Duméril and Bibron 1839 was
the first genus of Malagasy “scincines”
described, with Amphiglossus astrolabi as the
type species. Boulenger (1887) moved A.
astrolabi to the limb-reduced genus Scelotes,
distributed throughout southern Africa, where
most limbed Malagasy “scincines” were placed
from that time on (e.g., Angel 1942; de Witte &
Laurent 1943). Greer (1970b) placed the
Malagasy members of Scelotes incertae cedis
within the subfamily Scincinae. In a series of
19 papers from 1979-1987, Brygoo resurrected
Amphiglossus, moving the Malagasy species of
Scelotes into that genus or Androngo Brygoo,
1982, depending on the number of presacral
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vertebrae. Andreone & Greer (2002) moved
three of the species of Androngo back to
Amphiglossus, leaving the former monotypic,
and revising Amphiglossus to include species
showing digit reduction. Of all the scincid genera present in Madagascar, Amphiglossus is
currently the largest with 37 species (35
endemic to Madagascar, one endemic to the
Comoro Islands, and one endemic to the
Glorioso Islands, northwest of Madagascar).
The two completely limbless Malagasy genera
are Cryptoscincus Mocquard, 1894, which is
monotypic and known only from the two type
specimens, and Paracontias Mocquard, 1894,
with eight species divided into three subgenera
(Brygoo 1980b). Voeltzkowia Boettger, 1893 is
composed of three completely limbless species
(currently placed in the nominotypical subgenus), and two species with very rudimentary
hindlimbs that were originally described in the
genus (now subgenus) Grandidierina (Brygoo
1981b). The newly described monotypic
Sirenoscincus Sakata & Hikida 2003b shows
similarity in some scale characters to
Voeltzkowia but is unique in having forelimbs
with no hindlimbs (Sakata & Hikida 2003a).
Pseudoacontias Bocage, 1889 was originally
described as completely limbless from a single
type specimen of P. madagascariensis, which
was destroyed by fire in 1978 (Brygoo 1980b).
The status of the genus remained uncertain
until 1995 when a second species (P. angelorum) was described with no forelimbs and
“flaplike hindlimbs with no toes” (Nussbaum
& Raxworthy 1995 pg. 94). In 2002 a third
species was described (P. menamainty) with “a
button like scale” representing each forelimb,
and no hindlimbs (Andreone & Greer 2002
pg.161). Most recently P. unicolor, a completely limbless species was described from Nosy
Be (Sakata & Hikida 2003b). Although the
validity of the genus is no longer in question,
Pseudoacontias remains enigmatic as all four
described species are known from single specimens. Pygomeles A. Grandidier, 1867, also
contains one limbless species (known from the

two types) and one species with rudimentary
hindlimbs (Brygoo 1984c).
Despite much research effort (Angel 1942; de
Witte & Laurent 1943; Brygoo 1979, 1980a, b,
c, d, 1981a, b, c, d, 1983a, b, 1984a, b, c, d, e,
1985, 1986, 1987), relationships between
Malagasy and African “scincines” and within
the Malagasy group are unknown and have
never been critically evaluated (Raselimanana
& Rakotomalala 2003). In 1943 de Witte &
Laurent presented a tree depicting phylogenetic relationships for all African and Madagascan
skink genera showing limb reduction, but there
is no explanation of how the tree was derived.
De Witte & Laurent (1943) show Malagasy
“scincines” as monophyletic, with Proscelotes
and Sepsina described as the most primitive of
the African genera and the most closely related
to the Malagasy forms. Within Malagasy genera, Amphiglossus was considered primitive
and described as giving rise to the Malagasy
“Acontias” (Pseudoacontias, Pseudacontias,
and Paracontias), as well as the group of
Voeltzkowia, Pygomeles, Grandidierina and
Cryptoscincus.
Hewitt (1929) also concluded that the
Madagascan “Acontias” were derived from
Amphiglossus and only distantly related to the
African forms. In his review of the “scincinae”
lizards of sub-Saharan Africa and the surrounding islands, Greer (1970b) did not attempt to
discuss the Malagasy complex in detail, but did
state that they were closest to the mainland
Proscelotes and Sepsina based on a small interparietal that does not contact the supraoculars,
and a well developed post orbital bone. The
most complete treatment of Malagasy
“scincines” was Brygoo’s series of papers
(1979-1987). Although he did make some
statements about similarity of specific genera,
he did not explicitly address the relationships
among genera. Brygoo’s most widely used
character was the number of presacral vertebrae which he used to define the genus
Androngo and the subgenera and groups of
Amphiglossus, although some of these groups
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overlap in their number of presacral vertebrae
(Brygoo 1981d; 1984b, d, e, 1987). It has been
suggested that a low number of presacral vertebrae is the primitive condition for skinks (Greer
et al. 2000), but the usefulness of this character
in diagnosing monophyletic groups has been
questioned (Andreone & Greer 2002).
Andreone & Greer (2002) also point out that
Amphiglossus as currently defined, is composed of “the most generally primitive members” of Malagasy “scincines”, and is therefore
“almost certainly a paraphyletic group”
(pg.163).
In this study we use four nuclear and three
mitochondrial gene regions to present a molecular phylogenetic hypothesis for many of the
Malagasy “scincines”. We investigate the
monophyly of Malagasy “scincines” and their
relationship to southern African genera. We
also test the monophyly of Amphiglossus and
Paracontias, and look at the relationships
among Malagasy “scincines”.

MATERIALS AND METHODS
Sampling.—Taxon sampling included the
Malagasy genera Amphiglossus (14/37 spp.),
Paracontias (3/8 spp.), Pygomeles (1/2 sp.),
and Voeltzkowia (1/5 sp.); representatives from
the genera Cryptoscincus, Androngo, Sirenoscincus (all monotypic), and Pseudoacontias
were not available for inclusion in this study
(see Appendix 1 for specimen information).
The southern African genera Scelotes (9 spp.),
Typhlacontias (2 spp.), Melanoseps (1 sp.),
Proscelotes (1 sp.), and Sepsina (1 sp.), were
included to test previously hypothesised relationships between southern African and
Malagasy genera. In order to place the
Malagasy taxa within skinks as a whole,
species from Trachylepis (formerly African
Mabuya), Sphenomorphus, and Tiliqua (subfamily Lygosominae); Feylinia (subfamily
Feylininae); and “Eumeces”, and Scincus (subfamily “Scincinae”) were included. Based on
prior study (Whiting et al. 2003), the subfami-

ly Acontinae (represented here by Acontias,
and Typhlosaurus) has been shown to be basal
within skinks and was therefore used to root all
analyses.
Molecular data.—DNA was extracted from
liver or muscle tissue preserved in 95-100%
ethanol using the Qiagen DNeasy kit (Valencia,
CA). DNA templates and controls were amplified using standard PCR techniques in 50 µl
reactions, and products were visualised via 2%
agarose gel electrophoresis. Primers and protocols for the amplification of 18S rDNA, 16S r
DNA, 12S rDNA, α-Enolase (Enol), C-mos,
and cytochrome b (cyt b) are listed in Whiting
et al. (2003). Glyceraldehyde-3-phosphate
dehydrogenase (Gapdh) was amplified using
the primers L890 and H950, which are
designed to amplify intron XI and portions of
exons 11 and 12 (Friesen et al. 1997), using
AmpliTaq gold® (Perkin Elmer), 2.5% DMSO
and the following cycling profile: 95°(12:00);
94°(0:30), 65°(0:30), 72°(1:00) x 35 cycles;
72°(5:00). Target products were purified using
the MontageTM PCR96 Filter Plate and Kit
(Millipore Co.) and sequenced using the Perkin
Elmer Big Dye® version 3 cycle sequencing
kit. Sequencing reactions were purified using
Sephadex® in MultiScreenTM Durapore PVDF
plates (Millipore Co.). Purified sequencing
reactions were analyzed on either an ABI 3100,
or ABI 3730 automated sequencer. To insure
the accuracy of sequences, negative controls
were included, complementary strands were
sequenced, and sequences were manually
checked using the original chromatograph data
in the program Sequencher® 4.0 (GeneCodes
Co.).
Alignment and tree reconstruction.—Alignment was done using direct optimization (DO)
in the program POY v.3.0 (Wheeler et al.
2003). Protein coding genes (C-mos and cyt b)
were aligned, based on conservation of the
amino acid reading frame using Sequencher 4.0
(GeneCodes Co.), and entered into POY as
“prealigned data”. POY analyses were performed under the maximum likelihood criteri-
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on with a 10 parameter model (s10). This
model computes changes between each
nucleotide and gaps as a separate parameter
(for a total of 10), and is similar to a general
time reversible model with gaps added. POY
analysis was performed with all parameters
estimated from the data, four gamma classes,
200 replicates, SPR and TBR branch swapping,
tree drifting and fusing, and the parsimony
rachet. The implied alignment resulting from
the optimal POY search was used for all further
analyses.

heuristic search with 100 000 random additions
was performed, and nodal support was estimated using a bootstrap analysis with 100 000
bootstrap replicates of two random additions
each.
Hypothesis testing.—Specific hypotheses of
relationships recovered in the combined analysis tree were tested using the Shimodaira
Hasegawa test (SH test; Shimodaira &
Hasegawa 1999) as implemented in PAUP*
(Swofford 2002). The anticonstrain command
in PAUP* was used to find the best tree not
including the group of interest, and this tree
was compared to the optimal tree under the
GTR+I+G model (with all parameters estimated). The SH test was then performed using the
Rell bootstrap with 10 000 replicates.

The aligned data set was partitioned by gene
region, and the hierarchical likelihood-ratio
tests as implemented in Modeltest (Posada &
Crandall 1998) were used to determine the
appropriate model of sequence evolution for
each gene region. Separate Bayesian analyses
were performed for each gene region using the
chosen models of evolution in MrBayes 3.0
(Huelsenbeck & Ronquist 2001). The mitochondrial and nuclear partitions as well as the
combined dataset were analyzed using a partitioned Bayesian approach, with the appropriate
models of evolution implemented for each
gene, and all parameters allowed to vary
between partitions. It is accepted that different
genes evolve at different rates and under different constraints, and this is further shown by the
divergence profiles of the genes used in this
study. Partitioned Bayesian analysis was used
in an attempt to model evolution within these
data more accurately. All Bayesian analyses
consisted of 2500 000 generations, four incrementally heated chains, and trees sampled
every 1000 generations. Stationarity was determined as the point at which likelihood scores
plateaued, and trees recorded prior to that point
were discarded as the “burn in”. Posterior probabilities (PP) were assessed as part of all
Bayesian analyses, and nodes with probabilities from 0.90 - 1.0 were considered strongly
supported (Wilcox et al. 2002).

Molecular data.—The molecular data used in
this study include approximately 5600 bases
across seven gene regions for 45 taxa. For all
non-Madagascan lizards, sequences for 18S,
16S, 12S, C-mos, cyt b, and Enol are the same
as those used in Whiting et al. (2003) and were
taken from GenBank. GenBank accession
numbers for the sequences newly generated for
this paper are as follows: Gapdh: AY391229391251, Enol: AY391212-391228, 18S:
AY391195-391211 AY802765-6, C-mos:
AY391178-391194
AY802767-8,
12S:
AY391123-391141
AY802761-2,
16S:
AY391142-391159 AY802763-4, and cyt b:
AY391160-391177 AY802769-70. Uncorrected
maximum pairwise sequence divergence across
all taxa, within southern African + Malagasy
“scincines”, and within Malagasy “scincines”
is shown for each gene in Table 1. These divergence profiles reflect the phylogenetic utility of
individual markers at different taxonomic levels.

For comparison, a maximum parsimony (MP)
analysis was performed in PAUP* (Swofford
2002) with gaps coded as missing data. A

Combined analyses.—Modeltest analysis indicates that the appropriate models of nucleotide
substitution are as follows: GTR+G+I for 12S,

RESULTS
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Table 1: Uncorrected maximum pairwise sequence divergence based on POY implied alignment across all taxa,
African and Malagasy “scincines” (clade D; Fig. 1), and Malagasy taxa, for each molecular marker used in this
study.
Gene region
Gapdh
Enol
18S
16S
12S
Cyt b
C-mos

Sequence length
(bp)

Parsimony
informative sites

All taxa

African and Malagasy “scincines”

Malagasy “scincines”

400
276
1803
659
1150
732
594

144
99
49
224
509
344
126

35.6%
17.9%
1.5%
15.9%
25.5%
26.8%
10.8%

17.7%
13.1%
1.0%
15.5%
24.4%
24.2%
8.2%

15.1%
8.2%
0.11%
13.7%
18.3%
23.7%
4.9%

16S, and cyt b, TrN+I for 18S, HKY+G for
cmos and gapdh, and K80+G for Enol.
Stationarity was reached before 50 000 generations, and after discarding the first 50 trees
(burn in), the 50% majority rule tree was
obtained from the remaining 2450 data points
(shown in Fig. 1). Malagasy “scincines” form a
well supported monophyletic group with the
genus Amphiglossus recovered in two distinct
clades, while Paracontias is monophyletic.
There is good support (PP = 0.88) for
Paracontias + a clade of Amphiglossus consisting of A. stumpffi, A. intermedius, A. igneocaudatus, A. mouroundavae, and A. melanopleura
(clade A). The remaining Malagasy taxa form a
single clade with Pygomeles sister to a somewhat unresolved clade consisting of the
remaining Amphiglossus species and
Voeltzkowia (clade B). Within clade B, there
are three well supported groups of Amphiglossus including A. astrolabi + A. waterloti, A.
melanurus + A. ornaticeps, and A. punctatus +
A. sp. + A. macrocercus. Relationships between
these clades of Amphiglossus, as well as the
placement of A. mandokava, A. tsaratananensis, and Voeltzkowia are unresolved or poorly
supported.
The southern African genera Sepsina, Scelotes
and Proscelotes are sister to Malagasy
“scincines”, together forming clade C.
Lygosomine species + Scincus and Eumeces
form a single group (clade E) which is sister to
a strongly supported southern African and
Malagasy “scincine” clade (clade D). Posterior

probabilities are fairly high across the tree,
except within clade B.
MP analysis was largely congruent with the
Bayesian analysis with the exception of a few
nodes within clade E (not shown). Therefore
from this point on the combined analysis will
refer to the partitioned Bayesian analysis.
Bootstrap support from the MP analysis is
shown in Fig. 1 for comparison with posterior
probabilities.
Gene trees and Hypothesis testing.—We followed Wiens (1998) and analyzed gene regions
individually to look for strongly supported conflict at nodes throughout the tree. Support for
specific relationships found in individual gene
trees, as well as mitochondrial and nuclear partitions, are summarised in Table 2. Results
from individual gene trees showed very little
conflict, but many relationships were unresolved or poorly supported. Enolase was the
only gene showing strong conflict (PP = 0.901.0) at multiple nodes. The combination of all
data resulted in an increase in posterior probabilities and emphasises the benefits of a total
evidence approach (Kluge 1989; Eernisse &
Kluge 1993; Kluge & Wolf 1993; Chippindale
& Wiens 1994; Nixon & Carpenter 1996;
Kluge 1998). In order to investigate the conflict
of Enol further, it was removed and the remaining dataset was reanalysed. The topology
resulting from the parsed analyses was identical to the total data tree, showing that the three
conflicting nodes seen in the individual Enol
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tree did not significantly influence the total
analysis.

DISCUSSION
Taxonomic implications.—All Malagasy
“scincines” sampled in this study form a
strongly supported monophyletic group to the
exclusion of all southern African taxa (SH test
P = 0.0197), confirming the removal of
Malagasy species from Scelotes, and the
hypotheses of Hewitt (1929) and deWitte and

Laurent (1943) of a Malagasy clade distinct
from the African “scincines”. The placement of
Sepsina, Proscelotes and Scelotes as sister
group to the monophyletic Malagasy clade
lends credence to statements by de Witte and
Laurent (1943) and Greer (1970a) that
Proscelotes and Sepsina are the closest African
relatives to the Malagasy “scincines”.
The relationships within Malagasy “scincines”
are much more complex than previously
thought, with a paraphyletic “Amphiglossus”
forming a minimum of two separate groups.

Figure 1: Bayesian analysis of the combined dataset. 50% majority rule of 2450 trees, with posterior probabilities
listed below branches. Bootstrap support values from the MP analysis (> 50%) are shown above the branches.
Capital letters denote major clades as discussed in the text.
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Table 2: Specific relationships are listed in the leftmost column, along with support from the individual and combined data trees. Posterior probabilities (PP) from the combined Bayesian analysis are listed in the first column
(converted to percentages). Results from individual gene tree are listed under the specific gene and denoted with
the following symbols: + = the relationship is present with 0.90-1.00 posterior probability, - = the relationship is
contradicted (0.90-1.00 posterior probability), U = the relationship is unresolved or poorly supported, and U+ = the
relationship is present with 0.50-0.89 posterior probability.
Clade

PP

16S

12S

18S

Cyt b

Madascincus + Paracontias
= Clade A
Clade B
Clade C
Southern African + Malagasy
“scincines” = Clade D
Clade E
Malagasy “scincines”
Madascincus

100

U

U+

U

-

+

+

U+

+

+

100
88
100

+
U+
U

+
U+
+

U
U
U

+
U
U

+
U
+

+
+
NA

+
-

+
+
+

+
U
U+

99
100
98

U
U
U+

+
U+
+

U
U
U

U
U+
U

U
+
+

U+
U+
U

U
U+

+
+
+

U
U+
U

Amphiglossus igneocaudatus, A. intermedius,
A. mouroundavae, A. melanopleura and A.
stumpffi form the sister group to Paracontias
(clade A, Fig. 1), and a clade sufficiently distinct to warrant generic status. When any member of this group is forced into the other clade
of Malagasy species, the resulting tree is significantly less likely (SH test P = 0.0102). This
group includes representatives of the subgenus
Madascincus Brygoo 1981d as well as members of the igneocaudatus group of
Amphiglossus as defined by Brygoo (1984b).
The former group (including A. melanopleura type species, A. mouroundavae and A. ankodabensis) was diagnosed by Brygoo (1984b) as
being pentadactyl, having the interparietal
small or absent, a SVL of < 80 mm, and fewer
than 35 presacral vertebrae. Two additional
species, A. punctatus (recovered here in clade
B, SH test P < 0.001), and A. minutus, have
subsequently been described and assigned to
Madascincus (Raxworthy & Nussbaum 1993;
Glaw & Vences 1994). The former, however,
differs substantially from all other members of
the group (Glaw & Vences 1994). Brygoo
(1984d) described the igneocaudatus group of
Amphiglossus (consisting of A. igneocaudatus,
A. intermedius, A. polleni, and A. stumpffi)
based on the presence of a dark lateral band,
35-45 presacral vertebrae, and four well developed pentadactyl limbs. Aside from the ple-

C-mos Gapdh

Enol

Mt
Nuc
DNA DNA

siomorphic trait of unreduced digital complement, the two clusters share few obvious diagnostic features. Their grouping suggests that
this lineage is morphologically diverse, with
more robust-limbed, shorter-bodied basal
members and more elongate, shorter-limbed
derived members (the igneocaudatus group).
With the inclusion of the igneocaudatus group,
however, Brygoo’s (1981d, 1984b) diagnosis
of Madascincus requires revision. We here
recognise Madascincus as a valid genus, which
may be defined as those pentadactyl Malagasy
skinks sharing a closer ancestry with
Paracontias, than with other skinks.
All
remaining
sampled
species
of
Amphiglossus are found within clade B (Fig. 1)
along with Pygomeles and Voeltzkowia. Within
this clade there are three well supported groups
of Amphiglossus species, (A. melanurus + A.
ornaticeps), ((A. punctatus + (A. macrocercus
+ A. sp.)), as well as (A. astrolabi + A. waterloti). The former two clades do not correspond
to any previously hypothesised groups, and
with the exception of A. punctatus, none of
these species belong to either of Brygoo’s designated subgenera. On the other hand, A. astrolabi and A. waterloti, which are recovered as
well supported sister taxa in all analyses, correspond to Brygoo’s subgenus Amphiglossus,
defined by the presence of 37-38 presacral ver-

141

AFRICAN JOURNAL OF HERPETOLOGY 53(2) 2004

tebrae, 28-34 scale rows around midbody, and
> 200 mm SVL (Brygoo 1981d). Both are
found in aquatic or semiaquatic environments
and have been observed foraging under water
(Raxworthy & Nassbaum 1993). Amphiglossus
reticulatus is only known from the type specimen, but appears to be closely allied with A.
waterloti. The type was also collected in a
swampy area (Brygoo 1980c) and is therefore
most likely a member of this clade. One of the
most distinctive synapomorphies of this group
is the position of the nostril centrally above the
first upper labial, which may be an adaptation
to an aquatic lifestyle (Brygoo 1981d;
Raxworthy & Nussbaum 1993). Given the
weak support for the placement of both
Voeltzkowia, A. tsaratananensis and A. mandokava within clade B we are unable to falsify
the monophyly of clade B “Amphiglossus” and
conservatively retain the existing generic allocations for all members of this group.
In this study Voeltzkowia is recovered as nested
within Amphiglossus of clade B, and appears to
be a distinct lineage (as shown by the long
branch length in Fig. 1), but this relationship is
weakly supported and the inclusion of additional species from the genus would be needed
to test this hypothesis. The genus Cryptoscincus is known from only the two type specimens, and morphologically seems to be very
closely related to Voeltzkowia (Brygoo 1981b;
Glaw & Vences 1994) and would presumably
group with that genus within clade B.
Androngo was recently reduced to a single
species (Andreone & Greer 2002), with affinities to Pygomeles or “Amphiglossus”. We cannot comment on the composition or placement
of Androngo as none of the relevant species
were included in this study.
Paracontias is recovered as a strongly supported clade, but the subgenera Malacontias (composed of P. holomelas and P. hildebrandti) and
Paracontias (P. brocchi) are not supported as
P. brocchi and P. hildebrandti are sister taxa
relative to P. holomelas.

The primitive number of presacral vertebrae
for Malagasy “scincines” is assumed to be 26
(Glaw & Vences 1994; Andreone & Greer
2002), with more derived species evolving
greater numbers of vertebrae. When the number of presacral vertebrae for each species is
considered in light of phylogeny, no clear pattern of vertebral increase emerges. Therefore,
these data support the idea that a high number
of presacral vertebrae have evolved multiple
times and therefore this character should be
used with caution for phylogenetic inference
(Andreone & Greer 2002).
Outside of the Malagasy skinks, clade D and E
are very similar to the results found in previous
studies (Whiting et al. 2003). Clade E is not
statistically supported (SH test P = 0.3517) by
these data, while the monophyly of an AfroMalagasy “scincine” clade (Clade D - SH test
P = 0.0223) is strongly confirmed. Relationships of the Malagasy “scincines” to other
“scincine” genera in the Seychelles (Pamelascincus, Janetaescincus), Mauritius (Gongylomorphus), India (Barkudia), and Sri Lanka
(Sepsophis, Nessia, Chalcidoseps) remain
unexamined and are a priority for future
research.
Biogeography.—Our results suggest a mainland African origin for the Afro-Malagasy
“scincine” clade as a whole, with subsequent
derivation of the Malagasy clade. This is consistent with patterns derived from many vertebrate groups including hyperoliine frogs
(Vences et al. 2003) and cordyliform lizards
(Odierna et al. 2002; Lamb et al. 2003), but
contrasts with that obtained in chameleons, in
which a Madagascan origin, with subsequent
multiple invasions of Africa have been proposed (Raxworthy et al. 2002). Although we
have not applied a molecular clock in our
analysis, even the most basal divergences within the Afro-Malagasy clade are not compatible
with the presumed separation of Africa from
Madagascar (plus the Seychelles and India),
which has been dated at 165-121 million years
before present (Rabinowitz et al. 1983).
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Despite the apparent low vagility of these
skinks, many of which are fossorial, it seems
likely that the Malagasy clade originated by
dispersal over water from Africa. Thus
“scincine” skinks may be added to a growing
list of Afro-Malagasy lineages, including mammals (Yoder et al. 1996; Jansa et al. 1999), reptiles (Caccone et al. 1999; Mausfeld et al.
2000; Raxworthy et al. 2002; Townsend &
Larson 2002; Nagy et al. 2003), and frogs
(Vences et al. 2003), that appear to have
achieved their current distributions via
transoceanic dispersal. We anticipate that biogeographic patterns within the Malagasy
“scincine” clade will be more reflective of vicariance patterns, but such an analysis must
await greater taxon sampling and a more comprehensive knowledge of distribution patterns
within Madagascar.
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APPENDIX
List of all specimen identification numbers and localities. Museum abbreviations follow (Levinton et al. 1985) with the
following exceptions: AJL-FN = Angelo J. Lambiris field number, AMB = Aaron M. Bauer field number (specimens to
be deposited in AMS), FA = Franco Andreone field number, NJK = Nathan J. Kley field number, No Voucher = no voucher specimen taken, (the lizard was identified, nondestructively sampled and released), RAN = Ronald Nussbaum field
number (specimens to be deposited in UMMZ). Mad = Madagascar; SA = South Africa; TZ = Tanzania; Nam = Namibia
Species

Specimen ID #

Acontias litoralis
CAS 206800
Acontias percivali
YPM 12687
Amphiglossus astrolabi
UMMZ 208804
Amphiglossus igneocaudatus UMMZ 217449
Amphiglossus intermedius
RAN 42624
Amphiglossus macrocercus UMMZ 208645
Amphiglossus mandokava
UMMZ 208654
Amphiglossus melanurus
UMMZ 208708
Amphiglossus melanopleura FA 1863
Amphiglossus melanopleura FA 1859
Amphiglossus mouroundavae UMMZ 208738
Amphiglossus ornaticeps
UMMZ 208743
Amphiglossus punctatus
UMMZ 208787
Amphiglossus sp.
UMMZ 208848
Amphiglossus stumpffi
UMMZ 208797
Amphiglossus tsaratananensis UMMZ 208798
Amphiglossus waterloti
UMMZ 201597
Eumeces laticeps
BYU 47336
Eumeces inexpectatus
BYU 46699
Eumeces fasciatus
BYU 46698
Feylinia grandisquamis
NJK 0069
Melanoseps occidentalis
CAS 207873
Paracontias brocchi
UMMZ 209153
Paracontias hildebrandti
UMMZ 209166
Paracontias holomelas
UMMZ 201644
Proscelotes eggeli
CAS 168959
Pygomeles braconnieri
UMMZ 197125
Scelotes anguineus
AJL-FN 452
Scelotes arenicola
CAS 209635
Scelotes bipes
CAS 224005
Scelotes caffer
CAS 206859
Scelotes gronovii
CAS 206990
Scelotes kasneri
CAS 206991
Scelotes mirus
No Voucher
Scelotes sexlineatus
CAS206819
Scelotes montispectus
CAS223934
Scincus scincus
YPM 12686
Sepsina angolensis
SMW 6694
Sphenomorphus simus
BYU 47016
Tiliqua gigas
BYU 46821
Trachylepis spilogaster
CAS 206938
Typhlacontias brevipes
CAS 206947
Typhlacontias punctatissimus CAS 223980
Typhlosaurus caecus
AMB 6817
Voeltzkowia lineata
RAN 34923

Locality
SA: N Cape Province; vic..McDougall Bay water tank
Unknown
Mad: Antsiranana; Antalaha, 2 km E. of Antanandavehely
Mad: Antananarivo; Antsirabe, Ibity
Mad: Antsiranana; Antalaha, Ankavanana river
Mad: Fianarantsoa; Ivohibe, Andringitra, Iatara river
Mad: Antsiranana; Sambava, Marojejy Reserve, Manantenina river
Mad: Fianarantsoa; Ivohibe, Andringitra, Iatara river
Mad:Manarikoba-Antsahamanara
Mad: Andasin’I Governera
Mad: Antsiranana; Sambava, Marojejy Reserve, Manantenina river
Mad: Antsiranana; Sambava, Marojejy Reserve, Manantenina river
Mad: Fianarantsoa; Ivohibe, Andringitra, Sahavatoy river
Mad: Fianarantsoa; Ivohibe, Andringitra, Kimora river
Mad: Antsiranana; Nosy Be, Lokobe Reserve, Ampasindava
Mad: Mahajanga; Bealanana, Tsaratanana, Matsabory
Mad: Antsiranana; Ambanja, Manongarivo Reserve, Ambalafary
Florida; Duval Co., Little Talbot Island
Florida; Duval Co., Little Talbot Island
Florida; Holmes Co., Ponce de Leon Springs
Unknown
Equatorial Guinea: Bioko Id.; coast road ca. 5 km S. of Luba.
Mad: Antsiranana; Montagne D’ambre, Antomboka river
Mad: Antsiranana, Montagne D’ambre, Antomboka river
Mad: Antsiranana; Sambava, Marojejy Reserve, Manantenina river
TZ: Tanga; Lushoto Dist.; W Usambara Mts., Mazumbai Forest
Mad: Toliara; Amboasary, Beraketa
SA: E Cape Prov.; Port Elizabeth
SA: KZN Prov.; Kosi Bay Nature Reserve, NW corner of L. Nhlange
SA: W Cape Prov.; ~4.6 km N of Grootbaai, Bloubergstrand on Melkbos rd
SA: N Cape Prov.; Brandberg, Farms Kourootje and Kap Vley, De Beers
SA: W Cape Prov.; 18.5 km N of jct rd R365 on R27 towards Lambertsbaai
SA: W Cape Prov.; 18.5 km N of jct rd R365 on R27 towards Lambertsbaai
Swaziland: Malolotja Reserve.
SA: N Cape Prov.; McDougall Bay.
SA: W Cape Prov.; ~4.6 km N Grootbaai, Bloubergstrand on Melkbos rd.
Unknown
Namibia: Kunene Reg.; Kamanjab District
Papua New Guinea: Gulf Prov.; Ivimka Research St., Lakekamu Basin
Papua New Guinea: Gulf Province; Kakoro Village, Lakekamu Basin
Nam: Karibib Dist.; Usakos-Hentiesbaai rd., 10 km E. of Spitzkop turnoff
Nam: Walvis Bay Dist.; S. bank of Kuiseb rv. Near Rooibank rd
Nam: Kunene Reg; ~1.1 km N of Munutum rv, E bound Skeleton Coast P
SA: N Cape Prov.; 9.9 Km S. of Lambertsbaai.
Mad: Toliara; Betioky
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