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Abstract

Trachylepis elegans and T. gravenhorstii are two of the most widespread reptiles in Madagascar, inhabiting a wide variety
of habitats. Previous studies have indicated a considerable mitochondrial DNA (mtDNA) variation within these species,
but the geographic distribution of the major haplotype lineages is poorly known. Herein we analyse the phylogeography
of these lizards based on 107 sequences of the mitochondrial cytochrome oxidase subunit I gene, 101 of which newly de-
termined. As in previous mtDNA assessments, 7. elegans and T. gravenhorstii were not reciprocally monophyletic, al-
though recent analyses including nuclear markers indicated their probable monophyly, respectively. The main lineages
within 7. gravenhorstii were found in strict allopatry and could be divided into a subclade of roughly northern and eastern
distribution (lineages 1 and 2) and a subclade of roughly southern and western distribution (lineages 3, 4a, 4b, and 5, plus
T. elegans). Our data serve to identify more precisely the probable contact zones among 7. gravenhorstii lineages. The two
main mtDNA clades (represented by lineages 2 and 3, respectively) can be expected to come into close contact in the area
of the upper Mangoro river and Alaotra Lake, and (lineages 2 and 4a) in the Southern Central East between Mananjary
and Ranomafana. Future studies intensively sampling these contact zones have the potential to assess hybridization and
admixture among these lineages, and to test whether they are deep conspecific lineages of 7. gravenhorstii as currently
understood, or might represent distinct species.
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Introduction

The “Mabuya clade” represents a species rich pantropical radiation of mostly medium sized lizards of the family
Scincidae, characterized by a highly conserved morphology combined with a relatively convoluted taxonomic history.
Phylogenetic studies published during the last decade led to splitting the former genus Mabuya sensu lato into four
geographically distinct monophyletic genera, i.e., Eutropis in Asia, Trachylepis mainly in Africa and Madagascar,
Mabuya sensu stricto in the Neotropics and Chioninia in the Cape Verde archipelago (Mausfeld et al. 2002, Carranza
& Arnold 2003), and a phylogenetic meta-analysis of squamates revealed two additional genera (Dasia in Asia and
Eumecia in Southern Africa) nested within the “Mabuya clade” (Pyron et al. 2013).

Recent molecular studies focusing on these different genera have shown that most of the taxa alleged to be
common species with wide geographic distributions were actually constituted by complexes of several cryptic or
pseudo-cryptic species with relatively restricted allopatric distributions (Datta-Roy ef al. 2012; Hedges & Conn 2012;
Miralles et al. 2009, 2011, Miralles & Carranza 2010; Sindaco ef al. 2012). These observations led us to investigate
herein the molecular differentiation within two Madagascar-endemic species of Trachylepis that are among the most
widespread and common Malagasy reptiles, namely, 7. elegans (Peters) and 7. gravenhorstii (Duméril & Bibron).
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With the exception of dense and shady rainforest, these two species populate a large range of habitats.
Trachylepis elegans occurs in lowland areas especially in the west of the island, while 7. gravenhorstii in addition
to the former habitats also occurs in numerous highland areas up to at least 1400 m above sea level. These two
species are also common in disturbed and anthropogenic habitats and are often found even within densely
populated cities such as Madagascar's capital, Antananarivo. Together with a third species, 7. madagascariensis,
they are characterized by a trapezoidal shaped subocular scale and compose the phenetic 7. elegans species group
(Brygoo 1983; Glaw & Vences 2007) which forms the sister clade to the remaining endemic Trachylepis species of
Madagascar (Lima et al. 2013).

Since the revision of Brygoo (1983), the taxonomy of these morphologically quite similar lizards has not been
thoroughly revised. Given the high molecular variation found especially within 7. gravenhorstii (Boumans et al.
2007) it might be suspected that they represent species complexes, as has been observed with other widespread
Malagasy reptiles thought to occur over different ecoregions in Madagascar (e.g., Raxworthy & Nussbaum 2006;
Raxworthy et al. 2007; Rocha et al. 2010; Florio et al. 2012; Gehring et al. 2012a, 2012b).

Morphologically, T elegans and T. gravenhorstii are superficially similar but distinguished by significant
differences in various morphometric, meristic and chromatic characters, such as longer limbs, longer head, fewer
dorsal and ventral scales, fewer scales around midbody, more scales under toes, lower number of infralabials, split
vs. fused frontoparietal, and reddish markings on the neck in 7. elegans (Brygoo 1983; Andreone & Greer 2002;
Lima et al. in press). These morphological differences are also maintained in areas of sympatry. While
mitochondrial data (Boumans et al. 2007) resulted in a non-monophyletic arrangement of the two species, a multi-
gene analysis including nuclear genes weakly supported their reciprocal monophyly (Lima et al. 2013). Combined,
these morphological and genetic analyses, confirm their status as separate species.

Herein we extend the analyses of Boumans ef al. (2007) who sequenced 16 specimens of 7. elegans and 30
specimens of 7. gravenhorstii for the mitochondrial 16S rRNA gene. We assembled a new data set of a fragment of
the mitochondrial cytochrome oxidase subunit I (COI) gene which corresponds to the standard DNA barcode
marker (Hebert et al. 2003), based on sequences of 23 7. elegans and 84 T. gravemhorstii covering most of the
range of these two species. Our goal is not to resolve the taxonomy of these lizards but to locate more precisely the
areas where the ranges of the different mtDNA lineages abut, and identify more precisely the cases of sympatric
co-occurrence, and thereby provide the basis for more in-depth future sampling in these contact zones.

Material and methods

Tissue samples were collected in the field, either by excising muscle tissue from the thigh of freshly killed
specimens, or by sampling autotomized tail tips and subsequently releasing the individuals. Samples are here
labelled with the field number of the respective voucher specimen or tissue sample, using the following acronyms:
FGZC, FGMYV, ZCMV: field numbers of Frank Glaw and Miguel Vences (voucher specimens largely deposited in
the collections of the Zoologische Staatssammlung Miinchen [ZSM] in Germany, or in the Département de
Biologie Animale of the Université d'Antananarivo [UADBA] in Madagascar). Other acronyms used are: MVTIS,
tissue sample in the collection of M. Vences; DRV, field number of David R. Vieites; PSG, sample number of
Sebastian Gehring. Geographic regions within Madagascar are named after Boumans et al. (2007) and Glaw &
Vences (2007).

Tissue samples were preserved in 95-99% ethanol, and total genomic DNA was extracted from the tissue
samples using proteinase K digestion (10 mg/ml concentration) followed by a standard salt-extraction protocol
(Bruford et al. 1992). We used the reptile-specific primers RepCOI-F (TNT TMT CAA CNA ACC ACA AAG A)
and RepCOI-R (ACT TCT GGR TGK CCA AAR AAT CA) of Nagy et al. (2012) to amplify a COI fragment of
612 bp. The thermocycling profile comprised an initial denaturation at 94°C for 2:20 min, followed by 35 cycles of
denaturation (94°C for 30 s), annealing (45—49°C for 45 s), elongation (72°C for 90 s), and a final elongation step
at 72°C for 10 min. Reactions were performed in a final volume of 12.5 pul using the following concentration of
reagents: 0.24 pM of each primer, 200 uM of dANTP, 1xPCR buffer, and 0.4 units of GoTaq DNA polymerase
(Promega, Mannheim, Germany). PCR products were cleaned with enzymatic purification: 0.15 units of Shrimp
Alkaline Phosphatase (SAP) and 1 unit of Exonuclease I (New England Biolabs, Frankfurt am Main, Germany)
incubated for 15 min at 37°C followed by 15 min at 80°C. Purified PCR products were sequenced on an automated
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DNA sequencer (Applied Biosystems ABI 3130XL). Sequencing reactions (10 pl) contained 0.2 or 0.3 pl of PCR
product, 0.5 pl of BigDye 3.1 (Applied Biosystems, Darmstadt, Germany), and 0.3 pM of primers. Sequences were
checked for errors using CodonCode Aligner (CodonCode Corporation, Dedham, MA, USA). All newly
determined sequences were deposited in Genbank (accession numbers KF250661-KF250761). Sequences were
aligned and pairwise distances calculated in MEGA 5 (Tamura et al. 2011). Phylogenetic analysis was computed
by Bayesian inference using MrBayes V.3.1.2. (Ronquist & Huelsenbeck 2003) after determining the appropriate
model of nucleotide substitution under the Akaike information criterion implemented in MrModeltest (Nylander
2004; a general time-reversible model, GTR+I+G). We ran four Markov chains for 10 million generations, sampled
every 1000 generations, with a random starting tree and default priors. Trachylepis tavaratra was used as the
outgroup.

Results and discussion

The resulting phylogenetic tree (Figs 1-2) reveals several major mitochondrial lineages and reciprocal paraphyly
of the two focal species, in agreement with the results of Boumans ef al. (2007). We emphasize that we here present
this tree merely to identify clusters of genetically homogeneous mtDNA and discuss their distribution. We do not
suggest interpreting mitochondrial non-monophyly of 7. gravenhorstii and T. elegans as indicative of these taxa
containing cryptic species, given that the multi-gene phylogeny of Lima et al. (2013) identified each of these two
species as monophyletic, in a multi-gene analysis that included four nuclear genes. In fact, our results highlight the
need for caution when relying on pure DNA barcode analysis, as the p-distances calculated between the main
subclades of these species (ranging from 6.3—14.5%) are well above the species-level threshold established for
scincid species (6.1%, Nagy et al. 2012), but it is unlikely that each represents a distinct species.

The first main clade in the analysis, supported by maximum posterior probability (PP) values of 1.0 (Fig. 1)
contains two subclades (here symbolized by dark and light blue and named lineages 1 and 2). The entire clade
corresponds to those populations marked in red color in the analysis of Boumans et al. (2007). They occur in the
regions of the North East and Sambirano, reaching into the Northern Central East around the western edges of the
Makira Massif (lineage 1), and in low to mid-elevations along the east coast, in the Northern Central East and
Southern Central East Regions (lineage 2) (see also Fig. 3).

A second main clade in our analysis equally supported by maximum PP values contains the majority of 7.
elegans samples and four main clusters of 7 gravenhorstii samples. These are here named as lineage 3, occurring
in the North West and Northern Central East regions, and lineage 4a and 4b, occurring in the Southern Central East,
South East, and South West regions (Fig. 2-3). Furthermore, a single sample from the South West (Ifaty) had a
deviant sequence and can be seen as representing one further main mitochondrial lineage.

Samples of 7. elegans from two northern localities (Nosy Hara and Antsiranana) are placed outside of the
second main clade mentioned in the previous paragraph, although other samples from northern localities
(Antsiranana, Orangea, Montagne des Frangais) are included therein. The two specimens collected near
Antsiranana, representing lineages A and D of T. elegans, were even trapped in the same pitfall line. Trachylepis
elegans and T gravenhorstii are well-differentiated morphologically despite some overlap in most of the
distinguishing characters (Brygoo 1983; Andreone & Greer 2002; Lima et al. in press), and one of the genetically
deviant specimens (FGZC 1818 = ZSM 1549/2008 from Nosy Hara) which has been included in the morphological
assessment, did not show any striking differences to the other 7. elegans specimens which would indicate
taxonomic distinctness (Lima ef al. in press). One possible explanation for the mitochondrial paraphyly of T.
elegans is a convoluted evolutionary history with mitochondrial introgression upon occasional hybridization with
the sympatric 7. gravenhorstii. Because 1. gravenhorstii apparently does not occur nowadays in the extreme north
of Madagascar, where the two genetically deviant 7. elegans lineages were found (Nosy Hara, Antsiranana; Glaw
& Vences 2007), this hypothesis of hybridization is however difficult to imagine at least for this region, given the
current distribution patterns.

Within 7. gravenhorstii, the COI data support more clearly than the 16S data of Boumans et al. (2007) the
existence of two main entities: one containing lineages 1-2, and another one containing lineages 3—4 and the Ifaty
population. Lima ef al. (in press) found only faint morphological differences between specimens belonging to the
main mtDNA clades (represented by lineages 1 and 4), but the number of specimens analysed was small. So far, no
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cases of sympatry have been observed, but our data allow localizing more precisely the contact zones. The two
main mtDNA clades can be expected to be in contact or occur sympatrically in the area of the upper Mangoro river
and Alaotra Lake where lineage 2 occurs, for instance in Andreba Gara at the south-eastern shore of the lake, while
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FIGURE 1. Phylogenetic tree obtained by Bayesian Inference (50%-majority rule consensus tree) using 612 bp of the
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mitochondrial COI gene of specimens of Trachylepis elegans and T. gravenhorstii. The inset picture schematically shows the
entire tree, while the large figure shows its upper half in detail. The map indicates the provenance of the samples of lineages 1
and 2 (dark blue and light blue) of 7 gravenhorstii (Tg). Asterisks mark Bayesian posterior probability support (two asterisks,
PP=1.00) which is only shown for deeper nodes and not for within-lineage nodes. See Fig. 2 for the second part of this tree.
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FIGURE 2. Phylogenetic tree obtained by Bayesian Inference (50%-majority rule consensus tree) using 612 bp of the
mitochondrial COI gene of specimens of Trachylepis elegans and T. gravenhorstii. The inset picture schematically shows the
entire tree, and the large figure shows its lower half in detail. The maps indicate the provenance of the samples of lineages 3
(green-yellow), 4a (light green), and 4b (dark green) of 7. gravenhorstii (Tg), and of T. elegans (Te; clades in black (A) and
shades of gray (B,C,D)). Asterisks mark Bayesian posterior probability support (two asterisks, PP=1.00; one asterisk, PP=0.95-

0.99) which is only shown for deeper nodes and not for within-lineage nodes. Three sequences of 7. favaratra from Montagne
des Frangais were used as the outgroup. See Fig. 1 for the first part of this tree.

lineage 3 is found in Ambodisakoa close to the northeastern shore of the lake and in Andranogorika not far from
the west shore. A further contact zone probably occurs in the Southern Central East, where lineage 2 reaches along
the lowlands to the Mananjary region whereas lineage 4a occurs at mid-altitudes around Ranomafana. A denser
sampling of altitudinal and vegetational transects in this region might reveal cases of sympatric occurrence of these
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lineages which then could be studied more in depth for differentiation and admixture (or absence thereof) in
nuclear markers, and possible ecological specialization, in order to conclusively understand their status as either
cryptic species or deep conspecific (mitochondrial) lineages.

The COI data reveal several phylogeographic patterns in 7. gravenhorstii which agree with other widespread
organisms in Madagascar. One of these patterns is the occurrence of lineage 3 at the western edge of the eastern
rainforest band in the Upper Mangoro / Lake Alaotra region, spreading into the North West (around
Ankarafantsika). This range agrees with a retreat-dispersion watershed defined by Wilmé et al. (2006) and suggests
these lizards have been using the Betsiboka and Mangoro rivers as corridors, maintaining gene flow among western
and eastern populations.

A second aspect refers to the low differences among haplotypes of lineage 2. In this lineage the populations
occurring south of the Mangoro river (Mananjary, Ambohimiarina, and Andranovolo) have only weak differences
to those occurring north of the river, suggesting that they might have expanded southwards only relatively recently.
The fact that the Andranovolo haplotype does not cluster with the Mananjary/Ambohimiarina haplotypes might
suggest two separate instances of cross-river migration. The Mangoro river therefore does not seem to constitute a
barrier to gene flow and dispersal of these lizards, different from the situation in at least some amphibians (Gehring
et al. 2012a). This agrees with data on Amazonian Mabuya (Miralles & Carranza 2010) where rivers were found to
be dispersal corridors in some cases (M. altamazonica and M. bistriata), while they do not constitute strict
geographical barriers for others (e.g., M. nigropunctata species complex).

Trachylepis gravenhorstii Trachylepis elegans
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FIGURE 3. Detailed maps with the sampled localities of Trachylepis elegans and of T. gravenhorstii (lineages colored as in
Figs. 1-2).

482 - Zootaxa 3755 (5) © 2014 Magnolia Press VENCES ET AL.



Acknowledgments

We are grateful to numerous friends, colleagues and students who contributed to collecting samples used in this
study, in particular to Sebastian Gehring, Fanomezana Ratsoavina, and David R. Vieites. This work was carried out
in the framework of institutional collaborations with the Université d'Antananarivo, Département de Biologie
Animale. We are grateful to the Malagasy authorities for research and export permits. Financial support was
granted by the Volkswagen Foundation to MV. The European Social Fund (ESF) and the Human Potential
Operational Programme (POPH) supported this study through the doctoral grant of AL (SFRH/BD/47438/2008)
from “Fundag@o para a Ciéncia e Tecnologia” (FCT).

References

Andreone, F. & Greer, A.E. (2002) Malagasy scincid lizards: descriptions of nine new species, with notes on the morphology,
reproduction and taxonomy of some previously described species (Reptilia, Squamata: Scincidae). Journal of Zoology,
258, 139-181.
http://dx.doi.org/10.1017/s0952836902001280

Boumans, L., Vieites, D.R., Glaw, F. & Vences, M. (2007) Geographical patterns of deep mitochondrial differentiation in
widespread Malagasy reptiles. Molecular Phylogenetics and Evolution, 45, 822—839.
http://dx.doi.org/10.1016/j.ympev.2007.05.028

Bruford, M.W., Hanotte, O., Brookfield, J.F.Y. & Burke, T. (1992) Single-locus and multilocus DNA fingerprint. /n: Hoelzel,
A.R. (Ed.), Molecular Genetic Analysis of Populations: A Practical Approach. IRL Press, Oxford, pp. 225-270.

Brygoo, E.R. (1983) Systématique des 1ézards scincidés de la région malgache. XI. Les Mabuya de Madagascar. Bulletin du
Muséum National d'Histoire Naturelle Paris, 5, 1079—-1108.

Carranza, S. & Arnold, ENN. (2003) Investigating the origin of transoceanic distributions: mtDNA shows Mabuya lizards
(Reptilia, Scincidae) crossed the Atlantic twice. Systematics and Biodiversity, 1, 275-282.
http://dx.doi.org/10.1017/s1477200003001099

Datta-Roy, A., Singh, M., Srinivasulu, C. & Karanth, K.P. (2012) Phylogeny of the Asian Eutropis (Squamata: Scincidae)
reveals an 'into India' endemic Indian radiation. Molecular Phylogenetics and Evolution, 63, 817-824.
http://dx.doi.org/10.1016/j.ympev.2012.02.022

Florio, A.M., Ingram, C.M., Rakotondravony, H.A., Louis, E.E. & Raxworthy, C.J. (2012) Detecting cryptic speciation in the
widespread and morphologically conservative carpet chameleon (Furcifer lateralis) of Madagascar. Journal of
Evolutionary Biology, 25, 1399-1414.
http://dx.doi.org/10.1111/j.1420-9101.2012.02528.x

Gehring, P.-S., Pabijan, M., Randrianirina, J.E., Glaw, F. & Vences, M. (2012a) The influence of riverine barriers on
phylogeographic patterns of Malagasy reed frogs (Heferixalus). Molecular Phylogenetics and Evolution, 64, 618—632.
http://dx.doi.org/10.1016/j.ympev.2012.05.018

Gehring, P.-S., Tolley, K.A., Eckhardt, F.S., Townsend, T.M., Ziegler, T., Ratsoavina, F., Glaw, F. & Vences, M. (2012b) Hiding
deep in the trees: discovery of divergent mitochondrial lineages in Malagasy chameleons of the Calumma nasutum group.
Ecology and Evolution, 2, 1468—1479.
http://dx.doi.org/10.1002/ece3.269

Glaw, F. & Vences, M. (2007) 4 Field Guide for the Amphibians and Reptiles of Madagascar, 3rd Edition. Vences and Glaw
Verlag, Koln, 495 pp.

Hebert, P.D.N., Cywinska, A., Ball, S.L. & deWaard, J.R. (2003) Biological identifications through DNA barcodes.
Proceedings of the Royal Society of London B, 270, 313-321.
http://dx.doi.org/10.1098/rspb.2002.2218

Hedges, S.B. & Conn, C.E. (2012) A new skink fauna from Caribbean islands (Squamata, Mabuyidae, Mabuyinae). Zootaxa,
3288, 1-244.

Lima, A., Harris, D.J., Rocha, S., Miralles, A., Glaw, F. & Vences, M. (2013) Phylogenetic relationships of Trachylepis skink
species from Madagascar and the Seychelles (Squamata: Scincidae). Molecular Phylogenetics and Evolution, 67, 615—
620.
http://dx.doi.org/10.1016/j.ympev.2013.02.001

Lima, A., Miralles, A., Glaw, F., Ahlburg, J., Bérner, M., Hoven, J.F., Kruse, B., Kiissner, F., Ludwig, M., Molde, F., Michel,
AM., Miiller, K., Panpeng, S., Schneider, C., Worm, J. & Vences, M. (in press) A preliminary assessment of
morphological differentiation between two common Malagasy skink species, Trachylepis elegans and T. gravenhorstii.
Herpetology Notes.

Mausfeld, P., Schmitz, A., Bchme, W., Misof, B., Vrcibradic, D. & Rocha, C.F.D. (2002) Phylogenetic affinities of Mabuya
atlantica Schmidt, 1945, endemic to the Atlantic Ocean Archipelago of Fernando de Noronha (Brazil): Necessity of
partitioning the genus Mabuya Fitzinger, 1826 (Scincidae: Lygosominae). Zoologischer Anzeiger, 241, 281-293.

DNA BARCODING ASSESSMENT OF GENETIC VARIATION Zootaxa 3755 (5) © 2014 Magnolia Press - 483


http://dx.doi.org/10.1017/s0952836902001280
http://dx.doi.org/10.1017/s0952836902001280
http://dx.doi.org/10.1017/s0952836902001280
http://dx.doi.org/1
http://dx.doi.org/1
http://dx.doi.org/10.1017/s1477200003001099
http://dx.doi.org/10.1017/s1477200003001099
http://dx.doi.org/10.1016/j.ympev.2012.02.022
http://dx.doi.org/10.1016/j.ympev.2012.02.022
http://dx.doi.org/10.1111/j.1420-9101.2012.02528.x
http://dx.doi.org/10.1111/j.1420-9101.2012.02528.x
http://dx.doi.org/10.1016/j.ympev.2012.05.018
http://dx.doi.org/10.1016/j.ympev.2012.05.018
http://dx.doi.org/10.1002/ece3.269
http://dx.doi.org/10.1002/ece3.269
http://dx.doi.org/10.1098/rspb.2002.2218
http://dx.doi.org/10.1098/rspb.2002.2218
http://dx.doi.org/10.1016/j.ympev.2013.02.001
http://dx.doi.org/10.1016/j.ympev.2013.02.001
http://dx.doi.org/10.1016/j.ympev.2013.02.001
http://dx.doi.org/10.1078/0044-5231-00081

http://dx.doi.org/10.1078/0044-5231-00081

Miralles, A. & Carranza, S. (2010) Systematics and biogeography of the Neotropical genus Mabuya, with special emphasis on
the Amazonian skink Mabuya nigropunctata (Reptilia, Scincidae). Molecular Phylogenetics and Evolution, 54, 857-869.
http://dx.doi.org/10.1016/j.ympev.2009.10.016

Miralles, A., Fuenmayor, GR., Bonillo, C., Schargel, W.E., Barros, T., Garcia-Perez, J.E. & Barrio-Amords, C.L. (2009)
Molecular systematics of Caribbean skinks of the genus Mabuya (Reptilia, Scincidae), with descriptions of two new
species from Venezuela. Zoological Journal of the Linnean Society, 156, 598—616.
http://dx.doi.org/10.1111/j.1096-3642.2008.00487.x

Miralles, A., Vasconcelos, R., Perera, A., Harris, D.J. & Carranza, S. (2011) An integrative taxonomic revision of the Cape
Verdean skinks (Squamata, Scincidae). Zoologica Scripta, 40, 16—44.
http://dx.doi.org/10.1111/j.1463-6409.2010.00453.x

Nagy, Z.T., Sonet, G., Glaw, F. & Vences, M. (2012) First large-scale DNA barcoding assessment of reptiles in the biodiversity
hotspot of Madagascar, based on newly designed COI primers. PLoS One, 7, €34506.
http://dx.doi.org/10.1371/journal.pone.0034506

Nylander, J.A.A. (2004) MrModeltest v2. Program distributed by the author. Evolutionary Biology Centre, Uppsala University.

Pyron, R.A., Burbrink, F.T. & Wiens, J.J. (2013) A phylogeny and updated classification of Squamata, including 4161 species
of lizards and snakes. BMC Evolutionary Biology, 13, €93.
http://dx.doi.org/10.1186/1471-2148-13-93

Raxworthy, C.J., Ingram, C.M., Rabibisoa, N. & Pearson, R.G. (2007) Applications of ecological niche modelling for species
delimitation: A review and empirical evaluation using day geckos (Phelsuma) from Madagascar. Systematic Biology, 56,
907-923.

Raxworthy, C.J. & Nussbaum, R.A. (2006) Six new species of occipital-lobed Calumma chameleons (Squamata:
Chamaeleonidae) from montane regions of Madagascar, with a new description and revision of Calumma brevicorne.
Copeia, 2006, 711-734.
http://dx.doi.org/10.1643/0045-8511(2006)6[711:snsooc]2.0.co;2

Rocha, S., Rosler, H., Gehring, P.-S., Glaw, F., Posada, D., Harris, D.J. & Vences, M. (2010) Phylogenetic systematics of day
geckos, genus Phelsuma, based on molecular and morphological data (Squamata: Gekkonidae). Zootaxa, 2429, 1-28.

Ronquist, F. & Huelsenbeck, J.P. (2003) MRBAYES: Bayesian phylogenetic inference under mixed models. Bioinformatics,
19, 1572-1574.
http://dx.doi.org/10.1093/bioinformatics/btg180

Sindaco, R., Metallinou, M., Pupin, F., Fasola, M. & Carranza, S. (2012) Forgotten in the ocean: systematics, biogeography and
evolution of the Trachylepis skinks of the Socotra Archipelago. Zoologica Scripta, 41, 346-362.
http://dx.doi.org/10.1111/j.1463-6409.2012.00540.x

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2011) MEGAS5: Molecular Evolutionary Genetics
Analysis using maximum likelihood, evolutionary distance, and maximum parsimony methods. Molecular Biology and
Evolution, 28, 2731-2739.
http://dx.doi.org/10.1093/molbev/msr121

Wilmé, L., Goodman, S.M. & Ganzhorn, J.U. (2006) Biogeographic evolution of Madagascar's microendemic biota. Science,
312, 1063-1065.
http://dx.doi.org/10.1126/science.1122806

484 - Zootaxa 3755 (5) © 2014 Magnolia Press VENCES ET AL.


http://dx.doi.org/10.1643/0045-8511(2006)6[711:snsooc]2.0.co;2
http://dx.doi.org/10.1643/0045-8511(2006)6[711:snsooc]2.0.co;2
http://dx.doi.org/10.1078/0044-5231-00081
http://dx.doi.org/10.1111/j.1
http://dx.doi.org/10.1111/j.1
http://dx.doi.org/10.1016/j.ympev.2009.10.016
http://dx.doi.org/10.1016/j.ympev.2009.10.016
http://dx.doi.org/10.1111/j.1463-6409.2010.00453.x
http://dx.doi.org/10.1111/j.1463-6409.2010.00453.x
http://dx.doi.org/10.1371/journal.pone.0034506
http://dx.doi.org/10.1186/1471-2148-13-93
http://dx.doi.org/10.1643/0045-8511%28200
http://dx.doi.org/10.1643/0045-8511%28200
http://dx.doi.org/10.109
http://dx.doi.org/10.109
http://dx.doi.org/10.109
http://dx.doi.org/10.1111/j.1463-6409.2012.00540.x
http://dx.doi.org/10.1111/j.1463-6409.2012.00540.x
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1126/science.1122806
http://dx.doi.org/10.1126/science.1122806
http://dx.doi.org/10.1126/science.1122806

	Abstract
	Introduction
	Material and methods
	Results and discussion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


