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Background — Whereas subfamily Oziroeoideae of the petaloid monocot family Hyacinthaceae
is restricted to South America, the three other subfamilies, Ornithogaloideae, Urgineoideae and
Hyacinthoideae, have much larger primary distribution areas spanning the Mediterranean and Central
Europe, Arabian Peninsula, Indian subcontinent, Far East (China and Japan) and Africa, with some
members also in Madagascar. Based mainly on morphology, until recently, most of the Malagasy species
have been included in genera found also outside this island. Morphological characters alone have been
misleading in many cases, resulting in erroneous generic classifications.

Method — Analysis of plastid DNA sequences was used to reconstruct phylogenetic relationships among
members of old world Hyacinthaceae.

Key results — Phylogenetic analysis based on multiple plastid DNA markers has changed our views
substantially, leaving many of the Malagasy Hyacinthaceae taxa as monophyletic groups. All Malagasy
members of Urgineoideae form a well-supported clade (Rhodocodon/Drimia cryptopoda) pointing to
a single colonization from continental Africa. Drimia cryptopoda is a morphologically deviant species
previously misplaced in Hyacinthus. The Urgineoideae from India do not appear to be directly related
to African or Malagasy species, but show close relationships to the Mediterranean Urginea s. str. Two
members of Hyacinthoideae are present in Madagascar. One of them, Ledebouria sp. ined., is related to
South African species, whereas the other, L. nossibeensis, shows strong relationships to L. hyacinthina
from India and to L. grandifolia from Socotra. Dipcadi (Ornithogaloideae) forms a well-supported
monophyletic clade.

Conclusion — We presume a single colonization from mainland Africa followed by rapid radiation in
different habitats in Madagascar. The close relationship of Indian Dipcadi with those of the Mediterranean
points to a Northern Hemisphere migration route linking India and the Mediterranean and possibly
involving also the Arabian Peninsula.
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INTRODUCTION lated group of species is found in SE Asia (Barnardia of sub-
family Hyacinthoideae; Speta 1998a, 1998b, Pfosser & Speta

1999, Pfosser et al. 2003).

It has been suggested that the involvement of species
from South Africa, South America, and Madagascar in the

The division of the Hyacinthaceae into the four subfamilies
Oziroeoideae, Urgineoideae, Ornithogaloideae, and Hya-
cinthoideae (Pfosser & Speta 1999, Manning et al. 2004,
2009, Wetschnig et al. 2007) is now well accepted. It is

supported by morphological, chemotaxonomical, and mo-
lecular data alike. Hyacinthaceae occurs in South America
(Oziroeoideae only), in Africa south and north of Sahara, in
Madagascar, Arabian Peninsula, and India (Urgineoideae,
Ornithogaloideae, and Hyacinthoideae). The latter three sub-
families share a secondary center of diversity spanning the
Mediterranean and Eurasian floristic regions. A single iso-

basal branching patterns of subfamilies and tribes indicates
a southern, probably Gondwanan, origin of Hyacinthaceae
(Pfosser & Speta 1999). This hypothesis implies that major
lineages diverged from each other in Gondwana and were
separated later by continental break-up. Taxa rafting on the
Palaco-Indian plate as it moved northwards play a key role
in this hypothesis. Similar northward transport via India
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has been inferred in plant families such as Crypteroniaceae
(Conti et al. 2004, Rutschmann et al. 2004), Dipterocar-
paceae (Ashton & Gunatilleke 1987, Ducousso et al. 2004),
but also for animals such as acrodont lizards (Macey et al.
2000), ranid frogs (Biju & Bossuyt 2003), caecilian amphib-
ians (Wilkinson et al. 2002), and ratite birds (Cooper et al.
2001). Alternatively, the present distribution of Hyacinthace-
ae could be explained by more recent long-distance dispersal
across the Indian Ocean and/or by migration from the Medi-
terranean and Arabian regions towards India.

Historical biogeographic reconstruction based on phylo-
genetic analysis is an important way to understand the evo-
lutionary history of organisms in space and time. In order to
test the possible involvement of India as a raft for the north-
wards transport, we have sampled palaeotropic taxa present
in southern Africa, Madagascar, India, Arabian Peninsula,
and in the Mediterranean, with emphasis on Drimia/Rho-
docodon (Urgineoideae), Dipcadi (Ornithogaloideae) and
Ledebouria (Hyacinthoideae) because of their large distribu-
tion areas. In addition, we included representative members
for each subfamily in order to position the target genera in a
phylogenetic framework.

MATERIALS AND METHODS

Taxonomic sampling

Species and lineages sampled are listed in the electronic ap-
pendix. Sampling focused on lineages having representatives
in South Africa, Madagascar and India, including their clos-
est relatives from other areas. Information for this selection
was taken from the literature (Pfosser & Speta 1999, Pfosser
et al. 2003, 2006, Manning et al. 2004, 2009) and from own
data.

Molecular techniques, DNA data generation

DNA was extracted from leaf tissue using either the DNeasy
Plant Mini Kit (Qiagen, Valencia, California, USA) or the
CTAB method (Doyle & Doyle 1987) with modifications
(Pfosser et al. 2006). The trnC*-ycf6 intergenic region was
sequenced for this study. Primers used for amplification were
trnCSAF (CCA GTT CRA ATC YGG GTG) (modified from
Demesure et al. 1995) and ycf6R (GCC CAA GCR AGA
CTT ACT ATA TCC AT) (Shaw et al. 2005) using standard
thermal cycling conditions (95°C, 5 min; 35 cycles of 94°C,
20 sec; 50°C, 30 sec; 72°C, 1 min; final extension at 72°C,
10 min). PCR was performed using Hybaid thermal cyclers
in 20 pL volumes with the following reaction components:
2 uL template DNA (10-100 ng), 2X DreamTaq ReadyMix
PCR reaction mix (Fermentas) and 0.1 pmol/L each primer.
Amplified double-stranded DNA fragments were purified
with Exonuclease I and Shrimp alkaline phosphatase (Fer-
mentas) following the protocol of the manufacturer to re-
move unincorporated nucleotides and excess primers prior
to sequencing. Dideoxy sequencing was performed using
the purified PCR fragments following the DYEnamicET cy-
cle sequencing protocol (General Healthcare, USA). Both
strands were sequenced using the same primers as for ampli-
fication. Separation of fragments and base calling was per-
formed on a MegaBace 500 automated sequencer (General
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Healthcare, USA). On average, less than 1% of data matrix
cells were scored as missing data.

All sequences have been deposited in the EMBL database
(for accession numbers, see electronic appendix). Clustal X
(Jeanmougin et al. 1998) was used for automatic DNA se-
quence alignment. Final alignment was done by eye in order
to homogenize the positions of insertion/deletion mutations
(indels). Indels in the data matrix were coded as additional
characters using the simple indel coding approach (Simmons
& Ochoterena 2000) implemented in the computer program
GapCoder (Young & Healy 2003). The aligned data matri-
ces were 1166, 1108, and 1152 nucleotide positions long for
Urgineoideae, Ornithogaloideae and Hyacinthoideae, re-
spectively. Ambiguous and incomplete regions at the begin-
ning and end of sequences were excluded from the analysis:
positions 1-48 and 1112-1166 for Urgineoideae, 1-51 and
1044-1108 for Ornithogaloideae, and 1-49 and 1051-1152
for Hyacinthoideae. An AT-rich region resulting in ambigu-
ous alignments at positions 490-540 in Urgineoideae was
excluded from the analysis alike. The aligned indel blocks
consisted of 102, 113, and 95 positions for Urgineoideae, Or-
nithogaloideae and Hyacinthoideae, respectively.

Tree searches were performed using the nucleotide data
together or without the indel data. Phylogenetic analysis us-
ing the maximum parsimony (MP) method were performed
with the computer program PAUP* version 4.0b10 (Swof-
ford 2000). Most parsimonious trees were obtained by 1000
replicates of random sequence addition using tree bisection-
reconnection (TBR) branch swapping under the Fitch cri-
terion (Fitch 1971). Ten thousand fast bootstrap replicates
(Felsenstein 1985) were used to assess confidence limits for
the resulting tree topologies.

RESULTS AND DISCUSSION

The phylogenetic trees (figs 1-3) resulting from trnC*-ycf6
data match topologies obtained from earlier analyses of dif-
ferent cpDNA regions (Pfosser & Speta 1999, 2001, 2004,
Pfosser et al. 2003, 2006, Manning et al. 2004, 2009, Wet-
schnig et al. 2002, 2007). Also extended taxa sets match-
ing taxon sampling from previous analyses yielded results
consistent with previous analyses. As the main focus of this
study was to establish a phylogenetic framework for genera
distributed in an area spanning from Africa, via Madagascar
and Arabian Peninsula to India (Rhadamanthus/Rhodoco-
don/Drimia cryptopoda, Ledebouria, Dipcadi), most clades
not related to our study groups were excluded from the anal-
yses. However, a much broader sampling of taxa from Mada-
gascar and India compared to previous analyses, as well as
the high amount of sequence divergence of the trnCCA-ycf6
region in Hyacinthaceae, helped to improve the resolution in
our study groups.

In agreement with previous studies (Pfosser & Speta
1999, 2001, 2004, Pfosser et al. 2003, 2006, Manning et
al. 2004, 2009, Wetschnig & Pfosser 2003, Wetschnig et al.
2007), analysis of the t#rnCS“-ycf6 region yielded evidence
for Bowiea being sister to the remaining taxa in Urgineoi-
deae and Pseudoprospero being sister to all other members
of Hyacinthoideae. Therefore, Bowiea and Pseudoprospero
have been used as outgroups for the remaining Urgineoideae
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Figure 1 — Phylogenetic reconstruction based on maximum parsimony of members of subfamily Urgineoideae. A strict consensus tree is
shown with bootstrap support values (including/excluding indel data) indicated above branches. Major clades are colour-coded by geographic
affiliations (light grey shading — South Africa [ZAF], dark grey shading — Madagascar [MDG], black — India [IND], medium grey shading —
Mediterranean [MED]; outgroup: Bowiea from South Africa [ZAF] — no shading, black frame)
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Figure 2 — Phylogenetic reconstruction based on maximum parsimony of members of subfamily Ornithogaloideae using Oziroe from South
American subfamily Oziroeoideae as outgroup. A strict consensus tree is shown with bootstrap support values (including/excluding indel
data) indicated above branches. Major clades are colour-coded by geographic affiliations (light grey shading — South Africa [ZAF], dark grey
shading — Madagascar [MDG], black — India [IND], medium grey shading — Mediterranean [MED]; outgroup: Oziroe from South America
[S-Amer.] — no shading, black frame).
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Figure 3 — Phylogenetic reconstruction based on maximum parsimony of members of subfamily Hyacinthoideae. A strict consensus tree is
shown with bootstrap support values (including/excluding indel data) indicated above branches. Major clades are colour-coded by geographic
affiliations (light grey shading — South Africa [ZAF] and Tanzania [TZA], dark grey shading/black text — Madagascar [MDG], dark grey
shading/white text — Arabian Peninsula [Yemen - YEM], black — India [IND], medium grey shading — Mediterranean [MED]; outgroup:
Pseudoprospero from South Africa [ZAF] — no shading, black frame).
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and Hyacinthoideae, respectively. Subfamily Ornithogaloi-
deae was rooted with Oziroeoideae, the most basal subfamily
in Hyacinthaceae. Topological findings in subfamilies Urgi-
neoideae, Ornithogaloideae, and Hyacinthoideae, directly
address the origin and diversification of Hyacinthaceae in
Madagascar and India.

Subfamily Urgineoideae

All species from Madagascar form a clade (fig. 1). This clade
(99/99% -+indels/-indels bootstrap support) includes all spe-
cies of Rhodocodon as well as the frequently misclassified
and morphologically deviant Drimia cryptopoda. Originally,
the latter species was included in Hyacinthus (subfamily Hy-
acinthoideae), yet it was shown to belong to Urgineoideae
instead (Pfosser et al. 2006, Wetschnig et al. 2007). Our re-
sults suggest that D. cryptopoda is closely related to other
Malagasy members of Urgineoideae. The entire clade is
nested within a group of predominantly South African spe-
cies. The monophyly of this well-supported clade suggests a
single colonization for the Malagasy alliance from continen-
tal Africa. Inclusion of the Malagasy taxa in Rhadamanthus
as suggested by Pfosser & Speta (2004) is clearly refuted by
this topology. The Indian taxa form a well-supported clade
(100/100%) with the Mediterranean Urginea Steinh. s. str,
indicating a Northern Hemisphere diversification after mi-
gration of progenitors of this group from South Africa.

Subfamily Ornithogaloideae

Within Ornithogaloideae only Dipcadi is found in all of
South Africa, Madagascar, India and the Mediterranean. The
genus is well supported (100/100%). As in Rhodocodon,
the Malagasy members of Dipcadi show a pattern suggest-
ing a single colonization from mainland Africa followed by
rapid radiation and speciation in Madagascar. The Malagasy
species form a well-supported clade (86/87% bootstrap sup-
port). Although a direct relationship to South African Dipca-
di is only moderately supported (65/56% bootstrap support),
a direct relationship to Indian Dipcadi has to be dismissed.
Again, an affinity of the Indian taxa to the Mediterranean
species is suggested (72/63% bootstrap support). Possible
migration routes linking the Mediterranean and India (per-
haps via the Arabian Peninsula where this genus is also pres-
ent) are pending further investigation.

Subfamily Hyacinthoideae

Two species of Ledebouria are known from Madagascar. L.
nossibeensis shows strong relationships to the type species
of Ledebouria, L. hyacinthina from India (98/94% bootstrap
support). Sister group relationship of this clade with Lede-
bouria grandifolia from Socotra receives moderate support
(79/78% bootstrap support). A second unrelated Ledebou-
ria species is found in the south-western parts of Madagas-
car and remains to be described. This species shows mod-
erate affinity to the L. socialis-group of continental Africa
(68/69% bootstrap support). In Ledebouria therefore, two
colonization events must be envisaged to explain the present
distribution of the genus in Madagascar. No direct relatives
to either the Malagasy, Arabian or Indian members of the
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genus are found in the Mediterranean, hence excluding the
possibility of Northern Hemisphere migration routes having
played a role in the diversification of this group. In contrast,
the tree topology reflects the most recent tribal classification
into strictly Northern Hemisphere (excluding India) Hya-
cintheae (88/89%), the monotypic South African tribe Pseu-
doprospereae (genus Pseudoprospero) and tribe Massonieae
(87/82%) including all remaining African and all Indian and
Malagasy species in this subfamily (Manning et al. 2004).
Moreover, our data again show the need to revise generic
classification within a broadly defined Ledebouria. Obvi-
ously, in this group phylogenetically unrelated lineages are
present, which also show distinct geographic radiation pat-
terns that could warrant further splitting into separate genera
as already suggested by Lebatha et al. (2006).

Both Dipcadi and Rhodocodon (including Drimia cryp-
topoda) are genera with numerous species on Madagas-
car and show well-supported monophyletic groups for the
Malagasy alliances in the phylogenetic reconstructions. This
points to single colonization events followed by subsequent
radiation on the island. In both cases the island taxa appear to
be descendants of dispersers of African origin. Similar sce-
narios have been evoked for most of the present-day biota
of Madagascar (Yoder & Nowak 2006). As both the Urgi-
neoideae and Ornithogaloideae trees do not suggest a direct
relationship of these Malagasy groups to members in India,
a Gondwana origin leading to vicariance after continental
break-up as previously suggested appears to be less likely
(Pfosser & Speta 1999). A Gondwana origin as an explana-
tion for the present day distribution of Hyacinthaceae would
require an age of the radiations in Madagascar and India
similar to the fragmentation of Gondwana in the Cretaceous.

Ledebouria is the only example in Hyacinthaceae where
direct relatives are found in Africa, Madagascar, Arabian Pe-
ninsula, and India. Ledebouria therefore resembles a distri-
bution pattern found also in other groups, where a Gondwana
origin was postulated (Conti et al. 2004, Rutschmann et al.
2004, Ashton & Gunatilleke 1987, Ducousso et al. 2004).
However, the age of Hyacinthaceae was determined to be
less than 40 Myr (Wikstrom et al. 2001), much younger than
the breakup of Gondwana (120—80 Myr ago). A major draw-
back in dating radiations in Hyacinthaceae is the lack of fos-
sil data. Recently, the arrival of progenitors of the Rhodoco-
don/Drimia cryptopoda-clade in Madagascar was dated by a
molecular clock-approach at 5-15 Myr ago (Ali et al. 2011).
Interestingly, prevalence of oceanic currents directed east-
ward from Mozambique towards Madagascar have recently
been found based on palacogeographic reconstruction during
the Paleogene (c. 60-20 Myr ago), exactly as required for the
establishment of many of the unique floristic and faunistic
elements of Madagascar (Ali & Huber 2010) and much clos-
er to the dated arrival of Urgineoideae in Madagascar. Ac-
cording to their hypothesis, rafting (e.g. on large vegetation
mats) might have been a common vehicle for progenitors to
arrive on Madagascar during this period.

SUPPLEMENTARY DATA

Supplementary data are available at Plant Ecology and Evo-
lution, Supplementary Data Site (http://www.ingentaconnect.
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com/content/botbel/plecevo/supp-data), and consist of a list
of taxa investigated in this study, with vouchers, and EMBL
accession numbers (pdf format.)

ACKNOWLEDGEMENTS

We are grateful to Jacky Andriantiana (Madagascar) and An-
ton Sieder (Vienna, Austria) who helped in collecting mate-
rial in Madagascar for this analysis. The useful comments of
Laco Mucina and Magnus Lidén during the reviewing proc-
ess are gratefully acknowledged.

REFERENCES

Ali J.R., Huber M. (2010) Mammalian biodiversity on Madagas-
car controlled by ocean currents. Nature 463: 653—656. http://
dx.doi.org/10.1038/nature08706

Ali S.S., Yu Y., Pfosser M., Wetschnig W. (2011) Inferences of bio-
geographical histories within subfamily Hyacinthoideae using
S-DIVA and Bayesian MCMC analysis implemented in RASP
(Reconstruct Ancestral State in Phylogenies). Annals of Botany
109: 95-107. http://dx.doi.org/10.1093/aob/mcr274

Ashton P.S., Gunatilleke C.V.S. (1987) New light on the plant ge-
ography of Ceylon. I. Historical plant geography. Journal of
Biogeography 14: 249-285. http://dx.doi.org/10.2307/2844895

Biju S.D., Bossuyt F. (2003) New frog family from India reveals an
ancient biogeographical link with the Seychelles. Nature 425:
711-714. http://dx.doi.org/10.1038/nature02019

Conti E., Rutschmann F., Eriksson T., Sytsma K.J., Baum D.A.
(2004) Calibration of molecular clocks and the biogeographic
history of Crypteroniaceae: a reply to Robert G. Moyle. Evolu-
tion 58: 1874-1876.

Cooper A., Lalueza-Fox C., Anderson S., Rambaut A., Austin J.,
Ward R. (2001) Complete mitochondrial genome sequences
of two extinct moas clarify ratite evolution. Nature 409: 704.
http://dx.doi.org/10.1038/35055536

Demesure B., Sodzi N., Petit R.J. (1995) A set of universal prim-
ers for amplification of polymorphic non-coding regions of
mitochondrial and chloroplast DNA in plants. Molecular Ecol-
ogy 4: 129-131. http://dx.doi.org/10.1111/j.1365-294X.1995.
tb00201.x

Doyle J.J., Doyle J.L. (1987) A rapid DNA isolation procedure for
small amounts of fresh leaf tissue. Phytochemical Bulletin 19:
11-15.

Ducousso M., Béna G., Bourgeois C., Buyck B., Eyssatier G.,
Vincelette M., Rabenvohitra R., Randrihasipara L., Dreyfus
B., Prin Y. (2004) The last common ancestor of Sarcolaenace-
ae and Asian dipterocarp trees was ectomycorrhizal before the
India-Madagascar separation, about 88 million years ago. Mo-
lecular Ecology 13: 231-236. http://dx.doi.org/10.1046/j.1365-
294X.2003.02032.x

Felsenstein J. (1985) Confidence limits on phylogenies: an ap-
proach using the bootstrap. Evolution 39: 783-791. http:/
dx.doi.org/10.2307/2408678

Fitch WM. (1971) Toward defining the course of evolution: mini-
mum change for a specific tree topology. Systematic Zoology
20: 406-416. http://dx.doi.org/10.2307/2412116

Jeanmougin F., Thompson J.D., Gouy M., Higgins D.G., Gibson
T.J. (1998) Multiple sequence alignment with Clustal X. Trends
in Biochemical Science 23: 403—405. http://dx.doi.org/10.1016/
S0968-0004(98)01285-7

Lebatha P., Buys M.H., Stedje B. (2006) Ledebouria, Resnova and
Drimiopsis: a tale of three genera. Taxon 55: 643—652. http://
dx.doi.org/10.2307/25065640

Macey J.R., Schulte II J.A., Larson A., Ananjeva N.B., Wang Y.,
Pethiyagoda R., Rastegar-Pouyani N., Papenfuss T.J. (2000)
Evaluating trans-Tethys migration: an example using acrodont
lizard phylogenetics. Systematic Biology 49: 233-256. http://
dx.doi.org/10.1093/sysbio/49.2.233

Manning J.C., Goldblatt P., Fay M.F. (2004) A revised generic syn-
opsis of Hyacinthaceae in Sub-Saharan Africa, based on mo-
lecular evidence, including new combinations and the new tribe
Pseudoprospereae. Edinburgh Journal of Botany 60: 533-568.
http://dx.doi.org/10.1017/S0960428603000404

Manning J.C., Forest F., Devey D.S., Fay M.F., Goldblatt P. (2009)
Molecular phylogeny and a revised classification of Ornithog-
aloideae (Hyacinthaceae) based on an analysis of four plastid
DNA regions. Taxon 58: 77-107.

Pfosser M., Speta F. (1999) Phylogenetics of Hyacinthaceae based
on plastid DNA sequences. Annals of the Missouri Botanical
Garden 86: 852—875. http://dx.doi.org/10.2307/2666172

Pfosser M., Speta F. (2001) Bufadienolides and DNA sequences:
on lumping and smashing of subfamily Urgineoideae (Hya-
cinthaceae). Stapfia 75: 177-250.

Pfosser M., Speta F. (2004) From Scilla to Charybdis — is our voy-
age safer now? Plant Systematics and Evolution 246: 245-263.
http://dx.doi.org/10.1007/s00606-004-0153-z

Pfosser M., Wetschnig W., Ungar S., Prenner G. (2003) Phyloge-
netic relationships among genera of Massonieae (Hyacinthace-
ae) inferred from plastid DNA and seed morphology. Journal of
Plant Research 116: 115-132.

Pfosser M., Wetschnig W., Speta F. (2006) Drimia cryptopoda, a
new combination in Hyacinthaceae from Madagascar. Linzer
Biologische Beitrége 38: 1731-1739.

Rutschmann F., Eriksson T., Schonenberger J., Conti E. (2004) Did
Crypteroniaceae really disperse out-of-India? Molecular dating
evidence from rbcL, ndhF, and rpll16 intron sequences. Inter-
national Journal of Plant Science 165: 569—-583. http://dx.doi.
org/10.1086/383335

Shaw J., Lickey E.B., Beck J.T., Farmer S.B., Liu W., Miller J.,
Siripun K.C., Winder C.T., Schilling E.E., Small R.L. (2005)
The tortoise and the hare II: relative utility of 21 noncoding
chloroplast DNA sequences for phylogenetic analysis. Ameri-
can Journal of Botany 92: 142—166. http://dx.doi.org/10.3732/
ajb.92.1.142

Simmons M.P., Ochoterena H. (2000) Gaps as characters in se-
quence-based phylogenetic analyses. Systematic Biology 49:
369-381. http://dx.doi.org/10.3732/ajb.92.1.142

Speta F. (1998a) Hyacinthaceae. In: Kubitzki K. (ed.) The Families
and Genera of Vascular Plants, vol. 3: 261-285. Berlin, Spring-
er & New York, Heidelberg.

Speta F. (1998b) Systematic analysis of the genus Scilla L. s. 1. (Hy-
acinthaceae). Phyton-Annales Rei Botanicae 38: 1-141.

Swofford D.L. (2000) PAUP* Phylogenetic analysis using parsi-
mony (* and other methods), vers. 4. Sunderland, Sinauer As-
sociates.

Wetschnig W., Pfosser M. (2003) The Scilla plumbea puzzle-
present status of the genus Scilla sensu lato in southern Africa
and description of Spetaea lachenaliiflora, a new genus and spe-
cies of Massonieae (Hyacinthaceae). Taxon 52: 75-91. http:/
dx.doi.org/10.2307/3647303

Wetschnig W., Pfosser M., Prenner G. (2002) Zur Samenmorpholo-
gie der Massonieae Baker 1871 (Hyacinthaceae) im Lichte

71



Pl Ecol. Evol. 145 (1), 2012

phylogenetisch interpretierter molekularer Befunde. Stapfia 80:
349-379.

Wetschnig W., Knirsch W., Ali S.S., Pfosser M. (2007) Systematic
position of three little known and frequently misplaced species
of Hyacinthaceae from Madagascar. Phyton (Horn, Austria) 47:
321-337.

Wikstrom N., Savolainen V., Chase M.W. (2001) Evolution of
the angiosperms: calibrating the family tree. Proceedings of
the Royal Society, Series B 268: 2211-2220. http://dx.doi.
org/10.1098/rspb.2001.1782

Wilkinson M., Sheps J.A., Oommen O.V., Cohen B.L. (2002) Phy-
logenetic relationships of Indian caecilians (Amphibia: Gym-
nophiona) inferred from mitochondrial rRNA gene sequences.
Molecular and Phylogenetic Evolution 23: 401-407. http://
dx.doi.org/10.1016/S1055-7903(02)00031-3

72

Yoder A.D., Nowak M.D. (2006) Has vicariance or dispersal been
the predominant biogeographic force in Madagascar? Only
time will tell. Annual Review of Ecology, Evolution and Sys-
tematics 37: 405-431. http://dx.doi.org/10.1146/annurev.ecol-
sys.37.091305.110239

Young N.D., Healy J. (2003) GapCoder automates the use of indel
characters in phylogenetic analysis. BMC Bioinformatics 4: 6.
http://dx.doi.org/10.1186/1471-2105-4-6

Paper based on results presented during the XIX"™ AETFAT Con-
gress (Madagascar 2010). Manuscript received 31 Oct. 2010; ac-
cepted in revised version 25 Oct. 2011. This paper will be reprinted
in the Proceedings of the XIX™ AETFAT Congress.

Communicating Guest Editor: Mats Thulin.



