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Major taxa of Ehretiaceae (including parasitic Lennoaceae) have not all been included in previous molec-
ular phylogenetic analyses. As a result, the generic limits and their circumscriptions have not been sat-
isfactorily resolved, despite its importance for floristic studies. To clarify which monophyletic groups
can be recognized within the Ehretiaceae, sequences from one nuclear (ITS) and three plastid loci
(rps16, trnL–trnF, trnS–trnG) were obtained from 67 accessions tentatively assigned to the Ehretiaceae
(including 91 new GenBank entries) and covering the known diversity of the group. In phylogenetic anal-
yses, Ehretiaceae were monophyletic when Lennoaceae were included and segregated into nine mono-
phyletic lineages that correspond to accepted, morphologically distinct taxonomic units, namely
Bourreria (s.l., paraphyletic in its current circumscription if not including Hilsenbergia), monotypic Corte-
sia, Ehretia (s.l., paraphyletic in its current circumscription if not including Carmona and Rotula), Halgania,
monotypic Lennoa, Lepidocordia, Pholisma, Rochefortia, and Tiquilia. Bourreria and Ehretia have representa-
tives in both the Old World and the New World, but all other taxa are restricted to the tropical and sub-
tropical Americas (Cortesia, Lennoa, Lepidocordia, Pholisma, Rochefortia, Tiquilia) or Australia (Halgania).
The historical biogeography of Ehretiaceae can be explained by few colonization events. The molecular
trees are also discussed with respect to fruit evolution, where the fusion of endocarp parts may have
taken place several times independently.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

The Ehretiaceae Mart. (�Boraginaceae Juss. subfam. Ehretioi-
deae Arn. used by various authors) comprise about 150 species
and are pantropical in distribution, with centers of diversity in
Central America and the Caribbean, Africa, and East Asia. The
plants are consistently woody perennials (subshrubs, shrubs, or
trees) with the exception of the parasitic Lennoaceae Solms. The
placement of the latter within the Boraginales was first recognized
by Hallier (1923) based on flower and fruit characters and later
confirmed by molecular sequence data (Gottschling et al., 2001;
Nazaire and Hufford, 2012; Weigend et al., in press). The Ehretia-
ceae thus appear as a morphologically rather heterogeneous group,
and exclusive characters (i.e., apomorphies) are not recognized at
present. The only shared floral character of all Ehretiaceae is the
more or less bifid style (Gürke, 1893) that is rather considered
symplesiomorphic (Gottschling, 2004; Gottschling and Hilger,
2001). Nevertheless, the Ehretiaceae are monophyletic based on
molecular data and constitute the sister group of the Cordiaceae
R.Br. ex Dumort. lineage within the Primarily Woody Boraginales
(PWB: Gottschling, 2003; Gottschling et al., 2001; Nazaire and
Hufford, 2012; Weigend et al., in press).

The generic delimitations of the taxa constituting the Ehretia-
ceae as well as the phylogenetic relationships within the group
have remained controversial. Gürke (1893) provided the last com-
prehensive work on the Ehretiaceae, and a number of taxa included
at that time are now placed in Cordiaceae (i.e., Coldenia L. and Sac-
cellium Humb. & Bonpl.: Gottschling and Miller, 2006; Gottschling
et al., 2005; Moore and Jansen, 2006), Gelsemiaceae (i.e., Pteleocar-
pa Oliv., as inferred from a NCBI Blast Search: Refulio-Rodriguez &
Olmstead, unpublished sequence data from NCBI GenBank), and
Globulariaceae (i.e., Poskea Vatke: Oxelman et al., 2005). Nine taxa
at the generic level have been accepted in the Ehretiaceae by re-
cent authors, namely Bourreria P.Br., Ehretia P.Br. (including Car-
mona Cav., Cortesia Cav., and Rotula Lour.: Gottschling and Hilger,
2001, 2004b), Halgania Gaudich., Hilsenbergia Tausch ex Meisn.,
Lennoa Lex., Lepidocordia Ducke, Pholisma Nutt. ex Hook., Rochefor-
tia Sw., and Tiquilia Pers.

Ivan M. Johnston, the outstanding monographer of the Boragi-
nales in the first half of the 20th century, was largely silent on
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the generic delimitations of the Ehretiaceae. Miller (1989) recog-
nized four probably monophyletic entities within the Ehretiaceae
(sensu stricto i.e., without New World Lennoaceae). New World
Tiquilia is clearly distinct from the remainder of the Ehretiaceae,
since those desert dwarf plants have developed numerous special-
ized characters in accord with their habitats. Central American and
Northern South American Lepidocordia represents another isolated
lineage and exhibits similarity in calyx, corolla, and endocarp mor-
phology to the Heliotropiaceae Schrad. (Johnston, 1950). The
Argentinean endemic Cortesia and the Australian endemic Halgania
comprise a questionable third group of shrubby plants growing in
xeric habitats as possible elements of the Austral floristic realm
(Moreira-Muñoz, 2007). The remaining taxa of the Ehretiaceae,
namely Bourreria (Americas), Ehretia (pantropical), Hilsenbergia
(East Africa, Madagascar, and the Mascarenes), and Rochefortia
(Caribbean and Central and South America), seem to constitute a
morphologically rather uniform fourth group (Gottschling and
Hilger, 2001; Klotz, 1979; Miller, 1989).

The Ehretiaceae have typical asterid characters such as tetracy-
clic, pentamerous flowers with five antesepalous stamens and a
bicarpellate gynoecium (superior, with four ovules). Differing from
this general pattern, Lennoa and Pholisma are unique (even within
the entire Boraginales except the Zoelleria Warb. group of Trigonotis
Steven) in having ovaries with 7–15 locules and two ovules per
locule (Yatskievych and Mason, 1986). Another exception is Halgania
cyanea Lindl., where the ovary is reduced by the loss of one half of
each carpel resulting in a biovulate gynoecium (Lawrence, 1937).
Many species of the Ehretiaceae have white, small corollas
(<15 mm in diameter), and derivations are only found in a few
groups and species. Larger flowers (>15 mm in diameter) occur in
some species of Bourreria, possibly having originated independently
several times (Gottschling and Miller, 2007; Miller, 1999). Bluish
corollas are found in Bourreria (Leon and Alain, 1957), Halgania
(Black, 1957; Fægri, 1986), Lennoa and Pholisma (Yatskievych and
Mason, 1986), and Tiquilia, while Bourreria ruba E.J. Lott & J.S. Mill.
is unique in having red corollas (Lott, 1986).

The fruit of the Ehretiaceae is mostly a drupe containing usually
the four seeds enclosed in a divided (predominant) or undivided
endocarp (rare). Tiquilia is somewhat derived with nutlet-like
dispersal units (Richardson, 1977), Lennoa and Pholisma have frag-
menting fruits shedding seeds enclosed in pyrenes (or endocar-
pids) that derive from the multi-loculed ovaries (Yatskievych and
Mason, 1986), and some species of Bourreria exhibit schizocarps
(Gottschling, 2004; Gottschling and Miller, 2007). A drupe with
four single-seeded pyrenes is the predominant type found in the
Ehretiaceae. Drupes with two 2-seeded or one 4-seeded pyrene(s)
may have resulted from the fusion of single parts in the evolution
of the PWB (Gottschling and Hilger, 2001, 2004b; Hilger, 1992).
Undivided endocarps are found in Ehretia latifolia DC., E. microphylla
Lam., and both species of Lepidocordia, but these taxa are only dis-
tantly related (Gottschling and Hilger, 2001; Miller, 1989; Miller
and Nowicke, 1990) and the condition is clearly independently
derived. Two-parted endocarps (drupes with two 2-seeded
pyrenes) occur in Cortesia (Gottschling and Hilger, 2004b) and
some species of Ehretia (Gottschling and Hilger, 2001; Miller,
1989). Occasionally, the pyrenes have some ornamentation such
as the lamellae on the abaxial surface of Bourreria and Hilsenbergia
(Gottschling and Hilger, 2001) as well as of the Ehretia longiflora
Champ. ex Benth. species group (Gottschling and Hilger, 2004a).

The study of systematic relationship, taxonomic delimitation,
biogeography, and character evolution in the Ehretiaceae has been
hindered by the lack of a taxon-wide phylogeny. Therefore, the ma-
jor aim of this study is to infer a phylogeny of the Ehretiaceae
based on molecular data in order to investigate the limits and rela-
tionships of its constituent taxa. To this end, we obtained sequence
information from four loci (nuclear and plastid) covering the
known diversity of the Ehretiaceae. As a result, we recognize nine
taxa at the generic level, differing slightly from those listed above
and accepted by recent authors, which has last but not least impor-
tance for floristic studies. We interpret the molecular trees in
terms of biogeography and character evolution (primarily of fruit
traits) and hope to contribute to a better understanding of taxon-
omy and evolution in the PWB.
2. Materials and methods

In total, 83 accessions were investigated, 67 of which are as-
signed to the Ehretiaceae (Table S1). Within the Ehretiaceae, sam-
pling was broad and included representatives of all relevant
groups. Outgroup selection was based on previous studies (Gott-
schling et al., 2001; Luebert and Wen, 2008; Weigend et al., in
press) and comprised members of the Cordiaceae and Heliotropia-
ceae. Plant material was mainly obtained from herbarium speci-
mens, and additional material was available from silica-dried
samples collected in the field and/or from cultivated plants. DNA
extraction, polymerase chain reaction (PCR), purification, and
sequencing followed standard protocols previously reported by
the authors (Gottschling and Hilger, 2001; Luebert et al., 2011a).
Primer information and PCR settings are provided in Table S2. In
total, 91 new sequences have been generated in the course of the
present study. GenBank accessions were also downloaded to com-
plete the data set, especially in Tiquilia (Moore and Jansen, 2006)
and outgroup taxa (Gottschling et al., 2004; Hilger and Diane,
2003; Luebert and Wen, 2008; Luebert et al., 2011a, 2011b;
Mansion et al., 2009).

Phylogenetic analyses were conducted using a data matrix with
one nuclear (ITS, comprising the two spacers and the 5.8S rRNA or
only ITS1 alone) and three plastid loci (rps16, trnL–trnF, and trnS–
trnG). All loci were already used in previous molecular analyses of
the Boraginales (Hilger and Diane, 2003; Luebert and Wen, 2008;
Luebert et al., 2011a, 2011b; Weigend et al., in press) and were
identified as suitable for the taxonomic level investigated here.
For 90 of the 332 cells in Table S1 (27%), no sequence information
was available. The data set was partitioned into four parts, and the
nucleotide sequences were separately aligned using MAFFT
v6.624b (Katoh et al., 2005; freely available at http://
align.bmr.kyushuu.ac.jp/mafft/software/) with the –auto option
and considering the secondary structure of the molecules (i.e.,
the ‘QINSI’ option). The sequences were concatenated afterwards,
and the final data matrix is available as NEXUS file upon request.

In order to test for potential incongruence between nuclear and
plastid loci, an Incongruence Length Difference (ILD) test (Farris
et al., 1994) was conducted as implemented in PAUP� v.4.0b10
(Swofford et al., 2003). Nuclear (ITS) and plastid (rps16, trnL–trnF,
and trnS–trnG) partitions were defined, and the test was carried
out building a confidence interval with 1000 replicates. Maxtrees
was set to 1000, and heuristic searches were performed with 10
random-addition-sequence replicates, saving a maximum of 100
trees in each random-addition-sequence replicate. For purposes
of the ILD-test, the taxon set was reduced to the samples, for which
all four loci were available, and the outgroup representation was
reduced to two Heliotropiaceae and one Cordiaceae in order to
avoid potential incongruence caused by outgroup taxa, where
incongruence has been reported (Luebert et al., 2011a).

Phylogenetic analyses of single loci as well as concatenated se-
quences were then carried out using the resources available from
the CIPRES Science Gateway (Miller et al., 2010) with maximum
likelihood (ML) and Bayesian Inference methods. Previous to the
phylogenetic analyses, optimal substitution models separately for
each locus were selected using MrModelTest v2 (Nylander, 2004),
which identified the GTR + C as the best-fit model for all four loci.
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For ML calculations, RAxML v7.2.6 (Stamatakis, 2006; freely avail-
able at http://wwwkramer.in.tum.de/exelixis/software.html) was
applied. To determine best fitted ML-trees, we executed 10-tree
searches from distinct random stepwise addition sequence maxi-
mum parsimony starting trees and 1000 non-parametric bootstrap
replicates. Bayesian analyses was performed using MrBayes v3.1.2
(Ronquist and Huelsenbeck, 2003; freely available at http://
mrbayes.csit.fsu.edu/download.php), under the random-addition-
sequence method with 10 replicates. We ran two independent
analyses of four chains (one cold and three heated) under the
partition data mode with 15,000,000 cycles, sampled every
1000th cycle, with an appropriate burn-in (10%) as inferred from
the evaluation of the trace files using Tracer v1.5 (http://tree.bio.
ed.ac.uk/software/tracer/). Statistical support values (LBS: ML
bootstrap support, BPP: Bayesian posterior probabilities) were
drawn on the resulting, best-scoring ML trees.
3. Results

The alignment (in order ITS, rps16, trnL–trnF, trnS–trnG) was
824 + 1048 + 1028 + 1296 = 4196 bp long and comprised
351 + 188 + 153 + 195 = 887 parsimony informative sites (21%,
mean of 10.69 per terminal taxon) as well as 2199 distinct RAxML
alignment patterns. The results of the ILD test indicated that the
hypothesis of ‘congruence between nuclear and plastid datasets’
could not be rejected (p = 0.067). No conflict between topologies
of trees calculated with ITS and plastid loci separately (>75 LBS)
was detected (Fig. S1). Rather, most of the major lineages were re-
trieved independently of a particular locus under investigation
(Fig. S1, data for all separate analyses not shown), but they are less
resolved than the analysis based on the concatenated data set. We
therefore base our discussion on the results of the analyses using
concatenated nuclear + plastid sequences. Tree topologies were
largely congruent, independently of whether the Bayesian or the
ML algorithm was applied. Many nodes showed high if not maxi-
mal statistical support values. Fig. 1 shows the best-scoring ML
tree (–ln = 25,305.96), with the 67 members of the Ehretiaceae re-
trieved as monophyletic (100 LBS, 1.00 BPP) and as sister group of
the Cordiaceae (100 LBS, 1.00 BPP).

The relationships within the Ehretiaceae were not fully re-
solved, but they segregated into nine mostly highly supported lin-
eages: Bourreria (including Hilsenbergia: 100 LBS, 1.00 BPP),
monotypic Cortesia (3 accessions: 100 LBS, 1.00 BPP), Ehretia
(including Carmona and Rotula: 93 LBS, 1.00 BPP), Halgania (99
LBS, .97 BPP), monotypic Lennoa (1 accession), Lepidocordia (100
LBS, 1.00 BPP), Pholisma (99 LBS, .99 BPP), Rochefortia (74 LBS, .99
BPP), and Tiquilia (100 LBS, 1.00 BPP). Both dioecious Lepidocordia
and Rochefortia formed a monophyletic group (100 LBS, 1.00 BPP)
and constituted the sister group of Bourreria (99 LBS, 1.00 BPP). To-
gether, they appeared monophyletic with Tiquilia, but this was
weakly supported in the ML analysis only (70 LBS).

The remaining five taxa of the Ehretiaceae (i.e., Cortesia, Ehretia,
Halgania, Lennoa, Pholisma) constituted a second monophyletic
group although with low branch support (64 LBS). Parasitic Lennoa
and Pholisma (i.e., the Lennoaceae) were monophyletic (100 LBS,
1.00 BPP) and the sister group of Cortesia, Ehretia, and Halgania
(62 LBS, .91 BPP). The latter two appeared closely related, although
the support value was high in the Bayesian analysis only (59 LBS,
.98 BPP). Within Ehretia, four lineages could be distinguished
(Fig. 2): (1) a clade of both Old and New World (ca eight) species,
including the type species, E. tinifolia L. (95 LBS, 1.00 BPP), (2) a
clade of Old World (ca 30) species containing Ehretia aquatica Lour.
(former Rotula) (100 LBS, 1.00 BPP), (3) E. longiflora (as the sole
representative of a small Asian group of ca 3 species), and (4)
E. microphylla (=monotypic Carmona). Ehretia microphylla and the
Old World clade including Rotula appeared closely related (64
LBS, .99 BPP).

Some biogeographic correlations can be inferred from this anal-
ysis of molecular sequence data in the Ehretiaceae. Most of the ma-
jor lineages were either distributed in the Old World (i.e.,
Australian Halgania) or in the New World (i.e., Cortesia, Lennoa, Lep-
idocordia, Pholisma, Rochefortia, Tiquilia), but the New World taxa
did not form a monophyletic group in the molecular trees. Only
Bourreria and Ehretia (in their broad circumscriptions outlined
here) contained both New World and Old World species. Within
Bourreria, Old World species (i.e., those recently assigned to Hilsen-
bergia) were monophyletic (87 LBS, 1.00 BPP), but the remaining
species did not constitute a New World sister group. In turn, all
three New World species of Ehretia were embedded in a paraphy-
letic group of Old World species, as E. acuminata R.Br. and E. mac-
rophylla Wall. were more closely related to the New World species
(95LBS, 1.00BPP) than to other Old World species such as E. laevis
Roxb. and E. microphylla. However, the New World species did not
constitute an unambiguous monophyletic group because of the
poor statistical support within the clade containing the type spe-
cies, E. tinifolia.
4. Discussion

The application of molecular sequence data has greatly im-
proved the classification of the angiosperms in general and also
of the Boraginales (Gottschling et al., 2001; Weigend et al., in
press). Some taxa previously considered members of the Ehretia-
ceae (Gürke, 1893) have already been shown to belong to other lin-
eages (see Introduction). In a previous molecular analysis using
four plastid loci (Weigend et al., in press), the Ehretiaceae (includ-
ing the parasitic Lennoaceae) have been reliably identified as one
of the major lineages of the Boraginales. This monophyly is con-
firmed also in the present study partly using alternative loci and
a much broader taxon sampling with respect to the Ehretiaceae.
The molecular results have particular importance, because the
Ehretiaceae are the only lineage of the PWB, of which a morpholog-
ical apomorphy is not yet known.

Our molecular results indicate nine monophyletic taxa in the
Ehretiaceae corresponding to accepted taxonomic units and to be
recognized at the generic level, namely Bourreria (including Hilsen-
bergia), Cortesia, Ehretia (including Carmona and Rotula), Halgania,
Lennoa, Lepidocordia, Pholisma, Rochefortia, and Tiquilia. With the
exception of Ehretia, of which exclusive characters remain elusive
at present, all these taxa are monophyletic also based on morpho-
logical apomorphies (Fig. 2) such as the spiny habit of Rochefortia
(Klotz, 1979) or the solanoid flower of Halgania (Fægri, 1986).
Unfortunately, not all of the deeper nodes are highly supported
in the molecular trees, and morphological data from the literature
do not contribute to better resolved relationships within the Ehret-
iaceae. However, the identification of the close relationship be-
tween Lepidocordia and Rochefortia as inferred from the
molecular data is at least notable, as they are the only dioecious
members of the Ehretiaceae (Miller and Nowicke, 1990), which
can be interpreted as a synapomorphy.

The generic delimitations within the Ehretiaceae supported by
this study are largely congruent to the traditional classification
with a few exceptions. Firstly, Argentinean Cortesia is not embed-
ded in Ehretia, as it has been inferred from a molecular ITS1 anal-
ysis (Gottschling and Hilger, 2004b) using limited locus and
taxon sampling. Instead, it appears to be the sister species to Aus-
tralian Halgania, representing a not uncommon disjunction and
confirming previously proposed phylogenetic relationships based
on morphology (Miller, 1989). Secondly, the taxonomic distinction
between New World Bourreria and Old World Hilsenbergia (Miller,
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Fig. 1. Monophyletic Ehretiaceae with nine lineages at the generic level. Maximum Likelihood (ML) tree (–ln = 25,305.96) obtained from the analysis in RAxML. Numbers on
branches indicate ML bootstrap values (P50, above) and Bayesian posterior probabilities (P.90, below). Asterisks indicate maximal statistical support. The tree is rooted with
Cordiaceae and Heliotropiaceae. Relevant clades of the Ehretiaceae are indicated, and Old World taxa are highlighted by grey shading. Taxa showing fused pyrenes (syn-
mericarpy: Gottschling and Hilger, 2001, 2004b; Hilger, 1992) are indicated, and the numbers of endocarp parts is specified (all other species have four pyrenes or nutlets).
Numbers behind species names follow an internal numbering (for other accessions, GenBank numbers are provided).
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2003) does not appear justified if not strictly expressed as paraphy-
letic. Neither Bourreria sensu stricto is clearly retrieved as mono-
phyletic, nor is the molecular divergence (as inferred from
branch lengths in a phylogram) between the New World and the
Old World species as high as in, for example, Ehretia, Halgania, or
Tiquilia. Thus, the monophyly of Bourreria sensu lato is definite if
Hilsenbergia is included based on molecular data provided by this
and previous studies (Gottschling and Hilger, 2001) as well as by



Fig. 2. The nine lineages of the Ehretiaceae at the generic level and their phylogenetic relationships. Annotated cladogram summarizing the results of the study (symbols see
Legend; statistical support is considered high, if LBS > 85 and BPP>.95 or taxa such as Carmona and Cortesia are monotypic; numbers below taxon names indicate estimated
total number of species).
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clear apomorphies such as the valvate calyx and pyrenes with
lamellae on their abaxial surface (Gottschling, 2004; Gottschling
and Hilger, 2001; see also the Graphical Abstract).

Fruit anatomy yields important characters for inferring evolu-
tion in the Ehretiaceae (Al-Shehbaz, 1991; Gottschling and Hilger,
2001; Miller, 1989). The four-parted endocarp might be considered
the ancestral condition in the group, as it is the predominant type
throughout all Boraginales (Weigend et al., in press). Moreover, all
species or groups of the Ehretiaceae showing fusion of pyrenes
(syn-mericarpy: Gottschling and Hilger, 2001, 2004b; Hilger,
1992) have derived phylogenetic positions in molecular trees
(i.e., are polyphyletic). However, some previous homology hypoth-
eses must be revised in the light of the present study. Both Cortesia
cuneifolia Cav. and E. microphylla have been recognized as close rel-
atives of the clade containing the type species of Ehretia, E. tinifolia,
all showing syn-mericarpy (Gottschling and Hilger, 2001, 2004b).
The broader taxon sample and the more extensive genetic data
now demonstrate that Cortesia is distinct from Ehretia and that E.
microphylla is more closely related to a group of Old World Ehretia
species (that include the former segregate Rotula) than to the clade
including E. tinifolia. As a consequence, syn-mericarpy in Cortesia,
E. microphylla, and E. tinifolia with its relatives appears to be inde-
pendent evolutionary derivations. The fusion of pyrenes within
Ehretiaceae has thus evolved multiple times and more frequently
than assumed before (similar assumptions can be stated for the
Heliotropiaceae, see Hilger, 1992).

Biogeographic patterns in the Ehretiaceae also deserve some
discussion. Basically, the Ehretiaceae are pantropical in distribu-
tion (Gottschling et al., 2004), but most of the major lineages out-
lined here have distributions restricted to either the New or Old
World. Only Bourreria with a Neotropical/East African disjunction,
and Ehretia with a pantropical distribution, bridge the two hemi-
spheres. An Old World rather than a New World origin of Ehretia
is inferred (whether Africa or Asia cannot be ascertained by the
data presented here), as the Old World species group is paraphyletic
with the three New World species (revised in Miller, 1989) embed-
ded at highly derived phylogenetic positions in the tree (Fig. 2).
At least one (and maximally two) secondary colonization event(s)
to the New World (likely via Beringia: Gottschling et al., 2004)
appears therefore plausible (i.e., more steps are needed to explain
a New World origin of Ehretia). The Old World origin of Ehretia is
also corroborated because its oldest reliable fossils come from
the European Eocene (Chandler, 1964; Gottschling and Hilger,
2003; Gottschling et al., 2002).

Using the Ehretia fossils as calibrator for a chronogram of some
Ehretiaceae, Gottschling et al. (2004) showed that the Bourreria
split is dated to the Eocene. Therefore, any separation event leading
to disjunct distribution areas at this taxonomic level appears
geologically too young in the Ehretiaceae so that vicariance could
have played a role in diversification. Rather, disjunct distribution
areas in the Ehretiaceae probably result from inter-plate dispersal
(Morley, 2003). The Eastern African members of Bourreria
(accepted and segregated again as Hilsenbergia: Miller, 2003)
should be considered independently from other members of the
Ehretiaceae arrived in the Old World via long distance dispersal
by yet unknown vector (Gottschling et al., 2004) or because of
migration and extinction elsewhere.

In summary, the molecular trees indicate that the initial diver-
sification of the Ehretiaceae might have taken place in the New
World and that Bourreria, Lennoa, Lepidocordia, Pholisma, Rochefor-
tia, and Tiquilia are native lineages to the Neotropics. Whether the
morphologically and geographically isolated Argentinean Cortesia
represents a native New World lineage or derived together
with Ehretia and Halgania from an ancestor formerly present in
Africa, Asia, and/or Australia, remains an interesting question for
future research. For these possible elements of the Austral floristic
realm (Moreira-Muñoz, 2007), Antarctica may have acted as a
stepping-stone for dispersal from South America to New Zealand
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(or vice versa) that has been demonstrated for Myosotis from the
Boraginaceae (Winkworth et al., 2002) and also for other plant
groups such as Atherospermataceae (Renner et al., 2000), Abrota-
nella (Asteraceae: Wagstaff et al., 2006), and Alstroemeriaceae
(Chacón et al., 2012).
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