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ABSTRACT. Tabebuia is one of the most commonly encountered genera of Bignoniaceae in the neotropics.
Previous research has suggested that this genus may be paraphyletic and contain the tribe Crescentieae. Molecular
sequence data of the chloroplast trnL-F and ndhF regions were used to reconstruct the phylogeny of Tabebuia,
Crescentieae and related genera. A previously unrecognized clade of Neotropical, arboreal Bignoniaceae
characterized by palmately compound leaves was identified and is referred to as the Tabebuia alliance. Within
this group, Tabebuia is confirmed to be paraphyletic, since it includes Crescentieae, Spirotecoma, and Ekmanianthe.
The position of Zeyheria, Godmania, and Cybistax with relation to Tabebuia is equivocal. Sparattosperma is sister to the
rest of the Tabebuia alliance. Spirotecoma is inferred to be sister to Crescentieae. The phylogeny of Tabebuia presented
here corresponds to the species groups established by Gentry, while at the same time highlighting the need for
taxonomic revisions. When considered on a biogeographic scale, the phylogeny indicates a minimum of four
dispersal events from the mainland to the Greater Antilles.
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Tabebuia contains some of the most distinctive
species of Neotropical trees. The most easily
recognized species are tall trees with large, showy
inflorescences that bloom when the trees have
dropped all their leaves (Gentry 1992a; 1992b). Yet,
Tabebuia is one of the most inscrutable genera of
Bignoniaceae. It is the largest and most taxonom-
ically complex genus in Bignoniaceae (approx. 100
spp; dos Santos and Miller 1992; Gentry 1992a) and
has been placed historically in tribe Tecomeae,
a paraphyletic assemblage of Bignoniaceae defined
by having bilocular fruits that dehisce perpendic-
ular to the septum (Gentry 1980; Spangler and
Olmstead 1999).

In the most recent treatment of New World
Tecomeae, Gentry (1992a) commented that Tabe-
buia was related to several genera, including
Sparattosperma, Godmania, Spirotecoma, and Cybis-
tax. The character uniting these taxa is palmately
compound leaves, a feature found rarely in
Bignoniaceae as a whole, but most commonly in
New World members of Tecomeae (Gentry 1992a).

Tabebuia is considered the most morphologically
and anatomically diverse genus in Bignoniaceae
(Gentry 1969, 1992a; dos Santos and Miller 1992).
This genus has a convoluted nomenclatural history
(Gentry 1969), implying that taxonomists saw
much morphological diversity within this taxon
that they were unable to partition satisfactorily. In
his effort to partition that morphological diversity,
Gentry (1992a) defined five groups that he consid-
ered natural. However, for the purposes of keying,
he split two of them in to smaller groups, thus he
enumerated a total of 10 species groups (Gentry
1992a).

Bignoniaceae, Biogeography, Crescentieae, molecular phylogeny, Tabebuia.

Nineteenth century classifications recognized
a tribe, Crescentieae, identified by indehiscent
fruits (e.g., Bentham and Hooker 1876), in contrast
to the dehiscent and mostly wind-dispersed fruits
typical of the rest of Bignoniaceae. Gentry (1976)
recognized that the geographically disjunct New
and OIld World representatives of this group were
each more closely related to representatives of tribe
Tecomeae in the same geographic region (Neo-
tropics and Africa/Asia/Madagascar, respective-
ly). This has been corroborated by subsequent
molecular phylogenetic studies (Spangler and
Olmstead 1999; Zjhra et al. 2004). Crescentieae, as
it is recognized today (Gentry 1980), is endemic to
Central America and the Caribbean basin and
contains three genera and approximately 33 spe-
cies, most of which are poorly known. The two
other lineages in Bignoniaceae that share the
condition of indehiscent fruits, Coleeae in Mada-
gascar and Kigelia from continental Africa, are
known to be mammal dispersed, while mammal
dispersal in Crescentieae is only postulated based
on the fruit morphology and circumstantial evi-
dence (Gentry 1974; Janzen 1981; Janzen and
Martin 1982).

Gentry speculated that Crescentieae were closely
related to, or even derived from Tabebuia: “In the
New World Crescentieae the probable evolution-
ary sequence leads from a Tabebuia-like species of
Tecomeae through Parmentiera to Amphitecna and
Crescentia’ (Gentry 1976: 258). This suggestion has
been born out in subsequent molecular phyloge-
netic studies, which show a close relationship
between the two groups (Spangler and Olmstead
1999) with Crescentieae nested within Tabebuia (R.
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Olmstead, unbpubl.). Understanding the relation-
ship between Tabebuia and Crescentieae and
identifying the sister group to Crescentieae are
valuable for inferring the transition from wind
dispersed to putative mammal dispersed fruits and
the evolution of the morphological innovations
that accompany that shift. In order to better
characterize these changes, a thorough phylogeny
of these lineages is necessary. Furthermore, this
study, in conjunction with studies of Coleeae and
Kigelia, eventually will allow for comparative
studies of the evolution of indeshicent, mammal
dispersed fruit.

It is commonly assumed that wind-dispersed
species have a wide distribution (Gentry 1976,
1979, 1980, 1983). Species distributions in Bigno-
niaceae generally support this (Gentry 1983, 1990,
1992a), with species of Crescentieae typically
having narrow ranges, whereas many species of
Tabebuia are widely distributed. However, two
species of Crescentieae, Amphitecna latifolia and
Crescentia cujete, are found naturally on both
Caribbean Islands and the mainland. These species
are thought to be secondarily water dispersed, and
C. cujete may also be human dispersed. Gentry
(1992a) described four of his 10 Tabebuia species
groups (7-10) as being restricted to the Caribbean
islands. He noted only one species of Tabebuia
group three, T. billbergii var. billbergii, with a natural
distribution in the West Indies. Thus, it appears
that for over-water transport, the indehiscent-
fruited Crescentieae are at least as capable of range
expansion as their wind-dispersed relatives. A
phylogenetic analysis will permit the assessment
of the degree to which each of these dispersal
modes has been capable of dispersal between
continental and island localities.

The goals of this study were to 1) test mono-
phyly of the palmate-leaved Bignoniaceae (exclu-
sive of those trifoliolate leaved lianas in tribe
Bignonieae that clearly are unrelated) and estimate
their phylogeny, 2) test for monophyly of Tabebuia,
3) determine the sister group to Crescentieae and 4)
interpret the biogeographic patterns in light of the
phylogeny. To achieve these goals, a phylogeny
was estimated using sequence data from two loci
in the chloroplast genome, ndhF and the trnL-F
intron/spacer. These regions have been used in
previous studies to successfully estimate relation-
ships at the familial, tribal and generic levels
(Spangler and Olmstead 1999; Beardsley and
Olmstead 2002; Sytsma et al. 2002; Zjhra et al 2004).

MATERIALS AND METHODS

Taxonomic Sampling. A total of 41 species representing
the palmately leaved genera and 24 outgroup species were
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included. Species of Tabebuia were selected so as to represent
the morphological diversity within the genus. Outgroups
were included from a Bignoniaceae-wide phylogenetic study
(R. Olmstead unpubl.). Vouchers were deposited in herbaria
at the botanic gardens, herbaria in their country of origin, or
WTU.

DNA extraction, Amplification, and Sequencing. DNA
was extracted using a modified CTAB protocol (Doyle and
Doyle 1987) and further purified using the Qiaquick kit
(Qiagen Co., Valencia, California) as described in Beardsley
and Olmstead (2002). Target regions were amplified using
standard PCR methods for ndhF (Spangler and Olmstead
1999) and trnL/F (Taberlet et al. 1991; Beardsley and
Olmstead 2002). Products from the two chloroplast regions
were then directly sequenced using DYEnamic ET chemistry
(Amersham Biosciences, Piscataway, New Jersey). Sequences
were edited using Sequencher 4.2 (Gene Codes Corporation,
Ann Arbor, Michigan) and aligned by eye using Se-Al
Carbon (A. Rambaut, University of Oxford). For the trnL/F
dataset, gap presence/ absence was scored using simple gap
coding (Graham et al. 2000; Simmons and Ochoterena 2000)
and included as binary characters. Since both DNA regions
are part of a single non-recombining chloroplast DNA
molecule, they were combined for analysis. Overall, 8% of
the data were coded as missing. The dataset was deposited in
TreeBASE (study number S1798) and sequences were de-
posited in GenBank.

Phylogenetic analyses were performed under maximum
parsimony (MP) and maximum likelihood (ML) using
PAUP*4.0b10 (Swofford 2003) and Bayesian inference criteria
using MrBayes 3.0 (Ronquist and Huelsenbeck 2003). For MP,
heuristic searches were performed using the default settings
except as indicated. Trees were found using 1000 random
taxon addition replicates with multrees on. For each
replicate, searching was stopped after the 100 shortest trees
were found. These trees were swapped before moving onto
the next replicate. Branch support was found using bootstrap
values following the recommendation of DeBry and Olm-
stead (2000). Character history was traced using Mesquite
1.05 (Maddison and Maddison 2004)

ModelTest 3.6.1 (Posada and Crandall 1998) was used to
determine the appropriate models to use for the combined
dataset in the maximum likelihood analysis and for each
gene individually in the Bayesian analyses. For maximum
likelihood, the gap characters were excluded, and a heuristic
search was done using the strict consensus of all most
parsimonious trees as the starting tree, and all parameters
input from ModelTest results.

Bayesian analyses were performed on the combined
dataset using Mr. Bayes 3.0 (Ronquist and Huelsenbeck
2003) using prior probabilities based on the likelihood model
identified in ModelTest 3.6.1, gap characters were included
and given flat priors. Three independent searches were run.
For each of these, the Markov Chain Monte Carlo algorithm
was run with five cold and one hot chain for 3 million
generations and sampled every 200 generations. The data
were examined graphically to establish the burn-in limit,
which was determined to be at 25000 generations (Ronquist
and Huelsenbeck 2003). The trees prior to stationarity were
discarded. The remaining trees were summarized as a major-
ity rule consensus tree. The resulting support values on the
branches are the posterior probablilities (p.p.) and were used
to evaluate the support for the tree (Ronquist and Huelsen-
beck 2003).

RESULTS

Datasets. Of the 65 taxa used in this study, 54
are included in a phylogenetic analysis here for the
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FiGc. 3. Area cladogram of Tabebuia alliance based on ML tree (fig. 2). Taxa in bold have Antillean distribution.

are pollinators (Guttierez et al 2005). Spirotecoma is
the only lineage in the Tabebuia alliance to share
with Crescentieae the character of inflorescences
that are ramiflorous (borne directly on the
branches), and are reduced to one or two flowers.
The corolla lobes are curved into a shape that is
reminiscent of corollas in Crescentieae. The fruit,
however, is dehiscent and has a spiral twist
(similar to that of Godmania), but the septum is
thickened with pits into which the seed bodies fit.
Putative bat pollination (also found in Crescen-
tieae), combined with the inflorescence characters,
corroborate the molecular data in allying this
genus with Crescentieae. Thus, its placement near
Tabebuia or Crescentieae was evident to traditional
taxonomists, but its exact phylogenetic placement
was not. The close relationship between Spirote-
coma and Crescentieae is now evident, but its exact
position is unresolved in the molecular phylogeny

presented here. However, the combination of
morphological traits, including the plesiomorphic
condition of dehiscent fruits, suggests it may be
sister to Crescentieae. If Spirotecoma is sister to
Crescentieae, its distribution raises questions re-
garding the geographic origin of Crescentieae
(Antilles or mainland), and the relationship of
Crescentieae with the geographical history of the
Caribbean basin.

Biogeography. The known species distributions
of Bignoniaceae suggest that dispersal in the
family, in general, rarely crosses large bodies of
water. Outside of the Caribbean, when Bignonia-
ceae occur naturally on islands, the islands are
usually of continental origin, such as Madagascar,
the Seychelles, Sri Lanka, Borneo, New Caledonia,
the Philippines and Papua New Guinea (Zjhra et
al. 2004; van Welzen et al. 2005). Only rarely are
Bignoniaceae found naturally on islands of volca-
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nic origin (e.g., the Comores and Mascarenes). Of
these insular regions, the family is most diverse in
Madagascar where several lineages of Bignonia-
ceae occur. Of these lineages, only Coleeae have
been studied in depth in a phylogenetic context
(Zjhra et al. 2004). The approximately 80 species of
Coleeae represent an in situ radiation resulting
from one colonization event. In the Coleeae,
colonization by a wind-dispersed species was
followed by changes in fruit morphology to exploit
mammals, notably lemurs, as dispersal agents
(Gentry 1976; Zjhra et al. 2004). In the New World,
there was an island radiation in the Greater
Antilles where the approximately 60 taxa are the
result of a few colonization events. The radiation in
Tabebuia proceeded without any change in dispers-
al agent. The near absence of native mammals in
the Antilles, may have prevented a diversification
of Crescentieae parallel to that of Tabebuia. Given
the proximity of these areas to the mainland, one
might expect to find greater representation of
Bignoniaceae in these areas, yet this does not
appear to be the case. The seeds of Bignoniaceae,
including those of the Tabebuia alliance, are large
for wind-dispersed taxa. It is likely that they
cannot remain long enough in the wind column
to successfully colonize islands except in rare,
catastrophic events, such as Gentry postulated to
explain the lone accession of T. billbergii (Tabebuia
group Il), a South American species of coastal
forests, recorded from Cuba (Gentry 19923, p. 153).
Gentry (1979; 1983) postulated that the indehiscent
nature of Crescentieae fruits in general and
Amphitecna in particular allow them to use water
as a dispersal agent.

The phylogeny presented here suggests at least
four and possibly more independent colonizations
of the Caribbean islands (figure 3). Caribbean
endemics are sister to two clades with mixed
mainland and Antillean distributions: Ekmanianthe,
sister to Tabebuia group I, and Spirotecoma, sister to
Crescentieae. In both cases the outgroups to each
clade are continental in distribution. Ekmanianthe
and the Antillean Tabebuia clade within Tabebuia
group | can each be inferred to be separate
colonization events. However, the poor resolution
in Crescentieae makes inference of biogeographic
events more equivocal. Within Crescentieae, Am-
phitecna latifolia is present in mangrove swamps
around the Caribbean basin, including the Greater
Antilles. It is the only species of Amphitecna found
in the Caribbean and probably represents an
independent colonization event. Crescentia has both
Antillean and continental species (not included in
this study) and likewise probably represents an
independent colonization event. If Spirotecoma is
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sister to Crescentieae, as seems likely, rather than
nested within it in a position near one of the
Antillean groups, it represents a fifth independent
colonization event.
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