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ABSTRACT. Psychotria is one of the largest genera of angiosperms as currently delimited, with approxi-
mately 1650 species estimated worldwide. A molecular phylogenetic study was undertaken using ITS and
rbcL sequence data to address the generic circumscription of Psychotria and its allies in the tribe Psychotrieae
and to compare traditional subgeneric groupings with relationships inferred from phylogenetic analysis. ITS
sequences from 85 taxa were sampled representing the genus Psychotria and members of the tribe Psycho-
trieae, with Guaertnera and Mitchella used as outgroups. Sequences from the rbcL gene were analyzed for a
subset of these taxa, plus genera in the closely related tribes Coussareae, Morindeae, Ophiorrhizeae, and
others. Our results suggest that Psychotria is broadly paraphyletic and defined by lack of characters used to
define other genera in the tribe. Two groups formerly assigned to Psychotria (sect. Notopleura and subg.
Heteropsychotria plus Palicourea) are more closely related to other genera in the Psychotrieae than they are to
other species of Psychotria. In addition, subg. Psychotria includes species formerly assigned to the Malesian
epiphytic myrmecophytes of subtribe Hydnophytinae. We propose that the genus Psychotria be restricted to

include subg. Psychotria, subg. Tetramerae, and members of the subtribe Hydnophytinae.

The pantropical genus Psychotria is one of the
largest genera of flowering plants with between
1,000 to 1,650 species worldwide (Hamilton 1989a;
Taylor 1996). Psychotria is the largest genus in the
Rubiaceae (Hamilton 1989a; Taylor 1996), and is a
member of the subfamily Rubioideae, and largely
tropical, woody, tribe Psychotrieae. Species of Psy-
chotria are mostly understory shrubs, although
trees, lianas, herbs, epiphytes, and suffrutices are
also known. Psychotria and other members of the
tribe Psychotrieae are generally characterized by
small, whitish flowers that may be pollinated by
bees, flies, and moths, although showy inflores-
cences have been derived in various neotropical lin-
eages (e.g., ““Cephaelis”, section Notopleura, P. ipeca-
cuanha (Brot.) Stokes and P. borucana (A. Molina R.)
CM. Taylor and W.C. Burger, and species of Pali-
courea and Rudgea) in conjunction with bird polli-
nation. Psychotria contributes importantly to tropi-
cal floristic diversity along with other species-rich
genera such as Miconia (Melastomataceae), Piper
(Piperaceae), Ficus (Moraceae), and Anthurium (Ar-
aceae), and may comprise a significant proportion
of the understory vegetation in wet tropical low-

land forests around the world (Sohmer 1988). For
this reason, Psychotria has been considered a model
genus for inferring patterns and general mecha-
nisms of speciation in the tropics (Hamilton 1989a).
Given its large number of species, Psychotria may
be used to investigate rates of diversification and
extinction and origins of evolutionary innovations.
Additionally, Psychotria species may serve as mod-
els for examining the evolution of breeding sys-
tems, since it possesses a range of breeding sys-
tems: hermaphroditism, distyly, and functional uni-
sexuality.

However, Psychotria is taxonomically complex.
This complexity is due not only to the large number
of species in the genus and tribe, but also to the
relative lack of morphological characters available
to define groups. Psychotria sensu lato is distin-
guished from other members of the tribe by the
presence of an inferior ovary (vs. superior in Gaert-
nera and Pagamea); corolla straight at base and usu-
ally white or greenish in color (vs. corolla gibbous
at base and brightly colored in Palicourea); ovary
with a single ovule per locule; fruits fleshy and
with 2 (-5) pyrenes; pyrenes smooth or ribbed and
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hemispherical in cross-section; endosperm often ru-
minate; seeds with hard, non-oily endosperm, red-
brown or purplish testa; stipules seldom pectinate-
glandular (vs. pectinate-glandular in Rudgea) (Schu-
mann 1891; Petit 1964, 1966; Steyermark 1972; Verd-
court 1976; Robbrecht 1988; Taylor 1996). Indeed,
Psychotria is defined primarily on the basis of the
absence of characters used to define other genera
in the tribe. In addition, many of these, and other
characters are known to intergrade among other
species and genera in the Psychotrieae. For example,
the presence of involucral bracts surrounding cap-
itate inflorescences has been used to define the gen-
era Cephaélis and Uragoga, yet this character is likely
to have evolved convergently in a diverse array of
lineages in Psychotrieae (Schnell 1960; Steyermark
1972; Nepokroeff 1992; Endress 1996; Taylor 1996).
One solution to the taxonomic ambiguity in Psycho-
tria and the Psychotrieae has been to expand the
limits of Psychotria to include upwards of 2,000 spe-
cies. For example, Steyermark (1972) placed many
neotropical genera such as Notopleura, Nonatelia,
Ronabea, and Cephaélis in Psychotria. Another source
of ambiguity in the classification of Psychotria has
been the lack of a comprehensive world-wide treat-
ment; to date, Psychotria has not been examined at
a worldwide level using an explicitly phylogenetic
method.

Psychotria Subgeneric Classifications. Petit
(1964, 1966) and Steyermark (1972) recognized
three subgenera in Psychotria based on morpholog-
ical characters and geographical distribution. Sub-
genus Psychotria is pantropical in distribution and
can be distinguished by leaves drying red-brown
to dull green vs. bright green in other groups; stip-
ules sheathing and deciduous, often leaving a
fringe of red-brown hairs; and seeds hemispherical
in cross-section and with the ventral face either
plane or with two longitudinal furrows on the flat
ventral side, variously ribbed on the rounded dorsal
surface, and lacking in preformed germination slits
(adapted from Robbrecht 1989; Hamilton 1989a).
Endosperm of the seeds may be highly ruminate.
A number of sectional and species groups have
been assigned within Psychotria subg. Psychotria on
a regional basis including Africa (Verdcourt 1976),
the neotropics (Hamilton 1989a,b,c), and the Pacific
(Smith and Darwin 1988). Psychotria subg. Tetra-
merae was originally erected by Petit (1964), based
on Hiern's (1877) section Tetramerae, for those spe-
cies of Psychotria in Africa and Madagascar that
possess bacterial nodules in the leaves, as well as
narrow, biacuminate stipular teeth, variously panic-
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ulate inflorescences subtended by small bracts, non-
ruminate seeds, and usually tetramerous flowers.
Although subg. Tetramerae is confined to Africa,
Hamilton (1989c) suggested that the neotropical
species P. microdon (DC) Urban may be closely re-
lated. Psychotria subg. Heteropsychotria was de-
scribed by Steyermark (1972) for the remainder of
the species of Psychotria in the neotropics, including
those species formerly referred to Cephaélis and
Urogaga, as well as a number of segregate genera
named by Aublet and Bremekamp, such as Ronabea,
Nonatelia, Chytropsia, Naletonia, and Notopleura. The
subgenus is characterized by a heterogeneous set of
characters: leaves drying bright green or gray
green, habit various, stipules diverse, stipule scars
without red-brown hairs, inflorescence various,
with bracts prominent or minute, and pyrenes with
the ventral face variously keeled, furrowed, or lack-
ing furrows. The naturalness and relationships of
the subgenera have not been examined from a
worldwide perspective or in a phylogenetic context.

Phylogenetically, Psychotria and its relatives in
tribe Psychotrieae represent a highly diverse array
of lineages, and the identification of apomorphic
characters with which to redefine Psychotria is an
important component to a new phylogenetic clas-
sification. A phylogenetic analysis would contribute
immensely toward the taxonomic circumscription
and possible reorganization of the genus and tribe.
Thus, a survey of Psychotria and Psychotrieae utiliz-
ing molecular characters, as well as those morpho-
logical characters previously used, would both con-
stitute a framework for a preliminary phylogenetic
classification and serve as a historical framework
for testing hypotheses of character evolution. The
goals of the present study are to use phylogenetic
analysis to (1) address the generic circumscription
and infra-generic relationships within Psychotria on
a worldwide basis, (2) determine the relationships
of Psychotria to its allies in tribe Psychotrieae, and
(3) to determine which morphological characters re-
flect most accurately the phylogenetic relationships
inferred from the molecular analysis. To accom-
plish these goals, a phylogenetic analysis was con-
ducted on nucleotide sequence data from both the
ITS/5.85 region of nuclear rDNA and the chloro-
plast rbcL gene. The ITS region has become a tool
of choice for species- and subgenus-level compari-
sons, and has been used extensively to infer phy-
logenetic relationships at a wide range of taxonomic
ranks (see Baldwin et al. 1995; Sytsma and Hahn
1994, 1996 for reviews). The more conserved rbcL
has been used for phylogeny reconstruction at a va-
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riety of taxonomic levels, including familial (Conti
et al. 1993; Olmstead et al. 1993; Bremer et al. 1995),
ordinal (Conti et al. 1996; Rodman et al. 1996), and
angiosperm-wide (Chase et al. 1993). Use of rbcL
was implemented to help resolve higher-level tax-
onomic problems in Psychotrieae after preliminary
analysis by Bremer (1996) indicated adequate rates
of rbcL sequence variation within the tribe.

MATERIALS AND METHODS

Terminal Taxa. In order to determine the
placement of Psychotria in the tribe Psychotrieae
and to determine relationships within Psychotria,
85 taxa were sequenced for the ITS region (Table
1). Sixty-four species of Psychotria were included
in the ingroup, comprising 38 species of pan-
tropical subg. Psychotria (from the neotropics,
Hawai'i, Africa, Asia and the Pacific), 24 species
of neotropical subg. Heteropsychotria, and two
species of the African subg. Tetramerae. In addi-
tion, eighit species of the Malesian subtribe Hyd-
nophytinae were included—comprising the gen-
era Hyndophytum, Myrmecodia, Myrmephytum,
and Anthorrihiza, as well as three species of pan-
tropical Geophila, two species of neotropical Rud-
gea, one species each of the African endemics
Chazaliella and Hymenocoleus, and three species
of neotropical Palicourea. The paleotropical genus
Gaertnera and the genus Mitchella (with a dis-
junct distribution in North America and South
East Asia) were used as outgroups in the ITS
analysis, based on the placement of these two
genera outside the tribe Psychotrieae sensu stric-
to using rbcL evidence (Bremer 1996). The sam-
ple includes 18 important genera, with 22 re-
maining monotypic genera unavailable as poorly
known regional endemics. Although the genus
Psychotria has never been monographed from a
worldwide perspective, all three major subgen-
era are sampled. Portions of the 185 gene, and
the entire ITS 1, 5.85 cistron and ITS 2 regions
were included in the phylogenetic analysis, with
4.2% of the data scored as missing.

The rbcL sequences of a subset of the taxa
sampled in the ITS data set, representing the
most morphologically divergent lineages in the
Psychotrieae and species in tribes Morindeae,
Coussareae and related taxa were analyzed to
determine the circumscription of tribe Psycho-
trieae. Thirty-five taxa were sampled for the rbcL
analysis (Table 2) and, of these, ten yielded new
sequences reported here. GenBank information
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for all accessions is given in Tables 1 and 2. In-
cluded were eight species of Psychotria subg. Psy-
chotria (from the neotropics, Africa, and Ha-
wai'l), two genera of subtribe Hyndophytinae
(Myrmecodia and Hydnophytum), one species of
the Pacific segregate genus Amaracarpus, five
species of Psychotria subg. Heteropsychotria, one
species of Palicourea, two species of Rudgea, and
one species each of Chazaliells, Hymenocoleus,
Geophila, Declieuxia, and paleotropical Chasallia.
Additional taxa representing close relatives of
Psychotrieae included Coccocypselum, Coussarea,
Dammnacanthus, Faramea, Gaertnera, Lasianthus,
Mitchella, Morinda, Pauridiantha, and Schradera.
The Indo-Malesian genus Ophiorrhiza (tribe
Opbhiorrhizeae) and the African genus Pauridian-
tha (formerly subfamily Cinchonoideae, cf. Rob-
brecht 1988) were used as outgroups in the rbcL
analysis, based on placement of Ophiorrhiza at
the base of the subfamily Rubioideae, well out-
side the limits of the tribe Psychotrieae, and
placement of Pauridiantha as part of the subfam-
ily Rubioideae, and as sister clade to the genus
Lasianthus (Bremer 1996). Data from the rbcL
gene was included from basepair 27 through
1428, and 0.3% of the data matrix was scored as
missing data. Datasets for ITS and rbcL are avail-
able from the first author upon request.

DNA Extractions. Leaf material was collect-
ed in the field or in botanical gardens and either
shipped to the laboratory and frozen at —80 to
await further processing or dried in silica gel.
DNA was isolated using 6X CTAB in a modified
version (Smith et al. 1991) of the CTAB miniprep
of Doyle and Doyle (1977). Vouchers are depos-
ited in herbaria listed in Tables 1 and 2.

PCR Amplification and Sequencing. Double
stranded PCR products were amplified for the
entire ITS region, using primers “LEU 1" (de-
signed by Lowell Urbatsch, and provided by
Bruce Baldwin) and “ITS 4" (White et al. 1990).
PCR products were purified using differential
centrifugation with either the QIAQuick col-
umns (QIAGEN Inc.) or Millipore Ultrafree-MC
tubes (Millipore Corp.). Sequences were ob-
tained for both strands using the primers LEU
1, ITS 3B (Baum et al. 1994) and ITS 4. Dideoxy
sequencing was carried out directly from puri-
fied PCR products using the dye terminator cy-
cle sequencing protocol (from Applied Biosys-
tems) on a Perkin Elmer 2400 thermocycler. Se-
quencing reactions were analyzed on an ABI 373
DNA automated DNA sequencer. Chromato-
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Continued.

TABLE 1.

Source, voucher and GenBank

accession number

Distribution

Taxon

OUTGROUPS

G. McPherson 16334 (MO), unpublished sequence

S. Malcomber s.n. (MO), unpublished sequence
cult., University of Wisconsin (WIS), AF072019

Africa

83. Guertnera paniculata Benth.*
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Mauritius

84. Gaertnera psychotrioides (DC.)* Baker

85. Mitchella repens L.t

North America

grams and contiguous alignments were edited
using Sequencher vers. 3.0 (Gene Codes Corp.).
Boundary regions for the coding regions of the
185, 5.85 and 26S rDNA and spacer regions were
determined by comparison with DNA sequences
obtained from previous research on Psychotria
(Nepokroeff 1992). Sequences from the last 29
base pairs of the 185 gene, ITS 1, 5.8S cistron and
the ITS 2 region were included in the analysis.
For amplification and sequencing reactions of
rbcL, we used methods described in Bremer et
al. (1995).

Sequence Analysis. A set of ITS sequences
including a subset of the ingroup taxa and out-
groups was aligned initially using the MALIGN
program vers. 1.99 (Wheeler and Gladstein 1992)
to produce an initial alignment; remaining se-
quences were aligned by hand to minimize the
the number of single base pair substitutions. In
the case of alternative alignments, the one that
generated the fewest informative characters was
chosen as a conservative measure. Separate an-
alyses excluded the indel sites (i.e, treated indels
as missing data) and scored indels as separate
characters at the end of the data matrix (see
Baum et al. 1994). The phylogenetic utility of in-
dels has been promoted by Lloyd and Calder
(1991) and used extensively in phylogenetic an-
alyses of the ITS region in plants (see review in
Baldwin et al. 1995). Transition to transversion
ratios, GC content, number of informative char-
acters and sequence length were determined us-
ing test version 4.0d64 of PAUP*, written by Da-
vid L. Swofford. Percent nucleotide distance for
ITS sequences was calculated using the Hase-
gawa et al. (1985), or HKY85, model of sequence
divergence using PAUP* 4.0d64. rbcL sequences
were aligned manually to sequences previously
obtained for Psychotria and related taxa in the
family Rubiaceae (Bremer et al. 1995). Pairwise
sequence divergence values for rbcL sequences
were calculated using PAUP* 4.0d64.

Phylogenetic Analyses. A baseline maxi-
mum parsimony analysis was performed on ITS
sequences with PAUP* 4.0d64 using heuristic
searches on the aligned data set (excluding un-
informative characters and characters at posi-
tions 427445 bp and 610-652 due to ambiguous
alignment at those sites) and assuming unor-
dered character states (i.e,, Fitch parsimony). The
characters were given equal weight and indels
were treated as missing data in this “baseline”
analysis. In order to sample the large tree space
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and detect the presence of “multiple islands” of
most parsimonious trees (Maddison 1991), the
four-step search method (Olmstead et al. 1993;
Conti et al. 1996) was employed. The tendency
for the topology of the ITS trees to vary was ex-
plored using gaps recoded in a separate data
matrix. Additionally, use of a step matrix of
user-defined character types with a weighting
strategy of 1:1.1 and 1:2 (transitions relative to
transversions) was employed on the nucleotide
data, and these were combined with weighting
of indel characters. Constraint analyses were
used to test alternative hypotheses of relation-
ships in PAUP* 4.0d64.

Phylogenetic analysis of the 35 rbcL sequences
was conducted using maximum parsimony, with
equal character weights and with transversions
weighted relative to transitions using estimated
biases for each codon position (Albert et al.
1993). The four-step search strategy described
above for the TTS data was employed with the
rbcL data to detect the presence of multiple is-
lands of most-parsimonious trees. Support for
internal branches in trees resulting from analy-
sis of the ITS and rbcL datasets was evaluated
using the ““parsimony jackknife’” procedure of
Farris et al. (1996) using 100,000 replicates of the
fast search option in PAUP*, emulating JAC re-
sampling with 36.8% nominal deletion and ““col-
lapse=amb” under the condense trees option.
Bremer support (Bremer 1988) was calculated
using the enforce topological constraints option
in PAUP* vs. 4.0d64.

Morphological characters. To explore the
phylogenetic utility of morphological characters
used in traditional classifications of the Psycho-
trieae, character state evolution of three morpho-
logical characters, showy involucral bracts, py-
rene germination slits and habit was reconstruct-
ed using the assumptions of maximum parsi-
mony with the “Trace Character” facility in
MacClade vers. 3.04 (Maddison and Maddison
1992). The lineages represented in this analysis
comprise all major groups bearing the features
in question, based on the work of Steyermark
(1972) and others, assuming monophyly of the
groups. Additionally, these lineages are well-de-
fined morphologically and anatomically, and for
the scale of traits investigated, have been sam-
pled such that the traits are tightly linked to the
placeholder taxa. Ancestral character states of
the core Psychotrieae were reconstructed at in-
ternal nodes and branches using the simplified
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cladogram inferred from ITS sequences. In the
event of equivocal reconstructions, all most par-
simonious states were shown at each node rather
than arbitrarily resolving with ACCTRAN or
DELTRAN (Maddison and Maddison 1992) op-
timization.

ResuLTs

Sequence Analysis. The range of lengths of
all of ITS 1, ITS 2 spacers and the 5.8S cistron is
similar to that found in other angiosperms
(Baldwin et al. 1995). The 5.8S cistron is 164 bp
in length for almost all taxa. The insertion of 36
gaps was required to align the ITS sequences
from species of Psychotria and relatives in the
tribe Psychotrieae and the outgroup species of
Guertnera. Twenty of these indels could be scored
as phylogenetically informative. Percent nucleo-
tide distance values showed a tremendous range
of sequence divergence from 0.85% between
congeneric species to 37.8% between Mitchella
and Psychotria serpens Linn. This value of ITS se-
quence divergence is higher than that reported
in other studies (Baldwin et al. 1995), but similar
to values obtained for the comparably large le-
gume genus Astragalus (Sanderson and Woijcie-
chowski 1996), the family Agavaceae (Bogler and
Simpson 1996), and subfamily Apioideae of Api-
aceae (Downie and Katz-Downie 1996). Most
pairwise distances were below 14% within well-
supported clades described below, but were
10%-30% between those clades. The transition—
transversion ratio (based on only unambiguous
sequences) calculated for the entire ITS 1, 5.85
and ITS 2 region is 1.48, similar to that obtained
for subfamily Apioideae (1.43; Downie and
Katz-Downie 1996), but slightly higher than that
reported for Epilobium (Baum et al. 1994). The
GC content for the entire ITS region is 54.3%,
similar to other reported values for ITS (Baldwin
et al. 1995). For the entire ITS region, 639 nucle-
otide sites were unambiguously aligned and in-
cluded in the analysis. Of these sites, 105 were
constant and 534 were variable, with more var-
iable sites (216) occurring in the ITS 2 spacer
region than in the ITS 1 region (175); 18 sites
were variable in the included 29 characters of the
185 gene, and 125 sites were variable in the 5.85
cistron. Of the variable sites, 329 were phyloge-
netically informative with 7 phylogenetically in-
formative characters occurring in the included
29 base pairs of the 185 gene, 147 in the ITS 1
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spacer, 35 in the 5.8S cistron and 140 in the ITS
2 spacer regions.

The rbcL data set consisted of 1402 nucleo-
tides, from position 27 to 1428 of the rbcL gene,
with 187 characters phylogenetically informative
for 35 terminal taxa. Pairwise sequence diver-
gence values for the Psychotrieae and closest rel-
atives calculated using the Kimura 2-parameter
model of sequence divergence ranged from
1.10% for the least divergent pair of taxa (Psy-
chotria nervosa and Psychotria peterii to 8.2% for
the most divergent pair of taxa (Psychotria gra-
ciliflora and Faramea multiflora). The highest pair-
wise sequence divergence between the members
of the tribe Psychotrieae and closest relatives is
slightly higher than values reported for the fam-
ily Onagraceae (Conti et al. 1993).

Phylogenetic Analysis of ITS. The baseline
ITS analysis resulted in 264 shortest trees with
a length of 2,142 steps (when uninformative
characters are not included, CI’ = 0.373, RI =
0.674, for 85 terminal tax) and 2,307 steps when
uninformative characters are included (CI =
0.325). The strict consensus of these trees is well-
resolved, as indicated by solid lines on the
branches of tree shown in Fig. 1. Weighting tran-
sitions relative to transversions 1:1.1 results in
48 trees, these being a subset of the 264 trees
obtained in the unweighted baseline analysis.
One of these 48 trees is shown in Fig. 1, with
branch lengths, Bremer support, and parsimony
jackknife values indicated. Using a slightly high-
er weighting scheme of 1:2 (transitions to trans-
versions) resulted in 216 shortest trees (not
shown) with lengths of 2,152 steps under Fitch
parsimony, or ten steps longer than the trees de-
rived from unweighted or weighted analyses us-
ing a 1.1:1 weight. Maximum parsimony analy-
sis that included indels (weighted equally with
the substitution characters) resulted in the same
264 shortest trees obtained under Fitch assump-
tions, but with a length of 2,220 steps (or 2,385
when uninformative characters are included).
Using 1:1.1 weighting (transitions to transver-
sions) and indels resulted in the same set of 48
trees obtained with weighting alone.

A summary of the major relationships of the
Psychotrieae inferred from the parsimony analy-
ses of ITS data is shown in Figure 2. The ITS
trees indicate that the core Psychotrieae com-
prise two major clades: (1) consisting of Psycho-
tria subg. Psychotria (from the neotropics, Aus-
tralasia and Africa), subg. Tetramerae, a “Pacific
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clade¢’ comprised of some members of Pacific
subg. Psychotria, the segregate genus Amaracar-
pus, and the subtribe Hydnophytinae—this first
clade hereafter referred to as ““Psychotria sensu
stricto”; and (2) consisting of other genera of
tribe Psychotrieae, plus those species currently
assigned to the neotropical subg. Heteropsychotria
(Figs. 1 and 2). Psychotria sensu lato is broadly
paraphyletic, with species falling into at least
five different clades, the ““Psychotria sensu stric-
to” clade, the ““Heteropsychotria plus Palicourea
clade’” (neotropical Psychotria subg. Heteropsycho-
tria and two species of Palicourea), and at least
three different monophyletic lineages more
closely related to other genera in the tribe than
to Psychotria sensu stricto. These three lineages
include Psychotria microdon Urb. and its sister
clade, Chazaliella (Africa), the neotropical Psycho-
tria sect. Notopleura, and a smaller clade consist-
ing of the neotropical P. ipecacuanha and P. boru-
cana (see Fig. 2). To test the alternative hypoth-
esis that Psychotria subg. Psychotria, subg. Heter-
opsychotrian and subg. Tetramerae form a
monophyletic group, trees were constrained us-
ing the enforce topological constraints option in
PAUP*. When subtribe Hydnophytinae and the
three representatives of Palicourea were excluded
from the monophyletic ““Psychotria,” the shortest
tree was 2,310 steps (excluding uninformative
characters) or 158 steps longer than the most
parsimonious trees, which represents a 7.3% in-
crease in tree length over the shortest trees.
Phylogenetic Analysis of rbcL. The un-
weighted heuristic four-step search of the rbcL
sequences resulted in 24 shortest trees with
lengths of 577 steps and CI’ and RI of 0.437 and
0.646, respectively (including uninformative
characters, the tree is 725 steps with a CI of
0.552). Weighted parsimony analysis using the
weighting scheme of Albert et al. (1993) resulted
in a single most parsimonious tree, which is one
of the 24 obtained from the unweighted (Fitch)
analysis. This single, weighted parsimony tree is
depicted in Fig. 3; branches that collapse in the
strict consensus of the 24 Fitch trees are shaded
in gray. These results indicate that tribe Psycho-
trieae as currently recognized (cf. Robbrecht
1988) is paraphyletic, with Declieuxia, Gaertnera,
and Lasianthus more closely related to other gen-
era in a number of tribes than they are to the
“core’” monophyletic Psychotrieae (Fig. 3). The
neotropical genera Coussarea, Faramea, and Coc-
cocypselum (Coccocyseleae) and Declieuxia (Psy-
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FIG. 2.  Summary of principal relationships among Psychotrieae inferred from phylogenetic analysis of ITS sequences.
Box in upper left depicts biogeographical history of Psychotrieae. The Psychotrieae are an ancestrally Australasian group
with one radiation occurring in the neotropics and subsequently to Africa (tribe Psychotrieae plus subg. Heteropsychotria).
A second radiation (the Psychotria sensu stricto lineage) is comprised of two smaller lineages, with one radiation oc-
curring in Africa and subsequently the neotropics, and another occurring in the Pacific (including the Malesian Hyd-

nophytinae) and Hawaii.

chotrieae) form a monophyletic lineage that is
sister to the “core’” Psychotrieae. The core Psy-
chotrieae form two major clades with one con-
sisting of members of Psychotria subg. Psychotria,
subg. Tetramerae, Amaracarpus, and the Hydno-
phytinae (= the Psychotria sensu stricto clade),
and with the second consisting of other ““core”
Psychotrieae (represented in this analysis by
Chasallia, Geophila, Hymenocoleus, Rudgea, Palicou-
rea, and various members of Psychotria subg. Het-
eropsychotria).

Although the taxonomic samples in the rbcL
and ITS analyses are not completely overlap-
ping, relationships within the Psychotrieae de-
rived from the rbcL analysis are completely con-
sistent with those obtained using ITS. Congru-
ency between the ITS- and rbcL-derived phylog-
enies includes: (1) paraphyly of Psychotria, with

Psychotria subg. Heteropsychotria more closely re-
lated to other genera of tribe Psychotrieae than
to subg. Psychotria, (2) paraphyly of subg. Het-
eropsychotria, and recognition of a number of dis-
tinct monophyletic sublineages including Psycho-
tria sect. Notopleura, P. ipecacuanha and P boru-
cana, and subg. Heteropsychotria plus Palicourea,
and (3) paraphyly of the Psychotria sensu stricto
clade with respect to the ant-plants of subtribe
Hyndophytinae.

DiscussioN

The results presented here represent the first
explicitly phylogenetic analysis of Psychotria and
tribe Psychotrieae. This analysis indicates that
Psychotria, as currently circumscribed, is broadly
paraphyletic and in need of reorganization to
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better reflect natural groupings based on phy-
logenetic relationships. Although some authors
(e.g., Robbrecht 1989) have suggested that Psy-
chotria be subdivided into smaller segregate gen-
era, a sound basis for the division of Psychotria
has been largely lacking. The results of this phy-
logenetic analysis support the idea that Psycho-
tria sensu stricto be reduced and reorganized to
include: (1) Psychotria subg. Psychotria from the
neotropics, Australasia, and Africa, (2) subg. Te-
tramerae from Africa, (3) subtribe Hydnophyti-
nae from Malesia, and (4) the segregate Pacific
and Asian genus Amaracarpus (Figs. 1 and 2).
Species of subg. Heteropsychotria and sect. Noto-
pleura are more closely related to Chazaliella, Geo-
phila, Hymenocoleus, Palicourea, and Rudgea than
they are to other members of Psychotria in the
strict sense, and should be elevated to generic
rank. Relatively short branch lengths and mod-
erate levels of support for the lineage comprising
Psychotria subg. Heteropsychotria plus Palicourea
and the remainder of tribe Psychotrieae may
have. resulted from rapid radiation of the line-
age. Presented below is a more detailed exami-
nation of the two major clades (and their sub-
clades) identified by ITS and rbcL analyses—the
Psychotria sensu stricto clade, and the clade com-
prising the remainder of the core Psychotrieae
(including all other genera in the tribe, plus
those Psychotria species currently assigned to the
neotropical subg. Heteropsychotria).
Relationships and Monophyletic Groups with-
in the Psychotria sensu stricto Clade. The
monophyly of Psychotria sensu stricto is strongly
supported by parsimony jackknife values of 94%
in the ITS analysis and 81% in the rbcL analysis
and has been supported by several lines of mor-
phological evidence. Steyermark (1972) charac-
terized subg. Psychotria by stipules deciduous,
leaves drying red-brown or black (due to the
presence of alkaloids), presence of hairs at the
base of the stipule scar, the ventral face of the
pyrene either planar or with two fissures, and
the dorsal surface of the pyrene with four or five
lobes. Hamilton (1985) monitored growth form
in species of subg. Psychotria and subg. Hetero-
psychotria in the neotropics and found that all
examined species of subg. Psychotria share the
same type of branching patterns, whereas mem-
bers of subg. Heteropsychotria possess different
and variable architectures. Johansson (1992) con-
cluded that subg. Psychotria in the neotropics
and Africa and subg. Tetramerae comprise a
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monophyletic clade based on shared similarities
of pollen architecture. Additionally, based on the
lack of preformed germination slits in pyrenes
in Psychotria sensu stricto, Robbrecht (1989) sug-
gested a narrow circumscription for Psychotria.
Similarly, Solis et al. (1995) demonstrated the
presence of a special kind of indole-type alkaloid
found in subg. Psychotria but not in subg. Het-
eropsychotria. Thus, there are numerous morpho-
logical characters in (i.e, potential synapomor-
phies) supporting monophyly of Psychotria sensu
stricto.

Members of the subtribe Hydnophytinae
(Hydnophytum, Myrmecodia, Myrmephytum, and
Anthorrihiza) are most closely related to a group
of. Psychotria species from Micronesia and French
Polynesia (Psychotria aff. trichocalyx, P. tahitiensis,
and P. rhombocarpa)—rendering Psychotria sensu
stricto paraphyletic unless subtribe Hydnophy-
tinae is included. Huxley and Jebb (1990) rec-
ognized the five epiphytic myrmecophilous gen-
era (including Squammellaria) as subtribe Hyn-
dophytinae of the Psychotrieae. A close relation-
ship of Hydnophytinae and Psychotria had been
recognized by Huxley and Jebb (1991a,b). In-
deed, Sohmer (1988) had hypothesized that the
Hydnophytinae were derived directly from
climbing species of Malesian Psychotris—a group
of poorly known species. A thorough cladistic
analysis of molecular and morphological char-
acters in the Hydnophytinae is clearly needed.
The extent of nomenclatural reorganization of
the tribe Psychotrieae implied by the results of
the phylogenetic analysis is exemplified by the
inclusion of a subtribe (the Hydnophytinae)
within a genus (Psychotria). If monophyletic,
Hydnophytinae may be better ranked as a sub-
genus of Psychotria.

The segregate Indo-Pacific genus Amaracarpus
was described by Blume (1826) based on the fea-
ture of axillary inflorescences and small-leaved
habit. Recent authors have not agreed on the
systematic value of inflorescence position, with
some reorganizing the genus (Darwin 1979) and
others placing Amaracarpus within Psychotria
(Fosberg and Sachet 1991; Fosberg et al. 1993).
Fosberg and Sachet (1991) noted that species as-
signed to Amaracarpus in Papua New Guinea
and Indonesia share the characters of small
leaves and single, axillary flowers, distinct from
the form seen in Micronesia. Thus, it is not pos-
sible to establish synonymy of all species cur-
rently assigned to Amaracarpus pending inclu-
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sion of additional taxa from Malesia. Results of
both the ITS and rbcL analyses support the view
that Amaracarpus—represented by Psychotria
hombroniana—should be placed within Psychotria.

The ITS analysis also identifies a group of
western Pacific species, from Micronesia, the
Philippines, and Samoa, as the closest relatives
to Hawaiian Psychotria species. Sohmer (1977,
1978) postulated that the closest relatives of the
Hawaiian species originated in the Philippines
and Papua New Guinea, as these regions are
high in Psychotria diversity and are considered
the source area for many other tropical elements
of the Hawaiian flora (Carlquist 1981). A more
detailed phylogenetic analysis (Nepokroeff
1997), utilizing all endemic species and multiple
populations of Hawaiian Psychotria, has deter-
mined the number of separate introductions of
the genus into Hawaii and established patterns
of colonization and speciation.

The Psychotria subg. Heteropsychotria plus
Palicourea Clade. Results of the ITS analysis
strongly support the idea that species of the en-
tirely neotropical Psychotria subg. Heteropsycho-
tria together with neotropical Palicourea species
may be better considered a separate genus. Pal-
icourea, as currently defined (Taylor 1997), is a
polyphyletic group whose circumscription is
based on the characters of colorful inflorescences
and corollas with gibbous swelling at the base
and colorful inflorescences—a suite of characters
adapted to hummingbird pollination. The type
species of the genus, Palicourea guianensis, is
shown here to be embedded within subg. Het-
eropsychotria (of sect. Pseudocephaelis), whereas
the other two species of Palicourea represented in
the analysis are more closely related to members
of sect. Cephaelis and other sections of subg. Het-
eropsychotria (Fig. 1). Most recent treatments (e.g.,
Steyermark 1972; Taylor 1996, 1997), however,
acknowledge the potential homoplasious nature
of the floral characters used to define Palicourea.
Some Psychotria species (e.g., P. berteriana and P
pubescens) and Palicourea exhibit a color spec-
trum in the inflorescence and corolla and the
characteristic swollen, corolla-tube base.

Constraining the heuristic searches so that all
the Palicourea species are monophyletic resulted
in a tree that is 13 steps longer than the most
parsimonious trees otherwise found. The poly-
phyletic nature of Palicourea is further supported
by certain morphological characters. First, Pali-
courea padifolia and Pal. lasiorrachis form a sister
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clade to Psychotria pubescens, which possesses
yellow rather than the typical white flowers of
other species of subg. Heteropsychotria. Second,
some species of Palicourea and Psychotria berteri-
ana, and other members of subg. Heteropsychotria
show a similar pattern of pyrene germination
slits—two or three slits on the dorsal side of the
pyrene (E Piesschart, National Botanical Garden,
Belgium, also confirms this observation in in-
dependent analysis, pers. comm.). Thus, char-
acters traditionally used to define Palicourea
apart from Psychotria intergrade and can be
found in taxa currently assigned to Psychotria.
Further detailed morphological studies, espe-
cially pyrene germination slit patterns, may
yield important new characters to define mono-
phyletic lineages in the Heteropsychotria—Palicou-
rea clade. Additional sampling in Palicourea
should indicate the number of separate lineages
comprising this unnatural group.

While the re-classification presented here of
neotropical lineages currently recognized as
Psychotria is radical, it is not novel—similar re-
lationships, in part, were suggested by Miiller-
Argoviensis (1881) and by Taylor (1996). Addi-
tionally, Taylor (1989) suggested that species of
Palicourea are most closely related to members of
subg. Heteropsychotria based on their shared per-
sistent and continuously connate stipules, versus
the deciduous stipules found in other Psychotria
species (e.g., subg. Psychotria). Miiller-Argovien-
sis (1881) considered subg. Psychotria to be “Ma-
pouria” and subg. Heteropsychotria together with
Palicourea to comprise the genus “Psychotria”’—a
division that was later rejected by Steyermark
(1972), Hamilton (1989a), and others.

Psychotria microdon and Chazaliella. The
neotropical Psychotria microdon is supported as
the sister group to the African Chazaliella with a
parsimony jackknife value of 74% and Bremer
support of seven steps. Psychotria microdon is an
unusual species among neotropical Psychotrieae,
and has been considered a lineage of the African
Psychotria subg. Tetramerae (Hamilton 1989c; Tay-
lor 1996). While the placement of P microdon
with Chazaliella is unexpected, in retrospect the
two taxa share many similarities including
strongly dorsally flattened pyrenes with two
marginal germination slits, and pale seeds. The
close relationship between the two taxa suggests
that P microdon may either be a disjunct member
of Chazaliella or a neotropical sister genus of Cha-
zaliella. More complete sampling of Chazaliella
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and the neotropical taxa thought to be closely
related to P microdon should clarify these issues.

Psychotria ipecacuanha, P. borucana, Geo-
phila, and Hymenocoleus. Two neotropical spe-
cies currently assigned to subg. Heteropsychotria,
P ipecacuanha and P. borucana, appear more close-
ly related to the assemblage of paleo- and neo-
tropical genera of Psychotrieae than to the subg.
Heteropsychotria plus Palicourea clade. The neo-
tropical P borucana is strongly supported as sis-
ter to P, ipecacuanha in the ITS analyses, with par-
simony jackknife support of 75% and Bremer
support of five steps. Psychotria ipecacuanha and
P, borucana share many morphological similari-
ties, including pyrene anatomy, a succulent, sub-
woody, and unbranched habit, and densely cap-
itate inflorescences subtended by showy involu-
cral bracts. Pyrene anatomical studies conducted
independently by E Piesschart (National Botanic
Garden, Belgium, pers. comm.) suggest strong
affiliation between P ipecacuanha and the pan-
tropical Geophila, a genus of herbaceous creeping
herbs. The results of the present phylogenetic
analysis place P ipecacuanha and P. borucana as
the sister to the clade containing Geophila and
Hymenocoleus, supporting the classification based
on pyrene characters.

Psychotria sect. Notopleura. The group of
neotropical species currently treated as members
of Psychotria sect. Notopleura (subg. Heteropsycho-
tria) has been long recognized as a morpholog-
ically distinct group (Bentham 1852; Bremekamp
1934; Hamilton 1985; Nepokroeff 1992; Nepok-
roeff and Sytsma, in press). Characters such as
suffrutescent growth form (and succulent epi-
phytes) and pseudo-axillary infloresences have
set members of sect. Notopleura apart from other
species of neotropical Psychotria, leading Bre-
mekamp (1934) to give the section generic status.
Results of the ITS phylogenetic analysis pre-
sented here strongly support sect. Notopleura as
a monophyletic group with parsimony jackknife
values of 100% and Bremer support of 20 steps.
Section Notopleura is closely related to other gen-
era of tribe Psychotrieae, including neotropical
Rudgea, African Chasallia and Chazaliella, pan-
tropical Geophila, African Hymenocoleus, and neo-
tropical Psychotria microdon, P. ipecacuanha, and P,
borucana. Additionally, pyrene characters are
highly diagnostic, with members of sect. Noto-
pleura characterized by strongly dorsally flat-
tened pyrenes and two marginal germination
slits (Robbrecht 1989; E. Piesschart, pers. comm.).
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This pyrene morphology represents a uniquely
derived character state (or character states) sup-
porting the view of Notopleura as a separate ge-
nus of Psychotrieae. Transfer of species of Psy-
chotria sect. Notopleura to the genus Notopleura
will be undertaken in a separate paper.
Relationships in Tribe Psychotrieae and Re-
lated Tribes. Evidence from phylogenetic anal-
ysis of the chloroplast rbcL gene (Fig. 3) supports
the same relationships among genera and mono-
phyletic groups and a circumscription of tribe
Psychotrieae that resulted from phylogenetic
analysis of ITS sequences. Of the taxa sampled,
the pantropical Lasianthus, traditionally placed in
tribe Psychotrieae, is most closely related to the
African Pauridiantha (tribe Pauridianthaeae) and
occupies the most basal position in the tree. Ad-
ditionally, the paleotropical Gaertnera, also tra-
ditionally placed in Psychotrieae (Robbrecht
1988), occupies a position in the tree that is
much farther removed from the tribe Psycho-
trieae than had previously been suggested. Al-
though Pagamea was not included in the present
study, the results of the phylogenetic analyses
may suggest a placement of Gaertnera and Paga-
mea in their own tribe, or in a tribe other than,
but closely related to, Psychotrieae. A clade com-
prising the pantropical Morinda and the disjunct
Mitchella (both placed in ““group of Mitchella” of
tribe Morindeae acording to Robbrecht 1993),
the Southeast Asian Damnacanthus (Morindeae),
and Schradera (tribe Schradereae) diverge later,
and are thus more closely related to Psychotrieae
than are Lasianthus or Gaertnera. The neotropical
Coussarea, Faramea (Coussareae), Coccocypselum
(Coccocypseleae), and Declieuxia (Psychotrieae)
form a monophyletic lineage that diverges next,
and a lineage that represents the sister to the
bulk of the taxa comprising tribe Psychotrieae.
A lineage that includes the bulk of Psycho-
trieae (Psychotrieae sensu stricto) branches off
subsequently and forms the two major clades of
Psychotria and relatives discussed above. As in
the ITS trees, the rbcL- supported clade that rep-
resents subg. Psychotria comprises a group con-
taining both African and neotropical taxa, and
another group containing Pacific species of Psy-
chotria, Amaracarpus, and members of the Hyn-
dophytinae. However, in contrast with the ITS re-
sults, the neotropical Psychotria graciliflora is sis-
ter to this clade, rather than part of a monophy-
letic neotropical clade, although its position in
the ITS tree is poorly supported. A long branch
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length for Psychotria gracilifiora may contribute to
the incongruent placement of this taxon in the
rbcL trees. Additionally, the clade comprising the
rest of the Psychotrieae plus subg. Heteropsycho-
tria is topologically consistent with the results of
the ITS analysis. Psychotria poeppigiana and P. bre-
mekampiana (subg. Heteropsychotria) together with
a representative of Palicourea form a monophy-
letic group (subg. Heteropsychotria plus Palicourea
clade). The neotropical subg. Heteropsychotria is
polyphyletic, with some members (P, ipecacuanha,
P borucana, and P. dukei) more closely related to
other genera of Psychotrieae than they are to
each other or other species currently assigned to
subg. Heteropsychotria.

Because many regional endemic genera were
not included in the present study, the delimita-
tion and relationships of tribe Psychotrieae in-
ferred from the phylogenetic analysis of ITS and
rbcL sequences should not be over-interpreted.
However, taxa not included in our analysis are
largely monotypic, endemic genera of remote lo-
cations, such as genera from the Guayana High-
lands in southern Venezuela (Aphanocarpus, Cor-
yphothamnus, Coccochondra, and Pagameopsis), the
Amazonian monotypic genus Stachycoccus, en-
demic genera from Madagascar (Cremocarpon,
Psathura, Pyragra, Saldinia, and Trigonopyren), and
Fijian endemics (Gillespeia, Hedstromia, Readea,
and Squamellaria). Thus, full representation of
the tribe Psychotrieae will require considerable
further effort.

Phylogenetic Utility of Some Morphological
Characters for Psychotria and Psycho-
trieae. SHOWY INVOLUCRAL Bracts. The
presence of showy, extra-floral bracts subtending
capitate or densely contracted inflorescences has
been used to establish the segregate genera
Cephaélis and Uragoga (Molina 1953). The type
species of Cephaélis (C. muscosa = Psychotria mus-
cosa) and the neotropical representatives of
Cephaélis—including the well-known “hot-lips”
plants such as C. tomentosa (= P. poeppigiana)—
were treated by Steyermark (1972) as members
of Psychotria subg. Heteropsychotria. However, re-
sults of the ITS and rbcL analyses support an
extreme case of polyphyly with regard to Cepha-
élis, with taxa assigned to Cephuaélis or Uragoga
distributed throughout the Psychotrieae in such
diverse lineages as the Heteropsychotria + Palicou-
rea clade, P ipecacunaha + P. borucana clade, Geo-
phila, Rudgea, Psychotria sect. Notopleura, Hymen-
ocoleus, the Psychotria sensu stricto clade (the Af-
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rican sect. Involuncratae, and other African line-
ages), and even in the Pacific clade. Convergent
evolution in the development of condensed inflo-
rescences with involucral bracts appears to have
occurred multiple times in the Rubiaceae, as
among the close relatives of Psychotrieae sensu
stricto. Schnell (1960) notes that Schradera
(Schradereae) also exhibits capitate inflorescenc-
es subtended by involucres, and species of Mor-
inda (Morindeae) have a tendency toward capi-
tulization. Additionally, there is a tendency to-
ward development of non-petaloid organs as at-
tractants in diverse lineages of Rubiaceae.
Calcophylls, or enlarged sepals with attractive
function, are known in at least 28 genera of the
family (Bremer and Jansen 1991; Albert et al.
1997; B. Bremer and H. Lantz, pers. comm.), al-
though development of “pseudanthia” via “hy-
perfloral differentiation’” is confined only to tribe
Psychotrieae and closely related tribes such as in
Faramea (Coussareae) (Robbrecht 1988). Figure
4A depicts the most parsimonious derivation of
showy extrafloral bracts in the principal lineages
of the Psychotrieae. Showy bracts are gained at
least three times, and may have been lost as well
(in the Chazaliella + P microdon and the neotrop-
ical subg. Psychotria lineages). The character of
strongly contracted inflorescences subtended by
involucral bracts is derived convergently or in
parallel in multiple lineages of Psychotrieae and
appears not to be phylogenetically useful at the
generic level within the tribe.

PYRENE ANATOMY. Diagnostic features of
Psychotrieae may have been found in the py-
renes that forms part of the mature fruit struc-
ture. Most genera of Psychotrieae have fleshy,
drupaceous fruits in which the endocarp has dif-
ferentiated into two hard, bony, structures each
enclosing one seed. The bony endocarp plus the
seed is termed the ““pyrene.’” Pyrenes are be-
lieved to have a protective function, given that
many of the fruits are dispersed by birds (or
mammals) and therefore pass through the di-
gestive tract of the animal. Pyrenes are variously
hemispherical in cross section or dorsally flat-
tened in Psychotrieae. In addition, the embryo is
aided in the germination process by the presence
of weak lines of breakage in the pyrene wall,
““preformed germination slits” (PGS) (Robbrecht
1989). Petit (1964) was one of the first to use py-
rene characters in the classification of African
Psychotrieae. Robbrecht (1989) determined that
the number and position of the PGS have high
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FIG. 4. A most parsimonious reconstruction of character state evolution for three characters used in traditional classifications
of tribe Psychotrieae, showy involucral bracts, pyrene morphology, and habit. Patterns of evolution were inferred from a
simplified cladogram summarizing principal lineages of Psychotrieae (from Fig. 2), using assumptions of maximum parsimony
in MacClade 3.04 (Maddison and Maddison 1992). All most parsimonious reconstructions of character states are shown, in
place of arbitrarily resolving using ACCTRAN or DELTRAN optimization. A. Minimum pattern of evolution of showy in-
volucral bracts. The character state of showy bracts present was coded for any lineage in which at least some members
exhibited the trait. B. Minimum pattern of pyrene germination slit (PGS) evolution. C. Minimum pattern of habit evolution.
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diagnostic value at the generic level. While spe-
cies of Psychotria sensu stricto (subg. Psychotria
+ subg. Tetramerae + Hydnophytinae) have rel-
atively thin-walled pyrenes and lack PGS, mem-
bers of other major lineages within Psychotrieae
(such as sect. Notopleura, Hymenocoleus, and Cha-
zaliella) have thick-walled pyrenes and possess
PGS.

Although the classification of the neotropical
Psychotrieae is in disarray, an a posteriori inves-
tigation of PGS characteristics in monophyletic
groups such as Psychotria sect. Notopleura, Cha-
zaliella + P microdon clade, and the Heterospsy-
chotria + Palicourea clade reveals that PGS char-
acters are useful in defining monophyletic
groups. Evolution of pyrene characteristics in
Psychotrieae is reconstructed in Fig. 4B. Al-
though pyrene anatomy for P borucana is un-
known, the trait was scored as is found in P, ipe-
cacuanha (i.e, flat, with 2 marginal PGS with lid;
E Piesschart, pers. comm.). Pyrene anatomy in
subg. Heteropsychotria + Palicourea is not well
characterized, but preliminary observations (M.
Nepokroeff, unpubl. data; F Piesschart, pers.
comm.) suggest that some members of the group
exhibit 3 to 4 dorsal PGS. The subg. Heteropsy-
chotria + Palicourea clade was therefore coded as
having 3—4 dorsal PGS. Similarly, all examined
species of sect. Notopleura are characterized by
having two marginal and one short ventral me-
dian PGS. Species of Psychotria subg. Psychotria
examined so far have a very thin endocarp and
lack PGS, a character state which may represent
a synapomorphy for the Psychotria sensu stricto
lineage (Robbrecht 1989 and pers. comm.)

HaBiT. The Psychotrieae are predominantly
woody shrubs. However, creeping herbs, suffru-
tices, and succulent epiphytes are also known.
Fig. 4C depicts the most parsimonious evolution
of habit type in the tribe. The ancestral habit for
the Psychotrieae is most parsimoniously recon-
structed as branched woody shrub. Herbaceous-
ness is derived in Geophila and Hymenocoleus,
and the tuberous, myrmecophilous epiphytic
habit is derived in the Hydnophytinae. Epi-
phytes and suffrutices are also derived (via an-
cestral suffrutescent forms) in the neotropical
sect. Notopleura (Nepokroeff 1992; Nepokroeff
and Sytsma, in press). Suffrutices are also in-
dependently derived in the P, ipecacuanha and P
borucana lineage. Additional sampling and flor-
isitic work in the neotropics may reveal other
members belonging to this previously cryptic
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monophyletic lineage. Modifications of the
woody, multi-branched habit are more common
in the clade containing the rest of the tribe Psy-
chotrieae than they are in the Psychotria sensu
stricto clade. )

Redefinition of the Genus Psychotria. The
absence of floral diversity and the large size of
Psychotria have contributed to the difficulty in
addressing phylogenetic relationships among
Psychotrieae. The traditional classification of
Psychotria is based on absence of morphological
characters found in other genera, or on charac-
ters that intergrade considerably among other
closely related genera in the tribe. Taxa based on
such criteria often form paraphyletic groups; in
fact the problem of paraphyly may be extremely
widespread in many large genera. However, an
a posteriori analysis suggests that the over-
looked character of pyrene surface morphology
(PGS) may be highly diagnostic at the genus lev-
el within Psychotrieae. The genus Psychotria
should be redefined to include members of subg.
Psychotria, subg. Tetramerae, and members of sub-
tribe Hyndophytinae. A new description of the
genus should include lack of preformed germi-
nation slits on the pyrenes. Other monophyletic
groups can be defined based on this molecular
phylogenetic analysis, including some formerly
cryptic groups (e.g., Psychotria ipecacuanha and P
borucana) and associations between neotropical
and African genera (e.g., Chazaliella and P. micro-
don). Additionally, elevation to generic rank for
Psychotria sect. Notopleura is well supported by
our analysis, as is inclusion of Palicourea within
Psychotria subg. Heteropsychotria, and elevation of
this clade to genus rank. Taylor (1996) has ar-
gued that the name for such a genus would be
Psychotrophum based on rules of priority.

As to estimated numbers of species, our phy-
logenetic analysis indicates that approximately
1,200 species would be included in Psychotria
sensu stricto including 200 neotropical species,
250 African species, 700 species in Asia and Oce-
ania, and 50 species of the former subtribe Hyd-
nophytinae. The clade containing subg. Hetero-
psychotria plus Palicourea (or Psychotrophum)
would contain 550 to 650 species including 350
450 neotropical species formerly placed in subg.
Heteropsychotria and 200 species formerly placed
in Palicourea. Notopleura (formerly sect. Notopleu-
ra) would contain approximately 45 neotropical
species. Nomenclatural transfers for Notopleura
will be presented elsewhere.
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Lastly, the biogeographical history of the tribe
and genus can be inferred based on the results
of these analyses. Psychotrieae and Psychotria are
largely Australasian in origin (Fig. 2, Box), with
major radiations occurring in the neotropics (Pal-
icourea plus Heteropsychotria) and subsequently to
Africa among other Psychotrieae genera. Psycho-
tria as a genus is also ancestrally Australasian,
with major radiations occurring in Africa, and
subsequently the neotropics (African taxa are
sister to the neotropical taxa sampled), and also
the Pacific (including the Malesian myrmeco-
phytes of the subtribe Hydnophytinae) and Ha-
waii.
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