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ABSTRACT

Weinmannia (Cunoniaceae) is a woody genus of about 150 species widely distributed in the tropies and the southern
temperate zone. Herbarium and living specimens were examined to determine characters for a cladistic analysis to test
the monophyly of the genus and its sections. A matrix of 28 taxa and 31 morphological ck was analyzed to find
the most parsimonious trees. The slncl lad supports the ly of the genus Weinmannia and
sections Leiospermum, Wei (i ct. ifolia), Inspersa, and Spicata, but section Fasciculata is
paraphyletic with respect to a highly derived section Wei, ia. Section Leiosy from the South Pacific is the
sister taxon to the rest of the genus. Some of the most parsimonious tre upport a phyletic clade from Mad.
of sections Inspersa and Spicata, but this node is Ived in the t tree. Although the deep nodes of
the phylogeny are not well supported, and few evolutionary interpretations are ventured, it appears that dioecy has
arisen independently at least three times in the genus. The method and theory used to analyze variation in inflorescence
architecture, which emerges from the metameric construction of plants and positional homology, are emphasized. The
cladistic coding of posmomﬂ characters and the tracing of lhelr e\o]ut)on on the ('ladogram are a study in hetes rotopy,
i.e., evolutionary change in the position of devel H, lution in the inflorescence is common in
Weinmannia, suggesting a role for an evolutionary- dmolopm(‘nla] pro('ess that has typically been overlooked in favor
of heterochrony.

SYSTEMATIC BACKGROUND genera that have been treated as separate but re-
lated families are included (Bauera, Brunellia, Eu-

cryphia). However, Orozco (1997) advocated split-

Weinmannia is a genus of canopy trees and

shrubs common to montane tropical and southern
temperate floras. With approximately 150 species,
it is the largest genus in the Cunoniaceae, a mor-
phologically diverse family that includes 27 genera
and ca. 370 species. The family has been consid-
ered a distinct, isolated lineage within the Rosidae
(Dickison & Rutishauser, 1990) that is morpholog-
ically recognized by its woody habit, usually inter-
petiolar stipules, toothed leaves, and decussate leaf
arrangement (Hufford & Dickison, 1992). A cladis-
tic analysis using morphological and anatomical
characters (Hufford & Dickison, 1992) supports
the monophyly of the Cunoniaceae only when a few

ting th(- family to exclude Brunellia and its putative
C -eae relatives. David. may also belong
in a monophyletic Cunoniaceae (Doweld, 1998).
Hufford and Dickisons (1992) consensus clado-
gram placed Weinmannia in a small clade with Cu-

nonia and Pancheria, which was nested among a
large, monophyletic group of genera characterized
by the presence of a stylar canal and a fused, bi-
carpellate ovary.

The Cunoniaceae are austral in distribution: 15
of the genera occur in Australia and Tasmania, 9
in New Guinea, 11 in the South Pacific, and
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only 5 (3 endemic) in South America. Like the Cu-
noniaceae in general, the present-day distribution

Table 1.
cations of Weinmannia vs. the one used here.

A comparison of previous sectional classifi-

of Weinmannia suggests a Gond land origin
(Raven & Axelrod, 1974). Weinmannia is wide-
spread relative to other genera in the family, and
its distribution includes the following geographic
regions: Central and South America and the Carib-
bean islands; Madagascar, the Comores, and the
Mascarenes; Malesia (the Malay Peninsula, Greater
and Lesser Sundas, the Philippines, Celebes, Mo-
luccas, New Guinea, and the Bismarck Archipela-
go); and the South Pacific high-elevation islands,
from the Solomons and Vanuatu in the west to the
Societies and Marquesas in the east, including New
Caledonia and New Zealand. About half of the spe-
cies occur in tropical America, a quarter are con-
centrated in Madagascar, and another quarter are
distributed in the vast Malesian-Pacific region.

Sympatric species of Weinmannia are common in
middle- to upper-elevation montane forests of the
Andes and Madagascar (Humbert & Darne, 1965;
Rfos, 1986; Kelly et al., 1994; Gentry, 1995). Spe-
cies can have radically distinet life forms that cor-
respond to local habitats. For example, at upper
elevations, especially in exposed, windswept con-
ditions, Weinmannia species are typically small,
sometimes prostrate shrubs, whereas in eastern
Madagascar some species are among the largest
trees in the lowlands. Weinmannia is not as locally
species-rich in Malesia and the Pacific, but spec
are often locally abundant in this region, especially
in the Society Islands (Florence, 1982; Fosberg,
1992) and New Zealand (Wardle & MacRae, 1966).
The genus typically has small, fragrant flowers that
attract bees (Renner, 1989; Bradford, pers. obs.),
and small, hairy seeds easily dispersed by wind (J.
Bradford & H. C. F. Hopkins, pers. obs.).

Engler’s (1928) revision of Weinmannia divided
the genus into two sections, section Leiospermum
and section Euwetnmannia, based upon variation
in the persistence of the calyx in fruit. Bernardi
(1961, 1963b, 1964) incorporated variation in the
form of the floral nectary, raceme structure, and leaf
complexity to recognize six sections: section Ra-
cemosa, which corresponds to Engler’s section
Leiospermum and has caducous sepals, and five
other sections corresponding to Engler’s section Eu-
wei) ia. [Euwet ia is an illegal name
(see Greuter et al., 1994, Article 21.3) and is no
longer used.] In general, the classification of Ber-
nardi is followed, although it is recognized that En-
tion Letospermum has priority over Ber-

=

ection Racemosae. Also, Bernardi’s section
Simplicifoliae has been sunk into section Weinman-
nia. Section Simplicifoliae separates species with

Bradford  Bernardi (1961, Engler
(present paper)  1963b. 1964) (1928)

Leiospermum Racemosae Leiospermum
st . e i Fuwei .
Weinmannia Simplicifoliae Euweinmannia
Fasciculata Fasciculatae Euweinmannia
Spicata Spicatae Euweinmannia
Inspersa Inspersae Euteinmannia

simple leaves from the compound-leaved species in
section Weinmannia and appears to have been
erected by Bernardi for taxonomic convenience.
However, the number of leaflets often varies within
individuals, is extremely homoplastic among spe-
cies, and, therefore, has little ta value at
the sectional level. Previous and current classifi-
cations are compared in Table 1.

Purrosk

Recent systematic studies of Weinmannia have
identified more characters than were used by Ber-
nardi (1961, 1963b, 1964) to circumscribe sec-
tions. Many new characters, especially from inflo-
rescence architecture, described  here.
Thirty-one qualitative characters are used in a cla-
distic analysis to resolve these systematic ques-
tions: (1) Is Weinmannia monophyletic? (2) Are the
sections monophyletic? (3) How are sections related
to each other? and (4) What morphological char-
acter states support each clade?

Answers to these questions may help interpret
biogeographic and character-distribution patterns.
For example, a dioecious to polygamodioecious
breeding system is nearly ubiquitous in the Male-
sian section Fasciculata, among most species of the
South Pacific section Leiospermum, and in the Mas-
carene island species of section Weinmannia. An
understanding of whether dioecy is derived or basal
within the genus and the number of times it has
evolved depends upon the relationships inferred
among taxa. Because most sectional delimitations
are congruent with particular geographic regions
(e.g., sects. Inspersa and Spicata are endemic to
Madagascar and the Comores), the cladistic rela-
tionships among species groups of Weinmannia may
inform us about area relationships among southern
continents,

To understand the cladi:

are

ic coding and the evo-
lution of the inflorescenc: Weinmannia, it is nec-
essary to describe inflorescence characters in de-
tail, and to discuss the methods and theory behind
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determinations of homology. Three points are em-
phasized: (1) the inflorescence is formed by the
spatial arrangement of nested sets of parts, (2) the
coding of inflorescence characters usually requires
an assessment of positional homology (at least for
this study), and (3) evolutionary change in the po-
sition of inflorescence units is a form of heterotopy.

OVERVIEW OF INFLORESCENCE
ARCHITECTURE IN WEINMANNIA

An attempt to apply general inflorescence ter-
minology, such as that of Briggs and Johnsen (1979)
and Weberling (1989), was not satisfactory. Struc-
tural definitions only approximate many inflores-
cence features of Weinmannia, or terms cannot be
applied consistently among species. In a later sec-
tion, I discuss why standard terminology does not
work in Weinmannia, especially when the goal is
identifying cladistic characters. But first, the ter-
minology used here to describe Weinmannia inflo-
rescences is introduced.

Following the system of Briggs and Johnson
(1979), flower-bearing axes in Weinmannia and Cu-
nonia can precisely be called “anauxotelic botrya,”
which includes forms of “spikes” and “pseudora-
cemes.” To avoid these cumbersome terms in all
subsequent discussion, the term “raceme” is used
broadly to include any unbranched, flower-bearing
axis. The terms Inflorescence Module (IM) and To-
tal Inflorescence (TI) will refer to two other distinct
levels of organization. Architectural variation in the
Weinmannia inflorescence occurs at up to three hi-
erarchical levels: (1) the organization of flowers
along a “raceme,” (2) the development of racemes
in conjunction with supporting stems and buds
(IM), and (3) the position these raceme-stem units
occupy in relation to the main stem axis (TI).

Flowers vary in their organization along the ra-
ceme in two ways: (1) how they are initiated and
(2) whether their relative positions change during
axis elongation (Fig. 1). Flowers are initiated soli-
tarily or grouped, in the axil of a bract. During
elongation of the raceme axis, flowers may remain
in the axil of the bract or move away from it and
each other. Differences in the positional relation-
ships among flowers give distinct forms to the ra-

ceme.
In most sections, racemes usually develop as
parts of develof lly integrated units (modules)

composed of internodes, nodes, meristems, and ra-
cemes. Within a species-group, raceme-stem units
are organized predictably and may be repeated
along the main stem axis in predictable patterns
(Fig. 2). Each of these raceme-stem units will be

referred to as an Inflorescence Module (IM). The
term “module” has had more or less precise usage
(see White, 1979; Grimes, 1992; Barlow, 1994).
Here it refers to a particular level of organization,
or integration of a group of metamers, to form a
natural structural unit (Wagner, 1996). Of course
higher and lower levels of organization, such as the
raceme, are modules, but may already have useful

names. The IM is at an intermediate level of or-

ganization, above the raceme but below the entire
inflorescence. Within a locally dominant stem sys-
tem, the structure of the racemes, the organization
of racemes into an IM, and the arrangement of IMs
along the main axis constitute the Total Inflores-
cence (TI).

DESCRIPTION OF INFLORESCENCE
ARCHITECTURES IN WEINMANNIA

Inflorescence architecture is taxonomically infor-
mative and may help identify an entire section, or
a portion of a section, or distinguish a single spe-
cies from other members of its section. Variation
occurs in: (1) whether racemes develop as part of
an IM or directly along the main stem axis, (2) the
form of the IM, (3) the number of main stem meta-
mers that bear racemes or IMs, and (4) the position
of IMs relative to the main stem axis. There are 17
terminal taxa of Weinmannia in the data matrix
(Appendix 4). When variation within the raceme
(i.e., that shown in Fig. 1) is ignored, there are
about 11 distinct inflorescence architectures among
taxa, which are described below.

(A) Twelve of 18 species in section Fasciculata
have supernumerary lateral buds that develop into
lateral IMs in series at a node (e.g., W. fraxinea).
These IMs each consist of one metamer with an
opposite pair of racemes and a vegetative bud be-
tween them. The apical meristem of the main stem
axis usually remains vegetative, although vegetative
growth is usually suspended during reproduction.
The TI is acrotonic in that the distal node of the
TI usually has more IMs per series than occur at
subdistal nodes (Fig. 3a).

(B) Most other members of section Fasciculata
have similar IM morphology, but do not develop
IMs in a series at a node. Also, while it is rare for
IMs to form in medial positions in the W. fraxinea
group, this is common in some other species in the
section (Fig. 2b).

(C) Weinmannia descombesiana has a highly var-
iable inflorescence architecture that may appear
most similar to that of the W. fraxinea group (Fig.
3a) or other members of section Fasciculata (Fig.

2h).
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Cunonia pulchella
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SPI-icacifolia
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FAC-fraxinea (a. form also)

.

INS-rutenbergii
LEI-serrata
LEI-affinis
LEI-sylvicola
LEI-racemosa
Cunonia-macrophylla
Cunonia-purpurea
Cunonia-aoupiniensis
Cunonia-balansae
Cunonia bullata

Cunonia-alticola
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/ SPI-bojeriana
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tiated in the axil

" is determined by the number of flowers i
i i + bract fidelity.

—a. F

ulate inception + floral migration. —c. Solitary inception + bract fidelity. —d. Nu]u.lr) inception + floral

migration. Parts not necessarily to scale and only a pumnn of the axis is shown. The dd_]mmng table lists each

Weinmannia and Cunonia OTU in the cladistic anal

sis with its raceme form. Flowers are ses

le in section Spicata

(SPI). See discussion of characters 19 and 20 (Appendix 3) and the character matrix (Appendix 4).

(D) Nearly half the species in the genus are in
section Weinmannia, which can be recognized by
its unique inflorescences. In this section, the inflo-
rescence is limited to a pair of racemes developing
from axillary buds at the most distal node of the
main stem (Fig. 2¢). There is no IM in this group
and much variation in the suppression of leaf de-
velopment at the node bearing the racemes. Within
individual plants leaves may be fully developed at
the raceme-bearing node or extremely reduced.

(E) About 20 species in section Leiospermum
have a characteristic inflorescence in which the
apical meristem within an IM either develops into
a raceme or aborts. In many species this is fixed
one way or the other [e.g., the bud almost always

aborts in W. dichotoma (Fig. 3b)], but in several
species this character varies within individual
plants. Also typical of this section is that the IM
may consist of sequentially arranged metamers with
long internodes. The position of the IMs along the
main stem is both lateral and terminal. The TI is
acrotonic, with the terminal IM often developing
more metamers than the laterals (Fig. 2a). Leaf de-
velopment is suppressed within the IM, but gen-
erally less so at nodes proximal to the main stem
when the IM consists of sequential metamers.

(F) Two species endemic to New Zealand have
distinctive inflorescences. Weinmannia sylvicola is
similar to W. dichotoma in that the IMs terminate
with an aborted meristem, but differs in that the
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Figure 2. Diagram of inflorescence terms and

of infl hi in Wei —a. Section

Leiospermum, with IMs potentially consisting of ~cquvn(ml metamers, terminating with a raceme, and positioned laterally
and medially. —b. Parts of sections Inspersa. Spicata, and Fasciculata, with IMs of one metamer, terminating with a
vegetative bud, and borne medially and laterally at distal and subdistal nodes. —c. Section Weinmannia, with racemes
borne laterally at vegetative nodes. See text for more complete descriptions of architectural variation within specie:
groups, as not all patterns are shown. Actual leaves may be simple or compound. Although the figures are in two

dimensions, the actual arrangement is decussate.

medial IM often produces two metamers. Also,
there is usually only one lateral IM (Fig. 3c).

(G) The other New Zealand species, Weinmannia
racemosa, is unique within section Leiospermum in
that the IM does not terminate in a raceme or abort,
but produces a vegetative bud (Fig. 9b). This is the
only species within the section in which vegetative
growth continues beyond the inflorescence. Fur-
thermore, the IM is only borne in a medial position.
A more detailed discussion of the inflorescence in
sections Fasciculata and Leiospermum is given in
Hopkins and Bradford (in Hopkins, 1998a).

(H) Most species in the two Madagascan sec-
tions, Inspersa and Spicata, have similar inflores-
cences. About 22 species in section Spicata and 5
species in section Inspersa have IMs consisting of

one metamer with an opposite pair of racemes and
a vegetative bud between them. These IMs may be
positioned laterally at both distal and subdistal
nodes along the main stem, as well as medially at
the distal node. Racemes can also develop directly
from axillary buds, but only at the most distal node
of the TI (Fig. 2b).

(I) Five species in section Spicata (two of which,
W. comorensis and W. baehniana, were placed in
sect. Leiospermum by Bernardi, 1964) develop ra-
cemes from axillary buds along the main stem at
sequential nodes (Fig. 3d).

(J) Weinmannia rutenbergii (not illustrated) in
section Inspersa has extremely plastic inflorescence
development. IMs may be of one or more metamers,
sometimes branched but usually not, and may ter-
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Figure 3. Examples of inflorescence architecture among Weinmannia species groups. —a. W. fraxinea (sect. Fas-
L syl

ciculata). —h. W. dichotoma (sect. Leiospermum). —c.

W. comorensis (sect.

vicola (sect. Leiospermum). —.

Spicata). —e. W. venusta (sect. Inspersa). Note that b and ¢ have aborted terminal meristems in the IM. See text for

full descriptions.

minate in a bud or a raceme. When reproduction
is prolific, IMs develop at several nodes and may
vary in form within a TI. In general, larger IMs
develop from lower nodes. Weinmannia hepatica-
rum, known only from the type collection, appears
to be closely related to W. rutenbergii, but its inflo-
rescence variability is unknown. Bernardi (1964,
1965) placed W. rutenbergii in section Weinmannia.

(K) Two species in section Inspersa, W. venusta
and W. sp. nov. I, have branched IMs.that bear
racemes. The length of these racemes is variable
within an IM. The IM may terminate either in a
raceme or in a vegetative bud. The position of IMs
along the main stem may be lateral and medial. The
TI is basitonic, with the largest IMs developing at
lower nodes (one of the variants is shown in Fig.
3e and includes only a subdistal node of the TI).
Bernardi (1964, 1965) placed W. venusta in section
Weinmannia.

Most species in the closely related genus Cu-
nonia have an inflorescence architecture similar to
that depicted in Figure 9c, but often with IMs at
two successive nodes of the TI. However, several

species diverge from this pattern (see illustrations
in Hoogland et al., 1997, and coding in character
matrix, Appendix 4).

The photos in Plate 1 show some common forms
of the inflorescence among Weinmannia sections.
Additional color plates will be available from the
World Wide Web by searching the species name in
WSTROPICOS at hitp://www.mobot.org.

THE USE OF INFLORES( )
ARCHITECTURE IN CLADISTICS

The hierarchy of inflorescence architecture and
its systematic importance have been recognized in
diverse groups (Venkata Rao, 1965; Mabberley,
1975; Weberling, 1977; Briggs & Johnson, 1979;
Kaul & Abbe, 1984; Tucker, 1987; Weber, 1988;
Weberling, 1988; Schlessman et al., 1990; Grimes,
1992; Liede & Weberling, 1995; Tortosa et al.,
1996; Timonen, 1998). While many studies have
proposed pathways of inflorescence evolution based
on comparative morphology and development, few
have used cladistic methodology to do so.
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Plate 1. Photos documenting Weinmannia inflorescence architecture illustrated in Figures 2. 3. and 9. —i. Section
ia; W. ifoli z compare with Figure 2 Section Fasciculata. —ii. W, fraxinea

W. clemensiae (H. F. Hopi ﬂll compare Figure 9¢. —
ection Leiospermum. W,

compare with Figure 3a, —
. stenostachya (J. C. Bradford 650); compare with Figure 2b.
2 i Bradjanl 919): compare with Figure

urolu (j ( l{m:]ﬁml 7 -ompare with Figure
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Figure 4. Morphological evolution occurs through temporal and spatial modification of development. As shown here,
the ancestor (a) has racemes developing from the leaf axils. The descendauts (d1-d4) are heterochronic, heterotopic,
or both. —d1. Heterochronic, paedomorphic form in which the raceme axes are constricted. —d2. Heterotopic form in
which the racemes develop from the terminal bud and not the axillary ones. —d3. Heterotopic form in which the
racemes develop in their plesiomorphic, axillary position, and from a new p on, at the terminus. —d4. Heterochronic
and heterotopic form. Heterotopy is recognized by changes in the relative position of parts (d2, d3), not just quantitative

shifts that are probably heterochronic (d1).

Although inflorescence architecture is diverse in

1996; Zelditch & Fink, 1996). Heterotopic patterns

many taxa, cladists may have avoided infl
characters because of difficulties in assessing ho-
mology. Progress came when Grimes (1992) ana-
lyzed the inflorescence of the Pithecellobium-com-
plex by breaking it into nested, repeated units.
Similarly, Weinmannia inflorescences have nested
components and, in order to identify cladistic char-
acters, the relative positions of parts within each
component can be compared. Recognizing position-
al homology is the key to coding inflorescence char-
acters. As a consequence of recognizing positional
homologies, evolutionary changes in the positions
at which parts develop, i.e., heterotopy (Haeckel,
1905; Gould, 1977; Sattler, 1988), can be inferred
by tracing character transformations on the phylog-
eny. Therefore, this work advances a view of evo-
lutionary development that recognizes both tempo-
ral and spatial transformation (see also Zelditch &

Fink, 1996).

ence

HEeTEROTOPY: DOES 1T HAPPEN?

While it is well accepted that heterochrony caus-
es the modification of form (Jong & Burtt, 1975;
Gould, 1977; Raff & Wray, 1989; Kellogg, 1990;
Boughton et al.,, 1991; McKinney & McNamara,
1991), positional changes in development have of-
ten been either ignored or considered byproducts
h in Raff,

of underlying het ony (see disc

:d by qualitative shifts in the positional
relationships among parts, not just quantitative

are recogl

changes in relative distances among parts, which
may often be due to heterochrony (Fig. 4).

For example, reproductive structures can shift
from lateral to terminal positions, or from distal
branches to the trunk. A possible outcome may be
the evolution of monocarpy from polycarpy, or
changes in how flowers are pollinated and fruit is
dispersed. Distinct inflorescence modules that de-
velop either male or female flowers are common in

breeding syst [e.g., pistillate vs.
staminate spikes in Quercus (Kaul & Abbe, 1984),
and in corn]. Once male and female modules are
established, they can be expressed at separate po-
sitions within the plant, which may have functional
benefits.

Even though heterotopy has been mostly over-
looked by evolutionary biologists, some obvious
(and bizarre) examples of morphological changes in
plants appear to be purely heterotopic. These in-
clude: the switch in position of leaves and lateral
buds in Utricularia (Sattler, 1994); the positional
reversal of stamens and carpels in Lacandonia
schismatica (Martfnez & Ramos, 1989); and epi-
phyllous inflorescences (Dickinson & Sattler, 1974,
1975).

Plant morphologists have long accepted that spa-
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tial and temporal changes in development contrib-  able for nearly all species from Madagascar and the

ute to morphological evolution. For example, het-
erotopy has also been called “translocation”
(Leavitt, 1905) and “phylogenetic shifting” (includ-
ing homeosis, Zimmermann, 1961). In discussing
the “morphogenetic” basis of plant form, Sachs
(1982) suggested that mutations affecting gene reg-
ulation could change the spatial and temporal ex-
pression of developmental processes to account for
morphological evolution. This notion is supported
by developmental-genetic studies that show how
sets of genes, especially ones encoding transcrip-
tion factors (Sommer et al., 1990; Yanofsky et al.,
1990), act to establish the position in which an
organ will form (Bradley et al., 1997; Meyerowitz,
1997). Sattler (1988) discussed how both hetero-
chrony and heterotopy are related to homeosis. The
potential for heterotopy is also embodied in Sattler’s
term “homotopy,” referring to homology of position
(Sattler, 1994).

Taken together, the data from systematists, plant
morphologists, and plant molecular biologists show
that heterotopy is widespread among plants. This
provides the conceptual and empirical framework
on which positional homologies of inflorescence ar-
chitecture are here coded.

MATERIALS AND METHODS
SAMPLING METHODS

Except for recent work by H. C. F. Hopkins
(1998a—c; Hopkins & Florence, 1998) in the Ma-
lesian-Pacific region, Weinmannia has not been re-
vised at the species-level since Bernardi (1961,
1963b, 1964, 1965). Numerous recent collections
show that many currently recognized taxa are poor-
ly circumscribed. Sampling of specime
to cover the distribution of phylogenetic
mative characters independently of previous spe-

cies circumscriptions or determinations. For this
reason, some taxa recognized as varieties of the
same species by previous authors are members of
different terminal taxa in this analysis. Because
there will be changes in nomenclature and new
species descriptions, both specific names and a set
of specimens examined are listed in Appendix 1.
My goal was to examine at least one specimen
of each species of Weinmannia. The lack of a recent
treatment of Malagasy and American species made
sampling more uncertain in these areas. Data come
from field studies in tropical America, Madagascar,
Malaysia, and the South Pacific, and examination
of herbarium specimens primarily at the Labora-
toire de Phanérogamie in Paris (P) and the Missouri
Botanical Garden (MO). Type material was avail-

Malesian-Pacific region. Several American species
are known unly from type specimens that were not
available, but most of the characters used in this
analysis were at least seen in illustrations or photos.
Furthermore, the Neotropics are well represented
by recent collections at MO and F, and I have col-
lected extensively in the region. Species sampling
of Cunonia relied on the taxonomy of R. Hoogland
and his unpublished monograph of the genus at P.
This study has revealed several undescribed spe-
cies, each of which can be placed in an Operational
Taxonomic Unit (OTU) with at least one described
species.

Many inflorescence characters are coded based
on developmental potential, which is fixed in some
taxa but variable in others (e.g., see discussion of
character 23, Appendix 3; description of W. ruten-
bergii, inflorescence J). To accurately code these
taxa, groups with greater complexity and variety of
inflorescence architecture, such as section Leio-
spermum, were sampled more intensively than those
with less, such as section Weinmannia. Poorly rep-
resented species that are not known for all of their
characteristics (e.g., of which fruits have never
been collected) could be provisionally placed into
an OTU, since an intact inflorescence with either
flowers or fruits is sufficient to discriminate among
the OTUs.

The observed morphological characteristics of
hundreds of specimens were managed in two ways.
Sketches and notes of specimens were made, and
descriptive information on specimens was entered
into a computerized database. The database fields
were used to search for unique combinations of
character states among species, and characters
were reconfirmed by checking sketches and by re-
peated specimen examination. The OTUs in the
cladistic analysis were circumscribed according to
the possession of unique combinations of character
states for the current character matrix. If an OTU
was polymorphic for a character, it was due to poly-
morphism within some species of that OTU.

Identifying OTUs by unique combinations of
characters could yield paraphyletic OTUs. There-
fore, each ingroup OTU was studied for potential
autapomorphies, which are listed in Appendix 2.
Most OTUs were arguably monophyletic, but a few
were not. A separate cladistic analysis was run that
removed the following OTUs to see if their absence
affected the tree topology: FAC-descombesiana
(possible hybrid taxon), FAC-clemensiae, SPI-ica-
cifolia, INS-madagascariensis, LEI-serrata, Cunon-
ia-purpurea.
































































