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ABSTRACT

A REVISION OF MATELEA SUBGENUS
DICTYANTHUS (APOCYNACEAE, SENSU LATO)

By

Warren Douglas Stevens

A revision of Matelea subgenus Dictyanthus (Gonolobeae) is provided.
Dictyanthus can be distinguished from the rest of Matelea by having a
digitate corona with the axes of the lobes entirely adnate to the
corolla, simple inflorescences, a mixed indumentum with at least some
of the trichomes glandular and at least some of the long trichomes
uncinate, and follicles with thickish projections. Dictyanthus is here

considered to be comprised of 10 species; two species, Matelea mac-

vaughiana and M. hamata, are proposed as new. Another species, previ-

ously included in synonymy, is recognized and a new combination,

Matelea aenea, proposed for it. Three species closely related to sub-

genus Dictyanthus are also treated. One of these, Matelea altatensis,

was previously included in Dictyanthus. Another, Matelea aspera, is a

new combination published as a result of this study and is the type

species of subgenus Pachystelma, a taxon of uncertain status. The

third, Matelea sepicola, is a new species published as a result of this
study and is apparently most closely related to M. aspera. As a group,
the three species can be distinguished from Dictyanthus especially by

having corona lobes which are partially or entirely free from the

corolla., A data-matrix is provided for subgenus Dictyanthus.
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Also provided is a brief literature-based descriptive survey of
Asclepiadoideae, especially Gonolobeae, and a summary of my own prelim-
inary morphological and anatomical studies of the subfamily, especially

with respect to the treated species. The stems of the treated species

have inter-xylary phloem, a prominent pericyclic region defined by

bundles of bast fibers, an endodermis represented by a starch sheath in
young stems but not evident in older stems, and asymmetrical secondary
xylem. Druses and branched, nonarticulated latex tubes occur in most
tissues. The leaves have an unspecialized dorsiventral anatomy with a
single palisade layer and anomocytic stomata. Only uniseriate trich-
omes occur and these can be glandular or nonglandular, straight or un-

cinate, and of varying lengths. Specialized glands occur on the stip-

ular region, the base of the adaxial surface of the leaf blade, and the
inside of the calyx tube below each sinus; because of their complex
structure and specific sites, apparently homologous glands can be iden-
tified in related families. The inflorescences are interpetiolar heli-
coid cymes. The general morphology of the flower is that of Asclepiad-
oideae. Each corona lobe of Dictyanthus is produced by an enation from
near the base of a filament.

Chromosome number data of Apocynaceae show a basic number of x = 11;
about 97% of the genera and 867 of the species counted can have this
number. Polyploidy occurs mainly in a few groups, but about 367% of the
genera and 22% of the species counted can have polyploid numbers.

The relationships and distributions of the subfamilies of Apocyn-

aceae and tribes of Asclepiadoideae are briefly discussed. Relation-

ships within Matelea and within Dictyanthus are also discussed.






A REVISION OF MATELEA SUBGENUS

DICTYANTHUS (APOCYNACEAE, SENSU LATO)

By

Warren Douglas Stevens

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Botany and Plant Pathology

1976







ACKNOWLEDGMENTS

First and foremost I would like to thank Dr. John H. Beaman for his

patience and help throughout this project.

Field work for my studies has been aided by a grant from the Latin
American Studies Center, Michigan State University, and by the Univer-
sity of Michigan Herbarium. The ten line drawings were prepared by
Judy Appenzeller, supported by NSF Grant GJ-573.

Drs. Beaman, Rollin Baker, Aureal Cross, and S. N. Stephenson have
reviewed various parts of this manuscript and have offered valuable
suggestions.

Many other individuals have helped in various aspects of my work.
Although not a complete list, I thank at least the following: Dr.
Garrett Crow for examining a type specimen at the British Museum, Dr.
Robert Cruden for two of the photographs used in this thesis, Dr.
Melinda Denton for seeking out specific collection localities in Mexico
and for briefly serving as my major professor, Dr. Richard Harris for
examining my Latin diagnoses, Dr. Daniel Janzen for determining a col-
lection of weevils, Dr. Rogers McVaugh for various kinds of help but
especially for the use of his notes on the Sessé and Mocifio collec-
tions, Dr. Lorin I. Nevling, Jr. for making available to me the Field
Museum photographs of the Sessé and Mocifio herbarium, and Dr. Willaim
Tai for advice on microscopy as well as the use of his equipment.

And finally the one indispensable part of this study was the access
to collections and I am indebted to the curators of the cited herbaria
for allowing me to examine their material.

ii







TABLE OF CONTENTS

LIST OF TABLES CEEECE T T e S S
LIST OF FIGURES o, NS SR @ e W B N
INTRODUCTION e e RS T 8 A WA
GENERAL DESCRIPTION . . . . . . .
Morphology and anatomy & e e nel e e
Roots S - G W he w8 Ny
Stems B eiam e B e Y e
Leaves . . . . .
Indumentum e o e @ w4

Glands (colleters) . . . .

Inflorescence o e e el e
Flowers 8RR e S e B
calyx

corolla . . . < .
gynostegium CRR
pollinia AR L
ovaries . .
Fruits and seeds e e e e .
CYLOI0BY: vi, 2hap wa o’ 47 o e
Distribution o @ e fe

EcoTogyr s 50 b, g0 % B 40 W Be BT

18

26

28

34

37

38

43

44

46

50

52

57

62







RELATIONSHIPS.................66

Family-subfamily o e S W @ S i B, B W el 66
Tribesgenus’ 5 5 60 ey e Tet o e ne i ta L w 70
Subgenus-species o AT i et T e B et o o el e 7L
TAXONOMIC TREATMENT . . . . . . . .« . .« .« .« . . . 75
Matelea subgenus Dictyanthus §1 apw. Lot W W ch WG BN el N 75
Matelea subgenus unassigned 6 i b SR R ) e 76
Notes on characters used in Taxonomic Treatment . . . . 76
Artificial key to species R T R R SRS 79
Species treatments (subgenus Dictyanthus) . . . . . . 82
1. Matelea hemsleyana . . . . . . . . . . . 82

2. Matelea tuberosa A Bl e Tal] AOETRL Vet A g 91

3. Matelea hamata . . . . . . . . . . . . 97

4, Matelea pavonii . . . . . . . . .+ . . . 103

5. Matelea macvaughiana . . . . . . . . . . 117

6. Matelea standleyana S B0 e @ e 126

7. Matelea ceratopetala . . . . .+« . . . . 130

8. Matelea dictyantha . . . . . . . . . . . 138

9. Matelea aenea ST Ce ] T, e S R e e 148

10. Matelea yucatanensis S b b e et B e I - 154
Species treatments (subgenus unassigned) PN ORI 159
11. Matelea altatensis . . . . .+ + .« .+ o« . . 159

12. Matelea sepicola T8 AN A e ) e < 169

13. Matelea aspera oo LA e g G e A0S 176
Cited collections . . + « =« « « & « o e . . 188
Cited scientific names oI e B Cper mh e R e ek T 193
Cited common names d o e et o, e . 195

iv






APPENDIX (TAXONOMIC DATA-MATRIX)

LITERATURE CITED . . . . .

196

205






Table

LIST OF TABLES

Chromosome numbers of Apocynaceae (see text for
explanation) . . . . . e e 3 Dk

Sessé and Mocifio collections pertinent to Matelea

pavonii . . . . . . . . 0 00 .

vi






LIST OF FIGURES

Figure Page
1 Representative basal parts of Matelea subgenus

Dictyanthus (x ca 0.5) . . . . . . . . . . . 10

2 Representative stem thin-sections of Matelea

sepicola and M. dictyantha e e e e e e e e 14
3 Representative stem thin-sections of Matelea and

Ho!a L] . L] Ll . . . L] - L] . . L] . L4 . . 16
4 Leaf surfaces of Matelea subgenus Dictyanthus . e e 22
5 Leaf features of Matelea and Hoya e e e e e e 24
6 Representative glands of Matelea and Hoya e e e . 31
7 Outline of floral structures of Matelea dictyantha

as seen in serial transverse sections . . . . . . 39
8 Representative flower thin-sections of Matelea

sepicola, M. hemsleyana, and M. dictyantha e e e . 41
9 Pollinia of Matelea subgenus Dictyanthus, epi-

illumination photographs, x 37 e e e e e e e 48
10 Pollinia of four species of Matelea related to (

Matelea subgenus Dictyanthus, epi-illumination

photographs, x 37 o e e e e e e e e e 49
11 Matelea hemsleyana (drawn from Stevens C-162, a

cultivated specimen of Stevens 1399) o e e e e 85 |
12 Distribution of Matelea hemsleyana and M. tuberosa . 90
13 Matelea tuberosa (drawn from Stevens C-163 and

C-164, cultivated specimens of Stevens 1458 and

1473, respectively and Stevens 1473) e e e e e 94
14 Holotype of Matelea hamata e e e e e e e e 100

15 Inflorescence of holotype of Matelea hamata . . . . 101







Figure Page
16 Distribution of Matelea hamata and M. pavonii . e e 102
17 Matelea pavonii (A-D drawn from Stevens C-160, a

cultivated specimen of Stevens 1375, and E from
Stevens 1427) . . . . ¢ o« 4 4 e e e e e . 107

18 Isotype of Matelea macvaughiana (VT) e e e e e 121
19 Representative features of Matelea macvaughiana . . 123
20 Distribution of Matelea macvaughiana and M.

standleyana e e e e e e e e e e e e e 125

21 Matelea standleyana (drawn from Stevens C-161, a

cultivated specimen of Stevens 1392) e e e e e 129
22 Matelea ceratopetala (drawn from Stevens 1245) . . . 133
23 Distribution of Matelea ceratopetala and M.

dictyantha . . . . . . . . . . < . . . . 137

24 Matelea dictyantha (A-D drawn from Stevens C-105,
cultivated specimens of Graham 1231, and E from
Stevens 1311) . . . . ¢ . ¢ e e e e e 141

25 Regional variation of Matelea dictyantha . . . . . 143

26 Matelea aenea (A-D drawn from Stevens C-157,
cultivated specimens of Stevens 1145, and E from
Stevens 1145) . . .« .+ 4+ e e e e e e e 150

27 Distribution of Matelea aenea and M. yucatanensis . . 153
28 Matelea yucatanensis (drawn from Stevens C-158, a

cultivated specimen of Stevens 1168) e e e e 157

29 Representative specimen of Matelea altatensis
(Wiggins & Rollins 140, A) e e e e e e e 163

30 Representative features of Matelea altatensis . e . 165
31 Distribution of Matelea altatensis and M. sepicola . 168
32 Matelea sepicola (drawn from Stevens 1436) e e .. 171
33 Representative features of Matelea sepicola . . . . 172
34 Matelea aspera (drawn from Stevens 1296) . . ., . . 179
35 Distribution of Matelea aspera e e e e e . 181

viii







Figure
36

37

38

Character list for DICTIM (revised 14 Dec 1975)

DICTIM, a general format taxonomic data-matrix for

Matelea subgenus Dictyanthus . . . . . . .

Samples of interactive specimen identification using
IDENT4 and DICTIM o e e e e s e e e e e

ix

203







INTRODUCTION

The genus Dictyanthus was described by Decaisne in de Candolle's
Prodromus in 1844. The description was based on a Sessé& and Mocifio
collection which had been distributed by Pavén. Judging from
Decaisne's annotations, he had also seen Galeotti specimens of the type

species, Dictyanthus pavonii, but he did not cite them in the proto-

logue. A few years later, sometime in the late 1840's, Dictyanthus
pavonii was introduced into European botanical gardens and became a
relatively well-known plant. During this period the species was well

illustrated in horticultural journals and was provided with several

new names. Other than the addition of new names, the next treatment of

the genus is that of Bentham and Hooker in their Genera Plantarum

(1876). They considered the genus to be comprised of three to four
Mexican species. Six years later, Hemsley (1882) treated the genus in

Biologia Centrali-Americana, Botany and recognized four species, one of \

which he described as new. In Engler and Prantl's Die natiirlichen

Pflanzenfamilien, Schumann (1895) again considered Dictyanthus to be a

Mexican genus of three to four species. The next treatment, that of

Standley in his Trees and Shrubs of Mexico (1924), includes six

species, one of which was described as new. Woodson (1941), in provid-
ing a generic revision of the North and Central American Asclepiadace-

ae, reduced Dictyanthus to a subgenus of Matelea and made new combina-

tions for the ten species he recognized. These were simply listed,
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with partial synonymy, to document the subgenus; there was no intent to
provide a species-level revision. I am recognizing seven of the
species Woodson listed, considering two of them as synonyms of other
species, and removing one from the subgenus. Standley and Williams
(1969) included the two Guatemalan species of this subgenus in their
treatment of Asclepiadaceae in the Flora of Guatemala. This summarizes
essentially the entire taxonomic history of Dictyanthus except for the
descriptions of individual species. As can be seen, Dictyanthus has
not been previously studied except as part of a consideration of the
whole subfamily Asclepiadoideae. To date, no species have been added
to or removed from Woodson's subgenus and no new species belonging to
the group have been described since 1930.

Taxonomic neglect of one kind or another has been the fate of most
asclepiads in tropical and subtropical North and Central America. A
major problem is that the species tend to be poorly represented in
herbaria. This is partially a reflection of the rarity of many species
and partially the result of collecting biases. Many collectors tend to
avoid the disturbed lowland forests which are relatively rich in
asclepiads, to avoid collecting vines, and to avoid collecting groups,
such as the asclepiads, which are not easily determinable. Except for
the sorts of whole-subfamily studies mentioned above, and somewhat more
detailed studies for species occurring within the United States, only
three of the nine genera Woodson (1941) recognized in North and Central
America have ever been revised for this region. The New World species
of Marsdenia were revised by Rothe in 1915. Although the revision was
well-done for the time, it is now almost totally out-of-date. Woodson

(1954) revised Asclepias, probably the largest and certainly one of the
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most difficult asclepiad genera in North and Central America. Asclepi-
as, being primarily temperate and primarily in temperate habitats even
in the tropics and not being a vine, is much better represented in
herbaria than the other genera. Unfortunately, Woodson provided only a
natural key to the species. Even with an illustration for each spe-
cies, identifications of Asclepias are often tedious. Sarcostemma, as
revised by Holm (1950), is the only asclepiad genus in which species
can be readily identified. Although his key is again largely natural,
the much smaller number of taxa, the use of more conspicuous and dis-
tinctive characters, and the generally better marked species make most
determinations relatively easy.

It was in part because of this general taxonomic neglect that I
originally began working with Asclepiadoideae. Also attractive were
the possibilities for ecological study of the highly specialized insect
pollination and insect predation of this group. The specific choice of
Matelea subgenus Dictyanthus as my first project was influenced by sev-
eral factors. Probably most important was the fact that the group was
of such a size that the species could be considered in some detail, yet
distinctive enough that one could be relatively certain of considering
all the closely related species at once. Also, the ranges of the spe-
cies were such that I could have a reasonable chance of examining all
of them in the field. Also significant was the fact that the species
tend to have large and attractive flowers, probably the largest of the
New World Asclepiadoideae. This last fact has probably also been the
cause for this group's being relatively well-collected, relative at
least to the other viney asclepiads.

Using Woodson's ten species of the subgenus as a basis, 1 began the
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study by gathering the pertinent literature and by examining the her-
barium specimens at Harvard Herbaria, the Smithsonian Institution,
the University of Michigan, and Michigan State University. In this
way, the available material was sorted essentially into what I now con—
sider to be 14 species (there was a little lumping and splitting in
this original sorting). These sorted elements were considered to in-
clude all of the subgenus Dictyanthus plus the most closely related
species. On closer examination, one of the species, Matelea congesta
(Decaisne in de Candolle) Woodson, proved to be only superficially sim-
ilar and not actually closely related to the others. Therefore, it is
not included in this revision. The remaining thirteen species are
treated, ten as belonging to subgenus Dictyanthus and three not assign-
ed to a subgenus; the status of the three unassigned species is dis-
cussed in the section on Relationships.

With these reasonably good concepts of the taxa and specific col-
lection localities, about three months were spent in Mexico and Guate-
mala collecting Matelea. Before Dictyanthus was chosen as a specific
project, I spent three months in Mexico with a University of Michigan
expedition; during this trip there was ample opportunity to collect
asclepiads and several collections which proved to be important to the
study were made. After the taxonomic treatment was largely finished,
an additional one-month trip was made to western Mexico to fill certain
gaps in my material. As has been my practice since the beginning of my
field work, considerably more than herbarium specimens are collected
when an asclepiad is found (and members of certain other groups as
well). Of major importance has been the collection of spirit-preserved

flowers. Asclepiad flowers, especially when large or fleshy, are
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drastically deformed by pressing and drying and no amount of soaking or
boiling will restore their original shape (cf. Drapalik, 1970). Be-
sides spirit-preserved flowers, also collected, as feasible, were ana-
tomically preserved materials, insects either feeding on the plants or
visiting the flowers, information on local names and uses (little has
been contributed in this regard), and living plants or seeds. In sum-
mary, of the 14 species originally considered, 13 have been seen in the
field, spirit-preserved flowers have been collected of 12, and 10 have
been successfully cultivated.

In addition to my own collections, I felt it necessary to examine as
many herbarium specimens as reasonably possible. In this regard, loans
or other information were solicited from a total of 46 herbaria and
specimens were actually received from 35. For the 13 treated species,
about 880 specimens, representing 341 separate collections, have been
examined.

The major result of this work is the essentially classical taxonomic

revision presented in the Taxonomic Treatment. The descriptions, thus
the resulting differences and similarities among the taxa, were derived
almost entirely from the population of herbarium specimens examined.

In this sense, the resulting taxonomy would probably not have differed
significantly if no field work had been done. The major difference is
that I probably would not have been inclined to distinguish between
atelea aenea and M. yucatanensis without having examined living
lants. It should also be mentioned that additional field work may in
ome cases provide justification for further taxonomic distinctions;
hese are discussed under the appropriate headings. However, having

Xamined a variety of material, especially spirit-preserved flowers and
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living plants, I believe that I have a much better understanding of the
taxa, their inter-relationships, and their relationship to the rest of
Matelea than would have been possible from herbarium specimens alone.
This understanding is at least partially expressed in the section on
Relationships. The section on General Description is, in part, a brief
literature-based survey of Asclepiadoideae, especially Gonolobeae, and,
in part, a summary of my own preliminary morphological and anatomical
studies of the subfamily, especially with respect to those species in-
cluded in the Taxonomic Treatment.

During the course of this study a number of specific questions re-
garding the ecology and taxonomy of this group of species have become
apparent. My contribution to the understanding of Apocynaceae will be
relatively small if my future work is not directed toward these prob-
lems as well as toward additional revisionary studies within the fami-
ly. A considerable body of material, information, and inspiration has
accumulated from my field, herbarium, and literature studies and I sin-
cerely hope I will be able to continue studying this most interesting

family.







GENERAL DESCRIPTION

Morphology and anatomy

Roots

The roots of most species of Matelea with perennial woody stems are
diffuse and fibrous. The more herbaceous species, especially of sub-
genus Chthamalia, typically have fleshier and less diffuse root sys-
tems, probably associated with the increased importance of the roots as
storage structures. The strictly erect species of subgenus Phero-
trichis, which are probably ill-placed in the genus Matelea, are excep-
tional in having a few thick, fusiform roots. The roots of subgenus
Dictyanthus are diffuse and fibrous. The roots are least woody in the
two species, Matelea ceratopetala (Figure 1D) and M. standleyana, which
often have thin, nearly herbaceous, horizontal rhizomes which are
little more than stems with adventitious roots. The other species of
subgenus Dictyanthus appear to develop prominently woody taproots and
secondary roots (Figure 1A-C). When exposed on the surface, these
woody roots develop fissured corky bark similar to that of the stem.

The stem anatomy of Asclepiadoideae has seldom been studied. Scott
and Sargent (1893) and Groom (1893) studied the aerial roots of
Dischidia rafflesiana. Francke (1927) studied the exodermis of 12
species, including examples from the various habit types within the
subfamily. 1In their classic study on internal phloem, Scott and

Brebner (1891) included discussions of about ten species of Apocynaceae;
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they discussed in some detail the root and root-stem transition of a
species of Asclepias. Mayberry (1938) briefly described the anatomy of
three North American species of Asclepias. He found the roots of all
three species to have a suberized hypodermis (=exodermis) and an endo-
dermis, this forming a continuous cylinder in two species and a broken
cylinder in the third. The xylem was in a triarch arrangement in one
species, tetrarch in the second, and forming a solid strand in the
third. The cortex was filled with starch grains and oil globules and
there were conspicuous calcium oxalate crystals in the cortex of two
species. As far as I am aware, the roots have never been examined for
a species of Gonolobeae. I have not examined the root anatomy of
Matelea.

Demeter (1923) studied the mycorrhizal associations of several
north-temperate, herbaceous species of Apocynaceae. It would be inter-
esting to know how widely the phenomenon of mycorrhizal associations
occurs in the family, especially among the epiphytic species.

Stems

The perennial stems of Matelea vary from distinctly woody to nearly
herbaceous and from aerial to ground-level or below. This aspect of
the plants is often ignored by collectors and it is thus often diffi-
cult to evaluate the habit of a given species. The most common type of
perennial stem for the species of this revision is aerial and woody,
but four species perennate from ground-level woody or fleshy caudices
(two other species can have woody caudices in addition to aerial woody
stems) and two species can have thin, nearly herbaceous, rhizomes.
Representative examples of the basal parts of Matelea subgenus Dicty-

anthus are shown in Figure 1. These summarize the types of perennial










Figure 1.

Representative basal parts of Matelea subgenus Dictyanthus
(x ca 0.5).

A. erect woody stem, Matelea aenea, Stevens 1145 (MSC); B.
woody caudex, M. dictyantha, Stevens 1311 (MSC); C. atypical
form with elongate rhizome, M. dictyantha, Stevens 1311
(MSC); D. thin, nearly herbaceous rhizome, M. ceratopetala,
Harmon & Dwyer 3230 (MO).
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stems, and thus the habits, occurring in the species of this revision.
Other examples are included in the figures of individual species within
the Taxonomic Treatment. The species included in this revision, and
apparently most of the rest of Matelea and many other genera of Ascle-
piadoideae, are notable for the thick, fissured corky bark which devel-
ops on the woody stems. This feature is often useful, especially for
the more robust species, in distinguishing between the annual and
perennial stems.

The annual stems of Matelea are predominantly twining but can also
be erect or procumbent. Although in natural conditions certain species
of subgenus Dictyanthus are almost always erect, they all seem to have
the capability to twine when under favorable conditions, especially in
the greenhouse. There are, however, species within Woodson's concept

of Matelea, e.g. M. balbisii (Decaisne in de Candolle) Woodson (sub-

genus Pherotrichis) and M. caudata (A. Gray) Woodson (subgenus Heli-
ostemma), which seem to totally lack the ability to twine.

A number of contributions have been made concerning the stem anatomy
of Asclepiadoideae, but again Gonolobeae have been almost entirely ig-
nored. The most comprehensive study was that of Treiber (1891).
Treiber considered 59 species of Asclepiadoideae, of which one, Gono-
lobus hirsutus Michaux (=Matelea carolinensis [Jacquin] Woodson) be-
longed to Gonolobeae. Most early references to Gonolobus, e.g. most of
those in Treiber (1891) and Solereder (1908), apply to G. condurango
Triana, which was later found to be a species of Marsdenia, M. condu-
rango Reichenbach f., which is in the tribe Marsdenieae. Other notable
references include the studies by Puech (1912a, 1912b) on the leafless

species of Madagascar, by Zemke (1939) on several succulent African
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species, by Scott and Brebner (1891) on internal phloem, by Mayberry
(1938) on Asclepias, and by Singh (1943) on the inter- and extra-xylary
phloem of Leptadenia. The laticifers have been studied in some detail
by Chauveaud (1891) and Schaffstein (1932). The following summary of
the stem anatomy is based on these studies as well as the information
provided in Metcalfe and Chalk (1950) and Solereder (1908).

The most significant features of the stem anatomy of Asclepiadoideae
are: 1) the presence of both inter- and extra-xylary phloem, both as
bicollateral bundles and in the vascular cylinder; the inter-xylary
phloem of the vascular cylinder may be in discrete bundles or in a
continuous ring and may or may not be produced by a separate cambium
(intra-xylary phloem also occurs in some species); 2) the presence of
branched, nonarticulated or occasionally articulated latex tubes, ap-
parently throughout most tissues; 3) the presence of druses in most
tissues, these probably of calcium oxalate (cf. Esau, 1965, p. 29); 4)
a prominent pericyclic region defined by a ring of bast fibers, these
either separate or organized into bundles; 5) a well-defined endo-
dermis; and 6) the superficial origin of the bark, either epidermally
or subepidermally. Although I have not considered wood anatomy in any
detail, the vessels of the viney species can be summarized as having
simple perforations, bordered pits, and very wide lumina.

The species considered in this revision conform to the general
description above. Representative thin-sections are illustrated in

Figures 2 and 31. The vascular tissue of the stem hardly passes

‘All thin-sections used in this study are from material killed and
fixed in 50% FAA, dehydrated through a standard TBA series, embedded in
paraffin, sectioned at ten microns on a rotary microtome, and stained in
safranin-fast green, all procedures after Sass (1958). All figures
of thin-sections were photographed on a Zeiss photomicroscope.









Figure 2.
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Representative stem thin-sections of Matelea sepicola and
M. dictyantha.

A. transverse section of pedicel of small flower bud,
Matelea dictyantha, x 150; B. transverse section of young
stem, M. sepicola, x 35; C. transverse section of young
stem, note inter-xylary (iph) and extra-xylary (eph) phloem,
M. sepicola, x 120; D. longitudinal section through primary

and early secondary xylem of very young stem, M. sepicola,
x 250.
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Figure 3. Representative stem thin-sections of Matelea and Hoya.

A. transverse section of very young stem, note subepidermal
initiation of bark (b), Matelea sepicola, x 225; B. trans-—
verse section of young stem, note bundles of bast fibers and
proliferation of bark, M. sepicola, x 70; C. transverse sec-—
tion of a single bundle of bast fibers, M. sepicola, x 305;
D. transverse section of pith of young stem showing a druse,
M. sepicola, x 530; E. longitudinal section of young stem,
note endodermis (e) outside of fibers (f), Hoya obovata
Decaisne in de Candolle, x 55; F. transverse section of
receptacle of small flower bud, with branched, nonarticulat-
ed latex tubes, M. dictyantha, x 395.
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through a stage with discrete vascular bundles; a continuous vascular
cylinder is formed even in young stems. Figure 2A illustrates a very
young stem (the pedicel of a small flower bud). Even in young stems,
the inter-xylary phloem is in the form of a continuous ring and appears
to increase little in quantity as the stem enlarges; there is no appar-
ent cambium specifically for the inter-xylary phloem (Figure 2C).
Branched, nonarticulated latex tubes are conspicuous in both the cortex
and the pith (Figure 3F). Within the stem, the latex tubes branch pre-
dominantly or exclusively at the nodes. Druses are also common in the
pith (Figure 3E) and cortex. The bast fibers are completely unligni-
fied and aggregated into bundles (Figure 3C) and these bundles are or-
ganized into a ring (Figure 2B). The endodermis is represented by a
starch sheath in young stems but is not evident in older stems. In
contrast, the conspicuous endodermis said to be characteristic of
Asclepiadoideae is illustrated by a species of Hoya in Figure 3E. The
parenchyma of the cortex, and to a certain extent of the pith, of older
stems is filled with starch grains (e.g. Figures 3C and 3E). Bark is
initiated subepidermally (Figure 3A) and is produced in quantity on
perennial stems (Figure 3B). The secondary xylem is produced asymmet-
rically, giving the vascular tissue an oval shape (Figure 2B), but this
does not appear to alter the external shape of even old stems; this
same phenomenon was described by Handa (1936) for a species of Mars-
denia and is possibly a common feature. The ontogeny of the tracheary
elements (cf. Esau, 1965, p. 232, fig. 11.4) from annular thickenings
to helical thickenings to scalariform pitting and finally to circular
pitting (bordered pits) can be seen in Figure 2D. Vessels with wide

lumina occur in the secondary wood and, although no very old stems have
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been sectioned, appear to have a weakly-developed ring-porous arrange-
ment (Figure 2B).
Leaves

The leaves of Matelea, as well as other Gonolobeae and almost all
Asclepiadoideae, are opposite in arrangement. Depending on the source
consulted, the group is considered either to be exstipulate (e.g. Cron-
quist, 1968) or to have minute stipules (e.g. Lawrence, 1951). I have
never observed typical laminar stipules in Asclepiadoideae, but the
stipular region usually has a fringe of glands (colleters) and/or
trichomes (Figure 5E). A similar situation also occurs in Plumeri-
oideae and Apocynoideae, of which Standley and Williams (1969) state:
"Members of this family [Apocynaceae, s.s.] are usually said to be
without stipules, however stipules or stipular vestiges are often pres-
ent. Interpetiolar stipules much like those in some Rubiaceae are of-
ten found . . . ." Boke (1947) interprets these stipular glands as
vestigial stipules. All the species of this revision have well-devel-
oped petioles and basically ovate leaf blades with lobate bases and
mostly acuminate to attenuate apices. The terminology used for the
description of the leaves is that of Hickey (1973). This terminology
has the advantages of being comprehensive, similar to current usage,
and generally with precise definitions. Although not specified by
Hickey, I measured the length of the blade from the attachment of the
petiole to the apex, that is, the length of the midrib. This seems
more precise than including the prominent basal lobes and does not al-
ter the basic leaf shape (the widest part of the leaf is often below
the attachment of the petiole). It should also be noted that the leaf

measurements were always based on the largest leaf of a specimen.
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Although the leaf development is probably not truly heteroblastic,
there is often a marked difference in leaf size and shape along the
stem, especially associated with the erect habit. The largest leaves
are typically near the middle of the annual growth; the lower leaves
tend to be smaller, broader, and with broader sinuses and more abrupt
apices and the upper leaves tend to be smaller, narrower, and with nar-
rower sinuses and longer apices. Even when measuring only the largest
leaves, the resulting size and shape ranges are still quite large.
This is probably in part a reflection of the natural variability of the
species but is certainly also influenced by differences in habitat,
maturity of the specimens, and the fact that herbarium specimens often
do not have the section of stem bearing the largest leaves. The leaves
of Asclepiadoideae always have entire margins, but certain species, in-
cluding some treated here, can have a ragged appearance due to the mul-
ticellular bases of the long trichomes. The placement of the glands
(colleters) on the leaf presents something of a problem with respect to
Hickey's terminology. I have tentatively referred to the position as
acropetiolar, but they are actually on the adaxial surface of the mid-
rib (and sometimes also on the first lateral veins) at the base of the
blade. Hickey provides no term which specifically describes this posi-
tion, which occurs on most Asclepiadoideae and some Apocynoideae (e.g.
Mandevilla), nor for the similar position of being scattered along the
midrib, which occurs in some Apocynoideae.

The leaf venation has not been carefully described according to
Hickey's terminology. Although this is to be desired and the terminol-
ogy seems clear, I am inclined to believe that it should be done by

someone familiar with a broad range of venation types. For instance,
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it is not clear to me how the basic venation pattern should be describ-
ed. The basic pattern is probably brochidodromous, but the first pair
or two of lateral veins are often fully as large, both in the amount of
leaf surface they supply and in their thickness and number of subdivi-
sions, as the midrib and are often congested into virtually a palmate
arrangement (Figure 5F). This pattern could just as well be called
actinodromous (basal, perfect, reticulate). Someone interested in com-
paring angiosperm venation patterns could most likely profit more from
examining the leaves I have studied than from my descriptions of them.
The degree to which the veins, including the higher-order veins, are
raised from the lower leaf surface is one conspicuous feature of the
venation that does vary within the species I examined. The extremes
are illustrated in Figures 4E and 4F. This feature varies somewhat
with habitat but is still often of diagnostic value. I have not mea-
sured leaf thickness, but two species, Matelea altatensis and M.
aspera, appear to have thinner than average leaves and a strong tend-
ency to wilt. Matelea altatensis, and to a certain extent M. aspera,
tend to grow in arid enviromments and this may be one adaptation to
reduce transpirational water loss. A practical consequence of this is
that the herbarium specimens of these two species often have poorly-
pressed leaves. The herbarium specimen in Figure 29 is about the best-
Pressed example of Matelea altatensis.

The terminology of leaf surfaces is according to Stearn (1966). The
only significant variation is that in some species the surface is
smooth while in others it is pusticulate (Figure 4A-D). I have not
determined the anatomical basis for the pusticulations, but I suspect

that they mark the sites of large druses. The pusticulations have some
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Leaf surfaces of Matelea subgenus Dictyanthus.

A. adaxial leaf surface of Matelea standleyana, Stevens 1392
(MSC), smooth, x ca 65; B. abaxial surface of M. standley-
ana, Stevens 1392 (MSC), smooth, x ca 65; C. adaxial surface
of M. pavonii, Stevens 1435 (MSC), pusticulate, x ca 65; D.
abaxial surface of M. pavonii, Stevens 1435 (MSC), pusticu-
late, x ca 65; E. abaxial surface of M. dictyantha, Stevens
1311 (MSC), veins raised, x 4; F. abaxial surface of M.
standleyana, Stevens 1392 (MSC), veins not raised, x 4.
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Figure 5. Leaf features of Matelea and Hoya.

A. thin-section of blade, note large complex druse, Matelea
sepicola, x 30; B. thin-section of blade, M. hemsleyana, x
30; C. thin-section of blade, base of long trichome in lower
right corner, M. obovata (H.B.K.) Woodson, x 30; D. trans-—
verse section of major vein, M. sepicola, x 9; E. young node
of Hoya obovata Decaisne in de Candolle, note stipular (sg)
and foliar (fg) glands, structures immediately below leaves
are adventituous roots, x ca 3; F. adaxial leaf surface
showing major veins, M. tuberosa, Stevens 1458 (MSC), x ca 2.
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tendency to be more prominent along veins and have no relationship to
the distribution of trichomes. The stomata are of the anomocytic
(ranunculaceous) type; the cells surrounding the guard cells are indis-
tinguishable from the other epidermal cells. Paracytic (rubiaceous)
stomata are more common in Asclepiadoideae, but the anomocytic type is

also recorded as occurring in Sarcostemma, Solenostemma, and Vincetoxi-

cum [Cynanchum?] (Metcalfe & Chalk, 1950) and Heterostemma and Tyloph-
ora (Krishnamurthy & Kannabiran, 1970). This is apparently the first
recorded observation of stomatal type for Gonolobeae.

Significant studies of the leaf anatomy of members of Asclepiadoide-
ae include those by Vesque (1885), Trochain (1932), Mayberry (1938),
and Nolan (1966). The primary specializations considered by these
studies are related to epiphytic and xerophytic habits. Among these
are thick epidermal walls or cuticles, stomata equally distributed on
the leaf surfaces, centric arrangement of the leaf mesophyll, and
multi-layered palisades. Certain species of Matelea will likely be
found to exhibit some of these features, but the species I have consid-
ered have relatively unspecialized leaf anatomy. This is to be expect-
ed because the leaves are deciduous and produced only during the wet
season., Figure 5A-D illustrates some features of the leaf anatomy of
Matelea. As with the stems, latex tubes and druses are present in the
leaves. Consistent with their unspecialized nature, the epidermal cell
walls and cuticles are thin, the stomata are predominantly on the abax-
ial surface, the mesophyll is distinctly dorsiventral, and the palisade

is single-layered and loosely packed.
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Indumentum

Only two types of trichomes are known to occur in Asclepiadoideae,
unicellular and uniseriate. The complex structures variously known as
glandular shaggy hairs, glands, squamellae, denticles, and colleters
are not true trichomes and are considered separately. The uniseriate
trichomes of Asclepiadoideae can have several modifications and these
have systematic significance in at least some cases. Among the species
I have considered and perhaps in the whole tribe Gonolobeae, only uni-
seriate trichomes occur and their various forms definitely have system-
atic significance. I have not critically examined these modifications
in a broad enough selection of Gonolobeae to establish a satisfactory
classification of the types, but this will certainly be necessary to
adequately understand and describe the relationships within the tribe.

To describe the indumentum of the species treated in this revision,
I have used the convention of referring to all trichomes as short,
glandular, or long, and these terms are modified as appropriate.

Short trichomes are considered to be those less than 0.1 mm long;
they are mostly about 0.05 mm long. They are few-celled, not accompa-
nied by specialized epidermal cells, and mostly straight (but sometimes
have a hooked terminal cell). Except on the inner surface of the co-
rolla, short trichomes are almost always mixed with long trichomes and
often also with glandular trichomes. The short trichomes of the inner
surface of the corolla, when present, are always unmixed and have a
distinctive form; they have from one to a few small basal cells and one
larger fusiform terminal cell. When dried, the short trichomes of the
inner surface of the corolla typically have a glassy appearance.

Glandular trichomes are about the same length as short trichomes but
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are inflated in the middle. They are not surrounded by specialized
epidermal cells. In dried specimens, the inflated part almost always
collapses and presents the appearance of a capitate glandular trichome,
but when fresh, these trichomes always have a straight or hooked apicu-
lum. The inflated part is thin-walled and presumably the contents
could be released by diffusion or by mechanical damage, but I have seen
no evidence of anything being actively secreted from them. I have
called these trichomes glandular because they have that appearance on
dried specimens and they have almost always been referred to as such.

Long trichomes are considered to be those more than 0.1 mm long;
they are mostly one to three or four millimeters long but can be some-
what shorter, especially when without accompanying short and glandular
trichomes. When long trichomes occur alone, they are often of two dis-
crete lengths, giving a mixed indumentum of long trichomes. Long
trichomes are several-celled and, depending on the species and the part
of the plant, the terminal cell can be hooked (uncinate) or straight.
The epidermal cells surrounding the long trichomes are modified into a
raised ring or collar; this basal collar can be quite prominent, espe-~
cially on the leaf blade.

Woodson (1941) partially justified the separation of Gonolobus from

Matelea on the basis of the indumentum, Matelea typically having a mix-

ed indumentum of long plus glandular trichomes and Gonolobus typically
having an unmixed indumentum lacking the glandular trichomes. Within

Matelea, the nature of the trichomes, especially the glandular trich-

omes, varies considerably. Uncinate long trichomes apparently occur on
only a few species of Matelea other than those treated in this revision.

The systematic importance of trichomes is further discussed in the
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section on Relationships. The possible adaptive significance of the
indumentum of the species of this revision is discussed in the section
on Ecology and Distribution.

Glands (colleters)

The identity and occurrence of these structures has been very much
confused in the literature. The term 'trichome'" is normally applied to
epidermal appendages and the term '"emergence'" is used for appendages
which involve subepidermal tissues (Uphof, 1962; Esau, 1965). Carl-
quist (1959) further implies that a trichome should be the product of a
single protodermal initial. The distinction between trichomes and
emergences is, however, not always clear (Uphof, 1962; Esau, 1965);
this is especially true when a normal trichome is raised upon an
emergence. It is perhaps for this reason that various types of struc-
tures fitting the definition of emergences are often considered to be
trichomes. Uphof (1962, pp. 25-26) states, "It does not seem right
that the stinging hairs of Urtica are, in the same way as the prickles

of Rosa and those on the fruits of Aesculus and Datura, regarded as

emergences, simply because in these stinging hairs too the subepidermal
cells take part in the development." But neither does it seem

right that the glandular structures of Apocynaceae be regarded as
trichomes. Metcalfe and Chalk (1950) refer to the glandular structures
of Asclepiadaceae as "glandular shaggy hairs" and do not include Ascle-
piadaceae in their list of "Families in which only unicellular or uni-
seriate hairs have been found,'" in which it would certainly be included
if the glandular structures were not considered to be hairs. Esau
(1965, p. 309), in discussing secretory structures, refers to "emergen-

ces such as the shaggy hairs of Nerium [Apocynoideae]" in the text, but

—
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in the text (Fig. 13.1) labels them as "multicellular glandular trich-
omes." Besides the terms already mentioned, these structures have been
called, in Apocynaceae, squamellae when they occur on the calyx (Wood-
son & Moore, 1938; Holm, 1950; Woodson, 1954; Safwat, 1962) and stipu-
lar glands, glandular emergences, foliar glands, denticles, and glands
when they occur on the leaves or on the stipular area (Rothe, 1915;
Woodson & Moore, 1938; Holm, 1950; Woodson, 1954; Leach, 1970). The
almost certainly homologous structures of the Rubiaceae have been term-
ed colleters (cf. Anderson, 1972). In this treatment I have simply
referred to the structures as glands, but a more specific term would be
desirable.

Whatever they may be called, these structures have a very distinc-
tive morphology, anatomy, and distribution on the plant. Their phylo-
genetic distribution and function appear to be consistent as well.
Figure 7 illustrates the glands of Matelea and Hoya. Developmentally,
they appear to be initiated in the subepidermal tissues and form
finger-shaped projections covered by a single epidermal layer. When
fully developed, the glands are generally one to two millimeters long
and obliquely conical; there is a solid core of cells which are gener-
ally somewhat smaller and more tightly packed than the subepidermal
tissues with which they are continuous and somewhat elongated with the
axis of the gland. The epidermal cells are palisade-like, much larger
than the adjacent epidermal cells, densely staining, and with the
nuclei situated near their bases. Normal epidermal cells typically ex~
tend somewhat up the base of the gland, making the gland shortly-
stalked. 1In all the examples I have examined from Asclepiadoideae, the

glands are especially peculiar in that the tip is somehow chemically










Figure 6.
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Representative glands of Matelea and Hoya.

A. young leaf showing glands (g) at base of adaxial surface
of blade, Hoya obovata, x 1; B. longitudinal section of
calyx gland, Matelea hemsleyana, x 200; C. longitudinal
section of shoot apex, note how leaf (fg) and stipular (sg)
glands enclose apical meristem (see also Figure 5E), H. ob-
ovata, x 35; D. longitudinal section of leaf gland, note
secretion and differentiated tip, H. obovata, x 85; E.
transverse section of calyx lobe (cl) and glands (g) of a
young flower bud, M. dictyantha, x 90; F. longitudinal sec-

tion of leaf gland, note differentiated tip, M. hemsleyana,
x 140.




31




diff
call
vhen
rani]
tiss
oemh

8n

unger
Jungy
leg,
note
Leaye
tiong
Blang
inpr
& th
folys
felo
Seep
ear)y
algg

deeg

E



32
differentiated from the body; the tip is hardly, if at all, morphologi-
cally or anatomically distinct, but has a slightly different color
when living and distinctly different staining characteristics in saf-
ranin-fast green. In Asclepiadoideae I have not observed vascular
tissue entering or even approaching these glands, but in some other
members of Apocynaceae (Woodson & Moore, 1938) and Rubiaceae (Andersonm,
1972) the glands are sometimes vascularized.

The glands apparently function in secreting substances which coat
and protect the meristematic tissues. Rothe (1915, p. 359), in dis-
cussing the foliar glands of Marsdenia notes, '"An lebendem Material von
M. cundurango Rchb. fil. fand ich bei meinen anatomischen Untersuch-
ungen, dass diese Driisen schon in der Knospe im Verhdltnis zu den
jungen Blattanlagen ausserordentlich gross und schon an den Knospe an-
liegenden Bldttchen voll entwickelt sind." Metcalfe and Chalk (1950)
note that the stipular glands (glandular shaggy hairs) coat the young
leaves with mucilaginous and resinous material. Both of these observa-
tions apply to the material I have examined in Asclepiadoideae. The
glands are fully developed (and thus relatively large) and functional
in proximity to the meristematic tissues and appear to become inactive
as the surrounding tissues mature. As can be seen in Figure 6C, the
foliar and stipular glands, in their opposite positions, essentially
enclose the apical meristem. Traces of the glandular secretion can be
seen in Figure 6D. The calyx glands are also relatively large in the
early developmental stages of the flower buds (Figure 6E) and probably
also coat the meristematic tissues. One piece of circumstantial evi-
dence for this function in flower buds is that in several cpecies of

Secamone with the calyx lobes arranged so that two are outer and three
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are inner, only the three inner lobes are supplied with glands (Safwat,
1962). Rothe's (1915) suggestion that the glands were extrafloral nec-
taries which attracted ants as a defense against herbivors was quite
enlightened for his era but is unlikely because the glands only appear
to be active on very young tissues where they would be inaccessible to
the ants. I have never observed significant numbers of ants on an
asclepiad, but Rothe's suggestion might be considered with respect to
the myrmecophytic species of Dischidia (Asclepiadoideae).

In Asclepiadoideae glands can be found in three specific sites on
the plants and they are nearly universal in their occurrence. The
three sites are the base of the adaxial surface of the leaf blade, the
stipular area, and the adaxial surface of the calyx tube. The only ex-
ceptions of which I am aware are that the glands are also found on the
apices of the leaves of the myrmecophytic species of Dischidia (Scott &
Sargent, 1893), they are missing from the leaf blades of a few broad-
leaved species, are often missing from the leaf blades of species with
reduced and caducous leaves, and are missing from the stipular region
of many of the stem-succulent species. The presence or absence of
stipular glands is sometimes of taxonomic significance in the succulent
species of Ceropegieae (Leach, 1970; Dyer, 1971). In the other subfam-
ilies of Apocynaceae, glands are not as universal as in Asclepiadoide-
ae, but are found on the same places on the plants (except that they
are sometimes also scattered along the petiole and midrib of the leaf
in Apocynoideae). The peculiar structure and positions of these glands
should make it possible to identify truly homologous glands in other
families, and they could therefore have some interesting phylogenetic

implications. In this regard, it would probably be useful to have a
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specific descriptive term for this type of gland, but I would not like
to propose one until the matter has been further studied. The term
colleter, a '"name given by HANSTEIN to those glands which secrete ei-
ther mucilage, resin, or a mixture of the two, and which start their
secreting activity at a very early moment" (Uphof, 1962, p. 174) is
perhaps the best available term, but as currently used includes nonho-
mologous structures. Metcalfe and Chalk (1950) list 31 families as
having glandular shaggy hairs, but again these are almost certainly not
all homologous. In the list, Asclepiadaceae are incorrectly noted as
having these glands "infrequent or rare" when, in fact, they are much
more common in Asclepiadoideae than in Apocynaceae (s.s.), for which
they are listed as "especially common." From Metcalfe and Chalk's
list and family descriptions, there are several other possible examples
of homologous glands. As mentioned above, the glands of Rubiaceae are
almost certainly homologous with those of Apocynaceae (s.1.). Other
notable possibilities include Bartonia and Obolaria of Gentianaceae,
Fagraea and Strychnos of Loganiaceae, and Calonyction and Ipomoea of
Convolvulaceae (referred to as extrafloral nectaries). The distribu-
tion of these glands is an especially interesting subject with definite
phylogenetic implications and warrants further study.
Inflorescence

The asclepiad inflorescence has been a source of interest since the
earliest botanical writings. Students, both metaphysical and scientif-
ic, have speculated on its pecularities to the point where it is hard
to imagine a novel hypothesis being proposed. The earlier literature
is well summarized by Nolan (1967) and more recent pertinent contribu-

tions have been made by Brunaud (1968a, 1968b, 1968c, 1968d, 1969a,
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1969b, 1970a, 1970b, 197la, 1971b), Jonsson (1968a, 1968b), and Nolan
(1969). The major peculiarity of the inflorescence is that it is
interpetiolar and not subtended by any structure. Apparently related
to this is the fact that at the flowering nodes one leaf subtends a
"strong'" bud while the opposite leaf subtends a "weak' bud. The phyl-
lotaxy of the leaves, the "weak" and "strong' buds, and the inflores-
cences (which side and which axil they are closest to) are related.
Nolan, through extensive anatomical studies, concludes that the pedun-
cle and shoot apex are produced by a true dichotomy and thus are inde-
pendent of subtending structures. Tomlinson et al. (1970) apparently
accept this as the only known example of a true dichotomy among dicots.
Nolan's suggestion that this is a primitive character and that the
asclepiads have evolved separately from the rest of the dicots, sepa-
rate even from Apocynaceae (s.s.), warrants no consideration. I will
not attempt to evaluate the competing theories. The easily observed
morphological features of the species treated in this thesis are brief-
ly described below.

All the species treated, and apparently all Asclepiadeae, have
interpetiolar helicoid cymes. Nolan (1967) is probably the first con-
temporary botanist to refer to the inflorescence as a helicoid cyme,
but that is a perfectly accurate descriptive term in this case.
Nolan's (1967, figure 122) diagram of a flowering shoot with inflo-
rescences ("inflorescence-units,'" Nolan considers the whole flowering
shoot to be the inflorescence proper) essentially fits my observations.
The peduncle produces a single terminal pedicel subtended by a single

ract. The bud in the axil of this bract continues to develop and

gain terminates with a pedicel ('major pedicel"), this time subtended
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by two bracts. From the axil of one bract a pedicel ("minor pedicel")
is produced and from the axil of the other bract a shoot (= inflores—
cence axis) is produced which again terminates in a "major pedicel"
subtended by two bracts, one axil giving rise to a "minor pedicel” and
the other the inflorescence axis, and so on. In a given inflorescence,
the inflorescence axis is consistently produced from the axis of the
right or left bract, thus producing a right- or left-handed helix. An
intriguing observation of Nolan's is that the inflorescences of succes-
sive nodes are enantiomorphic. They are enantiomorphic not only in the
direction of the helix, but also in the sequence of initiation of the
calyx lobes; in the right-handed (clockwise) helices, the terminal
flowers (produced by the "major pedicels") have their calyx lobes ini-
tiated in a clockwise order, and the lateral flowers (produced by the
"minor pedicels") have their calyx lobes initiated in a counterclock-
wise order. In the left-handed helices, the reverse is true. In some
species, e.g. Asclepias syriaca, Nolan found the (apparent) helicoid
cyme condensed into a virtual umbel. In the species treated in this
thesis which produce many flowers, e.g. Matelea sepicola, the inflores-
cence axis becomes considerably thicker than the peduncle and is cover-
ed with the scars of the pedicels and bracts, but still conforms to a
tight helix.

One exception to Nolan's scheme occurs in the three species treated

here which can produce d inflor . The pound inflores-

cence occurs when one of the '"minor pedicels' is replaced by an addi-
tional inflorescence axis. See Figure 30C for an example. This can
happen from one to several times in an inflorescence. The observation

that subgenus Diccxanthus produces only simple inflorescences is of



sone
Tese
(see
the |
dunc
Lof
viou
cenc
How
T
Symp
adna
cept
e
the

bage

Prod
fn ¢
Even
lobe
sery
i serf
Cugg
Parg
Cig)
Shoy

Ruch



37

some diagnostic value. A more troublesome exception is when an inflo-
rescence is reduced to a single flower which lacks the subtending bract
(see Figure 19D for an example) which at least topologically separates
the peduncle from the pedicel. Another exception occurs when the pe-
duncle is branched below the level of the first bract (see Figure 33C).
I offer no explanations for these exceptions but the phenomena are ob-
viously significant in evaluating the nature of the asclepiad inflores-
cence.
Flowers

The asclepiad flower can be described as actinomorphic, 5-merous,
sympetalous, with epipetalous stamens completely connate laterally and
adnate to the style apex, and with two carpels which are separate ex-
cept at the apex and have essentially superior ovaries. The gynostegi-
um can be loosely referred to as the androecium plus the style apex but
the corolla, below the insertion of the stamens, forms at least the
base of the structure. A "corona'" is often present and is typically
produced by enations from the filaments (no longer readily identifiable
in the gynostegium), but sometimes other parts of the gynostegium or
even the corolla are involved. At least in Dictyanthus, the corona
lobes are distinct enough from the rest of the gynostegium to be de-
scribed as separate structures. Despite this apparently simple de-
scription, the flowers are actually much too complicated to be dis-
cussed in any significant detail here. I will restrict the following
paragraphs to a brief discussion of the most important features, espe~
cially as they apply to Matelea subgenus Dictyanthus. The description
should be prefaced, however, by noting that Gonolobeae have been as

much ignored with respect to their floral morphology and anatomy as
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with the previously discussed topics; there is no study directly in-
volved with Gonolobeae, but the most useful references include those by
Corry (1884), Demeter (1922), Deshpande and Joneja (1962), Drapalik
(1970), Frye (1902), Mulay et al. (1965), Payer (1857), Rao and Ganguli
(1963), Safwat (1962), Woodson (1933), and Woodson and Moore (1938).
Figures 7-10 demonstrate various floral features of the treated
species.

Calyx. The calyx of Dictyanthus is 5-lobed nearly to the base and
is always green. During development of the flower bud, the calyx lobes
are relatively large and erect (Figure 7A). The calyx thus encloses
the rest of the bud without actually clasping around the corolla. The
shape of the lobes has been described in the same way as the shape of
the leaves, that is, according to Hickey (1973). The calyx lobes are
typically provided with an indumentum on the outside and are glabrous
inside. The calyx vasculature varies considerably in Apocynaceae
(Woodson & Moore, 1938; Safwat, 1962); Dictyanthus is of the l-trace,
1-gap type. Each trace trifurcates almost immediately and the adjacent
lateral branches typically join to form a ring of vascular tissue which
8ives rise to sevaral major veins to each calyx lobe. Within the
calyx, slightly below each sinus, is one or occasionally two glands.
As described above, these glands apparently function in producing a
pProtective secretion for the developing bud.

Corolla. The corolla of Dictyanthus is most often relatively large
nd distinctly campanulate. In nearly mature flower buds the corolla
s plane or slightly concave on top and strikingly drum-shaped, hence
he name of one of the synonymous genera, Tympananthe. I have des-

ribed the shape of the corolla tube as "convoluted" in the literal
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igure 7.

Outline of floral structures of Matelea dictyantha as seen
in serial transverse sections.

Outlines of sections ca 1 mm apart, a nearly mature flower
bud, ca x 6, from A near top of flower to I near base.









Figure 8.
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Representative flower thin-sections of Matelea sepicola, M.
hemsleyana and M. dictyantha.

A. longitudinal section of young flower bud, note epipetal-
ous stamens with initials of corona lobes (ci) and terminal
appendages (ta) overlapping style apex (sa), one style (s)
and one ovary (o) visible in this plane, Matelea sepicola,
x 40; B. longitudinal section of nearly mature flower bud,
corona lobe (cl) fully formed, both styles and ovaries visi-
ble in this plane, M. sepicola, x 40; C. transverse section
of nearly mature flower bud, note corona lobes (cl) and ad-
jacent wings of corolla (co), style apex (sa), corpuscula
(cp), essentially horizontal pollen sacs (pc), anther wings
(aw), stigmatic chamber (sc), and stigmatic surface (ss),
refer to Figure 7, especially B and C, for orientation, M.
hemsleyana, x 40; D. transverse section of corona lobe of
nearly mature flower at level of nectary, corona lobe axis
(cl) adnate to corolla (co) and adnate by a wall to gynoste-
gium proper (gyn), secretory epidermis (se) of nectary on

sides of lobe, refer to Figure 7E for orientation, M. dicty-
antha x 45. B
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sense of the word rather than in the conventional botanical sense (the
aestivation is actually best described as imbricate). In transverse
section (Figure 7), the corolla tube is convoluted because the parts
which are adnate to the corona are drawn in toward the gynostegium
while the alternating parts are bulged out (more or less saccate). The
bulged out parts in some cases actually meet behind (outside of) the
drawn in parts. Woodson (1941) states that, "The only really unique
feature of Dictyanthus is that the faucal callus, or annulus, of the

' Woodson may

corolla is digitate, as are the segments of the corona.’
have been referring to the overall shape of the corolla tube, but the
corolla is not specialized, either anatomically or morphologically, in
such a way that there is a structure which could be identified as a
faucal annulus or callus. There are, however, good faucal annuli in
other Gonolobeae. In two species of Dictyanthus, Matelea tuberosa and
M. hemsleyana, the base of the corolla, lateral to the corona lobes,
ecomes somewhat winged, separating the bases of the sacs (or bulges)
rom the gynostegium (Figure 8C). Woodson also states, in his key to
he subgenera of Matelea, that Dictyanthus has corolla lobes which are
'sharply revolute" and "essentially glabrous within." The former is
ften but not always true and the latter is true for only one of the
en species. The margin of the corolla limb, as well as the lobes, is
lso often sharply revolute. The indumentum of the inner surface of
he corolla is always of short trichomes but its distribution is of
onsiderable diagnostic value. The pattern of markings within the co-
olla is also of considerable diagnostic value. In order to more pre-
isely describe the pattern of indumentum and markings within the co-

1la, I have divided the corolla into the tube, the limb, and the
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lobes, rather than the more conventional tube and limb. The two corol-
la measurements used are the length, from the base to a sinus, and the
length of the lobes, from the tip to a sinus to sinus line. The indi-
vidual lobes are l-trace, l-gap structures and the pattern of markings,
when present, follows the pattern of the major veins.

Gynostegium. The gynostegium is composed of the connate stamens
plus the adnate style apex and, at the base, the corolla tube (see Fig-
ure 7F-G). In anatomically prepared material the identity of the vari-
ous structures is relatively easy to determine. In Dictyanthus, at
least, the corona is always the product of one enation from near the
base of each filament; developmentally, these enations bulge out and
push their way against and up the corolla and become completely adnate
(Figure 8A-B). The vascular bundle of each filament is carried along
with the bulge and forms a prominent loop (Figure 8B). A thin wall or

partition typically connects the corona lobe to the body of the gyno-

stegium (Figures 7D-F and 8B and D), which is generally stipitate. The
bases of the corona lobes themselves become connate in eight of the ten
species. The corona is the most variable and difficult asclepiad
structure, especially so in Matelea. The seven most specialized spe-
cies of Dictyanthus have nectaries on the corona lobes. The nectaries
re located on the sides of the lobes near the base, are often ringed
ith distinctive colors, and are composed of palisade-like secretory
pidermal cells (Figure 8D). Matelea tuberosa and M. hemsleyana appear
ot to have nectaries and the poor condition of the flowers of M.
amata make it impossible to determine whether or not it has them. On
he gynostegium (excluding the corona lobes) there are wings or alae

hich correspond, at least in position, to the lateral margins of
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adjacent anthers (Figure 8C). The wings perform the dual, but related,
functions of guiding the legs or hairs of the pollinating insects to
the corpuscula, which attach the pollen sacs to the insect, and subse-
quently in guiding the pollen sacs to the stigmatic, or alar, chambers
(Figure 8C). The wings and stigmatic chambers are not as well formed
as, for instance, with Asclepias, but at any rate the style apex is
stigmatic only in the five spots corresponding to the stigmatic cham-
bers (Figure 8C). The structures referred to as "terminal anther ap-
pendages' correspond to apical prolongations of the connectives; they
are laminar and partly to completely overlie the top of the style apex
(Figure 8A). The tip of the style apex can become variously elabo-
rated. In Dictyanthus the tip varies only from concave to apiculate,
but is of some diagnostic value.

Pollinia. A pollinium is, in one form or another, a coherent mass
of pollen which is transferred by a pollination vector as a unit. Pol-
linia have evolved independently at least three times. Some species of

Acacia (Fabaceae) have evolved a sort of pollinium, but pollinia only

become highly developed in Apocynaceae and Orchidaceae. In Apocynaceae
rudimentary pollinia are found in a few species of Plumerioideae and
Apocynoideae, more specialized pollinia are found in Periplocoideae and
Secamonoideae, and highly specialized pollinia are found in Asclepia-
doideae. Orchidaceae exhibit a similar phylogenetically correlated
series of pollinium specializations. Only two loculi of each anther
are fertile in Asclepiadoideae. Secretions from the style apex, and
perhaps from the anthers as well, aid in fusing the pollen into a solid
mass and form the translator arms, or caudicles, and the corpuscula, or

glands. One corpusculum is formed at the apex of each pair of anther
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wings. A translator arm connects each side of a corpusculum to the
nearest pollen mass, or pollen sac. A pollinium proper, then, is com-
posed of a corpusculum, two translator arms, and half the pollen of the
two adjacent anthers, or two pollen sacs. A pollinium is removed when
some part of an insect, often a hair, is caught between the anther
wings and pulled up to the corpusculum. The corpusculum has a narrow
slit which is confluent with the slit between the anther wings and, be-
cause of the decreasing width of the slit, fastens itself to the in-
sect. When the corpusculum is removed by an insect, the pair of pollen
sacs is carried along. When the insect visits another flower the pol-
len sac can be caught between the anther wings and deposited in the
stigmatic chamber. In Asclepias the broken translator arm has been ob-
served to remove another corpusculum, forming chains of pollinia.
Studies pertinent to the pollinia of Asclepiadoideae include those by
Brown (1833), Corry (1883), Dop (1902, 1903), Galil and Zeroni (1969),
Guignard (1903), Liskens and Suren (1969), Richharia (1934), and Volk
(1949) .

The tribes of Asclepiadoideae are essentially defined on the basis
of pollinium characters: Asclepiadeae have pendulous pollinia (that
is, with the corpuscula borne above the pollen sacs) with uniformly
fertile pollen sacs, Ceropegieae have erect pollinia with pollen sacs
having a sterile, hyaline margin, Marsdenieae have erect pollinia with

niformly fertile pollen sacs, and Gonolobeae have more or less hori-
ontal pollinia (see Figure 8C) with pollen sacs having a sterile,

yaline section associated with the attachment of the translator arm.
n Gonolobeae the sterile, hyaline part of the pollen sac is usually

istinctly concave or excavated on one side and the translator arms are




oft
eri]
ord
vitl
Tea
var;
des
lin

e

fn g
Taty
fat
Cont
adf

Ovar

g

8ing



46
often broad and flat. AThe pollinia of Matelea fit this general des-
cription but there is still considerable variation in size, shape, and
orientation. In order to adequately organize the pollinium variation
within the genus it will be essential to have a set of well-defined and
readily comparable descriptive terms, but I have not seen enough of the
variation to attempt this. Pollen sacs of Dictyanthus can be generally
described as obliquely obovate and the corpuscula sagittate. The pol-
linia of Dictyanthus are shown in Figure 9 and those of four related
species in Figure 10. The pollinium measurements given in the Taxonom-
ic Treatment were determined with an ocular micrometer on an epi-
illumination apparatus; the measurements were of wet material in the
orientation they assume when removed.

Ovaries. 1In all Asclepiadoideae, the gynoecium is composed of two
pistils which are separate below but fused at the style apices (Figure
8B); this condition is probably unique to Apocynaceae. As mentioned
above, the style apex is stigmatic only in five lateral sites alternate
with the anthers. Hypothetically, one pollen sac placed in one stig-
matic chamber should fesult in the complete fertilization of the ovules
in one ovary. A second pollen sac, if placed in an appropriate stig-
matic chamber, should result in the second ovary being fertilized. 1In
fact, the number of ovaries actually maturing into fruits appears to be
controlled by factors in addition to pollination (see Moore, 1946, for

discussion relative to Asclepias). Some genera regularly have both
varies maturing into fruits but most have only one. I have never seen
wo mature follicles produced by a single flower of Dictyanthus.
Pocynaceae are generally considered to have superior ovaries with mar-

inal placentation. Baum (1949) and Safwat (1962), among others, have







Figure 9.
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Pollinia of Matelea subgenus Dictyanthus, epi-illumination
photographs, x 37.

A. Matelea standleyana, Stevens 1392 (MSC); B. M. cerato-
petala, Stevens 1245 (MSC); C. M. pavonii, Stevens 1462
(MSC); D. M. hamata, Langlassé 257 (US); E. yucatanensis,
Stevens C-158, a cultivated plant of Stevens 1168 (MSC); F.
M. macvaughiana, Faberge s.n. (TEX); G. M. aenea, Stevens
C-157A, a cultivated plant of Stevens 1145 (MSC); H. M.
dictyantha, Stevens 1343 (MSC); I. M. hemsleyana, Stevens
C-162, a cultivated plant of Stevens 1399 (MSC); J. M.
tuberosa, Stevens 1468 (MSC).
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Figure 10.

Pollinia of four species of Matelea related to Matelea
subgenus Di

nthus, epi-illumination photographs, x 37.

A. Matelea aspera, Stevens 1296 (MSC); B. M. sepicola,
. M. congesta, Stevens 1462 (MSC);
, Stevens 2062 (MSC).
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noted that the placentation in their material was actually submarginal;
the placentation in Dictyanthus also appears to be submarginal. It has
likewise repeatedly been repeatedly shown that various members of the
family have so-called subinferior ovaries (e.g. Woodson & Moore, 1938;
Safwat, 1962). The ovaries of Dictyanthus also bear ovules somewhat
down into the receptacular tissue and on that account could likely be
termed subinferior. This may seem to be of minor consequence, but the
potential for producing inferior ovaries is important in evaluating the
relationships within Gentianales and related orders. There have been
numerous embryological investigations of asclepiads; see Davis (1966)
for a nearly complete bibliography.

With a few minor exceptions, Asclepiadoideae always produce fruits
which are follicles and seeds which are apically comose. The follicles
can become quite woody, as with some species of Marsdenia, or greatly
inflated, as with Calotropis, and the surface can be variously orna-
mented. Matelea, exclqding Macroscepis, which should stand as a good
genus, and Matelea viridiflora (Meyer) Woodson, which is better placed
in Gonolobus, has follicles which are either smooth or equipped with
one or another sort of projection. It appears that follicle character-
istics are taxonomically useful but little attention has been given
them. I suspect that Woodson's (1941) subgeneric classification of

Matelea would have been different had he known more about the different

types of follicles. Woodson can hardly be faulted in this case though
because the follicles are poorly known in general. In many asclepiad
species the fruits mature long after the plant has finished flowering;

these plants generally flower near the middle of the wet season,
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especially July-August, but the follicles are not mature until the mid-
dle of the dry season, mostly February-March. Two related problems
result from this. The first is that fruiting collections often cannot
be correlated with flowering collections of the same species and sit
undetermined in herbaria. The related problem is that collectors tend
to avoid fruiting specimens when they realize that they are probably
not determinable. The fruits of many species are still unknown.
Matelea pavonii, for instance, is the most common species of Dicty-
anthus, yet mature fruits and seeds are unknown for this species. I
have examined about 70 collections and nearly 200 sheets of this spe-
cies and have seen one immature follicle and three old, dehisced fol-
licles from the previous season. This is also, at least in part, an
indication that species such as Matelea pavonii produce relatively few
fruits. Seeds are, of course, even more poorly known than fruits.
There is little basis for judging the systematic importance of seed
characters but they have been described in the Taxonomic Treatment as

ell as possible on the basis of the available material. Fruits and

seeds were collected whenever possible and when the seeds were viable

ttempts were made to grow the plants to flowering. Through this cul-
tivation, I have been able to make certain flower-fruit correlations,

s for instance with Matelea prosthecidiscus Woodson (Stevens, 1975).

s fruiting specimens become more determinable, follicle characteris-—

ics will probably take on greater importance in the taxonomy of

atelea.
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Cytology

Although several cytological features could be considered, only
chromosome number data are presented here. Table 1 summarizes these
data. The table has been compiled primarily from Federov (1969) and
Moore (1973, 1974), but a few counts have been derived from other
sources. It is important to note that these data are presented in di-
gested, not literal, form. Chromosome data are especially difficult to
deal with because a certain, probably significant, number of the re-

corded counts are inaccurate, either because of faulty taxonomy or

faulty counting, or are insignificant for other reasons. Since the
data are summarized basically at the tribal level, taxonomy is probably
not a significant problem here. Many of the counts, however, are sus-

pect, especially those from the older literature. I have attempted to

minimize this problem by evaluating the probable credibility of indi-
vidual counts. The decisions were admittedly arbitrary in some cases,
but I believe this has clarified rather than altered the results. Most
likely to be eliminated were old counts which differed from more recent
and more reasonable counts. Still, some species appear to have more
than one possible number and these have been included; the totals of
the individual counts, therefore, are somewhat higher than the totals
of the genera and species. The few infraspecific taxa counted have
been treated as species. For convenience, meiotic counts have been
converted to the mitotic equivalent. Counts of artificial polyploids
and hybrids have been mostly eliminated. There are undoubtedly some
spurious counts still included and possibly some legitimate counts have
been eliminated but the resulting table gives at least a general over-

view of the chromosome number data of Apocynaceae.
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The subfamilies and tribes used are according to Wagenitz (1964)
except Cerberoideae has been treated as a tribe of Plumerioideae and
Secamoneae has been treated as a subfamily. Refer to the section on
Relationships for a discussion of the subfamilies. No counts have been
reported for Chilocarpeae, Ambelanieae, and Skytantheae, all in sub-
family Plumerioideae.

Two obvious conclusions can be made from the data in Table 1. The
more significant of these is that the primary basic number for the fam-
ily is most probably x = 11. About 977 of the genera and 86% of the
species have this number (2n = 22, 33, 44, 66, 88) on the basis of re-
corded counts (but, as mentioned above, some species have more than one
recorded number). Six of the tribes or subfamilies have only x = 11
reported and only one (Allamandeae, with the single genus Allamanda)
lacks a report with x = 11. The apparently secondary basic numbers
(x = 8, 9, 10, and possibly 12 and 23) could be derived from the prima-
ry basic number. This is the same conclusion reached by Roy Tapadar
(1964) in a study of Apocynaceae in the strict semse. It can also be
seen that polyploidy has had some influence on chromosomal evolution in
this family. About 36% of the genera and 22% of the species can be as-
sumed to be of polyploid origin. Polyploidy occurs especially in
Plumerieae, Rauwolfieae, Cerbereae, and Ceropegieae. Polyploids are
unknown in nine of the tribes or subfamilies with recorded counts.

The most anomalous count is 2n = 8 for Cryptolepis buchanani Roemer

& Schultes (Mulay et al., 1965) in Periplocoideae. This count was made
both meiotically and mitotically and there is no good reason to doubt
it, but the number is unusual enough that confirmation is much to be

desired. Most of the related families have basic numbers similar to
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those of Apocynaceae and to my knowledge only Gelsemium rankinii Small

(2n = 8) of Loganiaceae has a number this low. Since it is unlikely
that either the number or the species is especially primitive within
the family, the number must have been derived through reduction. If
this is true, it should be expected that some intermediate numbers will

be found in Periplocoideae.

This family, as well as most other primarily tropical families, is
poorly known cytologically. Although nearly 107 of the species have
recorded chromosome counts, the majority of the counts are from temper-

ate representatives and from the horticulturally important (and conse-

quently taxonomically inflated) stapeliads (Ceropegieae, in part).
There is, for instance, but a single recorded count for the nearly 300
species of Gonolobeae. This count is recorded for a species treated in

this thesis, Matelea ceratopetala. The count was made in 1934 and it

is very likely that the species was actually Matelea dictyantha.

Distribution

Apocynaceae are essentially tropical in distribution but there are a

few well-known temperate genera, especially Apocynum and Asclepias. Of

the five subfamilies recognized here, three (Plumerioideae, Apocynoide-

ae, and Asclepiadoideae) are widespread and two (Periplocoideae and

Secamonoideae) are restricted to the Old World. Of the four tribes of

Asclepiadoideae, two (Asclepiadeae and Marsdenieae) are widespread, one
(Ceropegieae) is restricted to the Old World, and one (Gonolobeae) is
restricted to the New World. Asclepiadoideae are the most specialized
and can be assumed to be derived from Apocynoideae which can in turn be

derived from Plumerioideae; Periplocoideae and Secamonoideae are
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usually considered to be intermediate stages of specialization between
Apocynoideae and Asclepiadoideae (cf. Good, 1956). Raven and Axelrod
(1974) suggest that the subfamilies and some of the tribes of Apocyna-
ceae were probably differentiated when South America and Africa were
closer together. Assuming that the continents have moved in the manner
summarized by Raven and Axelrod, this must have been true for the three
widespread subfamilies and even for some of their tribes and more
broadly circumscribed genera, especially when it is considered that
there are very few "weedy" species in the family and Asclepiadoideae,
in particular and despite their comose seeds, are generally unsuccess-
ful at migrating to islands (cf. Good, 1952). Since the essentials of
the distributional patterns of the subfamilies and tribes are relative-
1y well-known and there are not likely to be any great revelations in
the understanding of their phylogenetic relationships, any explanations
for their distributions must be based on existing information. Some
aspects of the distributions can undoubtedly be explained by overland
migrations across the existing continents and by long distance dispers-
al, but in the face of current theories and accumulating data it would
be a mistake not to attempt to correlate the modern distributions with

the historical arr ts of the 1

Although the arguments
can become circular, the viability of including continental movement as
a factor in distributions can be tested by examining the distributions
of many groups of organisms and taking into account such factors as
time of origin, dispersibility, and ecological requirements. Biogeo-
graphical models including continental movement will be acceptable in
the degree to which they fit the geological facts and successfully ex-

plain the distributions of a variety of organisms.
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Periplocoideae are widespread in the warmer parts of the 0ld World,
occupying nearly all the landmasses, except isolated islands, between
latitudes 40° N and 40° S (Good, 1952). On the basis of the distribu-
tions of the least specialized genera and the total numbers of genera
and species, it would appear that Periplocoideae are basically an
African group. Furthermore, many of the distinctive vegetative spe-
cializations found in the subfamily are adaptive to arid environments.
The periplocoid pollinia, at least theoretically, can be thought of as
evolutionary intermediates between those of Apocynoideae and Plumeri-
oideae on one hand and Secamonoideae and Asclepiadoideae on the other,
but they are in their own way highly, sometimes even bizarrely, spe-
cialized and not at all functional intermediates, but functional equiv-
alents of the asclepiadoid and secamonoid pollinia. Although I have
never seen it suggested, my basic reaction is that Periplocoideae do
not represent evolutionary intermediates but are a separate evolution-
ary line. The line could have had its origin in Apocynoideae near that
of Secamonoideae-Asclepiadoideae or it could have had quite a distinct
origin within either Apocynoideae or Plumerioideae. If this separate
origin is, in fact, the case, it is easy to speculate that Peri-
plocoideae differentiated in Africa after it had become well-separated
from South America, possibly associated with the increasing aridity
which commenced in the Miocene (cf. Raven & Axelrod, 1975). The Asian
distribution of Periplocoideae is largely the result of a few wide-
spread genera and could be accounted for by dispersal from Africa
northward and eastward into Asia and subsequently southward into
Australasia. The Australasian range south of about 10° S latitude is

the result of a single genus, Gymnanthera (Good, 1952). This is all
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extremely speculative, of course, but would, among other things, ex-
plain the absence of Periplocoideae from the New World.

Secamonoideae, on the other hand, almost certainly represent an in—
termediate evolutionary step toward the more highly specialized Ascle-
piadoideae and must have differentiated at least concurrently with the
tribes Asclepiadeae and Marsdenieae, or while migration between South
America and Africa was still possible. Although not directly explain-~
ing its absence from South America, it should be noted that the subfam-
ily is small and not particularly diverse. It is normally divided into
at least three genera with a total of about 150 species, which are best
represented in Africa and Madagascar. The genera are separated mainly
on the basis of differences in the style apex and there is reason to
believe that the variation is best represented as comprising a single
genus (Stevens, 1971). Whether represented by one genus or by three or
more, the group currently appears to exhibit little evolutionary poten-
tial. A group of this type could be supposed to have either been elim-
inated from South America or to have had a limited distribution while
Africa and South America were closer.

It is not unreasonable to assume that Ceropegieae and Gonolobeae
differentiated after South America and Africa were isolated from each
other., Ceropegieae, with their striking xeromorphic adaptations, very
likely differentiated in Africa in response to increasing aridity.
Gonolobeae, with which I am most concerned here, are not easily as-
sessed. The major problem is that they are poorly known and under-
stood. It is possible to identify certain species or groups of species
as being derived on the basis of highly specialized features; the sub-

genera Labidostelma and Dictyanthus of Matelea, for instance, could be
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considered rather advanced in the tribe because of their highly spe-
cialized corona lobes. Other than with such specific examples
I have little idea about what is primitive or advanced in the tribe.
Likewise, I have no idea from which group the tribe may have evolved or
where it may have evolved. Essentially by default, the tribe can be
guessed to have differentiated in South America from something like
Marsdenieae or Asclepiadeae. Raven and Axelrod (1974) indicate that
although there are a few temperate North American genera, most genera
of North and Central American Apocynaceae are South American in origin.
Matelea is too poorly known, both as to the relationships within the
genus and the numbers and distributions of species, especially in South
America, to provide evidence either for or against a South American
origin. The major center of diversity of Matelea in North and Central
America is apparently in the area of Chiapas and Guatemala (cf.
Williams, 1968) and the diversity decreases significantly southeastward
in Central America, but remain<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>