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ABSTRACT

This study reports a phylogenetic analysis of the genus Dicoma and the related genera Achyrothalamus, Erythroce-
phalum, Pasaccardoa, and Pleiotaxis (Mutisieae, Asteraceae). which share a series of morphological characters of the
corolla. ray floret epidermis. anther appendages. and style branches. A matrix of 77 morphological and anatomical
characters was used for the analysis. The genera Gochnatia and Oldenburgia were used as outgroups. The topology of
the resulting consensus cladogram suggests that the genus Dicoma appears paraphyletic. A clade including Dicoma
and Pasaccardoa appears monophyletic with subgroups clearly defined by a large number of synapomorphies. These
findings indicate that maintenance of Pasaccardoa as an independent genus implies a need to divide Dicoma into
several genera. The genera Pleiotaxis, Achyrothalamus, and Erythrocephalum form a monophyletic group. Issues relating
to the geographical origin of Dicoma (probably Madagascar or southern Africa), and to the evolution of the different

species groups, are briefly discussed.
Key words:

Asteraceae, cladistics, Dicoma, Mutisieae. phylogeny, tropical Africa.

The “Dicoma group” (Asteraceae, Mutisieae,
Mutisinae) of Bremer (1994) is considered by this
author to be one of the most difficult groups to eval-
uate phylogenetically within the Mutisieae. Accord-
ing to Bremer (1994), it is characterized by its co-
rolla distinctly divided into a narrow tube and wide
limb, its non-mutisioid ray floret epidermis pattern,
its acuminate apical anther appendages, and its
mostly subapically pilose style branches. It com-
prises Dicoma itself, with 50 species occurring in
tropical Africa, Madagascar, and South Africa, and
two species reaching Asia (D. schimperi (DC.) Baill.
ex O. Hoffm. is present in the Arabian Peninsula,
and D. tomentosa Cass. is present in India and Pak-
istan). Other genera of this group are Erythroce-
phalum Benth. with about 12 species occurring
throughout tropical Africa (particularly tropical
East Africa), Achyrothalamus O. Hoffm. with a sin-
gle species from Kenya and Tanzania, Pleiotaxis
Steetz with about 25 species occurring throughout
tropical Africa, Pasaccardoa Kuntze with 4 species

from tropical Africa, and Gladiopappus Humbert
with a single species, possibly extinct, from Mad-
agascar.

Prior to Bremer's (1994) “Dicoma group,” similar
groupings had been proposed by Jeffrey (1967) and
Grau (1980). Indeed, Jeffrey considered this group
to be one of the most distinct within the Mutisieae.
Hansen (1991) suggested that most of the genera
of this group be moved from the Mutisieae to the
tribe Cynareae (Cardueae). His support included (a)
the cuticular ornamentation of corolla epidermal
cells; (b) the corolla divided into a narrow tube and
a broader limb: (c) bilabiate flowers with upper
limb lobules short and uncoiled or absent (except
in Gladiopappus, in which they are long and coiled;
Humbert. 1963); and (d) style branches with sub-
apical sweeping hairs. Karis et al.’s (1992) cladistic
analysis of the subfamily Cichorioideae indicated
that Dicoma, Erythrocephalum, and Pleiotaxis form
a monophyletic group within the tribe Mutisieae, in
accordance with traditional views (see Hoffmann,
1893a; Cabrera, 1977).

' My thanks to A. A. Anderberg, P. O. Karis, and B. Nordenstam for their invaluable advice and assistance during
my stay at the Natural History Museum of Stockholm, to an anonymous reviewer who contributed decisively to im-
provement of this article, to the keepers of the herbaria mentioned for the loan of study material, 1o Alfredo Lépez
(Tokio) for the illustrations, and to Guy Norman for the English translation of this manuscript.

* Laboralorio de Botdnica, Facultade de Farmacia. Universidade de Santiago, 15706 Santiago de Compostela, Galicia,

Spain.

ANN. Missourt Bort. GARD. 87: 459—-481. 2000.
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Table 3.

Characters and states used in phylogenetic

analysis.

10.
1.

12.
13.

16.

18.

19.

20.
21

29.

. Woody (0) / herbaceous (1).
. Plant erect (0) / spreading to prostrate (1).
3. Stem with conical pluricellular trichomes (0) / without

pluricellular trichomes (1).

. Leaf ovate to lanceolate (0) / obovate to oblanceolate

().

. Leaf herbaceous (0) / coriaceous (1).
. Leaf margin not revolute (0) / conspicuously revolute

(1).

. Leaf not conduplicate (0) / conduplicate (1).
. Stem without subtending leaves (0) / with subtending

leaves (1).

Capitulum > 20 mm wide (0) / capitulum = 20 mm
wide (1).

Involucre campanulate (0) / obconic (1).

Outer phyllaries erect-patent to erect () / patent to
reflexed (1).

Phyllary midrib inconspicuous (0) / conspicuous (1).
Phyllaries without longitudinal dark stripes (0) / with
dark stripes running along the phyllaries (1).

. Phyllary sclerenchymal fibers in a = continuous tis-

sue (0) / in distinet bundles surrounded by parenchy-
mal tissue (1) / concentrated on the abaxial face (2)
! concentrated on the adaxial face (3).

Resin ducts in phyllaries at the abaxial face (0) /
reduced or absent (1) (see Fig. 1).

Phyllaries acute to acuminate-pungent (0) / subacute
to obtuse (1).

7. Innermost phyllaries with scarious margins (0) / *

entirely scarious (1).

Innermost phyllaries longer than the rest (0) / shorter
than the contiguous outer series (1).

Phyllary glabrescent to hairy (0) / completely glabrous
(1).

Receptacle epaleate (0) / paleate (1).

Florets in capitula actinomorphic (0) / marginal florets
bilabiate and disc florets actinomorphic (1) / zvgo-
morphic (transitional between actinomorphic and lig-
ulate) (2) / marginal florets “true-ray” (Karis et al..
1992) and disc florets actinomorphic (3).

. Marginal florets hermaphroditic (0) / neuter (1).
. Corollas * as long as or only slightly longer than the

involucre (0) / much longer than the involuere (1).

. Disc corolla tube gradually dilates into limb (0) /

abruptly dilates into limb (1).

5. Disec corolla lobes ereet to erect-patent (0) / recurved

al the apex (1).

). Dise floret epidermal cell cuticle ornamentation: mu-

tisioid (0) / slightly transversely ondulate-striate to
nearly smooth (1) / conspicuously longitudinally stri-
ate and transversely ondulate (“intestine-like™) (2) /

senecioid (3).

. Disc corolla margins not sclerified (0) / sclerified (1).
28.

Disc corolla without long twin glandular hairs (0) /
with long twin glandular hairs (1).

Disc corolla without simple hairs (0) / with simple
hairs (1).

Table 3.

Continued.

30.

32.

33,

38,

39.
40,
1.

12.
43.

44.
45.

46.

47.
48.
49,
. Star-shaped crystals in styles absent (0) / present (1).

Star-shaped calcium oxalate crystals in dise corolla
subepidermal cells absent (0) / present (1) (see Fig.
2).

. Vascular tissue in dise corolla bifurcate at the lobe

sinuses (0) / bifurcate well below the sinuses (1) /
bifurcate at the corolla base (2).

Marginal vascular tissue in the dise corolla broad (0)
/ narrow (1).

Marginal vascular tissue in disc corolla conspicuously
submarginal (see Fig. 3-3 and 3-4 (0) / = marginal
(Fig. 3-1 and 3-2) (1).

. Accessory vascular strands in the disc corolla lobes

absent (0) / present (1).

. Apex of the disc corolla lobes with thick-bundled

veins (0) / without thick-bundled veins (1).

. Stamen insertion in disc corolla: at the tube/throat

junction (0) / near the corolla base (1).

. Star-shaped calcium oxalate crystals in stamen fila-

ments absent (0) / present (1).

Stamen filament collar inconspicuous (0) / conspicu-
ous and not swollen (1) / conspicuous and swollen at
the apical part.

Stamen filament collar < 0.8 mm long (0) / > 1.5
mm long (1).

Anther not protruding beyond the corolla (0) / pro-
truding beyond the corolla (1).

Anther appendage apiculate (0) / acute to slightly
acuminate (1),

Anther tails calcarate (0) / ecalcarate (1).

Anther tails long tapering (0) / with subacute to sub-
rounded apex (1).

Contiguous anther tails free (0) / joined (1).

Anther tail apices with antrorse ramifications (0) /
withoul ramifications (1).

Apex of the anther tail ramifications obtuse (0) (Fig.
5-3) / acute (1) (Figs. 5-1 and 5-2).

Sporoderm thick (0) / thin (1).

Pollen smooth to slightly granulate (0) / echinate (1).
Style with two veins (0) / four veins (1).

. Style branches adjacent (0) / style branches separale

(1).

. Style branches straight (0) / conspicuously curved (1).
3. Styvle branches short (0) (Figs. 6-1 and 6-2) / long (1)

(Figs. 6-3 and 6-4).

4. Stylar sweeping hairs absent (0) / reaching or almost

reaching the bifurcation (1) (Figs. 6-1 and 6-2) / in a
long group not reaching the bifurcation (2) (Figs. 6-
4) / in a subapical tuft (3) (Fig. 6-3).

5. Stylar sweeping hairs of similar length (0) (Fig. 6-1) /

with a sub-basal group slightly longer than the rest
(1) (Fig. 6-2) / with a sub-basal group conspicuously
longer than the rest (2) (Figs. 6-3 and 6-4).

. Style branch vascular tissue narrow (0) / very thick

().

7. Cypsela carpopodium present (0) / absent (1).

Disc floret cypsela ellipsoid (0) / obovoid to obconic
(1).
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Table 3. Continued.

59. Cypsela of marginal florets without rostrum (0) / with
rostrum (1).

60. Cypsela £ smooth (0) / conspicuously ribbed (1).

61. Star-shaped crystals in the cypsela pericarp absent (0) /
present (1).

62. Superficial cypsela glands absent (0) / in a continuous
layer (1) / on the ribs (2) / in the intercostal grooves
(3).

63. Cypsela twin hairs simple (0) / twin hairs bifurcate
(1) / absent (2).

64. Twin hairs all around the cypsela (0) (Fig. 7-2) / be-
tween ribs (1) (Fig. 7-1 and 7-3).

65. Twin-hair bases not bulbous-glandular (0) / conspic-
uously bulbous-glandular (1).

60. Twin hairs of the cypsela base similar to those of the
other parts of the cypsela (0) / conspicuously enlarged
(1.

67. Cypsela with biseriate glands (0) / without biseriate
glands (1).

68. Immature testa with similar proportion of needle crys-
tals and square to short-rectangular non-oriented
crystals (0) / with long-rectangular crystals oriented
in the same direction (1).

69. Mature testa pattern: Gochnatia type (0) / Erythroce-
phalum type (1) / Dicoma type (2) / Dicoma welwit-
schii type (3).

70. Testa epidermal cells with the lateral and basal walls
strengthened (0) / only the basal walls strengthened
(1).

71. Pappus of bristles (0) / scales (1) / bristles and scales

(2) / absent (3).
. Pappus bristles scabrid to barbellate (0) / plumose
(@):

. Pappus element persistent (0) / caducous (1).

-]
b

. Pappus elements of one row (0) / several rows (1).

-] =] =]
G W

. Pappus and involucre of the same length (0) / pappus
overtopping the involucre (1).

76. Pappus erect 1o erect-patent after fruiting (0) / patent

after fruiting (1).

-]

=]

. All the pappi of the capitulum florets of similar length
(0) / pappi of marginal florets much longer than those
of disc florets (1) / internal pappus bristles of marginal
florets as long as pappus of disc florets, and external
pappus bristles of marginal florets much longer than
pappus of disc florets (2).

While studying African taxa of the Mutisieae
(Asteraceae), particularly Dicoma Cass. (see Ortiz
& Rodriguez-Oubifia, 1994, 1996, 1997; Ortiz et
al., 1998; Rodriguez-Oubifia & Ortiz, 1995, 1997),
I investigated phylogenetic relationships within Di-
coma, and between this genus and related taxa.

The principal aims of the work reported here
were to investigate the relationships between Di-
coma and other genera and the phylogenetic rela-

tionships within Dicoma, with the aims of identi-
fying generic and infrageneric subdivisions and of
assessing the validity of the subdivisions previously
proposed by Lessing (1830, 1832), De Candolle
(1838), Harvey (1865), Hoffmann (1893a), Wilson
(1923), and Pope (1991) (see Table 1). Another ob-
jective was to obtain preliminary information about
the geographical origin and evolution of different
species groups within Dicoma.

MATERIALS AND METHODS

The phylogenetic analysis was based on morpho-
logical and anatomical study of specimens from the
BM, COI, K, MO, and S herbaria. A number of
species of Dicoma were selected as representative
of the various morphological types present within
this heterogeneous genus as follows. First, the sev-
en species of the group I denominate the “D. ses-
siflora group™ (see Results) are representative of a
morphological type observed in a total of 19 spe-
cies, including D. auriculata Hutch. & B. L. Burtt,
D. elliptica G. V. Pope, and D. gossweileri S. Moore.
Second, the species D. niccolifera Wild. and D. ca-
pensis Less. are representative of a morphological
type observed in 7 species, including D. macroce-
phala DC., D. cuneneénsis Wild., and D. schinzii O.
Hoffm. Finally, D. anomala Sond., D. aethiopica S.
Ortiz & Rodr. Oubifia, and D. montana Schwick.
are representative of a morphological type observed
in some 10 species not considered in the present
analysis, including D. galpinii Wilson, D. popeana
S. Ortiz & Rodr. Oubifia, and D. somalense S.
Moore. In addition, and with the aim of covering as
much morphological variability as possible, we in-
cluded species from all the known sections of the
genus (see Table 1).

A total of 34 species were included in the study:
the single species of Achyrothalamus, 24 species of
Dicoma, 3 species of Erythrocephalum, 3 species
of Pasaccardoa, and 3 species of Pleiotaxis (see
Table 2). I also studied Dicoma anomala Sond., D.
zeyheri Sond., and D. capensis Less. in the field in
South Africa. Gladiopappus vernonioides Humbert
was not included, since I was unable to obtain ma-
terial of this taxon.

A total of 77 morphological characters were stud-
1ed (see Table 3). For microscopic examination, flo-
ral parts were first boiled in water with a surfactant,
then mounted in Hoyer’s solution (Anderson, 1954).
Phyllary and achene sections were cut by hand with
razor blades. Some characters initially considered
were excluded from the analysis because they were
the same in all species including outgroups, such
as endothecial cell wall thickening organization
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Figure 2.

Star-shaped calcium oxalate crystals in the subepidermal cells of the disc corolla of Dicoma aethiopica

(Gilbert, Ensermu & Vollesen 7870 (K)). Scale bar = 0.01 mm.

(Dormer, 1962), which was always polarized, and
cypsela vein union (Karis et al., 1992), which was
always at the base. Some of these characters re-
quire explanatory comments, as follows:

Character 8. Many of the species studied com-
monly show more or less bractiform leaves,
denominated “subtending leaves” (Pope, 1991,
1992), at the base of the capitula.

Character 13. Many of the species studied
have two dark stripes running along the phyllaries.

Character 14. Examination of cross sections of

the phyllaries allows four morphological types to be
distinguished, most notably on the basis of the ar-
rangement of sclerenchymal fibers. In the first type,
the sclerenchymal fibers form a more or less con-
tinuous mass occupying the inner part of the phyl-
lary (Fig. 1-1). In the second type, the sclerenchy-
mal fibers, though likewise situated in the central
part of the phyllary, form clearly distinct groups
separated by a very lax parenchyma, which appears
to be aeriferous (Fig. 1-2). In the third type, the
sclerenchymal fibers are concentrated toward the
abaxial face of the phyllary; in the center, which is
basically occupied by parenchyma, there are sev-
eral vascular bundles reinforced with sclerenchy-

mal fibers (Fig. 1-3, 1-4). In the fourth type, the
majority of sclerenchymal fibers are either on the
adaxial face or in the midrib of the abaxial face,
where they protect the vascular bundles (Fig. 1-5).

Character 21. Dicoma carbonaria, and to less-
er extent D. oleaefolia, have capitula in which all
florets are zygomorphic, with one of the corolla
lobes separated from the others by a much deeper
incision and without an expanded limb; this mor-
phological type seems transitional between the ac-
tinomorphic and the ligulate type and is similar to
that seen in certain primitive genera of the subfam-
ily Barnadesioideae, such as Chuquiraga Juss., Da-
syphyllum Kunth, and Schlechtendahlia Less.
(Hoffmann, 1983a; Cabrera, 1977; Bremer, 1994).
“True ray” florets have no adaxial lobes and a 3-
lobed lamina.

Character 26. This character was initially
studied in ray florets (Baagge, 1977, 1978), but in
my opinion is also informative for species that have
disc florets only. Indeed, Hansen (1991) studied
epidermal cell cuticle ornamentation in disc florets
of species of the various genera considered in the
present study (despite the fact that the study in
question centers on ray florets). This character has
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Figure 4.
veins. Scale bar = 0.05 mm.

likewise proved useful in the present study, in
which most of the species considered lack ray flo-
rets. “Intestine-like” ornamentation (Karis et al.,

1992) is equivalent to Hansen’s “rugose pattern of

longitudinal bands™ (Hansen, 1991). In the char-
acterization of Gochnatia and Achyrothalamus 1
have followed Hansens (1991) approach, classify-
ing ornamentation in these two genera as “muti-

1
Figure 5.

Apex of the disc corolla of Dicoma aethiopica (Gilbert, Ensermu & Vollesen 7870 (K)) with thick-bundled

sioid” and “senecioid™ respectively, though with
some reservations, since the distinction between
these two typologies was not clearly defined in our
material.

Character 28. Some species have long twin
glandular hairs with a small apical gland on the
corolla (see Kanis et al., 1992: 418, fig. 4H). In the
rest of the species considered the disc corolla hairs

3

Distal part of the anther tails. —1. Anther apices lack antrorse ramifications and the apex of the anther

tail ramifications is acute (Dicoma saligna. Gosswetler 11331 (CO1). —2. Anther apices have antrorse ramifications
and the apex of the anther tail ramifications is acute (Dicoma tomentosa Cass.. Nordenstam 2454 (S)). —3. Anther
apices have antrorse ramifications and the apex of the anther tail ramifications is obtuse (Dicoma grandidieri (Drake)
Humbert, Capuron 18643 (K)). AT: anther tail. B: ramifications. Scale bar = 0.05 mm.
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SH

1 2

Figure 6.

3 4

Apical part of the style with sweeping hairs. —1. Short style branches with sweeping hairs of similar

length reaching the bifurcation (Oldenburgia grandis. Bayliss 4519 (S)). —2. Short style branches with a sub-basal
group of sweeping hairs sli .tl, longer than the rest. these almost reaching the bifurcation (Dicoma sessiliflora Harv.
subsp. sessiliflora, Wingfield 4416 (K)). —3. Long style branches with sweeping hairs in a subapical tuft, with a sub-
basal group of sweeping hairs conspicuously longer than the rest (Dicoma bangueolensis Buscal. & Muschl., Beckett
242 (K)). —4. Long style branches with a long group of sweeping hairs not reaching the bifurcation, these with a sub-
basal group of sweeping hairs conspicuously longer than the rest (Dicoma tomentosa, Nordenstam 2454 (S)). SH:

sweeping hairs. Scale bar = 0.5 mm.

are “short glandular hairs™ with a large apical gland
(see Karis et al., 1992: 418, fig. 4I). Rarely (either
in the first or second type) “twin hairs™ are present
that are basically similar to the non-myxogenic
short ovoid twin hairs of Karis et al. (1992: 418,
fig. 4B), which are very short and which lack a
conspicuous apical gland.

Character 29. Disc corolla simple hairs are
long simple hairs with one or two basal cells (see
Karis et al., 1992: 419, fig. 5E).

Character 32. The marginal vascular tissue of
the lobes of the corolla of disc florets is thick in
some taxa, made up of many vessels and surround-
ed by sclerenchymal fibers (Fig. 3-1 and 3-2). In
the remaining taxa, the marginal veins are narrow,
comprised of fewer vessels and without sclerenchy-
mal fibers (Fig. 3-3 and 3-4).

Character 34. Some species show accessory
veins of variable length in the corolla lobes, run-
ning more or less parallel to the marginal/submar-
ginal veins,

Character 35. In some species, the veins of the
disc corolla lobes form a highly characteristic
dense bundle (Fig. 4) (see Karis et al., 1992).

Character 36. In most of the species studied,
the stamen filaments are inserted at the tube/throat

junction. In D. carbonaria and D. oleaefolia, by
contrast, the stamen filaments are inserted practi-
cally at the base of the corolla. The presence of two
clearly distinct states is not in agreement with Karis
(1993), who reported that this character varies little
within each of the tribes of the subfamily Astero-
ideae (except in the tribe Astereae) and is thus of
considerable taxonomic value at the tribal level.

Character 44. Dicoma carbonaria and D.
oleaefolia share an interesting characteristic, the
tails of adjacent pairs of anthers being joined, with
their ramifications or hairs interwoven. The anthers
of the remaining species are clearly separated.

Character 45. In many taxa the apices of the
anther tails show characteristic antrorse ramifica-
tions, while the ramifications of the rest of the an-
ther tail are always retrorse (Fig. 5-2 and 5-3). In
other taxa, however, such apical ramifications are
absent (Fig. 5-1).

Character 55. In several taxa the stylar sweep-
ing hairs reach (or almost reach, or extend beyond)
the point of bifurcation of the style branches. In
most of the other species considered, the stylar
sweeping hairs form a short subapical tuft that
Hansen (1991) and Bremer (1994) considered char-
acteristic of the species of the “Dicoma group.” In
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Figure 8.

bar = 0.1 mm.

Dicoma tomentosa and D. welwitschii, a third pat-
tern is observed: the sweeping hairs extend from
close to the apex toward the bifurcation, but do not
reach it.

Character 59. Cypselas of neuter marginal flo-
rets are rudimentary and may or may not have a
rostrum.

Character 62. Many of the studied taxa have
unicellular cypsela-surface glands containing a res-
inous material. These may be located between the
ribs on the rib walls (Fig. 7-3), between the ribs in
the intercostal grooves, or forming a continuous lay-
er around the cypsela (Fig. 7-1), as in the D. car-
bonaria group. Dicoma fruticosa shows a morphol-
ogy intermediate between types 1 and 2, and was
coded as inapplicable for this character.

Character 63. Simple twin hairs have the two
cells joined, and bifurcate twin hairs have the two
cells separated (Karis et al., 1992: 418, fig. 4A).

Character 65. In some species the cypsela twin
hairs have a conspicuously bulbous glandular base
that contains a resinous material (Fig. 7-2 and 8).
In other species the base of the cypsela twin hairs
may be somewhat bulbous but is never glandular.

Character 66. In Pasaccardoa grantii and P.
Jjeffreyi, the twin hairs of the lower part of the cyp-
sela are thicker than the rest; in the remaining spe-
cies all hairs of the cypsela are similar.

Character 67. Biseriate glands are composed
of two rows of cells and a collapsed apical head,

Twin hairs with bulbous-glandular base on the cypsela of Dicoma saligna (Gossweiler 11331 (COI)). Scale

and occur in the cypselas of many of the taxa an-
alyzed. In many cases these are not easy to see and
often are situated between the superficial glands
(see character 62).

Character 68. Subepidermal calcium oxalate
crystals are observed in the immature testa of all
species. They are subsequently hidden from view
by the epidermis of the mature testa. In some spe-
cies needle-shaped crystals and square to short-
rectangular crystals, without uniform orientation,
are present in roughly equal proportion (Fig. 9-1).
In others, by contrast, almost all the crystals are
narrowly rectangular and oriented in the same di-
rection (Fig. 9-2).

Character 69. The first character state corre-
sponds to the testa type defined by Grau (1980) for
Gochnatia (testa with lateral and basal walls of the
epidermal cells strengthened). Similar but not iden-
tical morphologies are observed in Pasaccardoa
grantii, P. jeffreyi, and some species of Dicoma: in
these cases the testa morphology is similar to the
Gochnatia type, but the cells of the epidermis are
of irregular shape, not linear. The second character
state is the Erythrocephalum type as defined by
Grau (1980); in addition to Erythrocephalum, the
species of Achyrothalamus and Pleiotaxis fall into
this category (basal walls of the epidermal cells of
the testa with reinforcements, which give to the
cells a lacunose appearance in frontal view). The
third character state is the Dicoma type as defined
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Figure 9. Calcium oxalate crystals in the immature testa (testa subepidermis). —1. Nonoriented needle-shaped

crystals and square to short-rectangular crystals in the testa of Dicoma zeyheri (Mogg 16306 (K)). —2. Long-rectangular
cryslals oriented in the same direction in Dicoma montana (I.. E. Codd 8689 (K)) (see text). Scale bar = 0.05 mm.

by the same author (basal walls of the epidermal
cells of the testa strengthened with ribs). The fourth
character state, observed in D. welwitschii and P
baumii, is very similar to that observed in the other
species of Pasaccardoa, except that the epidermal
cells of the testa are traversed by thick bands. We
have not been able to characterize testa morphology
in the Oldenburgia material studied; similarly, Kar-

is et al. (1992) were unable to determine whether
or not the testa of the species of this genus is “col-
lapsed.” The testas of the two species of the D.
carbonaria group show a morphology similar to
Grau’s (1980) Perezia type (testa with epidermal
cells not strengthened), though study of additional
material is necessary to confirm this.

Character 70. In some species the lateral and
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Gochnatia

Oldenburgia

Pleiotaxis subpaniculata
Pleiotaxis rugosa

Pleiotaxis pulcherrima
Achyrothalamus marginatus
Erythrocephalum microcephalum
Erythrocephalum zambesianum
Erythrocephalum scabrifolium
Dicoma welwitschii  (Ps?/D)
Pasaccardoa baumii
Pasaccardoa jeffreyi
Pasaccardoa grantii

Dicoma elegans (S?/B)
Dicoma aethiopica (Ps?/B?)
Dicoma anomala (Ps/B)
Dicoma montana (Ps?/B?)
Dicoma dintert  (Ps?/B)
Dicoma bangueolensis (E?/D)
Dicoma nachtigalii (B/B)
Dicoma gillertii  (Ps?/B7)
Dicoma fruticosa (R?/B?)
Dicoma picta (R/B)

Dicoma niccolifera (S7/B?)
Dicoma capensis  (S/D)
Dicoma schimperi (H/B?)
Dicoma tomentosa (E/D)
Dicoma cana  (Ps/B)
Dicoma spinosa (M/B)
Dicoma grandidieri (Ps?/B?)
Dicoma relhanioides (M/B)
Dicoma sessiliflora  (PUP)
Dicoma zeyheri (PU/P)
Dicoma saligna (Pt?/P7)
Dicoma carbonaria (Ps?/B?)

Dicoma oleaefolia (Ps?/B?)

Figure 10.  Strict consensus tree of Dicoma and relaled genera, based on the six equally most parsimonious clad-
ograms obtained from analysis of the data in Table 4. The numbers at each node are % jackknife support (before the
slash) and % bootstrap support (after the slash). Letters in parentheses after Dicoma species indicate the section to
which each species belongs. Sections proposed by Hoffman (1893a) (before the slash): S, Steirocoma; R, Rhigiothamnus;
E, Eudicoma; M, Macledium; H, Hochstetteria; Ps. Psilocoma: B, Brachyachaenium; Pt, Pterocoma. Sections proposed
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basal walls of the epidermal cells of the testa are
strengthened with a highly characteristic morphol-
ogy, U-shaped in cross section and similar to that
of Grau’s (1980) Gochnatia subgroup. In the re-
maining species only the basal walls are thickened
with ribs.

Character 71. Pappus is only absent in Achy-
rothalamus. In the remaining species it is formed
by rather fine bristles, as in Pleiotaxis and in many
species of Dicoma, by bristles and scales as in D.
bangueolensis and D. tomentosa, or by scales only
as in Erythrocephalum, Pasaccardoa, Dicoma wel-
witschii, D. spinosa, and D. relhanioides.

Character 73. Erythrocephalum has a pappus
of narrow caducous scales, while in all other spe-
cies considered the pappus is persistent.

Character 77. In most of the species analyzed
the pappi of the different flowers that make up the
capitulum are all of similar length. In Dicoma nic-
colifera and D. capensis, the pappi of the marginal
florets are much longer than those of the disc flo-
rets. In D. elegans, the internal pappus bristles of
the marginal florets are as long as the pappus of
the disc florets, while the external pappus bristles
of the marginal florets are much longer than the
pappus of the disc florets.

Polarization of characters was determined by the
outgroup comparison method (Stevens, 1980; Wa-
trous & Wheeler, 1981; Maddison et al., 1984), us-
ing Gochnatia Kunth and Oldenburgia Less. as out-
groups. Both genera are of the tribe Mutisieae, and
in Karis et al.’s (1992) analysis they are basal to
the taxa included in the ingroup. Gochnatia is a
heterogeneous genus with nearly 68 species (Bre-
mer, 1994), mostly from the Americas, though also
Asia. For outgroup comparison, I selected 5 species
of Gochnatia, representatives of three of the five
sections of the genus (G. amplexifolia (Gardner) Ca-
brera, G. attenuata (Britton) Jervis & Alain, G. cor-
data Less., G. microcephala (Griseb.) Jervis &
Alain, and G. picardae (Urb.) Jiménez) with similar
habit to those of the Dicoma group. Oldenburgia is
a genus of four species endemic to the Cape area
in South Africa, from which three species (0. gran-
dis (Thunb.) Baill., O. papionum DC., and O. par-
adoxa Less.) were selected.

Characters with only two states of which one was
autapomorphic were not included in the analysis.

Wagner parsimony analysis of the data matrix
(Table 4) was performed on a PC with the aid of

the program PAUP* 4.0 (Swofford, 1998). Clado-
grams were generated using a heuristic search with
the TBR (tree bisection-reconnection) branch-
swapping algorithm with random additions (100
replicates). Support values for each clade were ob-
tained by jackknife analysis (100 replicates) (Farris
et al., 1996) and bootstrap analysis (Felsenstein,
1985). Successive weighting (Farris, 1969) was per-
formed for generating cladograms where the rela-
tive weight of homoplasious characters was re-
duced. All multistate characters were treated as
nonadditive. Some characters were coded as poly-
morphic for some terminals. In the data matrix, un-
known character states were indicated with “?7,

and inapplicable character states were indicated
with a dash.

REsuLTS

The cladistic analysis yielded six equally most
parsimonious cladograms, each 186 steps long,
with a consistency index (CI) of 0.513, and a re-
tention index (RI) of 0.82, including in both cases
the only uninformative character of the matrix. The
six cladograms showed only minor differences. One
of the six cladograms is shown in Figure 11.

Analysis with successive weighting gave two
cladograms (Fig. 12), with identical major-clade to-
pology to the six equally most parsimonious clad-
ograms (and the corresponding strict consensus
tree) obtained without successive weighting. How-
ever, the two successive-weighting cladograms dif-
fered from the no-weighting strict consensus tree in
the internal topology of the major clades.

In the strict consensus tree (Fig. 10), the first
division split (a) the first clade, comprising the
genera Pleiotaxis, Achyrothalamus, and Erythro-
cephalum, from (b) the genera Dicoma and Pas-
accardoa. The second division split (a) the Mad-
agascan and D.
oleaefolia (hereinafter referred to as the D. car-
bonarta group) from (b) the remaining species of
Dicoma and Pasaccardoa. The third division split
(a) the seven species of the Dicoma sections Pter-
ocoma DC., Macledium Less., and Psilocoma
Harvey, hereinafter referred to as the D. sessiflora
group, from (b) the remaining species of Dicoma
plus the three species of Pasaccardoa. The fourth
division gave the last two major clades, one com-
prising Dicoma welwitschii and the Pasaccardoa

endemics D. carbonaria

«—

by Wilson (1923) (after the slash): D, Dimorphae; B, Barbellatae; P, Plumosae. Question marks indicate that the species
in question has not been assigned to any section before this paper (see Table 1).
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species, the other comprising the species I refer
to as the D. tomentosa group.

In general, the five major clades revealed by the
analysis are adequately supported by jackknife and

bootstrap values (see Fig. 10), and the results of
the analysis can therefore be considered sufficiently
reliable to provide a basis for elucidation of phy-
logenetic relationships among the genera and spe-
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cies considered. Only the clade corresponding to
the D. tomentosa group had low jackknife and boot-
strap support.

Discussion

The results of the analysis reported here contra-
dict those of Karis et al. (1992), in that Erythro-
cephalum and Pleiotaxis appear to be more phylo-
genetically advanced than Dicoma.

The analysis indicates that the genera Pleiotaxis,
Achyrothalamus, and Erythrocephalum constitute a
monophyletic group (see Fig. 10), the members of
which share a number of apomorphic characters,
some of which are exclusive (such as anther tails
with subrounded to subacute apex, or style branch-
es separated). Within this group, Erythrocephalum
and Pleiotaxis appear to be paraphyletic. Neverthe-
less, confirmation of this would require a cladistic
analysis of these three genera alone, with consid-
eration of all or most of the species included within
them; the present study focused on the species of
Dicoma and on the characters relevant to the tax-
onomy of this genus. Such an analysis should try
to identify other characters that although of little
diagnostic value in the present study might be of
value in an analysis of these three genera alone.
Despite these reservations, it is of interest that
Achyrothalamus and Erythrocephalum showed only
minor differences (characters 16, 19, 26, 31, and
71); of these characters, the absence of a pappus
(character 71) is the most widely used to distin-
guish between Achyrothalamus and Erythrocephal-
um (which has a caducous pappus). In this con-
nection, our observations show that bifid twin hairs
are present on the cypsela of Achyrothalamus, and
that these hairs are apparently identical to those
previously considered to be diagnostic of Erythro-
cephalum and Hyaloseris (Karis et al., 1992). The
presence of these hairs in Achyrothalamus does not
seem to have been taken into account when decid-
ing to consider this taxon as a separate genus, pre-
sumably because they have not previously been de-
tected: there is no mention of them in the original
description of the genus (Hoffmann, 1893b), and
Bremer (1994) described the cypselas of Achyroth-
alamus as glabrous.

The clade comprising Dicoma carbonaria and D.
oleaefolia (the “D. carbonaria group”) (see Fig. 11)
is well defined and clearly separated from the re-
maining species of Dicoma. Important apomorphic
character states shared by these species include (a)
capitulum of all florets zygomorphic [since the sub-
family Barnadesioideae is one of the most primitive
groups within the Asteraceae (Bremer, 1994), the

character state considered apomorphic, as observed
in D. carbonaria and D. oleaefolia, should in a wid-
er context probably be viewed as a reversion to a
more primitive type; like Cabrera (1959), Bremer
(1987), and Karis et al. (1992), I consider the most
primitive state to be that in which all florets are
actinomorphic] (character state 21.2), (b) disc co-
rollas much longer than involucre (23.1), (c) disc
corolla veins separated as far as the corolla base
(31.2), (d) stamens inserted close to the base of the
corolla [the marginal nerves of the corolla remain
separated to the base of corolla, as in certain spe-
cies of the genus Stenopadus, of the Guayana High-
lands (Carlquist, 1957; Bremer, 1994), one of the
most primitive genera or possibly the most primi-
tive genus (Hansen, 1991; Karis et al., 1992; Bre-
mer, 1993a, b, 1994) of the Mutisieae] (36.1), (e)
anther projected beyond the corolla, (f) anther tails
of contiguous anthers joined (44.1), (g) style with
four veins (49.1), (h) superficial cypsela glands dis-
posed in a continuous layer all around the cypsela
(62.1), (i) pappus much longer than involucre
(75.1), and (j) pappus bristles patent after fruiting
(76.1). All of these synapomorphic characters, some
relating to relevant aspects of floral morphology, to-
gether with a series of plesiomorphic characters not
observed in the remaining species of Dicoma (such
as the presence of resin ducts, the absence of star-
shaped calcium oxalate crystals in subepidermal
cells of the corolla, and the presence of narrow style
branch nerves), support the consideration of the D.
carbonaria group as a clearly distinct clade, and
raise the possibility that these two arborescent
Madagascan endemics should be considered as a
separate genus. This would entail resurrecting the
genus Cloiselia S. Moore, described by this author
(Moore, 1906) for C. carbonaria (D. carbonaria). 1
am unaware of other species of Dicoma with floral
characteristics like those observed in the D. car-
bonaria group; certain of these characters, as men-
tioned above, are clearly primitive (corolla ligulate
but without expanded limb, stamens inserted close
to the base of the corolla, abundant long simple
hairs on the corolla surface). These characters sug-
gest a relationship with the genera of the Barna-
desioideae (notably Dasyphyllum, Chuquiraga, and
Schlechtendahlia) and the likewise primitive South
American Mutisieae genus Stenopadus (see Ca-
brera, 1977; Bremer, 1994). This raises the possi-
bility that the relationship between the African Mu-
tisieae and the more primitive South American
representatives of this tribe is perhaps closer than
is currently admitted. This would be consistent with
the hypothesis of Bremer (1993a, b, 1994), whereby
the Asian species of Mutisieae were derived from
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the South American species as a result of westward
spread across the Pacific. It is also possible that
the primitive characteristics of the D. carbonaria
group reflect the isolation and protection from com-
petition that has affected the evolution of many oth-
er plant and animal lineages on Madagascar. Of the
Dicoma species not considered in the present study,
the only taxon showing some degree of external
morphological similarity to the species of the D.
carbonaria group is D. incana (Bak.) O. Hoffm.,
likewise arborescent and likewise endemic to Mad-
agascar; note, however, that floral morphology char-
acters in this species follow the normal pattern for
the genus.

The next clade (see Fig. 11) comprises two
clades, one of them including the seven species
that I refer to as the D. sessiliflora group. That this
clade is genuinely representative of a phylogenetic
entity 1s supported by a series of relevant non-ho-
moplastic (CI = 1) synapomorphic characters, in-
cluding innermost phyllaries more or less entirely
scarious (17.1), and corolla with long twin glan-
dular hairs (28.1). Other synapomorphic characters
are homoplastic (CI < 1), due either to parallel

evolution (e.g., phyllary anatomy, marginal veins of

the disc corolla lobes in marginal or almost mar-
ginal position, base of the twin hairs of the cypsela
very conspicuously bulbous-glandular) or to rever-
sions to the plesiomorphic state (e.g., innermost
phyllaries shorter than the contiguous outer series,
no antrorse branches at the apex of the anther tails).
Plesiomorphic characters shared by the members
of this group include marginal veins of the disc
corolla lobes broad (32.0), cypsela ribs absent or
very slender (60.0), and twin hairs all around the
cypsela (64.0). Confirmation that the D. sessiliflora
group constitutes a distinct entity within Dicoma,
or possibly a separate genus, will require a more
detailed analysis considering all the species in the
group. It is worth noting that some of the species
of this group are more adapted to woodland con-
ditions than those of the D. tomentosa group (which,
together with D. welwitschii and Pasaccardoa, con-
stitutes its sister group); the species of the D. to-
mentosa group, though sometimes occurring in
woodland habitats, are generally better adapted to
dry, open sites, and even sub-desert or desert hab-
itats (see Lisowski, 1991; Pope, 1992).

The members of this latter clade (see Fig. 11)
share a number of apomorphic characters including
(a) a conspicuous phyllary midrib (12.1), (b) disc
corolla lobes recurved at apex [the corolla lobes
have a recurved apex, with the apices of the anthers
and the pistil exserted; this may reflect the adap-
tation of most species of this group to desert or sub-

desert environments in which pollinators are very
scarce, so that there is selection in favor of at least
partial anemophily (see Whitehead, 1969; Lane,
1996)] (25.1), (c) cypsela ribs conspicuously strong
(60.1), (d) cypsela with twin hairs between the ribs
(as also observed in the D. carbonaria group, and
presumably reflecting parallel evolution) (64.1),
and (e) immature testa (subepidermal layer of the
testa) with long-rectangular crystals oriented in the
same direction (68.1). This group splits into two
clades: one in which D. welwitschii appears as a
sister group of the three species of Pasaccardoa,
and another comprising the D. tomentosa group.
The latter might be referred to as Dicoma s. str.,
since it contains D. tomentosa, the type species of
the genus.

In view of the topology of the cladogram (Figs.
10-12), one possible approach would be to transfer
the species of the genus Pasaccardoa to Dicoma.
Alternatively, Pasaccardoa could be maintained, in
view of its various synapomorphic characters, one
non-homoplastic (cypsela of the marginal florets
with rostrum) and others shared with other species
but not with the members of the D. tomentosa group
(disc corolla tube abruptly dilating into limb, mar-
gin of the disc corolla lobes conspicuously scleri-
fied, no antrorse branches at the apex of the anther
tails, pappus of scales). Pasaccardoa also has a
number of relevant plesiomorphies including pres-
ence of a cylindrical disc floret cypsela, and Goch-
natia-type testa. This view is supported by the fact
that D. welwitschii, which the analysis indicated to
be a sister group to Pasaccardoa, shows a number
of character states different from those of the D.
tomentosa group, some apomorphic (phyllary scler-
enchymal fibers concentrated on the abaxial face,
margin of the lobes of the disc corollas conspicu-
ously sclerified, absence of antrorse branches at the
apex of the anther tails, testa of D. welwitschii type,
pappus of scales) and some plesiomorphic (capit-
ulum wider than 20 mm, absence of dark stripes
along the phyllaries, and lateral and basal walls of
testal epidermal cells strengthened). Some of these
characters are shared with the species of Pasac-
cardoa. However, the inclusion of D. welwitschii
within Pasaccardoa does not seem to be justifiable,
in view of the marked differences with respect to
the species of this genus, notably P. grantii and P.
Jeffreyi. These two species, in addition to P. pro-
cumbens (not included in the present analysis), ap-
pear to form a highly homogeneous group, with ex-
clusive synapomorphic characters (such as twin
hairs of the cypsela base conspicuously enlarged,
and cypsela surface glands positioned between the
ribs in the intercostal grooves) and other apomorph-
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ic characters that are not exclusive but that are not
present in D. welwitschii (capitulum made up of
“true-ray” marginal florets and actinomorphic disc
florets, marginal florets neuter, and cypsela of the
marginal florets with rostrum). By contrast, D. wel-
witschii shows a series of apomorphic characters
including apex of the disc corolla lobe without
thick-bundled veins, disc floret cypsela obconic,
and testa of D. welwitschii type. The cladogram may
thus indicate that D. welwitschii (from the central
plateaus of Angola, and also present in Zaire) is a
distinct genus. Nevertheless, this possibility would
have to be confirmed by an analysis including all,
or nearly all, species of Dicoma.

Of the previously proposed sections of the genus
Dicoma, Dimorphae and Barbellatae of Wilson
(1923) are clearly paraphyletic (see Table 1, Figs.
10, 11). Considering the sections accepted by Hoff-
mann (1893a), the results of the present analysis
are more or less consistent with Brachyachaenium
Baker (D. nachtigalii), Macledium (Cass.) DC. (D.
spinosa and D. relhanioides), and Pterocoma DC.
(sect. Plumosae Wilson) (D. sessiliflora, D. zeyheri,
and D. saligna).

Other sections, such as Steirocoma DC. (D. ca-
pensis and D. niccolifera, but not D. elegans) and
Rhigiothamnus (Less.) DC. (D. picta and D. fruti-
cosa), may be monophyletic; however, and apart
from the monotypic sections Hochstetteria (DC.) O.
Hoffm. (D. schimperi) and Eudicoma DC. (D. to-
mentosa), the species of my D. tomentosa group do
not appear to form coherent monophyletic groups
assignable to any of the sections previously de-
scribed.

Broadly speaking, the results of the present anal-
ysis (Figs. 10-12) suggest that taxa with primitive
characters, like those of the D. carbonaria group,
may be precursors of the genus Dicoma that have
survived as relict populations in Madagascar. It
seems reasonable to hypothesize that these precur-
sors gave rise to a lineage of xeromorphic taxa with
small, spiny, coriaceous leaves (such as D. spinosa,
D. relhanioides, D. grandidieri, and D. cana). The
remaining species of the D. sessiliflora group, with
scarcely coriaceous, scarcely spiny, and more or
less broad leaves (D. sessiliflora, D. saligna, and D.
zeyhert) probably originated from that lineage in ad-
aptation to moister, shadier conditions. The origin
of this group, and of the genus as a whole, would
thus appear to have been in Madagascar and south-
ern Africa, as found by Eldends and Andenberg
(1996) for the genus Anisopappus (which has a sim-
ilar distribution and ecology to Dicoma). On this
hypothesis, the remaining species of the genus

arose, probably later, generally in open dry, includ-
ing sub-desert and desert, environments.
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