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The habit, leaf morphology, floral characters, pollen structure and chromosome numbers of Pelargonium
incarnatum (L'Herit.) Moench, P. ocellatum J.J.A. v.d. Walt and P. setulosum Turcz. showed that they should
be included in section Campy/ia (Sweet) DC. A key to identify the species of section Campy/ia 5.1. is
provided. Despite the considerable variation in floral structure of the species it is concluded that section
Campy/ia 5.1. is a natural taxon. The possible phylogenetic relationships of the species are determined by
means of a cladistic analysis.
Die habitus, blaarmorfologie, blomkenmerke, stuifmeelkorrelstruktuur en chromosoomgetalie van Pelargonium incarnatum (L'Herit.) Moench, P. ocellatum J.J.A. v.d . Walt en P. setulosum Turcz. dui daarop dat hulle
in seksie Campylia (Sweet) DC. ingesluit behoort te word. 'n Sleutel vir die identifikasie van die spesies van
seksie Campy/ia 5.1. word voorsien . Ten spyte van die variasie in die blomstruktuur word die gevolgtrekking
gemaak dat seksie Campylia 5.1. 'n natuurlike takson is. Die moontlike filogenetiese verwantskappe van die
spesies in die seksie word met behulp van 'n kladistiese analise bepaal.
Keywords: Geraniaceae, Pelargonium, phylogeny, section Campy/ia.

Introduction
Section Campylia was originally described by Sweet (1820).
The section was revised by Van der Walt and Van Zyl in
1988. In this revision the following taxa were recognized:
1. Pelargonium ovale (Bunn. f.) L'Herit.
(a) subsp. ovale
(b) subsp. hyalinum Hugo
(c) subsp. veronicifolium (Eckl. & Zeyh.) Hugo
2. P. elegans (Andr.) Willd.
3. P. oenothera (L.f.) Jacq.
4. P. coronopifolium Jacq.
5. P. capil/are (Cav.) Willd.
6. P. tricolor Curt.
7. P. caespitosum Turcz.
(a) subsp. caespitosum
(b) subsp. concavum Hugo
However, since the revision it was suggested that the following three species also be included in section Campylia:
P. ocellatum J.J.A. v.d. Walt was described as a new species
by Van der WaIt et al. (1990a). In another paper (Van der
Walt et al. 199Oc), the transfer of Erodium incarnatum
L'Herit. to Pelargonium by Moench (1802) was supported
and it was suggested that it be placed in the section Campylia. P. setulosum Turcz., previously classified in section
Ligularia (Harv.) Sweet (Van der WaIt & Vorster 1981), is
the third species considered here for inclusion in section
Campylia.
The first aim of this paper is to detennine whether P. incarnatum, P. ocellatum and P. setulosum should be included
in section Campylia. Van der Walt and Van Zyl (1988)
noted the considerable variation in floral structure within the
section Campylia. If the three additional species are
included in the section, the variation in floral structure will
be more pronounced, placing the monophyletic origin of the
section in doubt. The second aim is to provide a hypothesis
of the phylogeny of the species in section Campylia by
means of a cladistic analysis.

Results and Discussion
Evaluation of characters of P. ineamatum, P. oeel/atum
and P. setulosum

This evaluation is based on data published by the following
authors: Van der Walt and Vorster (1981), Van der Walt and
Van Zyl (1988), Van der Walt et al. (1990a) and Van der
Walt et al. (199Oc).
Habit: Section Campylia consists of herbaceous, soboliferous subshrubs with short main stems. Clone populations
where the plants are connected by means of subterranean
rhizomes, are often found. All these characters are present in
P. incarnatum, P. ocellatum and P. setulosum.
Leaves: The leaves of the presently included species in
section Campylia vary from palmately to pinnately divided.
The leaves of P. incarnatum, P. ocel/atum and P. setulosum
are very similar, and they resemble those of other species in
section Campylia. Some leaves of P. incarnatum and P.
ocel/atum are trifoliolate.
Flowers: In P. caespitosum and P. ovale the anterior
petals are markedly smaller than the posterior petals. In all
the other species, and in P. incarnatum, P. ocel/atum and P.
setulosum, the posterior and anterior petals are more or less
equally sized. The flowers of P. incarnatum appear actinomorphic because the petals are almost identical in size and
colour. The posterior petals of P. capillare, P. ocel/atum
and P. tricolor have dark, warty spots near their bases. Very
small and inconspicuous warty spots are also present on the
posterior petals of P. incarnatum.
The number of fertile stamens varies from five to seven in
the section. P. incarnatum and P. setulosum have five fertile
stamens each, and P. ocel/atum seven.
In P. caespitosum and P. ovale subsp. hyalinum the
hypanthiums are reduced to shallow cavities. P. incarnatum
has a similar reduced hypanthium, but P. ocel/atum and P.
setulosum have well-developed hypanthiums similar to those
of the other species in the section.
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Chromosome numbers: The basic chromosome number of section Campy/ia is x = 10 (Van der Walt & Van Zyl
1988) and somatic chromosome numbers of 2n = 20 and 40
have been recorded. The chromosomes of the species in the
section are relatively small.
P. ocel/atum has a somatic chromosome number of 2n =
20 (Van der Walt et al. 1990a), P. incarnatum, 2n = 40
(Van der Walt et al. 199Oc) and P. setulosum, 2n = 40
(Albers, pers. commun.). Their chromosomes are similar in
size to those of other species in section Campylia.
Pollen morphology: The pollen morphology of section
Campylia was described by Van der Walt and Van Zyl
(1988). The pollen grains are more or less spherical with a
polar diameter of 49 - 83 J.1m. They are tricolporate with
reticulate to reticulate-striate tectums. The pollen grains of
P. incarnatum, P. ocel/atum and P. selUlosum are also more
or less spherical with a polar diameter of 60 - 70 J.1m, and
they are tricolporate with reticulate-striate tectums. The
pollen of P. incarnatum is identical to that of P. tricolor
(Van der Walt et al. 199Oc).
The habit, leaf morphology, floral characters, pollen
structure and chromosome numbers of P. incarnalUm, P.
ocel/alUm and P. setu/osum support their inclusion in section
Campylia. Despite the considerable variation in floral
structure, it seems most likely that the species of the section
Campylia s.l. represent a natural group. The variation in
floral structure can probably be ascribed to different pollination strategies of the species.
The following key can be used to distinguish between the
species of section Campylia s.I.:
Key to the species
la

Petiole shorter than lamina
2a Claws of posterior petals not auricled; lamina flat
3a Pedicel less than 5 mm long; posterior petal without
dark warty spots .................................... P. oenothera
3b Pedicel more than 5 mm long; posterior petals with
dark warty spots ......................................... P. tricolor
2b Claws of posterior petals auricled; lamina flat to
conduplicate
4a Petals 4, rarely 5; hypanthium reduced to a shallow
cavity; stamens protruding below anterior petals ...... .
................. .............. ......... .................... P. caespitosum
4b Petals 5; hypanthium well-developed, 2 - 8 mm
long; stamens above anterior petals ........................... .
....................................................... P. coronopifolium
Ib Petiole longer than lamina
5a Flowers appear actinomorphic, posterior and anterior
petals identical in colour ............................ P. incarnatum
5b Flowers appear zygomorphic, posterior and anterior
petals not identical in colour ............................................ 6
6a Posterior petals with dark warty spots ..................... 7
7a Fertile stamens 7 ............................. P. capillare
7b Fertile stamens 5 .............................................. 8
8a Lamina pinnately incised, hairs on lamina
proximally directed ................... P. tricolor
8b Lamina trilobate to trifoliolate. hairs on
lamina distally directed ......... P. ocellatum
6b Posterior petals without dark warty spots .. .. ............ 9
9a Claws of posterior petals not auricled; lamina
flat; fertile stamens 7 ...................................... 10
lOa Lamina cordate; peduncle 12 - 40 (-70)
mm long ................................ P. setuwsum

9b

lOb Lamina ovate to rotund; peduncle
60 - 120 mm long ..................... P. elegans
Claws of posterior petals auricled; lamina flat
to conduplicate; fertile stamens 5 .................. 11
Iia Petals 4. rarely 5; staminodes not reflexed
............................................ P. caespitosum
11b Petals 5; two staminodes reflexed .............. .
....................................................... P. ovale

Phylogeny of section Campy/ia (Tables 1 and 2)
Natural hybrids between sections Campylia, Glaucophyl/um
Harv. and Pelargonium are indicative of their relationship
(Van der Walt et al. 1990b, Van der Walt et al. 199Oc). All
three sections are characterized by relatively small chromosomes. The floral and leaf structure of P. elegans very
strongly resemble those of P. betulinum (L.) L'Herit. P.
betulinum belongs to section Pelargonium which exhibits
the most plesiomorphic characters in the genus (Albers &
Van der Walt 1984): P. betulinum is therefore suggested as
the outgroup to determine the phylogenetic relationships of
the species in section Campylia.
In the cladistic analysis, Farris's HENNIG86 program
(Version 1.5) was used, employing the ie (implicit
enumeration) algorithm, the results of which are certain to
be minimal length trees. HENNIG86 also compresses
calculated trees to ensure that they show no arbitrary resolution, i.e. the tree(s) need not be fully dichotomous (Farris
1988).
The polarity of the characters enumerated in Table 1 has
been determined by outgroup comparison (Watrous &
Wheeler 1981). As no inference of relationships between
taxa can be made with autapomorphies, they were excluded
from the analysis. The character state considered plesiomorphic (0) is given fIrst and the apomorphic state (1) last
(Table 1). Where both states occur for a specific character
(character 6 for P. caespitosum and character 5 for P. ovale)
it has been coded as inapplicable (?) (Table 2).
With the given data, set a single tree of minimum length
(17 steps) and a compatibility index of 64 was generated
(Figure 1). Although homoplasy (parallelism and reversals)
is present, each of the clades is defmed by one or more
unique synapomorphies.
• P. elegans and P. setulosum resolved in a single clade.
The two species, however, do not appear to show a
strong affinity with the rest of the species in section
Campylia as the clade branches off fIrst. The clade is
furthermore defIned by character 6 (tetraploidy) which, in
section Campylia, shows homoplasy (paralellism) as
somatic chromosome counts of 2n = 40 are also known to
occur in P. incarnalUm and P. coronopifolium. The two
species are obviously not closely related, nor do either
show any close relationships to P. selUlosum or P. elegans.
• The uniquely derived trilobate to trifoliate leaves (character 8) of P. ocel/alUm and P. incarnatum are supportive
of their relationship.
• Warty spots on the posterior petals (character 2) support
the affinity between P. capillare and P. tricolor. However, although the clade is defIned by this character it is
not unique as warty spots also occur on the petals of P.
ocel/alUm. This is considered to be a parallel development in the relevant species.
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Table 1 Characters
and
Pelargonium section Campy/ia
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Plesiomorphic (0)

O. Size of petals

ca. equal
I. Claws of posterior petals
not auricled
2. Posterior petals with warty
spots
not present
3. Number of fertile stamens
7
4. Staminodes
not reflexed
5. Hypanthium
not reduced
6. Somatic chromosome number 20
7. Laminae
palmately divided
8. Laminae
not trilobate or
trifoliolate
9. Habit
woody shrub
10. Basic chromosome number

II

Apomorphic (1)

ca. not equal
auricled

0123 etc.

P. betulinum
P. tricolor
P. capillare
P. incarnatum
P. ocellatum
P. caespitosum
P. coronopifolium
P. oenothera
P. ovale
P. setulosum
P. elegans

00000
00110
00100
00010
00110
11 010
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00101
00101
11011
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1?101
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.:

~

8

°1
.:

40
pinnately divided
trilobate to
trifoliolate
herbaceous
subshrub
10

0
1
1

1

01011 01101 1

00011
11 011
00000
00000

0

J2

present
5
reflexed
reduced

Table 2 Characters and character
states in
Pelargonium section
Campy/ia with P. betulinum as the
outgroup
Character number

C>

~

.O?

00101 1
?0101 1
01001 1
01001

• P. caespitosum, P. coronopifolium, P. oenothera and P.
ovale have the greatest number of uniquely derived character states in the section. The whole clade is defined by
the presence of reflexed staminodes (character 4). The
absence of reflexed staminodes in P. caespitosum is,
however, considered to be a reversal in the character
state.
The cladogram resulting from the given data set is weak:
in that the majority of the nodes are supported by single
characters. The weakness of the cladogram may be ascribed
to the small data set employed. However, we know the
species well and feel confident that the cladogram presents a
true reflection of their phylogeny.
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