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at mid-blade, both surfaces silvery green, densely covered 
with silky, short, unicellular, small-based, appressed tri
chomes, veins on lower surface prominent. Inflorescence a 
terminal, dense, cylindrical thyrse up to 600 mm long; lat
eral cymes in axils of leaf-like bracts, numerous, scorpioid. 
1 -5-fid, many-flowered, distinctly stalked; lateral pedun
cles 15-30 mm long, bracteate. Flowers sessile, actin- 
omorphic, nectariferous, unscented, strongly protandrous. 
Calyx persistent, 5-partite, divided almost to base; lobes 
lanceolate, ± 6  mm long, acute, pubescent. Corolla white, 
± 10 mm long, funnel-shaped, sparsely pubescent, 5-lobed; 
lobes equal, slightly spreading, rounded. Stamens silvery 
white, equal, strongly exserted, arising as single series at ± 
3 mm from base of corolla tube; filaments glabrous, cylin
drical. ± 11 mm long; anthers versatile, small. ± 2  mm long 
before dehiscence, splitting lengthwise; pollen silvery’ 
white. Ovary deeply 4-lobed; style simple, gynobasic, 
exserted beyond anthers; stigma bifid. Fruit a schizocarp 
consisting of four greyish brown nutlets: nutlets ±2.7 x 2 
mm, tuberculate with tubercles varying in size, convex on 
dorsal side, keeled on ventral side. ± triangular at base.
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MESEMBRYANTHEMACEAE

A NEW TRIBE AND ADJUSTMENTS TO INFRAFAM1LIAL CLASSIFICATION

Recently ihe tribal classification ol Mesembryanthe- 
maceae Fenzl has been the focus of attention in contri
butions based on both morphological (Chesselet et al. 
2 0 0 1 , 2 0 0 2 ) and molecular (Klak et al. 2 (X)3 ) evidence. 
Molecular data provides an independent character set for 
testing the congruence of morphological characters. 
When contrasting these data sets we find that molecular 
data largely support the broad infrafamilial classification 
based primarily on nectary type proposed by Chesselet et 
al. (2 (X)2 ), except in the case of tribe Delospermeae 
(Figure 15).

Delosperma N.E.Br. (± 163 species) and Drosanthe- 
mum Schwantes (± 120 species) are the largest of sever
al genera placed by Chesselet et al. (2002) in the Delo
spermeae. Klak et al. (2003). however, do not maintain

the Delospermeae. but place all taxa assigned to this tribe 
in an expanded concept of Ruschieae (Chesselet et al. 
2002). Although the molecular phylogeny of Klak et al. 
(2(X)3) is not fully resolved, four distinct clades do 
emerge tor subfamily Ruschioideae. three of w hich are 
formally recognized taxonomically by these authors. The 
fourth clade includes all investigated members of 
Drosanthemum and a single species of Delosperma. 
namely D. asperulum (Salm-Dyck) L.Bolus (= Dro
santhemum asperulum (Salm-Dyck) Schwantes). The 
latter taxon has since been transferred back to 
Drosanthemum by Klak (2003) on the grounds that it 
resolves with Drosanthemum in a distinct evolutionary 
lineage within the tribe Ruschieae (Klak et al. 2003). 
This clade is, however, not given any formal taxonomic 
status despite it having 95^f bootstrap support in a strict
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---------------------------------------------------------------------------------------------  □  Dorotheanthus bellidiform is
----------------------------------------------  £  Diplosoma retroversum

--------------------------------  ^  Disphyma dimsdonu
--------------------------------  £  Meyerophyturn meyeri

------------------o Delosperma echmatum
------------  ------------------o Trichodiadema emarginatum

-------------------------------- o Delosperma esterhuyseniae
-------------------------------- o Delosperma pageanum
-------------------------------- o Malephora lutea

----------------------------------------------  Q  Monilana monoliformis
----------------------------------------------o Gibbaeum pachypodium
________ I---------o Oscularia deltoides

'------------------  0  Lampranthus bicolor
-------------------------------- o Faucaria felina

------------------o Mossia intervallaris
-------------------------------- o  Neohenricia spiculata

------------------o  Bijlia tugwelliae------ -----------------o Orthopterum coeganum
-------------------------------- o  Carruanthus rmgens
-------------------------------- o Cerochlamys pachxphylla
---------------------------------o  Machairophyllum albidum

----------------  0  Dmteranthus puberulus
----------------  0  Lithops julii

---------------------------------------------- 0  Titanopsis hugo-schlechteri
---------------------------------------------- 0  Conophytum bruynsii
___________________ ___________  0  Namibia cinerea

----------------  ^  Ruschia robusta
----------------------------------------------  %  Nelia pillansu
----------------------------------------------  Q  Antegibbaeum fissoides

----------------  0  Braunsia geminata
________  ___________ 0  Antimima ventricosa

--------------------------------  £  Lampranthus mucronatus
---------------------------------------------- 0  Carpobrolus muirii

----------------  0  Enarganthe octonaria
----------------------------------------------0  Namaquanthus vanheerdei

----------------  Q  Polymita steenbokensis
---------------------------------------------- 0  Lampranthus amphibolius
---------------------------------------------- Q  Lampranthusfihcaulis
---------------------------------------------- %  Scopelogena bruynsii

_________  ______________________________  0  Smicrostigma viride
---------------------------------------------- £  Wooleya farinosa
---------------------------------------------- Q  Amphibolia laevis
---------------------------------------------- £  Eberlanzia dichotoma
---------------------------------------------- 0  Astridia longi folia
---------------------------------------------- 0  Ruschia strubemae
— — --------------------------------------  Q  Cephalophyllum pillansu
---------------------------------------------- Q  Fenestraria rhopalophylla
---------------------------------------------- £  Odontophorus marlothii
----------------------------------------------  0  Pleiospilos simulans

Delosperma asperulum~------- o Drosanthemum sp. nov.
---------------_ _ r ----------------o  Drosanthemum sp

---------------o  Drosanthemum speciosum
----------------------------------------------o  Drosanthemum longipes

----------------  ---------------------------------------------- o  Drosanthemum schoenlandianum
-------------------------------------------------------------o Drosanthemum zygophylloides

FIGURE 15. —Nectary characters from Chesselet et at. (2002) plotted on molecular phylogeny for mesembs from Klak ct al. (2003) The most 
striking result is that the Delosperma Group of Hartmann (1991, IW3) is polyphyletic. Note the molecular resolution obtained for mem
bers of the newly described tribe Drosanthemeae in contrast to polytomy obtained for the Ruschieae. indicating the greater age of the for 
mer group. Members of the Bergeranthus and Stonuitium groups of Hartmann (1991, 1993) resolve as a distinct cladc within Ruschieae 
and are characterized b\ a lophomorphic meronectary. Key: D. broad flat meronectary; O. lophomorphic meronectary; • .  lophomorphic 
holonectary.
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consensus tree of the 5000 most parsimonious trees 
based on a four-gene-region analysis. Here we propose 
the latter clade as a distinct new tribe, the Drosanthe- 
meae. The molecular phylogeny nevertheless shows that 
some other Delosperma species as well as several other 
genera included in Delospermeae by Chesselet et al. 
(2002) are clearly better placed in Ruschieae.

The most unexpected result of the molecular phyloge
ny provided by Klak et al. (2003) is that the ‘Delosperma 
group' of Hartmann (1991, 1993) is polyphyletic. Since 
Schwantes (1947), in his System der Mesembryanthe- 
maceen, defined Subtribe Delospermatinae. Delosperma 
and Drosanthemum have been uncritically associated 
with each other. Despite the simple hygrochastic fruit, 
papillate epidermis, often broad, flat mesophytic leaves, 
and an exceptionally wide (for mesembs) distribution 
range that extends from southern Africa to East Africa 
and the Indian Ocean islands of Reunion and Mada
gascar, the genus Delosperma is not as 'primitive' as has 
been widely accepted. In contrast, Drosanthemum. with 
its characteristic basally-free leaves that bear large, 
water-filled bladder cells, emerges as being more basal 
than hitherto surmised. The wide distribution range of 
Drosanthemum and its strong presence in the Fynbos 
Biome supports this hypothesis. Recently, Chesselet et 
al. (2003) argued that basal tribes in Ruschioideae have 
their origins in the Fynbos Biome, which is considered 
the older biome in relation to the Succulent Karoo 
(Stuckenberg 1998).

At present the distinct clade named here as tribe 
Drosanthemeae contains the single genus Drosanthemum. 
Following extensive work on the flowers and fruit of 
Drosanthemum (Hartmann & Bruckmann 2000; Rust et 
al. 2 0 0 2 ) a single possible synapomorphy involving the 
fruit stalk was found for the genus. Drosanthemum is a 
large and morphologically heterogeneous taxon character
ized by no less than 13 different fruit types and five floral 
types. Congruence between these character sets exists in 
only three cases. The genus remains one of the most prob
lematic in terms of identification. The fact that some 
Drosanthemum species tend to show free leaves, supports 
their more primitive position in the phylogeny. This char
acteristic is shared with other more primitive ruschioid 
taxa in tribes Apatesieae and Dorotheantheae and it can 
thus be regarded as a symplesiomorphic feature. Enar- 
ganthe N.E.Br. is reported to have basally-free leaves 
(Brown 1930). although examination of leaf material does 
not confirm this unambiguously. We therefore consider 
basally fused leaves as a possible synapomorphy for tribe 
Ruschieae (Figure 16). Those species of Drosanthemum 
that appear to have leaves that are fused at the base may 
indicate convergence with taxa in Ruschieae.

Both Delosperma and Drosanthemum are character
ized by flowers with a ‘lophomorphic meronectary' and 
were placed by Chesselet et al. (2002) in Delospermeae 
together with all other genera with this type of nectary. 
The inclusion, into this tribe, of the Hergeranthus and 
Stomatium groups of Hartmann (1991, 1993), was 
counter-intuitive, though justified according to the prin
ciple of parsimony, in the absence of other character sets 
at the time. The molecular study of Klak et al. (2003) has 
shown that taxa belonging in the latter two groups are

better placed in tribe Ruschieae. The presence of a lopho
morphic meronectary indicates a possible reversal, 
switching of major genes or the persistence of the 
pleisiomorphic condition in genera allied to Bergeran- 
thus and Stomatium.

Following the reassessment of the tribal classification 
based on nectary types and together with insights gained 
from molecular data, we propose the following nomen- 
clatural adjustments. For a comprehensive tribal classifi
cation refer to Chesselet et al. (2002).

Drosanthemeae Chesselet. Gideon F.Sm. &A.E.van 
Wyk. trib. nov. Type; Drosanthemum Schwantes

Plantae perennes. Paria foliorum plerumque basi disc- 
reta: folia saepeque caules plerumque cum cellulis vesi- 
cariis prominentibus vel pilis. Flores semper cum 
meronectariis lophomorphis. Capsulae hygrochasticae, 
plerumque 5(6)-carpellatae, interdum cum locellis semi- 
nalibus basalibus.

Plants perennial. Leaf pairs mostly basally free, 
leaves and often stems, usually with prominent bladder 
cells or hairs. Flowers always with crested or lobed 
(lophomorphic) separate nectaries (meronectary). Cap
sules hygrochastic, usually 5(6)-carpellate sometimes 
with basal seed chambers.

Includes tribe Delospermeae Chesselet. Gideon F.Sm. 
& A.E.van Wyk p.p.

Includes subtribe: Delospermatinae Schwantes p.p.

Comprises the Delospenna Group of Hartmann (1991, 
1993) p.p.

Genera: Drosanthemum [at least as to species investi
gated by Klak et al. (2003)]. Note: the inclusion of addi
tional species currently placed in Delosperma and/or 
Mestoklema is uncertain at this stage, as is the possible 
exclusion of some species currently placed in Dro
santhemum.

Ruschieae Schwantes in Ihlenf.. Schwantes & Straka 
in Taxon 11: 54 (1962). emend. Klak. Khunou. Reeves & 
Hedderson: 1443 (2003). Type: Ruschia Schwantes. Note: 
the spelling of 'Ruschiae' in Klak et al. (2003) is an ortho
graphic error.

Plants perennial, sometimes with enlarged rootstock. 
Leaves mesomorphic or xeromorphic, always basally 
fused, with or without prominent bladder cells and/or 
hairs or with homocellular or heterocellular xeromorphic 
surfaces. Flowers with crested or lobed (lophomorphic) 
separate nectaries (meronectary) or annular nectaries 
(holonectary). Capsules hygrochastic. rarely with reduced 
expanding keels, and breaking up when dry' (schizo- 
carpic); fruit rarely a berry.

Comprises the Bergeranthus. Delospenna p.p., Draco- 
philus, Eberlanzia. Lampranthus, Leipoldtia. Mitrophxl- 
lum, Ruschia, Stomatium and Titanopsis Groups of 
Hartmann ( 1991, 1993).
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‘ Cortical bundles present 
‘ Stamens and petals forming a tube

1 Koilomorphic nectary Subfamily
I I I Mesembryanthemoideae

*n=9
*semi-epigynous or 
epigynous flowers 
‘ petals of staminodial 
origin

Meronectary ‘ Expanding keels reduced or absent

Htt‘ gynoecium inferior 
‘ tepal bases free 
‘ filaments papillate at base 
‘ placenta basal or parietal 
‘ expanding keels ± 
restricted to valves

4Holonectary

covenng
membranes It

Lophomorphic nectary
‘ Leaves succulent 
‘Wide band tracheids

Tribe Apatesieae

Tribe Dorotheantheae

Tribe Drosanthemeae

Tribe Ruschieae

leaves basally fused

Subfamily
Ruschioideae

FIGURE 16.—Cladogram of the basal groups of Mesembryanthemaceae. The previously named tribe Delospermeae has been replaced with Tribe 
Drosanthemeae. Genera previously included in Delospermeae have been redistributed in Drosanthemeae and Ruschieae. From Chesselet 
et al. (2002), with modification. Note: characters of the floral nectary indicated as black bars.

Includes subtribes: Carpobrotinae Schwantes, Cono- 
phytinae Schwantes, Delospermatinae Schwantes p.p., 
Dracophilinae Schwantes, Erepsiinae Schwantes, Fau- 
cariinae Schwantes, Frithiinae Schwantes, Gibbaeinae 
Schwantes, Jacobseniinae Schwantes, Jensenobotryinae 
Schwantes, Leipoldtiinae Schwantes, Lithopinae Schwan
tes, Lampranthinae Schwantes, Malephorinae Schwantes, 
Mitrophyllinae Schwantes, Nananthinae Schwantes, 
Pleiospilinae Schwantes, Psammophorinae Schwantes, 
Ruschiinae Schwantes, Stoeberiinae Friedrich, Stoma- 
tiinae Schwantes.

Genera: Acrodon, Aloinopsis, Amphibolia, Ante gib- 
baeum, Antimima, Arenifera, Argyroderma, Astridia, 
Bergeranthus, Bijlia, Braunsia, Carpobrotus, Carnuinthus, 
Cephalophyllum, Cheiridopsis, Cerochlamys, Chasmato- 
phyllum, Circandra, Conophytum, Corpuscularia, Cylin- 
drophxllum, Deilanthe, Delosperma, Dicrocaulon, Didy- 
maotus, Dinteranthus, Diplosoma, Disphyma, Draco- 
philus, Eberlanzia, Ebracteola, Ectotropis, Enarganthe, 
Erepsia, Esterhuysenia, Faucaria, Fenestraria, Frithia, 
Gibbaeum, Glottiphyllum, Hallianthus, Hammeria, Hart- 
manthus, Hereroa, Ihlenfeldtia, Jacobsenia, Jenseno- 
botrya, Jordaaniella, Juttadinteria, Khadia, Lampran- 
thus, Lapidaria, Leipoldtia, Lithops, Machairophyllum, 
Malephora, Marlothistella, Mestoklema, Meyerophytum, 
Mitrophyllum, Monilaria, Mossia, Muiria, Namaquan- 
thus, Namibia, Ncmanthus, Nelia, Neohenricia, Octo- 
poma, Odontophorus, Oophytum, Orthopterum, Oscula- 
ria, Ottosonderia, Pleiospilos, Polymita, Psammophora, 
Rabiea, Rhinephyllum. Rhombophyllum, Ruschia, Ruschi-

anthemum, Ruschianthus, Schlechteranthus, Schwante- 
sia, Scopelogena, Smicrostigma, Stayneria, Stoeberia, 
Stomatium, Tanquana, Tttanopsis, Trichodiadema, Vanheer- 
dea, Vanzijlia, Vlokia, Wooleya, Zeuktophyllum.

REFERENCES

BROWN, N.E. 1930. Mesembrxanthemum. Gardeners' Chronicle 87: 
151.

CHESSELET. P.. SMITH, G.F. & VAN WYK. A.E. 2001. A new trib
al classification for the Mesembryanthemaceae Fenzl based on 
characters of the floral nectary. Aloe 38: 25-28.

CHESSELET. P., SMITH, G.F. & VAN WYK. A.E. 2002. A new trib
al classification of the Mesembryanthemaceae: evidence from 
floral nectaries. Taxon 51: 295-308.

CHESSELET. P., VAN WYK. A.E., GRIFFIN. N. & SMITH. G.F 
2003. Patterns of floristic diversity in Mesembryanthemaceae. 
Aloe 40: 80-85.

HARTMANN, H.E.K. 1991 Mesembryanthema. Contributions from 
the Bolus Herbarium 13: 75-157.

HARTMANN. H.E.K. 1993. Aizoaceae. In K. Kubitzki, J.G. Rohwer 
& V. Bittrich, The families and genera of vascular plants 2: 
37-69. Springer-Verlag, Berlin.

HARTMANN, H.E.K. & BRUCKMANN. C. 2000. The capsules of 
Drosanthemum Schwantes (Ruschioideae. Aizoaceae). Brad- 
leva 18: 75-112.

IHLENFELDT, H.D.. SCHWANTES. G. & STRAKA. H. 1962. Die 
hoheren Taxa der Mesembry anthemaceae. Taxon 11: 52-56, 

KLAK, C. 2003. New combinations, a new genus and five new species 
in Aizoaceae. Bradleya 21: 107-120.

KLAK. C„ KHUNOU. A.. REEVES. G. & HEDDERSON. T. 2003. A 
phylogenetic hypothesis for the Aizoaceae (Caryophyllales) 
based on four plastid DNA regions. American Journal of 
Botany 90: 1433-1445.



Bothalia 34,1 (2004) 51

RUST, S., BRUCKMANN, C. & HARTMANN, H.E.K. 2002. The 
flowers of Drosanthemum Schwantes (Ruschioideae, Aizoa- 
ceae). Bradleya 20: 121-147.

SCHWANTES, G. 1947. System der Mesembryanthemaceen. Sukku- 
lentenkunde, Jahrhiicher der Schweizerischen Kakteengesell- 
schaft I: 34-40.

STUCKENBERG, B.R. 1998. A new Namibian wormlion species, with 
an account of the biogeography of Leptynoma Westwood s. str. 
and its association with anthophily in the Fynbos and Succulent 
Karoo Biomes (Diptera, Vermileonidae). Annals o f the Natal 
Museum 39: 165-183.

P. CHESSELET*+, A.E. VAN WYK** and G.F. SMITH***

* Compton Herbarium, National Botanical Institute. Private Bag X7, 
7735 Claremont, Cape Town. E-mail: chesselet@nbi.ac.za 
t  Student affiliation: Department of Botany, University of Pretoria, 
0002 Pretoria.
** H.G.W.J. Schweickerdt Herbarium. Department of Botany, Uni
versity of Pretoria, 0002 Pretoria. E-mail: avanwyk@scientia.up.ac.za
*** National Botanical Institute. Private Bag X101. 0001 Pretoria. 
Acocks Chair. Department of Botany, University of Pretoria. 0002 
Pretoria. E-mail: gfs@nbi.ac.za

mailto:chesselet@nbi.ac.za
mailto:avanwyk@scientia.up.ac.za
mailto:gfs@nbi.ac.za

