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on the 

transcribed spacer (ITS I 

Aizoaceae. 

Mesenlbr;fanlthelTIOldeale, are pre!;entl~d 

spacer 

account of the 

Aizoaceae is 1"I\lIr'1nfl'lp"" 

each of the 

its 

numerous "n.·""~" 

also do not "nr,,.v," 

remam 

the 

on the 

is not mC)flC)Pl1lV 

Three new genera are reC:Ogm2:ed 

Oselilaria and 

sites across the n.u""",,,uv, 

rTln'II71,'" - group are 

and a for is 

[mF 
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and 
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Data sets reren'ea to in text, L"~d""UU"F, 

with PAUP* on Olscetlte included 

exclusion sets, are 

thesis. 

\ 

as a Nexus use 
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1. 1. Introductiou 

Aizoaceae 

among 

1 

may grow to 3 m 

to 

In contrast to 

Cla$Slitlc:atlon on " ... ,,, .. 1-.,1-1,,,,,, structures. Later a cl;aLSSllhc:atlon was "'''''''''',,,"'''''>'' 

or 

stem 

ac()epted one, on placerltatlon and 

most attji::ntlon ... v,_ .... ,"' .... on ", ... ,,,"'''''''An groups, 

n1JI'n:I",n For many "l"·,,}'h,, groups such as 

up a 

Ufc.r!.r!'lr'lIP UlXC)DClm:les exist. A l"n1T1nrl"h summary taxonomic 

1.2. 

vanous 

1 
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on nOn-InOJe(:m;ar 

to 

AlZ0ac~~ae sensu stricto was 

et in structure 

AIZO;3.C~:ae sensu stricto 

some 

rec:ogmtlon as 

a 

KllSC.ntCnOleae are 

are 

is a 

In 

MeSerrtbry'antJl1errlOldeae, conlpn:smg 1 

numerous se(mcms 

In many cases 

" .... "" .. ,l'> up new 

Al:WSice;:te are 

or lJelos,vel''ma (RllScltlioJide.:te). to a 

"":.J''''''''''''',,, as to et 
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3 

on 1 MC)U11g1nacr.:ea,e are to 

Al:~oaCe~teto~nTTnl~nr~TP 

L 1, 

was 

1.2.1. 

a 

12 

groups 

to 

no 

rel'ltionstlips among 

at 

R/I.·un.'" are 

a 

1. 2. 2. Classifica1:ion 

were 

hu,.,,,nt,oo(: Braunsia :ScJtlwant:es. and 

14 genera 

± 286 names "'A',IU'''''''' some genera 
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4 

L numerous mono- or n1T,rn-.I" genera 

L.eUFa'OpnV,11Ujm were not "'''~>115'1'''U to 

same as 

1. 2. 3. The 01'11'1'1"9 

""n "">In ... " is "'1-"'"'''''' alSSllnle:O to is a 

Ma1tjies.tontein to more 

in Antegibbaetlm, DI~lCem(mt is no COI1lSlUerelil JUcSUIlea. It 

a 

B. va,nn'n~hurUI'l as 

most common 

ItrrlestOI1le near nn:::OillSmJrp 

corlSl(lert:~<1 to 
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Brown 

genera group are 

. /Yr,,,rlflrnnJ<: IS a a 

many 

",rtt'"r.",nn (1991) 

serratum was 

L. 

a 

a 

serrata. a 

C serrata not 

one 

in contrast to 

genus not 

appearance . 

some as a seT>arate 

It was 

was 

to some 

are 

Eastern 

areas with a 

groups, 

SUl:?:ge:ste:a a 

N. E. Brown 

to 60 ern 

may 

presence 
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western extant h",~'k",,,,,,,,,,, V'V»''''V''V<''' were 

it is now .... v' ... ""'" .. SP(:CH:S is to 

M€.~elrnbrylmt,helnUlrn octonaria was ........ ,,"' •• v"' ..... 

E. octonaria \J..J ...... "m .. "J 

area it is common grows on 

western 

montane haltntlits. 

r,n'''XJ'fJ aristata is rernaI'kalble 

m. 

It is 

rernainirlg taxa are 

SPt:Cl<~S C1JITt:nuy in /;!;SI~erJiUl'Sel'lla 

on 

are 

it ranges 

m 

most SP(:cu~s are C01:1tltlea to south-

aUl'lenSlS. were 

to 

at more 

6 
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7 

to urh,,,,,.,,,,,,, ... "r ..... '·'"'''''''' et 

a 

rel~ltl0Jnshlp to 

to em are m 

fln1n''I1nth1,/.~ was m most in 

.... "'.u ... .u.F, 13 varleI:U;:S to 

east 

it was probably mtrocluce:c:US1)eclle5 10V1rJaIllC1 areas are 

at medIum 

IS corLSldlera:lJle 

tln"''''''N is most COlnmlOIlJly or a coInblnatlon 

are rarer, Smrnlillrly 

m(1,rntlnlt'O'V were to 

were ma:nus:cnl)[ names, 

"" ... , ...... ..,'" unPI~lced m a """'u,""", HCIWf~VI'ir most 

numerous SPf~ClE~S a pliliCelneltlt a dltI:ereJnt sed:lC)Il a~)pears 

Cfi~nlnQOrma~ttlrmmg 

em in 

asL. 
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or were not 

1-

root at 

l'rp'pn"'Tl<r stems are 

naJrac:telrs are nr"'''p,,," 

are erect 

stems 

S"t<lLmm()(1t::s are anogeuler • __ n .. ",.., 

are 

a cone. 

movement aITlOTIlg 

two 

None 

were as an 
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spe:ClfnerlS at 

tax.onornv \.IJlV\,j'UV"'.... More recent "', .... , .. u .. _'" 

I'\UJ'_TI,f"\UfPrp'r1 SlPe(~les. were more 

gave no reterc~nc;e to 

most 

Val1hE?er,aez is an 

val'1h~!eYl1el is 

it 

ME'!Se,mb'ryl:mthelrnu.m v,er1'UCUllllUirn was -"--"1 

reasons new genus were 

S. veTJrucUlulU 

or white 

S. venllcutata 

aWla"!",,,,,,,u,u to 

to 

to 

.. '"'.L .... '''. ease was a W()rkablle 

m 

groups 

are most 

a group 

am)m(~r group 

to ;:se(mOln 

em 

is 

it in 

and the 

mtlroauee:a to 

close 

rellltIO,nstnps to 

9 
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is a 

numerous cn,uacters 

sugges:ted a POS:SlOle 

.)m!lCl·os.rl£]ma is 

was 

stems to 10 em 

as 

Tn""HE,<'n was 

account 

lVamc.rQuanmuiS, most no1t1cf:able 

10 

age. Its are 

J(U'SCI'lla Sect. 

to 

on the 

It is a 

are bOSlt-sJtlap,ed, 

V. ater 

occur. 

stamens are ,",\.1.U,",'".''''' VUlTtUIIUf.lfW'tU';; filllmen1tolllS sltarrlm~Jde:s are "V,,,''',,,,, 

Spt::CH:S is TP"Tr'lr<'"'''''' area beltwc:en J.Ul1i""I;i ..... UjJ it 

sea at an m. 

are to em 

J. 

genus CU,tvCm~lm. was Uctor,P0111a to /.01lJlrtnl"l,fn 

are very Z. calvcl:num can 
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are Z. 

was near is rare 

area The is more occurs over a area in 

Z. 

was 

- group 

1. 3. Aims ofthe 

It is pVlnplU 

nnmri'mfJ~u~ - group is 

indicators may 

is 

nriim,,,",l!,, on one structure 

It is pm;slble 

as an tnClep,enaellt 

structures.. In 

nrr'''1r1P an tn(leJjlenaeltlt means 

l\.1:Zmlceae. it is necessary to npj'''''''''I'UTIP 

is as 

11 

on 

genera 

or 

a 

the 

may 

group, 

at gene L"~;LVU"', 
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1. 

2. 

3. 

ue""'''''u were: 

to. 

nr,v'IJu'''' a COllstlOOms 

a 

in 

12 

to mVI~stll~ate phylogl3netlC 

sets. 

trnL 

2. 

re$l~lorls was not IJVi'''UJnJ, 

at genenc 

group 
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Table 1. 1 ,,-,,,,,.vu of Al,waCeate 

Hammeria P.M. Kn'"O'{"\'ifnP 

& 

Straka emend. Bittrich 

Hartmann (1 

111UH:fS,!U N.E.Br. 

rnc.!nlllea N.E.Br. 

Conicosia N.E.Br. 

.)UI'JrU:;'SIU N.E.Br. 

Several genera have been ere:cte:d since. 

In 

14 

8 

3 

2 

2 
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Ruschioideae Cleretum Cleretum N.E.Br. 

fICT'OC('lutGIn N.E.Br. 

LBolus 

LBolus 

Wnj,,,,,,., N.E.Br. 

N.E.Br. 

Schwantes 

NEBr. 

NEBr. 

Schwantes 

H.E.K. Hartmann 

2 

7 

7 

2 

3 

16 

3 

2 

6 

5 

2 

8 

± 120 

± 100 

16 

14 

7 

34 

& ± 

6 

1 

2 

2 

4 

13 

3 

6 

2 

1-1 
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ex 

N.E.Br. 

Herre 

ex 

±7 

8 

3 

±6 

2 

1 

5 

1 

±2 

4 

6 

2 

2 

3 

± 

5 

1 

6 

15 

1 

1 

4 

2 

± 

1 

2 

15 
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S.A. Hammer 

N.E.Br. 

N.E.Br. 

Antimima Dehn 

N.E.Br. 

N.E.Br. 

N.E.Br. 

2 

5 

8 

5 

5 

4 

7 

5 

2 

31 

±5 

8 

8 

3 

2 

4 

2 

16 
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2 

1. 

nUC;le01tlae sub,stitutu)O vary et 

et sut)stltutlon are 15"'AA"'''''U.1 more (':rul';:Anrn,h to 

'nn1rr.:nv to some 

et 

sUC:ce!;sttllly in numerous to reconstruct 1l)'l)otJleS€:lS 

most cases soeae:S-level rell1tlonsl1llPS were not 

et 

to 1l0I1nog'ems;mg 

CQ[lcelted Q" ........... Vll is not cornpliE:te, difi:erellt r",,"p.lrtc: are not umtOl'ltll 

are in a 

~''''''''''''''',ll;imore not prcQu<::e a 

were 

in anf;1;lOSlpefltllS. nh~10QI~vrecoostrual(mMmtrammlial 
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et et 

spacer is co:nSloerea to 

In 

were nOm()2c:me:ous, 

to 

2. 1. 1. 

nYOOlmeSlS IS sets 

et 

rel;OJ!;rm~eu as 

One assumes a 

as a 

consequence, 

hybndl~~t:lon or .... __ ,.,_ 

not 

""V"."l"''''''''''' TnPl"nt'l.n can account et 
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TTPlrpnrp" are a 

sets COlmDm€~ 

numerous 'U~5o.ull"'lL'" 

are 

power 

most rSllmonlC)us tress 

1. 2. 

taxon can 

..... "'AA~'''' or consensus meW()(ls 

......... '"''' ..... 5 et 1 

a consensus method 

it can malXllm~;e 

19 

any 

are 

to 

as ""VIU~.:U to consensus ,>",nr""r'h (InelthO,(l i) is 

AU,",""U,"" a,5a ... u,,~ consensus 

were 

"r~,I"1""T t]ranstC)mlatJlon are nei~ac)a to a 

in a consensus -n""'T_.nn,= p,arSIlm(lnIl[)US trees . .i:SO<ltstraD IS nprti"1.Tn"IPn 

Dr()celdul~e IS reJ:,ea1te(l a consensus tree UUllUJ.«", trees 
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20 

,,1<,.""',",". is "" ......... ,,""., ...... BClot:strlaplling is to 

as 

a is 

groups et al. 

was 

& 

to a one 

et al. 

Ja~,A1\"uu" ... consensus tree. 

Cla<11S,nC COI1Si!itellcy as Ul~,a"'Ul";U 

.""' ........ 5 Clad!ograIns, it is u"",..,""",,,,a":1 ... vu.~,'" ,.: .... '" ...... "" et 

two 

not m~~moa to measure ",,"',.., ...... " 

as 
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2.2. Materials 

2.2.1. 

'"''''''''''11 to as 

mono- "fLVU"'" genera one sut;cn;s 

sec:UC)flS were 

an 

enc:orrlpa~;s a 

are not 

2. 2. 2. DNA ""vit .... "''''..-.''' ... 

group. Two Spej~leS 

tree. 

DNAswere 

21 

in 

to sec:tIan 

to 

the 

one two soe:C1es. OrOlllntlnlJ'1US 

In some cases, 

P4 

n::aCWJns were 

as 

in numerous cases Vle:I(lI';(I 

thl"rrn,,,1 n~aCl11OIlS were 2 eta 

ensure oeilaruralii 

.,.pr,p",'tprl 30 times one ext,enSlon 
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2.2.3. 

Both n ... r,rll1't't~ were 

used 

were used 

"'''''''I-',w", were run on an 

sequencer. 

Data 

ypr''''::',nl< was to make sure that the correct 

which result from the of sequences of 

assessment, are COnSloeJreo 

the ABI 

",rimp',." used for 

reactions were carried out 

377 

were also 

were 

so as to 

trnL-F datasets was 

a 

and these may a 

Simmons Ochoterena 

Barriel I 

are coded as CPT'''V.,,,tp pn~sentlab.serlce 

COlrlSIlCler them the 

characters & Calder 1991, van 

result 

& Ucl1toteJrena further that the n<lr''',n'\n"v '"', ..... a ... "' .... 

available 

tn 

as a 

retrieve the information, In 

meth()oS to code gaps, 

In 

were t"P"t,,·rI as sites 

gaps that are one 

do 

to 

indel 

,nrn",n,."tp all 

gaps 

to 

and were coded as characters to to the data matrices and included in the 
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D 

E 

F 

4 

ITS 5 

2.2. 

Due to 

2.1 

sets. In cOlnbme:ct 1 

set 

taxon was re]:'re~;entect 

2 ..... 'uu"E! n=~u)ns were as 

23 

5S 

"'H'''U~,'' were 

trees were 

was set to 

taxa were 

set 

at two 
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.. ' ..... n.,v" to 

were lD(;lUUe(l. 

were 

2. 

at most nn,,,.,.nn 

was re}:lealted 

round of successive aplJr01xuna1t10JrlS 

2 were re-run ...... ' ....... ,,"!; taxa 

are 

were peJrtormed . 

se(lUencc~s was 

r",n'HU'" were 

in PAUP*. 

were rec:ordetj: 

taxa. 

spacer are preseTlt. a 

3. 

...,v"vv'v trees rp('f'\lJPr'pn Ii 

rP",f'\nJPn as a 

24 
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the data set is 

set, ri::: 

to 

nodes. 

henricii is to a 

a 

L'o.U"''-'''UL''U';o,,!V appears to 

30 informative characters are available 

trnL-F data 

rpr'rnl",rl"n ITS trees == O~491, ri 

taxa, 

which the 

USllnLnel'nUfn based on well-

several 

tum is sister to 

"core" group of 

other taxa. 

L. henricii are to Antimima 

mucronatus is = L. 

and L. sp. nov. to other taxa are 

group, 

"core" 

three other Spt:Clt:s 

tests "ntH",",,'fl 

data. set, 

versus 178 

that there is no ""V"'-""" between 

from 231 to 243 

the 

two trees were 

11 p* 

55 ITS data sets. 

and the 

to the 

errlDH::mn Wilcoxon 

0.0018 

the 5S 

In 5S 

unconstrained tree (175 

these two trees 
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73 
-I 

100 

100 

58 

96 

86 

Dorotheanthus bellidiflorus 
Drosanthemum schoenlandianum 

Astridia 
Ruscrua 
Ruscrua intrusa 

hutchinsonii 
Eberlanzia dichotoma 

26 
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87 

55 

62 

65 

Brownanthus 
Dorotheanthus belJidiflorus 

Drosanthemum schoenland ianum 
Oscularia deltoides 
Oscularia falciform is 

luttadintera albata 
Astridia 
Ruschia maxima 

''''''Au~n.u hutchinsonii 
Eberlanzia dichotoma 
Antimima ventricosa 
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28 

,....-------------------------- Drosanthemum schoenlandianum 
,----------------------- Oscularia deltoides 

Ruschia intrusa 

I 56 

84 

99 

63 

87 

A 

71 

B 100 

67 
C 

Oscularia falciform is 

75 

taxa. 
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not 

consensus tree 

1 

is now 

-'/:''''''''0 were necessary to 

ri 2, 

are scattered among 

groups, un.,. ... ,.uu/S 

L. mucronatus, 

nov. 

nn:r"'nt""~!S are a WelI-:SutJD()rt(~C! as 

to fl."""'"'' 
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F----------------------------------------------------- Brownanthus 
.-------------------------------------------------- Doromeanmus 

,-------------------------------------- Drosanmemum schoenlandianum 

E 

30 
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.----------------------------- Drosanthemum schoenlandianum 

77 

61r----
~-----------------~~ 

65 

1---------------------- luttadintera albata 
1---------------------- Eberlanzia dichotoma 

1 

2 

57 
C 

hutchinsonii 

Ruschia maxima 
.------------ Oscularia deltoides 

consensus 

3] 
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and 

branches 

trnL-F 

ITS 

56 

Combined 3 

4 52 

3 Number 

is 

1 

5 

33 

73 

191 

147 

Within this 

31 

trlLIU.luell.) IS 

19 

0.474 

andL 

the mono-

RI 

0.840 

0.386 

sets taxa the 

NTS 

57 (l 

(11 
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2. 4 • ....,., ... """"uv~ 

2.4. 1. 

reslJlut:ion may 

I.e. 

group 

group 

lU .. , .. ,,''''' ",y r"eNleen 1 

measurements ....... 11.1"' .... 

cornpared to 

set 

In contrast 

In 

most 

cn:rraclersiscoI1Slla~'aO:ly more taxa to a n"TTPr •• T'P<"" 
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.---- Brownanthus 
rabiei 

........ ---- Dorotheanthus bellidiformis 
Drosanthemum schoenlandianum 
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r-------------- Brownanthus 
Dorotheanthus bellidiformis 

,..-------------------- Astridia 

Drosanthemum schoenlandianum 

-- 5 '-"auJ~"" 
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cases 

et 

atlonsnlps were not 

cn:iracters across two .,"",W' ...... 'uu 

""u.uu;,,,, to reconstruct nYlPOl:ne.ses 

«."" .... 1".'" in most 

cOIlnpared to it is more ml0I1matlV'e 

ml'OI1matlV'e C.nalracJ:eI·S as r", .. "" .. r"rt 

2.4.2. 

are some areas 

hplh1iT!>pn trees 

consensus trees gelleratc;:Q 

on 

Ols:agreerneru. In 

nY!7Pl1ttPI'.<: are 

nClaU,ael1.S is 

et cor.npared to 1.3 m 

sets are ---""-".J 

L. hP.nrzrl1 is sister to L. 

is to 

36 

two 

as 

et 

in 
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taxon 

pers. 

true SP(~CH~S 1"I,nvl(\(1' ..... v 

genes, more 

S1)(:C1(:S were 

set 

not IJVi,.:>l'''l'' 

"'UlCUIo.J'll"'UI-'':> among taxa lU"' ......... ... 

37 

no statls1tlC!U c" .... "',...rt 

two trees were sl~:mjtlc::mt 

sets nec:es:!an 

a gene tree or 

to 

to test 

is 

same 

tree 

ITS 

two 

tree are 

same 

taxon 

genes 

genes, 

it is 

gene 
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2.4.3. 

its pre:sellt 

numerous sp<:cu:s 

to 

SP(!cu:s was more names 

nectar 

amnOlum not very 

spe,Cles at prelsent not to 

taxa: 

genera 

Two "'IJ'~"""''''. L. sp. nov. 

nrt:rntJf11J!: or rAIIUJlHU"U most 

4 two "'1-1',"''','' are 
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as to LSl:en1U}ISe,ruu 

taxa is lnCllc:atea 

mucronatus is 

mucronatus is very ,,"UJ""';U 

that 

" ... J,\"U1VU. two mt~mbeI'S 

to be to 

betwefm E. mClaUae1:IS 

L. mucronatus. two 

not po:;sel)S any re(1uc:ed ..... "uu''''. 

now, no m()rpnOiO$nc:al 

mctau'ael'lS as to a nOl,on1ectary 

39 

not any 

L. 

no 

a 

1"1{\"n11"1'1 out 

not 

2. 

h<l"'<ll"'t'",,,,,, are as 

is 

may 
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In a hlrth,·.,. .""",..,"',, {'11' .... ""'1" 

to a me~rollec:tary 

more ""uup""'5 

Braunsia Xt;;UH,'H41,U a 2. is 

,,", .. v,'r B. 

B. 

a 

COITot)Onlt1!1lg an 

to "","';:"'''5 

.an1n1'anrnt.I.<: - group 

DrOSllnthej'/llum or J.)e~tOjrf}erm,a. 

is st8,nsnCl11 <:1,1'\t'I,nn as to 2. 
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next to any no 

It is "'T1n"~>T 

COJntlldellce can 

eJalU(J'nSnII)S among not a 
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3. 1. 

use 

ont'Ogenetlc and 

relatedness 

The un.'''-''',UA«' 

towards fruit structures in 

characters groups were 

are IJ''''''',-'''''J! 

Aizoaceae 

has so far been 

& Hartmann 

not been tested in a 

evolution of "derived" characters such as the 

3 

OF 

methods 

QUieSlLOn as to 

a hv,,,nthpc, 

and 

a 

bias 

in the 

been 

,;,n,')""t'lnnh,:r or 

the other subfamilies the 

tree has not constructed to aemc,ns1tralte structures. 

Since numerous 

assessment of whether characters are 

an assessment of m(Wn,hn 

trees \_, __ ",_ 

tree obtained 

In 

the combined 

characters were not 

group can be 

is 

characters 

A matrix of characters is pn~sente:a for the 

are discussed in detail. 

3. 

3. 2. 1. "",,,U""JF..1 assessment and 

rlIT1,r\",O\[ OC(:UD'les a central IJV,"lLlIVJl in COlmparEltl 

the 

be flawed if 

molecular data 

lJ ... u .... '''''''~ .... , characters in 

on 

on the 

on a 

group and the 

Jardine 
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Guedes & Blackmore & and 

forms basis of most 

and serves as a 

statement reflects the "''''IJ''''''''>'VU ""0"",,,1,,," on 

assessment is the outcome a congruence test a 

A 

characters that may 

may coded. The states are 

matrix. matrix can thus be 

""" .... "."'''' can 

taxon 

as a statement 

au,s"''''''' DNA character states can 

assessment. 

it involves two 

so 

in the data 

pt",,.,,.,,,i ... <.nt of the outcome of any 

In 

variation may this 

variation as characters and the 

view to have been t'rtnh........""rI in a survey of "'r" ........ ·'.-.., assessments, that 

,-,,",,,,,u,,,,.,,, code 

Stevens 

cladistic 

I, n."''''',I1',5 

in the majority 

vv,.,n"VH were coded with a"?". 

Whereas Stevens 

character states within a rh,<>,.",rtt'r 

and w",,,,,,,,,,,,,,, 

as 

far '"'''V ... ''' and 

(1 

to 

and are 

""h!~r!'l,rtpr<;: are not i>U"" .... J." 

Thus 

lar:acters were 

one of the states. Taxa 

quaurallve versus "I .. .,~u" .. u.u 

v",,,,,,,,;u on ~""' .. ",u.,,v .. 

or as PH~senu 

states if taxa could 

& 
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as ab!lentlpJreslent on it m 

trees 

two or more states. 

--",-,-- is 

In 

consensus 

/'1""'1"""'''''''' or 

sionnatl()Us were COIlsidlere:d m(:1fl()(1S were Pf()p{)sea 

as a set)ar,ate 

case COIOmel! as "H"V"''''V 

many cases it is 

was in 

asm 

In "Y'U"'V", to test 

44 

et 

cmrral;,:te'rs were 

no 

or 

as 

mf~th(:)(1s were 

was reCOITlm€ma.ea. 

Cmlra(;ter state is 

were eXl:l.mmt:a 
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no pages 

l. ae(=Ul1nDI~nt to erect never "nJ'd",n,,... at 

""""U15,I:U"'''', ;;)ll"' ...... ". ...,,'''' ......... '''' .... or nrr\C1"T'l'ITP UfClIIlC:Ilt:::> 

mats. nm'nr/1nn'11J.<: stenus a 

erect 

2. stems 

3. 

4. 

5. 

can 

,,,,.,'" '.It,,.,... IS 

6, not connate or 

more one 

CO!1npa.red to state 

TAn,rpt::"""t a 

1I~(;ylllnancal to ,.."1:,,..,,1..,,, ... 

Tllll::KIless can 

~,~. ~ •• T connate a 

45 

taxon to 

spelCles torrrnrtg more 

to 

stems very reaUCE~a 

not in 

a to 

are COilSlICler'aO.I} C!1~nrTP"" 

!>rn""'··1"to 
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may 

may 

7. Leaves 

transJtonmatlons may vary. 

some 

"n,,, .. ,,,,,,, cannot 

more or 

terme:a mucronate or .. vva ...... .&.110 .. ""'" some 

8. mucronate a mucro 

stems 

9. Uutsl,~eQ water 

Otlts:ized water "I-r.,.,.",,, .. VlaUUl;;l 

Due to 

measurement was at 

"" ... u ~"""". state to taxa 

46 

it 

rU"'Uiil\,,;~;ii1t: were 

are aV'~\;;lJlL. 
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or 

These 

11 

12. 

In 

taxa in the .l"-U:;:>",IIUL'.lU';;;a.<; 

1 

are much "hci'"rprl 

in 

1 

If the cells are 

may be raised 

13. 

F 

The two states are 

state (1). 

14. Leaves 

or mc:onlpllete 

A 

whereas a """p·"r."mn,rnli'llt' 

are mtlernneclIat:es, 

to a mClderat.ely 

at the 

a 

state 

not 

1 

,..,.,,,nnrl (1) 

are 

is a 

are 

be 

rpt"PMr"rI to as 

1 

IB 

a lOX 

states can no 

out 

or 

state and 

are common, 

green or grey 

47 

be 

in 

cells 

Plate I 

in the 

rlf~lO;WltoS and 

tannin are 

or 

the 

in a 

an 

is an 

it is 

a 
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as a 

states were 

a taxon. 

I. 

Stclmata not corlce.noo 

stomata 

oVI;,rarchmg stoma 

are COllSP'IClIOUSI 

Kei~ptacle not tnc;aru:late 

SirJll!1ei-fh)W~~red infLon~sC~3nc,es are 

a spe;r;unierl JIlltlOlrescences 

48 

to account 

are not "1l111l"~!t1 are 

1 

1 cases were 

1 numerous, .... v,~., .. ". 

stoma 1 

WCIlaSlal pllttelrll m 

JU1UfTUnUnu SlIIl21e*t!O'wered IDIloresc;emc;e:s are 

a 

1'lnwA1f" are rare 

is 
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21. Flowers small 3 cm 

may 

of the 

cm (1) 

49 

can in most cases 

crr"Ul1'na under 

These ClfiCUJnstam::es were not taken into account since do not the 

norm. diameters have taken the own observations. 

more or less or on 2cm 

(1) 

The is 

than 3 cm, are Ul"UllJ;;ul"uavl • ..., from which 

23. Flowers 

Both 

the most 

or red 

the Stomatium - and 

never or 

common are orange- and HArvVl\JUl,-",U 

vary 

orange or red 

and L. WnlPl"nU'\lp'r! 

may sornetlm~~s orange or even 

",nTn"",,, with red also 

Hartmann 1991, p. 

are not 

those where filamentous 

androecia where there are no 

ZOjlCe~ae is as 

'"" ... "v ..... " and stamens are 

1) 

stamens llU'.}U,",,, and oel:Wf~en rUllmenltoulS 

on em 

which are those that are 

do not exceed 2 cm in 

the CO,"".","u,"""" Aizoaceae 

flowers are common 

(1J 

are rare in the 

in a 

may 

and it has been 

with 

has both 

to orange and 

The entire COll1Olex 

1, those where 

2, 

3, 

occur. 
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25. 

If 

are .... -:.,,.r,('.,, 

26. 

into a cone 

are pn~sent, 

to form open 

50 

(1), "<lthp,c,,,rI tnc,,,,"""" but with 

may either collect with 

(1) 

to be a as In 

27. Stamens palJUl<l.lv (1) 

In 

which have stamens basal 

28. erect 

Sect. lntectatae 

Nevertheless stamens are not 

29. or 

lJ<Uluuunl absent ( 1 ) 

The presence of an 

and 

For "'A,;;UllV"~' 

maximum of 0.7 mm in 

r.r.pfI.'''J sec:tlOin lntectatae 

with a maximum 

mm In 

31 to (1) 

i.e. a is rare in the 

the 

h"n<l,,,th"n,m is very reduced and 

for some SPf~Clt~S of 

a in the 

rea.cm~s a 

U.l.lUU,O'Uf:: of 2.0 

the 
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32. short shorter or the same as shortest ~'~1U"'U"l shortest 

(1) 

COllnt::Ctf!O to the floral Flowers 

11np·ntl"\ll<: '''~1L~'>1~'&_~ and stamens ,",v ... ,""",,,), ..... v.u"'.~''''u have 

where the stamens are shorter or In a flower the are short and 

and here the are never the shortest stamens. 

33. a narrow, terminated 

(1 

was 

34. "",,,r,,'c in a (1) 

There is a fa .... .., ... '" in almost all the 

ass:oC:latt!O with iPI.{HJ"Y,·rm'J- and 

groups. The to in 

"u1;>"~'r1 indicative a to 

I",rt,,,,,,,,,,,, 1991). 

35. Nectaries '"''',''-''''' a or several groups small teeth 

are restricted to the lvu~se'm[)ryanme:ml[)lOle whereas a 

nectariferous 

groups small 

There 

Aizoaceae 

or a 

"''''1'''''' - and 

of is 

rt'Yn<>nn 1991) and this agrees 

not been 11rt"",."" 

cases """,,..>,,,1,,, of 

A conlprehen 

meant 

• groups. A npl~hl,,,,t~·rn. 

In in 

the in the 

COllseaUlenc:e of these 

to most common 

in most other "p''1tr,n<:Y'PTrrI<: & Norwicke 1 

L"-U'"',I.-IIII.!1U';:;ao;:; has 

in several 

one spj:!clmem per i>1J~."'i\;.i> was 
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Punctate 

were 

may be 

to 

the size of the n",r'trtr",t 

Plate 2 D 

shown in Plate C. 

37. 

the tectum across taxa, the 

that 

,",U'~~2~'" to IS 

two states were not nn"PT'JPrI taxa be 

to one the two states, the two states are shown 2A-C and 

D 1), 

38. Pollen 

The two states are shown 

The of the 

As a cOIlselque 

set with 

2A-C 

and In .... ·'' .... ll1U. 

account unnnlrt<ll"t structures found in 

most 

39, Fruits 

the ,n,1£,v'1 .... .:;;at:e, 

considered to be an ::In£wn,''Irn 

was 

on Plate 3. 

the genus. 

40. Fruits or not at (l) 

41 Fruit> 

In the 

with up to 24 locules have 

constant within a 

on one one 

(1) 

2D 

the the 

with the 

two 

fruits such as 

Hartmann (1 

(1) 

IS umlsual 

'V"""U"'. are very rich in 

and to some extent 

A detailed 

the 

The structures which are 

this 

in the Ruschioideae 

low numbers of locules are 

will & 
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In more 

same 

In 

seven number is 

have 

constant, even on the 

In '''''''H<l'VI to 

it is common to find a range or 14-20-locular 

with 

43. Lower 

often also 

or 

44. Base 

The 

45. Valve 

46. Valve 

In both 

rims 

in 

of the 

1) 

a and 

At 

& Bittrich 

Hartmann 

as a are also 

(1) 

as the rh"""<>.t",r ex(:eelied the 

(1) 

" ........ , ..... maxima are TnT'",,"''''' 

but are not rnr'rru'r 

valve were 

narrow to very narrow, (1) 

""'I"V'U~,""" a from broad to narrow 

has occurred, Variation within a is not known to occur. are 

visible. Valve 

47. Fruits with \.-"'IJU",\.111 

centre (1) 

The 

& Hartmann 1 

over 

hrn,,,rI,>r than 0.5 mm 

COlnse:QUem:e old .... uIJ ...... '"'' 

keels ~~, __ uu,., from columella to valve 

to 

very narrow seams are 

not 

COllS1ldeJ'ed to an 

The act as a to open expose contents the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

In the "p,.",nnl"n·nern01ldea.e, the are the center to outer 

There are a few eX(~eDUOns, of the lower 

of the N,,..,hll"" 

with 

3 

50. 

will 

In the L,"U"'",,,UV,"''"''''''' 

a near outer 

mOllstlem~tl is omlPo:setl of an 

never 

in some cases, such as in 

contrast to 

are 

the centre of the 

The or 

numerous cases, and 

their middle. In the to as the 

....... , ..... ,,_u, genera, some cases the 

as in BraulZsia. 

blunt I) 

may differ as 

is re]:enrea to as 

at 90° to the 

numerous 

at 

(1) 

In numerous 

valves. 

in other 

which are extended and are much In such a "''''I'''''''''''' upon the valves to 1 

and +,.",,,n,orlt over even further. 
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bodies is 

all fruits with ,",VllllJ''-'''' 

within a 

The 

RlIschia). At a 

to 

is rare 

and not -1-"--"] 

bodies which are thickened at the 

for the Leipoldtia - group 

or 

so been 

"' .... An ... ' .... and 

and 

in the 

(1) 

an entire genus 

ll/V"U"'" - group has stalked 

This character state is considered an <>n,u".r.rrm\l 

53. membranes ~~"H""~"~' the locule (0), the locule (1 ), reduced to 

a narrow rIm 

54. membranes concave convex (1) 

55. membranes with additional device (1) without any 

(2) 

56. Closing device cylindrical 

57. Placenta not free from nfir"',,,!"'n (0), -1-"--"] free from ...,,, .... v,-,u.. (1) 

The 

Aizoaceae 

and 

the seed coat across the 

within 

1992) it has been 

the seed coat has 

conducted. As 

in the 

varIOus of the succulent 

Ehler & Barthlott I Studies of 

least the Ruschioideae 

of the seed coat can be rather variable 

and within a genus Dehn 

Klak 2000a), 

58. Outer wall of testa cell not out the ''''''chou'" (0), raised hut 1 un..., ""A.' (1), ('"rlCOI(' (2) 

several 

cells, 

A smooth seed surface is shown in 

e.g. amoenus, 4 

4A 

4 

raised testa cells are III 

testa 
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59. Outer wall 

outer 

The 

raised '"''''''v'''''''"' 

testa cell outer central 

a outer wall of testa 

testa cell can vary vVlil'U'U<;OJ,aUIY 

4 C or the entire testa cell is convex, 

and in such cases the 

it 

uncommon in the JL"UI""""''''''.''~''''-' are 

have so 

shorter 

4 Braunsia xe,rrtll'IUIU 4 where the 

testa convex (1). entire 

into a 

extended into a 

is raised into a 

are 

some 

"", .. u"" ... seeds 

are much 
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Plate I SEM views of leaf surfaces.--- A, Delosperma echinatum (Klak 344), leaf covered with outsized water-storing 

cells (scale bar = 0.5 mm); B, Antimima ventricosa (Klak 457), epidennal cells much reduced compared to Delosperma 

echinatum but outer walls of each cell raised into acute papilla giving the surface a "velvety" texture (scale bar = 0.25 

mm); C, Oscu/aria deltoides (Klak 215), outer walls of epidennal cells much flattened (scale bar = 0.25 mm); D, 

Oscularia [alciformis (Klak 216), epidennal cells completely flattened and cell borders obscure (scale bar = 0.25 mm); 

E, Lampranthus sp. nov. (Klak 417 a), epidennal cells raised in groups into hills with outer wall of each individual cell 

also raised (scale bar = 0.25 mm); F, Lampranthus emarginatus (K/ak 708), occasional cells with raised outer wall 

conspicuously raised (scale bar = 0.25 mm); G, Namaquanthus vanheerdei (K/ak 25I), stomata slightly sunken (scale 

bar = 0.25 mm); H, Carpobrotus quadrifidus (Klak 705) stomata sunken (scale bar = 200 JlI11); I, Braunsia geminata 

(Klak 205), guard cells overarch stomata (scale bar = 100 flill). 
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Plate 2 SEM views of pollen grains.--- A, Astridia longifolia (Bruyns 7302), punctate, microspinulate tectum (scale bar 

= IO flIll); B, Lampranthus virens (Klak 529), microspinulate, foveolate tectum (scale bar = IO flIll); C, Lampranthus 

peacockiae (Klak 391), microspinulate, reticulate tectum (scale bar = IO Jlffi); D, Lampranthus spectabilis (Klak 337), 

sparsely spinulate, punctate tectum (scale bar = 10 flIll). 
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.. 

E 

Plate 3 A, top view of open capsule of Psilocaulon (Mesembryanthemoideae), there are no covering membranes and 

the keels extend to the centre of the fruit; B, longitudinal section through the same capsule; (scale bar = 2 mm); C, top 

view of open capsule of Ruschia (Ruschioideae), covering membranes form a ''roof'over the locules, expanding keels 

do not reach to the centre of the fruit. --- CB = closing body; CM = covering membranes; C = columella; E = expanding 

keel; F = funicle; L = locule; S = septum; SD = seed; V = valve; VW = valve wing. Drawings by P.V. Bruyns. 
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60 

Plate 4 SEM views of seeds.--- A, Amphibo/ia hutchinsonii (Bruyns 7184), smooth surface; B, Lampranthus 

godmaniae (Klak 265), surface with flattened outer walls; C, Lampranthus sociorum (Klak 403), outer walls oftesta 

cells each raised into a central papilla; D, Erepsia dunensis (Klak 453), entire outer wall of testa cell convex; E, Ruschia 

inlrusa (Bruyns 7150) outer wall of each testa cell raised into a short spike; F, Braunsia vanrensburgii (Klak 218) outer 

wall of each testa cell raised into a short spike; G, Namaquanthus vanheerdei (Klak 251) outer wall of each testa cell 

raised into a long spike; H, Braunsia geminata (Klak 205) outer wall of each testa cell raised into a long spike; scale 

bars = 0.5 1llDl. 
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3.1 UWJ."" .La I dataset 

'a' indicates nnhlrnA,-nh 

10100 71700 
1 7 10100 71700 00 

0 0210? 11100 00000 1101 00 
00120 0210? 10100 00000 00001 000 
01030 0210? 10100 ?1?00 DOll? 00000 
00120 0210? 10100 ?1?00 0001? 00000 
00010 02111 10100 00002 00100 00000 
00010 00112 17700 00001 1011 ? 00000 
00020 00011 10101 20000 0011 7 00010 
02021 32111 10101 20000 0011 7 00000 
01030 02111 10101 10000 00017 00010 
00020 12111 10111 10000 00100 00000 
00011 02111 10101 20100 1011 ? 00000 
00 111 0101 20100 10000 00000 
00 00111 10101 20002 00100 00000 
00011 10112 1?701 00000 1111 ? 00000 
00010 02111 10101 00001 00100 00000 
00020 02110 00001 20102 00100 000 
00 10 0001 00000 101 0 
0202 11 10101 o 0 1 1? 00000 
01 12 00 lOll? 00000 

210 10102 0001 
?l 102 00010 

0 10102 000 
10 112 20000 lOll? 00011 
10 112 20010 lOll? OOO?O 
0002 02111 00000 10117 00000 
1000 112 1 ?l? 10010 10101 11111 
0011 00111 10100 00000 10101 10211 
00000 1110 11110 00001 00100 11211 
00001 0112 17711 20010 10101 11211 

la 00120 00011 10100 00000 00100 00010 
00020 01112 1 ?OO 00000 00100 00000 
10020 011 17700 00000 01100 00000 
00010 02111 10110 00000 1001? 01010 
10010 02111 10100 00000 00000 
00020 02111 10100 00001 00000 
00010 00111 10100 00001 000 
10020 02111 0100 00000 00 00 
10010 02111 0100 0000 000 
10020 02110 11100 00000 0000 
00020 02110 11100 000 00000 
10020 02112 1 ?O 000 a 00 

vallis-gratiae 00020 00111 101 00 
argenteus 00020 02 000 
henricii 00020 02112 
bicolor 0002 0211 

00020 02111 
a002 
1002 121 
00020 12 
00121 10012 1?? 
00020 111 1010 
00021 02111 10101 
00020 02111 10100 
00010 21112 1?701 
10011 02112 1 ??11 
00021 02111 10101 
00011 22113 17701 
00001 02112 lOll? ???OO 
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Table 3. 1 cont. 

31-59 

Brownanthus 01 ?l0 00011 10200 00211 ???? 
obolus rabiei 01 ?l0 00011 11111 ?0211 O?? ? 

Dorotheanthus bellidiformis 10?02 00010 10300 I???? 0?012 
echinatum 10111 00011 10200 01211 0?212 

10111 10011 11200 01211 0?212 
11111 10010 11010 01311 0?012 
11111 10010 10110 01011 0?011 
10101 10010 10110 01011 0?01 
10111 10010 10110 11001 0?011 
11101 00010 11100 01211 0?212 
10101 ???l0 10210 01211 0?012 
11 ?01 ???l0 112?0 01001 0?012 
11101 10010 01110 01211 0?2 2 
11101 00010 11111 ?l010 10010 1020 
11101 10010 10110 ?1111 10010 000 
10?01 ??710 10301 ?1001 10012 ?022 
11101 10010 10110 01111 10010 100? 
11101 10010 10010 11111 10010 OOO? 
11 ?01 ???10 11210 11010 11000 100? 
10001 11010 01300 01111 1100 1 
11101 10010 10210 01301 o 012 
11101 0111 102 01211 0?1 
11101 ???l0 102 0 012 0 
11101 10010 10111 710 
10001 ???O? 
10001 OlIO? 

???10 
?? 10 

00 
100 
10010 
10110 
011 0 
11110 01011 
100 0101 
100 0 110 0 
10010 1011 01011 0?011 
10010 10110 01011 0 010 

Lampranthus 10010 1011 010 0?011 
Lampranthus rupestris ??? 0 10 010 0?011 
Lampranthus vallis-gratiae 10010 10110 01011 0?011 
Lampranthus 10010 10010 01011 0?010 OlD? 

10010 10010 01011 0?010 OlD? 
10010 10110 01011 0?011 1121 
10010 10110 01011 0?011 1121 
11110 10110 01011 0?011 111 ? 
? 710 10010 01111 0?010 011 ? 
??71O 10010 01111 0?010 011 ? 
10010 10110 01011 0?010 1021 
10010 0010 01311 0?012 ?OO? 
???10 0210 01101 0?012 ?023 
10011 10110 11011 0?010 1020 
00010 00110 11101 0?012 ?021 

??l0 10210 11101 0?011 ?021 
0010 00210 01211 0?012 ?OO? 

tum 10010 00211 -1101 0?112 ?01? 
Circandra serrata ? 10010 10110 01011 0?011 1?21 
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3. 1) was 

auta):'Ol1tlol-phlles were ...... '.u".,,'" 

oot:rrn;aJ trees 

was ren.ealcea 

were set as 1. 

were re<~ordecj. 

2 was ret:'ea1tea 

two 

vaJl1rl!nSJ')1l1'Ul1 was 

two spelCles 

sea:rchi~S 3 4 reSJJeC1:lVe.ly 

consensus 

consensus tree is 

to 

.l1ll'1nl'anthzlS virens 

""H'lIJL'OI 2. trees were 

l'h~lr::l,rt"'r~ were re'velgh1~ed 

set was 

1 

63 

JV.V>-'V most .,L".lV""VLli> trees rec:overeo 

Cl 

Jrosa}1th·emum are two spelCles in 

a is sta1:1stl,cally 
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'---

C 

D ~ 
I 

~ 
~ 
1 

qO 

F 

G ""i 

H 96 

Dorotheanthus bellidiformis 
Drosanthemum schoenlandianum 
Oscularia deltoides 
Oscularia falcifonnis 
Oscularia 

luttadintera albata 
Astridia 
Antimima 
Fenestraria 
Ruschia maxima 
Ruschia intrusa 

Eberlanzia dichotoma 
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65 

most 

trees 

to 

tree was are, 

1 

IS 

asm 1 

are 

511 

most trees n= rc 

O. were to 

a 

numerous 

m 

rvamc.rau'anrmls are to one TP't'np,,,1>l1 

3 

= 
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c--

-
-- -

LA-

- -

'--

J.l 

I 

-r-c 
54 

B 

C 

D 96 

Brownanthus 
rabiei 

Dorotheanthus beUidiformis 
Drosanthemum schoenlandianum 
Oscularia deltoides 
Oscularia falciformis 

luttadintera albata 

Ruschia maxima 
Ruschia intrusa 

hutchinsonii 
Eberlanzia dichotoma 

66 
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9 

.-------------------- Dorotheanthus bellidiformis 
.------------------ Drosanthemum schoenlandianum 

c 

Oscularia deltoides 

Ruschia maxima 
hutchinsonii 

dichotoma 
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3.5. 

r-r,'t"nr,,.,,,tpti into the 

and molecular trees 

Whereas L. 

were not retrieved as 

is not 

which 

the 

of r.r"'FJ~I'fI 

<01JI;;;a.I;;'u in the 

Further 

included with 

the nectarial 

Drosanthemum and 

and 

in the COlrnDmt~a 

of 

68 

A are same as 

both the 

differs 

nnn ... ·nnthl'J<: may may account for 

.amVrGmtllus, As of 

L. 

OJ"'"''''''-'''''''' tree as sister to 

IJU'V''''/J;:;1',",U1 cn,arlllCtl~rS exist in E. ""'<""««'0"" 

is "core" of 

whereas it was 

account of 

up an mtf~rmledlate '-',",""""'1 it either in 

r""h,r",,, and 

<>r<.,-.t,3,..C were COlt1Sloel:ea 

in shifted t\pl,,,,,,pn 

As a consequence 

4, 

is resolved sister to L. 

"IJ~''''''''' of L. 

.an:!vr,am'hus, in absence 

of this "core" as In 

r.r.(n,',',n L. aduncus and L. rlUCUlU!S inside the "core" of nn1nl'anthl.H in the 

the molecular tree 2. 

may not be in the absence of any or any 

in 2. closer 
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In au,nU'Ul1, 

The 

3. 

L. ar,!enteL!S are 

assessment 

In contrast to nnc"f1r\" 

is 

very 

..... H"' .. ~.,; to account 

U)4,<I. ........ ,,"'ULl'U:'.!. '!'v""""u)4 structures to I'IP1rp1"1m 

to Am'imima. 

mucronatus. 

IS 

<>"T'''",.r" to more 

A 

are 

elClpI1t1eIlt was nn'~f"f"1iTf'/1 

two 

69 

a 
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distinction between and u,.\,.· ........... _.~'uu,' ... bodies be made & The 

different found in the two 1->""" ........ ,,, .. ,,, U~I"E>~'U'" that the two structures may 

have different Thlenfeldt ( 

early but do not huTI->.>,. 

structures are 

valve the 

in the mature 

Similar considerations 

apply to the (1 ~Vi'n ... ,u out that what are <onr,,,r,p'nt to 

be 

and so far these have never been nnf'''''''''' in the arises as to 

the ~l1T-;<O('P structure of the seed is 

In order to ascertain this it would be necessary to ~,v ... "'.'-"" of the seeds. There 

are few onto~~enletl.c or anatomical structures such as the 

'-A!I.J<U.'U'''!', keels and valve in the of the succulent 

Aizoaceaes. 

shown to be 

'hprpt,r.rp the chances of incorrect 11V'.11"'.''''!', assessment are since unless 

the initial assessment has to be based on 

A number of 1-'''''''''''''' characters in the data set 

The levels of 

data set When there is a 

reduced and inferred 

characters 

transformations among 

morphological 

characters can often be detected 

with 

assessment 

uncovered several 

- group are not 

= and 

could be 

or a convergence in 

character 

on the sources of 

'"'''''"''' and convergences in 

1-''''''''.'0., studies or 

data. 

levels of the 

similar to those retrieved the 

showed that several of the 

many cases more closely related genera 

to taxa - group. The results of the that 

can be retrieved 

evident that far more detailed and anatomical 

discover structures. 

it has also become 

studies are needed in order to 
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4.1. 

versus 

a 

11). 

have 

on 

either very 

4 

In 

with rpf'pr'~n('p 

<opr,,,pnr.,,,, and two sets 

nnnr"vP'11 both resolution and 

the mC)rpnOIOIl[lC,ll and rn,mh,np'rI U1Vl'v"""<U log;emmc trees 

that the data can be cornbllneej, 

A 

so 

the 

and will a framework in which the evolution of characters can be evaluated. In 

evolution characters of the group is 

fruit characters. This the of 

4. Materials and Methods 

4.2.1. 

The COalInl! 

sequence 

extracted 

excluded 

The cladistic 

,-,U,"""I",,,,,,,,, characters is discussed in """~IJ""" 3 

DNA ""-'''-I'"''"'''''"''''''' mcorporalrea 

were COlIUlICU~U 

same taxa 

with identical 

sequence data are 

PAUP* 

71 

most 

outcome of 

the 

the three 

very 

sets 

the 

DNA 

were 

were 

was 

for 
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were 

were ,1l ""11 v;".:,,_, as sets 

was a sUI:;ce~ssllve 

same 

IJUUH.I~l'I.iUl cniaracters were UIJ'UUJu:st:u onto trees 

(]uiivnc::Il IJUUHlvtl;:a states were 

most pa1rSlJTIOnu)Us states at 

3. Results 

is presenlted 

two 

As 

genera 

is rea:son:ablj 

are 

consensus tree 

ri 

is no staltistic.al '''''T\1",,.,1"1 

it retnams very 1"\,.,.,., ... 1'" 

1. 

)ar'atJlel.l!ntJ~US is 

trees Ul~,lUI.1HJ.~ 

L. sp. nov., JK 

E. 

are 

JK= 

72 

taxa 
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,---------------------- Dorotheanthus bellidiformis 
echinatwn 

10 

1...------------------- Drosanthemum schoenlandianum 
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is pr€~seme:Q 

sister to 

In agneerrlent 

mucronatus as 

In contrast to 

maxima 

It is nU.lLi'UU maxima was 

")CODel(l",e~na was 

nClau,(Jel1S as 

= ri= 

·OSllm.nelnwm was to root 

to .... ·/>"n~.ln' .... ow'n 

maxima was 

consensus tree 

rc 

tree. tVU'UUJ'J;f:. y is 

74 

consensus tree 

mClauael1S well 

L. sp. nov. 

to 

as 

to 

c 

4.3 

2, 

is 

< 

A 
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In 

more 

were 

1 

(>fn'i!n~'rm!n are now 

~VIUV"1~u2 1 

'-'VIUVAlLl~'" 3 52 

'-'VIUVIJLl,",'" 4 1 

in is as mC)llclPl1:V 

'OS(lnlJ'Ien1Un'l, are 

4. 

B is 

4 is presen.tea 

""l~;lHJ'Ua were necessary to 

taxa. In 

as 

8 

o. 
1 

1. 

"core" 

to 
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...-------------------- Dorotheanthus bellidiformis 
echinatum 

c 

88 
100 

51 

5 

F 

7 

E 
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97 

r------------------ Oscularia deltoides 
r----- Oscularia falcifonnis 

B 

r----------------- Ruschia maxima 
hutchinsonii 

f----------------- Eberlanzia dichotoma 

'------------------------- Drosanthemum schoenlandianum 
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F 

B 80 

83 

E 

1...-______________________ Drosanthemum schoenlandianum 
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4.4. 

4.4.1. 

better 

The 

nodes when 

alone did not retrieve a 

has been very 

differences .... "' •. ,>1"''''" 

The 

"core" of 

that the 

79 

are neither well-resolved nor 

the new 

the ,-u.,,-\Cu data matrix 18 nodes 

were rnlmn,n~·t1 

4. In 

to 50 

data 

power. The 

4. 

taxa 

4. 4 is re~:ar(1ed as the best 

that the total 

a 

molecular 

main 

and the total 4. 

are also Ul"''''''''''''''-'''''' 

was is 

the 

Oscularia and 

for this clade is very 

than to Oscularia 

to the 

from O. vUj,nr,pn'p 

the 

are 

are raised and are in L. 
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shares all of these 

III 

same 

''''-'!:'''''''''''''' characters. 

4. 

80 

characters is not found 

nnr)rtp,rl in the are no 

YLL1',IIl.IUUE. are resolved in a 

<O".",",f),-tf'rl node. 

<o" .... nr, .. t •• rl in 

total 

were each .... ru·p"pntprl 

total or the combined 

the sections 

'tr. ....... ~, .. <:t'\>"('t>"<: is shown to 

not resolve as 

of 

to the "core" 

"I'll' ''''''',N further 

.... nE' ..... " clade 

the 

may be 

on those 

studied 

L. 

6. 

in two other sections of 

to be more 

was 

L. 

to some 

grey. 'r:. ... ",,,'u.:> leaves and an 

characters the two "lJ'_"'''''' 

4. 

"'<'''>'1,'n and L. mucronatus: 

more 

aauni:'US and 

but was 

Members of this clade share 

is characterized 

....... .,'n"-.. lr'wl~,r>"l1 inflorescence. Thus in terms of their mnrnl1,n 

In the absence 

L. to the taxa 

UrnWnlD()t!llS and L. sp. nov., two "1-"-"''''''' that were never in a section within 

lie in a with no close to any 
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L. sp. nov. were 

mucronatus 

characters 

very 

have so 

are not 

ventricosa in 

with Antimima 

to the ,",v,.uVU''''·U 

no 

is not as 

of the very genus Ruschia .......... na .... " ca. 200 "IJ', .... ,'''''J 

Ruschia to test 1-''-',''" .. " ..... 

4.1 4. 

These are 

as 

in groups into 

81 

to 

are 

that a 

In genera, 

that 

as to Antimima 

The two Spt:l,;l~:S 

the 

Also 

Antimima 

This 

would 

among 

taxa: 
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are 

ttelrences between 

clade 

the corroborates the 

much reduced 

shown 

2. These show a not TPflr1P1JPt1 or n ... "',." .. 'r' .... ~'rI 

82 

very in terms their 

account of the many 

4.1,4. 

remainder of the 

is achieved in 

,pr.""",", - group, to which 

Members 

all other SD(~C!t~S 

it was 

possess wide band 

2001). This further 

was not 

may 
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The of WIl,nlt'vn 

In 

whereas it remained unsur)p(lrte~d. unresolved in a clade with 

nm,jTnj'U\' in the 1) 

83 

at one was 

between these 

2. 

evidence 

case in the 

U"fJ/J~" as 

the 

is most 

"'A',l""~"'U Antimima at that 

no other members of the Lei~lJOUJila-

are no obvious mOlrptlollDgtcru 

ttalwf;;ISlS and Braunsia k'el'IUIUUU 

total evidence 

evidence 

Ruschia intrusa 

or a range of 

found in some "n~''''''>'' 

R. namusmontana 

share 

of B. 

much 

""".\.lUll"'''!, of 

numerous mono-

.. "'·Utltt ...... were rpt'pncpr! to n .. "·\!",, .. , 

from Antimima were 

columella and multi-locular 

this clade: it 

in 

unclear. 

could be 

taxa with 

and some of the 

~PQ,tn"pintheKusctnoldeae, 

or 7-

is also 

as 

Ruschia intrusa 

seeds 

are 

that the 
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are 

3.4 

B. 3.4 

in ~~ • .< .... v" 

keels in all r"'T1n~l1rn 

on '''" ...... '_' .. 0.1 and total evidence 

rest Braunsia. 

Common to 

membranes no <>rI."I.t,.nn 

onectanes, as nnlnn(,p{'j 

in the KUlSCJ,UOIUt~ae 

taxa, 

The 

4. 

shows closer .v, .... ,"'"'".:." 

are nested within it. It 

are not well 

the .... vuu ... ,,,.u 

more taxa or 

( 

'VVl .... ""'" are more and more 

are 

lost 

are 10fHl-C:::cn 

As in the case 

84 

in B. 

\/prO'.nO' in B. 

the 

related to the 

are 

the 

a 

59 

and the aDS,en(;e 

in 

ways. 

& Hartmann 

it 

of the 

need to be 
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1982) while in the second the outer cells of the , ... ,VU""" are thickened 

in this 1986). Only the first 

Outsized bladder idioblasts are in all of the most 

the I\/IP'CP'1'1hlC'llaIunc!mc)lO,eae and the bladder 

Dorotheanthus and 

reduced in all of the taxa that are sister to 

4. f.'V'.l"_,,"""" that the Drosanthemum and 

lJl",UU'~' cells are the state within the "'u._ ... u" .... u & Struck 1 Since the 

entire clade sister to Drosanthemum 

this character may be a 

also taxa with bladder 

clade. In numerous taxa with 

members of the 

group member with outsized bladder 

the results 

is necessary to 

The 

structures can 

two 

reduced bladder 

be the case if 

that were not ""'''''I.JJ''-''' were to this 

in this study 

and call into 

VIa."'''''';''l cells are the state. Therefore further 

cell. Within a genus the 

this is provided the highly clade 

4. where B. maximilianii while it is 

smooth in B. On the other the unusually """"AlJ"'" leaves found in 

sp. nov. and L. umrufttuc.,ILt for this clade and 

the "core" with which it shares a very similar a 

similar "''-,."..,uu 

genus 

may also form this clade. 

A 

have a distinct and often thick 

of this clade. 

of this 

in this but should be ,·tn,.hc,," in more detail to test whether 

has been listed as an indicator of a of 

4. 7 traces the of character. 

all of which lack a a basal 

and the rest of the , most of which 

.... '''V'_" ... , .... in the common ancestor 

been at least three mClenenOellt losses. Since the 

O. and is there is as no hard at the base of the clade 

evidence for an m(lep'endellt of a distinct 

B. Evolution characters 

Within the succulent .. ',LV' ..... """", the nectaries are located below the insertion of the 

stamens. In the succulent nectaries have 

g. 191 In 
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Outsized 

.. present 

absent 

5 

bladder cells 

Drosanthemum schoenlandianum 
echmatum 

N amaquanthus vanheerdei 
farinosa 

Fenestraria 

86 
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cells 

rai sed in groups into hills 

not raised in groups 

6 

87 

Drosanthemum schoenlandianum 
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.. absent or 

7 
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a 

from other memb,ers 

in 

that 

in 

group 

also 

to the Llt~lO,we'rm,a - group 

least twice. 

structure 

a hY1Jan:thlum 

89 

i.e. it is a nOllOnlecrary \''''''''I'U''-''11''' are 

Cleretum group 

an m(le{:)enaent 

a SPf:Clt~S is not 

011',11-0U'~jJ"'U and crested 

OU\,v"llvlH Aizoaceae l<;;;",U~IIIL.<;;;U 

that the two genera 

the 

to 

merollec:tar'les are 

are 

presence of 

and 

that this 

at 

is 
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I================::ICI Drosanthemum schoenlandianurn 

Nectaries 

8 
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.. absent 
present 

9 

Drosanthemum schoenlandianum 
echinatum 
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nStruck 

the 

The 

moePfmoentlV at 

a Ci<J1SIn,g 

to have closer 

structures 

structures are 

numerous cases 

IS cn~ll'ac::telrIZf~O 

states are tht~retOl'e UI~'-'U~;~I;;U 

92 

to 

a 

& 

Pf()p()sea as a 
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Drosanthemum schoeniandianum 

Placenta 

not free from 
free from pn,'1'", '>Tn 
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rim 

it was nOilcea 

to 

plalcenta may 

this character state is 

L. "",,,-r."" ,U "',.,; 

a 

(iii) The common in the 

4. 11), it 

a 

there are two 

95 

IS 

rP'lTlW'p{l to a narrow 

are considered to a 

Convex ('n',rI"nina ,."p·tnt"·"'n ... " are I). If 

most 

rnn<>rt>,rl to the concave 

Concave 

members 

membranes are rare in 

Antimima is "n,,,,,,.pnt 

F enestraria. 

Antimima 

and concave f',,,,pr'in membranes in the 

group 

IS "", .... ;;,u. 

concave 

Hartmann (1991) 

membranes as a characteristic 

is traced in 

not possess any a",' .... !","'''u 

oSlln~ne'nulnanduelosoel 

membranes are, nfl,,,!,,,',,,,,r 

as mentlclneo 

twice. 

members of the 

which shows numerous taxa 

is shown to be the state. Additional .... """,. .. '6 ni~VIICf':'" 

In 

has 

to be a syrtaporniofJJh the 

than it is to 

~L~'0""'" bodies 

a genus that 

The pre:st::lU 

an additional 

lU"'''Vl''''''U among the 

five times. 

been 

lost Inciepem1eIlItl twice. In(:orISpICtIQ'l;IS or '-V'"''I-'''-'AVL''' ""V"'"'''' are 

U,-,,;;HI.""'-'U" character states. 
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asa 

group 

state cOlnp.ared to 

states 

state 

",un",,,,,, at 

is very hn1m.,,1"1 

to 

Braunsia Vf1I'lrenSI,UT'Vll 

a 

96 

no space 

In 

,...,.'",U1"'" a counter-

a 

same 

is nel~ue:u to 

a 
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membranes 

.. concave 
convex 

Drosanthern urn schoenl andianurn 

octonaria 
Namaquanthus vanheerdel 

farinosa 

97 
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1================:::1'" Drosanthemum schoenlandianum 
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Ufos<m!lflern u:m schoenl andia num 

keels 

,IUUI,1;"m)u, and do not touch 



Univ
ers

ity
 of

 C
ap

e T
ow

n

100 

5 

1. lSunuorury 

to some extent at Spt~uu; 

IS COIISl(lenKl to 

recogrnze:a as a 

N1J"rj~1n intrusa were rMn",'''''1''I 

XUSC)'71a intrusa. 

- group. to ClrCmnS(;nt)e a u .. ' .... .,'u 
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to reo resent it is 

to some 

concave 1"11I,vprma rnemt)raJtles 

UV':UVI"""':>lV'u.:>, LOincerns were 

account 

m COIl~unctlCnl 

numerous 

an Im'nnlrfJ:llr'1T ti'anleviTork 

Chaloter6, clas:slfil::atuJIl mlcludes new 0'Pn,F>rIf' Clf(:urI1lScrqrtJ.!Ol1s 

group IS to 

two repl:esaatatlves 

was 

to 

an mCI'eaSE~ 

was su!;pecte:a m 

a 

ph~"Io~~eItlc;tlC tree 

not 

Classrue<IDCnl IS nt'rllM"''''''''' in 

ncime:ss in soeCIes 
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years. 

exist 

A. evidence 

and Pierce ( 

listed below nrC'VH.? 

data remains 

is not iJV."""'-"-" to 

(1) 

with wetter "p'"lnri.: 

have considered 

many 

where extrapOlat110f:IS 

presence 

that traverse the 

et al. 1983). 

Aizoaceae may be very 

the age 

western 

the 

to 80 mya. 

Namib ~~I',p;.,,",.,,, 

extensive ,,,,,,,n"'/1 

UlJla~,,,, may be aSSOCllate:c1 

The 

or 

and 

succulent Aizoaceae 

to semi-arid t'r\nrl".,r\n~ 

....... ·'"'v •• " about 80 my a 

it 

show that 

were 

to the 

which are 

ronme:nt and say about conditions more 

been nrp"""l1t in areas 

to ]5 my a in 

turn 

very 

that the 

it still does not 

in 

"""_'"'u,,'-', .. f'lllz!::>a(~ea,e is in the arid UJ1'nrp'r_r'''u'''" area 

are on the west coast the 

15 

luxurious D[(>aaHeaH~a '--"' ... "c'"''"' & "" ... ,u.v",",,,, to forest and 

summer 

under ",<lrit",,·rI 

now found 

5 

Faunal remains from Langc~D<lan 

and woodland were more open savanna 

these earlier floras are is 

as "",,,,,'nrp 

IHIU'-'Oll.o and 
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the IS recent 

of about 5 my a 

The 

V an Zinderen 

believed to 

IS f'n1ne,t'\t>,rpt'\ 

its establishment is COJ!lSI,ael:ea 

that were noted above 

that the 

volumes Clllmal[e must 

ca, 5 my a 

and ""'p.r''' ... '''''' 

et 

are based on 

IS no 

here as well. 

... v,,,,,,,,u,",,,,, in the Namib are 

'''''''''UUR''' in the ;;:,""H1,_U,'1" 

It is 

and 

record from 

In 

tluctuatilJns in the 

more to 

summer- of southern 

very diverse and consists of 

summer 

it 

western 

The 

are 

several genera ............. vu in the pn:;:;CI[U 

nri"nn,,.,u selective force in 

the 

10 my a, were seen as an melle,cHelf 

are with 

succulent 

as 

climate is 

with 

n"F,''-'u as we know 

In 

in the south-

wet such 
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as lcao..c<'<o which were n""""",'n in the 

further to the 

It appears increase in 

104 

flora of my a are now 

due to the cold current, may 

have led to the in the ,-,,"''-''',L1\J'U that have been observed. Since the of onset of the 

current dates back about 10 mya, the diversification the succulent Aizoaceae may date back to 10 mya. 

. . 
mcreases m Al:walCelJUS over the last 1 years at bk~;tee:nt(lll 

nPlnn"IT~atcK,Sle:enrornel in Richtersveld show a marked 

from C,,"r1I1YnP"T and different Asteraceous in the Late 

Pleistocene dominated the Aizoaceae in the Holocene 

(l 

One .ntprr,rplr" of the succulent Aizoaceae is very recent. 

earlier it is 

also to argue that the succulent Aizoaceae were 

later over areas of the r'rn,nh'\! The scarce due to poor 

summarized in 

is from 

the Paleocene the 

flora pnt.l'.p·n from the Pliocene (c. 5 from the south-western the dominant (c. 

1978), IS Al:W3lCel)US also here the of the was ~'''''.H''''''''JU'' 

Increase of Aizoaceous in the south-western ya 

a continuous series of middens in south-western 

ya was more but after 

yathe " .. ,""''"''' showed more elements of ""I .. tr.non, with succulent karoo 

elements such as Aizoaceae and In "' ......... v.I, of charcoal remains from Elands 

a O'rp'<ltf'r dominance elements prior to I ya 

et al. 1 '",,.,.,,,,n'" were less at to 

Holocene \JV<lrrn',nO' in these two cases the evidence is based in each instance on a 

U.I-"VH''''' .. '"'' have been made to the entire area. In a,'''HLlUH. it could be 

true that xeric elements may have become more common in recent the evidence does not 

to the onset in the succulent r"""v,~ .... \",a", but that became more 

can to its presence says about the 

levels of that existed at any time. 
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B. 

Some 

the mode of 

radiations as 

have "'£T"'CT~'" that the may be indicative of 

to be associated with recent 

nT'l1,n"rpr! to which "'''~nr'n 

over of time ."'.U.""":UU'll.n,u. ... is well known for its of life 

forms: there are a few annuals and the While most 

there are also a few stem succulents and deciduous stems or 

leaves. The group includes shrubs up to 3 m most common mat 

and even may 

leaf g. Thlenfeldt & Hartmann 

of leaves. 

structures are very diverse. 

were 

recent. 

In the 

versus 

and the radiation of this group may therefore be 

are not 

to other groups within the Ruschioideae. In 

no attl:!mpts 

absence of 

~"'''''''·~~A variation across a wide taxonomic 

have been 

"lULUl\,,, that 

range in the m(JiIOf~ae the mode and time of radiation cannot be deduced. 

C. Molecular methods 

have been made to 

molecular evidence & 

the age and rate of of 

2001). It could be 

on 

that the 

the very 

of a recent 

"'P'rm~nr'p observed in the ITS and trnL-F 

branches at the base of many genera within the 

as indicated 

2. 6, 2. 7), is indicative 

may not 

variation 

had little to accumulate. 

that also shows extensive rnr,rnn{'\ 

and little molecular 

pers. a molecular 

the trnL-F 

indicates that the are a very ancient group with the records 

record 

the 

ca. 65 my a (UhI & 1987). A of these studies is that the age of 

may not 

may be an ancient 

The maximum likelihood "",nrC'.,,,.. 

& Sanderson 1 

the vn<'f't~.;l number of 

linked to molecular On the other the 

may be more recent. 

has been used to estimate 

per site 

are driven 

a branch. The 

this branch 

times in some groups 

one a process 

of a branch on a tree 

et at. 1 The 
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lOb 

a can then be .... a'."' ....... ,'"' Dalem;nrnaIlC and to an for the 

the onset 

to 

younger 

very poor fossil 

the south-western 

not the 

Much 

Aizoaceae 

land masses due to continental drift to date the age a 

Hanmann 199 

distance 

there is more 

It was "'''''Jr''''''' the scope to use 

and rate vel~sltlc,ltl(m in the ;:'U\_'-UUl;OlU jl"lZ()ac:eale. 

A further nV[)OUleSlS onset and 

the Succulent Karoo Biome 

the succulent Karoo 

r'''''''''''''''' much same time the 

coastal 

occur 

to estimate the age 

method 

of groups 

to 

biome was of much 

10 

extent and 

in extent, eXl:enOln:g t-•• rtl,,,,r 

This model also relictual retreats for succulents in the northern 

led to an 

western 

The ".,,'''-''" '. 

the taxa 

On account 

for a very to and 

which were 

between at ya 

in axis into the south-

of 

may have existed in 

of the 
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and are among the most in the tree 4. ~~'~'''a more taxa, in 

the ones of very few were "''''UOJ''''''' may well re-arrange the 

The model by """-'/",'''''J et al. may be a that 

much broader range taxa Aizoaceae. 

5. 3. An future research in the KUlScllli(]lidleae 

Numerous questions the genera the 

but most the among the 

listed below which need to be taken into consideration 

Aizoaceae: 

(A) The need for more f'nlmnrpt,pn 

On)OlICe better ""t.,,,,,,<,t,,,,, 

Chase et al. This 

- group were in this 

genera remain obscure. Several are 

research in the succulent 

et 

among the Ruschioideae and the Mt!sembryEmtilenn.OlC1e'ie 

an overview of the 

In such a broad 

genera should be attention should be 

which may reOiresent 

Once an overview been Prc)C1tICeC1 

to the very SDt~CIl)se genera 

studies at lower taxonomic level can be is needed in 

order to unravel the evolution of and the among the taxa, as has become evident for the taxa 

a 

all 

in the - group. In this of L. sp. nov., L. henricii 

and L. were shown to be more related to Antimima and in the rn,'ru,1n 

group. - group Antimima allied to Ruschia 1988, 

Hartmann & the latter genus only two 

further studies in the - group need to take all of these genera into 

more detailed in 

lynIOiC)f,?;lCal research. The recent wide-band trachdds in 

that surveys of anatomical characters can 

of genera of 

very valuable 

information. many of the revisions of the succulent Aizoaceae include a 

the genus under has been no survey across the entire Ruschioideae 

1991), The tectum in genera that are not related 

the nrF'n<lrprl to assessment. 

Particular attention should also be to those structures that have h'p{l,,,'ntl 

classification of the Aizoaceae. These are the structures found in the fruits 

been used in the 

valve 

of the 
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surface 

are 

and the 

structures has been 

Molecular studies 

characters. As very little 

<v.o;,-,,,,u,- research needs to 

108 

work on these 

Haas 1 

_u •• ,..,~,.~ whether similar features 

three gene '''!'',AV'''' were in the and tmL-F showed low 

these gene numbers 

regIOns 

taxa in the Ruschioideae. 

may increase the number of 

branches in the tree. 

in other groups 

a number of variable sites across the 

that further among the genera in the Ruschioideae 

informative sites and thus help to resolve the to middle 

to "U'"u"" branches a hJr'th.>r gene should 

be 

(i) 

and 

suitable may be the 

""".A!','UH"A" may revolve around them. 

IS 

genome that codes for the ribosomal nrr\t"",,., small subunit 16. The rps 16 

the 

two to three 

times lower sequence than the ITS and this would make it useful for taxonomic studies 

below family level and above et al. et it has 

been found of the genera within the tribe Sileneae in the 

gene was found to variation in the 

Calamoideae .. " .... <Af""''' could nevertheless be resolved 

in this case, when the data were combined with ITS gene sequences, a and 

(ii) gene matK was shown to have 

but also at level 

(Johnson & of Cilia indicated on average a 1.9 

(iii) The 

3' 

these gene 

2000, Lavin et al. 2001). 

to as 

shown to be able to 

per site in the ITS to gene 

of 

the matK gene, referred to as may also prove useful. Whereas the 5' 

than the matK gene for the 

Recent studies in the 

ob1tauleCl well-resolved and 

in addition to the trnK 

the intra- and within 

and the Fabaceae 

& Ohnishi 

a further 

was 

& Ohnishi 
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Molecular 

A further nYIVI''''''' 

how 

recent 

organs evolve 

one of 

the un';""''''""rh 

differences in the 

The advances in 

of diversification 

of the evolution of m()rpholo~~lc;al 

is far 

succulent Aizoaceae nr".h<l,hl 

entire group. 

It 

not reflect 

aeCllcaltea to 

account of studies 

among 

r .. ",,,,,,,,,,,,, as well that the current 

and this work sets 

to 

& 

Kramer & Irish 

and 

to 

towards 

new 

the 

a 

to 

to 
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6. 1. A rp'\'1i1ilpn Clias~ilt1lcatlon 

group as cm::urnscn 

genera PUlcea 

Hartmann (1991) is 

taxa or 

the rlift'pr,pnt 

nrn~~"rsu~eyisne(~aea 

> 74) and 

mucronatus is moved to 

L. 

to ... 1."<1U'" of which mOnOl)nv 

" U"''-'U)'.,11 a 

are not mcmcmnlV in their ,., .. ".""',,. 

In cases where 

~_.~ .. "v to a different genus, 

relnstau:~a as 

Based on the same <v<'''''''''''", Namulau'antfltlS 

to LelrJlCt,opltyll'um 

L. henricii and L. arJf!ellte,us: L. fun.nr,,,,' and L. 

the 

characterize the 

se(;on,Q is the presence 

is 

__ , .. ,n"_0 that are UVJlU ___ """l<U'.U 

all three are ~v''' ..... , ... __ , The dr" .... ""th 

the two clades and even the third clade is still COlt1S1,ael~ea 

clades. All three 

110 

since 

in the total 

more 

group. 

a much 

or were 

transfer is made 

in 

of 

to 

to create 

IS very 

it from 

on 

clades. 

nn1n"nnrn,H to 

nomenclatural .... v'''"I'''''' 

are not treated as "Pf'!lT'!ltp genera, 

but not are named in cladistic U'-',U.<l'''H. the three and the 
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I I 

the of the will be at 

in contrast to the above cases, 

which can be OIB:gIllose:o 

are not 

In 

the ,"""''''''''''V',,,,,,,,,,, 

UlliSarJISr,lC[lory to create new 

two taxa. res:pelCWle genera. 

are lIT()U[)eo 

and a The ",-",u""" to be 

" .... nUl'l>T1:r· and are """,'''" ... In order to test 

.,tt,,,,,.., .... t,,.r! in a 

A 

survey numerous names are 

synonymy are 

account rer:,re!,ents a several 

The 

6.2. 

Braunsia 

connate, r''-'''c(','''nt 

or in cymes, 

or 

.... ",n'''''' .. 32: 644 

4 cm Olalme~ter 

collected around the stamens and ~".--•• .1 .. ",.. .... "'"'"M 

mc:onSDllcuOUS. In a 

membranes reduced without a.U\ . .!lUUUCU '""''"''','''15 

,",v.,,,,,..,,,,, to 

taxonomic _UO~Uf,_U 

the number are 

L.Bolus. 

OPIJOslte, about 

filamentous staminodes nre'Sel1it. 

expwlmng keels 1''''''''''''1, of 

these 

the 

are 
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Braunsia UOIC/,!tW'U 

L.Bolus. 

in 

{va,maQu('Uu.nus ....., ... JV.""", Notes M~~semtfry,mthe]num 3: 

L.Bolus. 

em at 

l1ament(}us staminodes 

a 

eXI)anal[l~ keels v,""uU'v' at on {lI\Tf'r,[t1na """'rI"n", In awns, 

or sm,[)otjn. 

! !2 

octonaria 

lVa'frUIQt.laticml'1S vanheerdei 

tnj~orloulS or terete, V'-"'U"'v, 

narrow 

em or 

or convex, nectaries in 

nov. IVafrUZQlAlanrmls lU'In"Ppra,,, ,-, . .LJ'.J<""C>, Notes 

ese:mOJ-YaJltnemum 3: 

and Port 6 P. van ri,o,or/(O BOL 

included: 

..., ...... V .... i>J N.E.Br. 

: 12 in 

ehron. 87: 186 'UtIILf,U'}ltJauu viride N.E.Br. 

Low with age. Leaves nn,,,,..,,,,rp at the 

base and ,",VIlnllll ... ''' ... '' apex, glabrcm 

free 

in a without or very narrow at the basal 
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acute or awned 

Herb. 3: 134 ( 

A. 

PI. S. 7: t (1 

H.E.K.Hartmann 

KIak. 

J. S. African Bot. 

often COlrIlpact or 

1I",VUV'"'' to terete, with a 

bladder cells ...-v.u,," ..... 

narrow 

.. "., .... ",. mucronata 

Bot. 

sub 

5 rom diam. Flowers 

On N'"r"i"t",¥.", 

included: 

testa 

at 

very narrow 

convex. 

nov. 

113 

N 87: 186 

CacL SUCC. J. 

Nov. 1921, F. 

f'\\l,'<>,...nn- PI. S~ Africa 7: t 270. 

t08 mm 

green, 

,,1\!prcnn,O' ,..,ro"~'''''''''Y rrIPnw.,.""f'" with 

mucronatus J . 

t04cm 
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LBolus 

in claudens 

mucronata 

The genus consisted 

genus was amem1ed to contain four 

& 

Klak 

and has arisen about the u'!pnt11'\l 

& 

1998a: 

whereas E. has its 

stamens. 

Schwantes. 

E. 

has been ,u ... "",",,",,,,,, 

differ in their leaves inE. 

E. does not possess any filamentous 

into a cone around the 

42: 187 (l deltoides 

Small with erect or <:nt'p:;o,rhf1lo branches. Leaves 'H!;V"'V""'''', thicker than 

dentate in some wax, with ~"I"""'J convex 

1.3 cm broad. ill 

II.:! 

amlln()a(~s and stamens I.VI,"I.,al "v'_'~.",. flowers 

remain open after 

base 

1. 

the 

testa 

Three names at 

Beih. 106: 98 ( 

Hartmann ( 

Herbarium shows the 

of 5 distinct glands or in a with raised areas. Fruits 

with an 

and 5. brown or 

are transferred to Oscularia: 

N.E.Br. var. 

trarlsterred all 

A water colour of this 

floral features found in "'''-''_v''_''' of Oscularia 

LBolus ex H. aCClDse!n Feddes 

in the Bolus 

flowers which are IT::'"Of'" m 

'VA"'''''''''''-'-'', with their filamentous staminodes and stamens 

<:np'"n1npn of the and the illustration of it agree well with the rnlmntnl1lll and 

~U,HtlUUU is considered to be with Oscularia /V"""nirn 

2. ebracteatus '-' .• JU1,,",", J. S. African Bot. 28: 294 (1 

so far been l"""lU~''-U m Section Lunati. Hartmann ( 
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moved all other names this to uscu/'arlra this name was left in the 

u,"",va.,,,, in 

Furthermore. 

A conlplete 

3. 

L.Bolus had been tra)lstf~rre:C1 

terms of 

flowers are 

M. as an 

areas, su}:~ge:5tmig 

narrow 

since the ... __ ... .,._ 

is 

below. 

in cymes, with 

C01!1S1,oel:eo to form 

ehron. ser. 3, 

Ann. Bolus 3: 162 (1 

,,,,,,.unt .. ' LllHUU£(,'TtU f. roseus 

var. roseum '-'dJV''''"" 

flmnr'n1ti111~ Lu,nVi'UfI:H var. 

409 

70 Ruschia OTClrUlwa 

as 

is 

collected. These 

new ""v"u..,,,,,,,,,,,,, 

Also unusual are 

r.H'l1\,,'" Liede I 

synonymy is 

with 

the 

The 

in 

the 

a 

raised 

L. 

98 

lVlf:selnolryanth'~rr'll"rr'I 2: 

Notes an[JleITmm 3: 16 ( 
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s 

holo.). 

included: 

Oscularia 

Oscula ria excedens 

OsCltlaria nPI71n,rH 

Oseularia n1/:I1IPTnp 

Oseularia 

Oseularia superans 

Oscularia thermarum 

Oseularia 

The t,."nn"h'" 

material. The 

H.E.K.Hartmann 

Schwantes 

H.E.K.Hartmann 

H.E.K.Hartmann 

Schwantes 

H.E.K.Hartmann 

H.E.K.Hartmann 

H.E.K.Hartmann 

Schwantes 

H.E.K.Hartmann 

H.E.K.Hartmann 

H.E.K.Hartmann 

Klak 

H.E.K.Hartmann 

H.E.K.Hartmann 

H.E.K.Hartmann 

H.E.K.Hartmann. 

to Oseularia by Hartmann ( appears to 

Duncanson at which Hartmann selected as the 

1998a: 60) for 

r'I",/' ... ,,,"n on the pnl:nogralpn the 

stamens 

possesses flowers 

is not true of Duncanson's 

all charac'tenstJ as 

inflorescences and flowers without any filamentous staminodes. 

116 

Pillans 7711 

on JIll,"'",,,,' 

matches neither her 

where the 

III 
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Oscularia 

Ann. 

In 

Slender 

at 

inwards and 

mm 

77 

'-UAU"", ser. 3,87: 

4 Oct. 

account "1.1''',.1'_'' n:!cclgnJZf~a is nr,-nTlf'''fl with a synonymy, a 

with delcmnb,ent or <;;nr'pl'l,r'l1niu blranlche:s, 

llalmentc)Us ",,",uu,,,v, .. ,,,,, and stamens 

17 

sub 

with 

curved 

1-4 

peOllcelS 10-

in a 
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mm 

Town. 

ovary 

20mm 

mm 

Enum. 

T. Duncanson 

Low with erect or SDfl:!adml! 

ovary 

nov. 

ser. 3, 

with narrow valve 

nov. 

T. Duncanson 

or wet de])reSSH)nS 

I I 

(II 

Cact. Suce. J. 13: 77 

... _,,_,..,.' § 47 (1 

ser. 3,87: 212 (l 

recurved at the 15-28 

mm 

Ate. m; 

gen. Mesemb.: 

and 

to 

Town. 

ser. 3,87: 

to 

a cone around the stamens. c. 6 

to 
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nov., a 

Erect 

lower 

A 

Pustulesia 

33: 7 (l 

Stoeberia haWi 

Plant creepIng, stems to 

staminodes. as 

comb. nov. 

H3 

mm,25-40mm 

cm 

3-6 mm thick and 

IOn!SC(!nce, ,-,'~ .... n,,,,,, 3-10 mm 

Fruits as for genus. 

Pustulesia incumbens 

2: 212 ( 

nov. 

1 

at later 

L. Bolus in 

of this 

119 

Pustulesia unca 

with hk,.rn,c roots. 

or numerous, 

and are listed below. 

Succ. J. 

8Jul. 

connate for 3-4 mm, free 20-35 mm mm 

mm mm 

Bot 27: 

4-5 

green, Flowers in a 3-

mm without filamentous staminodes. 

Notes 

Klawer and 
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BOL 

African Bot. 

J,..J.-LJV"",;> ex Toelken & 

4801 

Shrub to with stems to 1 cm to mm to 35 

mm v_tlnuIPTf'rI lfltloirescerlce, 18 mm 

tanrnnoa,es and stamens ,",VI .. ,",'''''] ,,"VII...,"',"'" area. 

Note: Hartmann In 

'UIIlIYTlXL'. so 

Pustulesia mlmtleIlS et connatis 

Ceres 

«« •. n.J.,." .... near 

erect, 25-35 cm tall. 

lllll:ln(;ru, mucronate, 

lonesc«ence, D,eau;elS to 12 mm 

unknown. ? 

to the 

Leaves 

nov. 

Succ. 1. 33: 

Bothalia 12: 

Plant to 7 cm a short sheath to 

.5mm mm 

t02cm 

saniasl:onle; Ceres. 

tuberous fO()ts1tock the 

Dehn 

in genus. 
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Pustulesia comb. nov. 

Mathews sub 

Erect 

rnrn to rnrn 

as for genus. Urilsberg near 

I:'mitulleslla unca 

4: 58 Ruschia unca 

es(';'mt,rv,am'he.mum uncum 

uncus var, fTVll(}LI[We,ns.[.~ \A ... ..,'VUA" 

Ml;se,mo'rvllnlhe,mum uncum var, "'''''''','lAl<''n 

MeSel11lbryantllel11lUm 3: 

Meserrloryantllemlum 3: 220 

(." .. "'-'.11 ..... 11 2: 

Erect em 

rnrn, set with 

south 

amlentOlls staminodes and stamens 

?; to 

KuscnlleUla Klak gen. nov" a et cat'Sulae expansae 

connatusve; a LU1'l.lUun.,nu strato 

I 1 

Notes 

Oct. 

Nov. 

cone, 'HU'U~'.". 

1. 

Notes 

2-3 
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V 1."CfJ.(j,u est. 

Erect 

upper 

without vHJ,.,Uj,,," 

Bot. 33: 

mm 

rodlets. 

ser.3, 

J;;:1<lU\,A.JU"" 7 mm 

122 

fibrous roots. or very 

to subfalcate with serrulate 

filamentous 

Fruits 

""'''''''t'',,,,,,, TnP'rnr,r"'n",,c convex with 

14mm 

or in a few to 

narrow, 

smooth. 

J. S. 

Herb. 4: 8 (1 

(1 

5 

1931, M. Lavis 

to acute, 
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nov. 

3: 

mm 

Ruschiella 

<un",-,,,,,,,,,, 2: 

P.A.B. van Breda 

or"lIlClleo erect 

Flowers 

Fruit a 

numerous, 3 tog,etnc~r Illanlentou 

mm 

123 

9-15 

very 

bryaLnth(~mum 3: 170 (1 

BOL 

PI'I"mf1rv,nt1I't1P,rnIJffl convexul11 

De 

Notes 

near 

near the 

around stamens, to 

rims low. sand among stones; 
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to 

6. A conspel:tus 

Aristanthus 

ex nU'UlIlUU'''. 

Erect 

diam.; 

nectaries in a 

with rectan,gulm valve 

smooth. 

in the wetter 

Few III 

2. Leaves sm,ootn, mm 

- Leaves 

3. Flowers 0.7-3.5 em 

Flowers 4-6 em ~.~~ ... v 

numerous and 

Plants small to medium 

( 

shrubs. 

124 

15: 413 (1941 

"V,>""," root stock. to 

to ternate, to mm 

filamentous staminodes 

orange, red or 

or 

or 

valves 

pear- to 

south-western 

or 

to 

laWeneIJ ............ . 

. . . . . . . . . . . . Sect. Aurei 

or 

.................... 2 

.......................... 3 

very 

or towards their 
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mmdiam. 

Note: u"",u\-'u Amoeni includes 

green, acute, set with 

Flowers temate or 1-2 

staJnmlodt~s and stamens 

ex 

A. 

Donn ex Misc. Nat.: 65 (l 

(l 

Bolus Herb. 3: 165 (l 

1::!5 

5-50 mm 

filamentous stmrunlodl!S nrpcpnt 16 

in sections and 

3: 170(1 

<:r .... ""ul'n<r to 

3-4 mm thick. 

mauve, to 6 em 

ser. 3,87: 212 (1 

Watercolour T. 

ser. 3,87: 212 (l 

Ann. 

sub BOL 1 
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L S. 28: 12 

nthG'TnnTn 3: 12 ( from 

halo.), 

3-4 mrn wide. to cm 

filamentous over the stamens. 

2 north 

Note: the 

ser. 3,87: 212 (l 

(l 

Deutsche 

Hort. 

ser. 3,87: 212 ( 

Bot. 26: 159 ( 

Feinauer 

erect, to 35 em tall. Leaves 

to mrn centre or 

?; HumalnscjoIl) to 

U~V"VI".I· § 40, 4 

§ 4. 

T. Duncanson 

230 

(1 

mhnJf"'u,wmlUII mutans 

Oct. 1 

1-2 mrn wide and 
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nov. UeJOs.7Jelma virens 

mm 

amaqllal~ma to 

vaT. Sllllln;UI(1'lUS 

otzenianus 

a more nnrth", .. I" ",,,AU...,''',, to NamalqualanCl, 

virens. two sp~Cles can 

'V"''''''''U it ~nr\Pl'l'r<: Vll0I1thvifhile 

r"r"H"17'" var. 
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em 

Oesterr. Bot. 

Herre 

Erect 

mner 

Uniondale. 

Notes lVlt:seJ:no:ryam 

rrml 

B. 

J. 

128 

var, purpureum 

25 R. 

Meserrlbn'anthenlum 2: 330 (1 

rrml 

stamrDo(les which are 

,","AU" .. ser. 3, 87: 

em 

holo,). 

m 

spI'ea(1mg, Leaves erect, 

3 rrml temate, 

?: ,","'fHA1rrl to 

oectlcelS to 2.5 em 

ser. 3,87: 212 

mm 

over the stamens. Oct. 

3: (l 

towards 

towards 

4-5 cm 

to 7 

and 

to erect, 
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upper 

(1 

Erect 

water; 

NBG21 

near 

cm 3mm 14mm 

& 

pnnDC)Se, branches COlnpJres:sea .. -a"",:Jll-U. 

and6mm 

On lower 

ser. 3,87: 212 ( 

Ann. Bolus Herb. 4: 

var. maritimus MeserrlDry'antnenmm 3: 

to ,,,,",,,u.>, .. stems. Leaves 

Flowers in 

lialnelltOlls staminodes. 

eselnbryanllhennum 2: 

Mathews sub BOL 19384 

Notes 'U~''''-'uv, 

or pans; 

ser. 3,87: 212 

(1 

3: 

sandstone 

129 

to 35 mm 

2: 414 

near 

Muir 

4-5 em 

Van 
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J. about 12 

232 ( 

Oct. 

Erect ~'i"'''''''' Leaves 

7 rom 

without to 

Erect dec;unnbtmt. Leaves 

a 

Poort and Port 

Plants to 70 em 

kJU,""",. to L. 

Plants stems 20 em 

em rom 

no filamentous staminodes nr~·""'nt 

shrub to em 

stems 

Bot. .. n<L, .. .:>~,aUIHU'.u,l'; H'''U'''''U'''U 3: 566 ( 

Leaves very 

?; '-'VI.fLU''-' 

2-4 em to 

HoI River to 

lVleserrlOry'am,nenmm 3: 1 (l 

(1 1). 

<;:nr,,,,;ui,na to erect, dull green, rom 

130 

west 

Pass near 

to 

in 

very 

2-3 
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rom 

mm 

15-25 rom to UU1LlH" 4.5 em 

'-''''v''''''''Ull,'U on 

Note: in autumn, is rare in 

IVlf:sentlDryanmemum 3: 1 

vant:benmm 2: 156 

HJTj'lYl1.I.\ lavisii var. concinnus 

near 

Erect 

Bot.: t. 53 f. 1 

ex 

M~~se.mo~llntnelnulnincu~um 

Schwantes ex 

rom 4cm 

ser. 3,87: 212 (l 

(1 incu~um var. roseum 

eSf~mlJ~,amcne,mum roseum PI. 

16: 67 ( 

N.E.Br. ex H. ""'IvUIJ~''''''', 

2-4 rom diam. Flowers or 

On sandstone ~'~'J~~, (JPtHn''', 

similar to L. flowers 

ser. 3,87: 212 (1 

no 

43: 

43. 230 

em 

"tTI,pnt.nnc starrunodes. 

time 

1 1 
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Obs. Gen. 11: t. 

ser. 3,87: 212 ( 

turbinatum 

ser. 3,87: 212 

T. Duncanson 1) 

rrm'IFIlH macrocarpus 

macrocarpum 

(1 

anUleIl1IUm 3: 330 ( 

from Port .... 11'Ji/llr·(j 

''',-",-,YO'C. nrn<:Trlllrp to asc:enOlIll,g em 

6mm or without 

filamentous 

(1 

ser.3, 

~en'1nl-Va,nlfl'emlum amoenum "''''''''-'>-J 

rny,'"'11H" suavissimus (l 

p"~f'mt'rv,(1nl'np,mum suavissimum 

fHTITlU'IUS suavissimus f. 

eSI!:~mln-V,anJnejmum suavissimum 

near 

suavissimus var . .-.r'"llntllc ex Handb. Sukk. PfJ. 3: l449 



Univ
ers

ity
 of

 C
ap

e T
ow

n

133 

{JSl',mf7rv,urU.r!e,rnUffl suavissimum vaL OCltlQl'Um Notes 1'''.'''''''''U' 

J. S. African Bot. 27: 114 (1961 

to 45 em, stems brown. Leaves u."".",U',HU,,,, 

acute or tap,enng, ;::..".u .. ,.J .... " mm Flowers temate, short 

.u.,,'''''u, ......... to Town. 

1 

arenosum 

near J..Ja.Ul<.,;vaa.u, 

Erect 

Helena .... 1'''''''",,''' 

saturatum 

s.n. 

em talL Leaves 

In on and among 

1\II""~"'rnbry:antllerrlUm 3: 170 ( 

4: (l BOL 

bry2tnthc~mum 3: 168 ( 

flats 

thick. Flowers t04cm 

on 

Gard. 

3: 

ser. 3,87: 212 (l 

ser. 3,87: 212 ( 

ser. 3,87: 212 (l 

antllemlum 2: 1 

Larnbert s 18 

ser. 3, 87: (l 

'-'UlI!'",""""''', St. 

H.S. van 

see J. S. African Bot. 

sub 
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filamentous 

BulL 

to erect robust 

Note: L. Bolus 

Kew2: 

to 30 cm. Leaves 

Fl. PI. Africa: t. 253 ( I 

mm 

that the 

was that of Linnaeus and she did not describe a 

new "IJ~'"'''''' with name as N.E. Brown seems to have assumed. 

erect or 

Flowers orange, or 

fine 

Note: 

rrm"YlIH matutinus 

matutinum J.....JJV •. U.:>, 

shrubs. free towards set raised 

no ovary 

to membranes with a 

Aurei some 

3: 170 ( 

Mel,emlbryamthlemUlm 3: 11 ( 

3mm 

Flowers 

anUlem,um 3: 170 (1 

Leaves a",-,vu\.u,,:~, 

to 60 mm 

3340 Oct. 

and 

orange or 

Schwantes ex 

seT. 3, 

ser. 3,87: 

J.4: 

(1 

212 

matutinus 
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Leaves free 

diam. 

( 

citrinum 

Ann. 3: 164 

1 

nom. 

IVlI::::staUDlYi:1lJUIIt;IUILHH 3: 

orange, more 

ed. 10: 1060 ( 

var. tortuosus 

ser. 3,87: 212 

ser. 3,87: 212 (1 

8: t. 

leaves 5 em 

aeoDsen, Hand. 

eSf~ml7rV,am'ne,mum V,'.llULW'TI var. tortuosum 

seL 3,87: 212 (1 

aurewn 

to 6 em 

between 

MI~semtlrylmthernUlm 1: 1 near 

BOL 
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stiff to cm set 

T. 

Duncanson (1 

PI. ( 

serpens 

ser. 3,87: 212 ( 

1V1eSerrtoryantllerrlUm 2: 1 (l M. 

uu"",u ... ," 4-8 cm Leaves crowded in tufts 

mm wide. Flowers 

em nl<lm~mt()us staminodes. 

ser. 3,87: 212 ( 

1921, D. van 

north at western 

foot 

towards 

white 

to 

near W oreester. 

Note: uuun,;u to and mm 

to em Leaves free to with 

0.7-30 mm or or 

convex testa 
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here H,,,·,,,.., ... ,,,,.,,TP most of the in section ""..,n,'" In 

were here. 

A: 

(l 

Similar to L. nn'-In1('" 

ser. 3,87: 211 ( 

sen1vrvwun,em,um calcaratum J. Bot. London 38: 170 (1900). 

1 Dod 2857 

erect, acute, 6-11 mm 

and stamens Fruit 

with ... ""'''I-'·, ....... v ... area; 

to 

........ ,uu .. ser. 3, 212 ( 

Watercolour 

ser. 3,87: 212 (l 

IVIT''''JforMEL 

ser. 3,87: 211 (1 

1\, 1I1.IIHJl' sub 

near 
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..... ,.'V" .. " Ann. 4: 8 ( 

BOLl 

Uk "'iU'-'",-''' erect, 10-15 mm 

~Ut.,AV'~, acute, to 8 mm mm 

llaIneIUOllS M,aHliUVU,,"," and stamens ,",VIlll.",;411J 

"''''«'''-'U«'',1 .. , ..... '"''''" ...... areas; to 

....... lVHC •• ser. 3, 2 

Watercolour 

T. 

Bath 

ser. 3, 87: 

(1 

IVle:seI1noryanlnemum 3: 

Leaves 

In 

BOL 20164 

is 

south 

rustii 

Rust 

at 
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mm 

with 

to 35 em, 

diffusus 

Worcester 

recurvum 

near the road between 

holo.). 

Leaves erect, 

?; 

Gard. 

to 

ser. 3,87: 212 (l 

1 : 137 

ser. 3, 

2: 142 ( 

antllerrlUm 3: ( 

12-20 mm 

staminodes 

River 

(1 

w ()rec~stc~r In f'rp""',~,, on 

to 30-40 em Leaves narrow, 

to mm 

to Worcester. 

ser. 3,87: 212 1 

near P",rtP"" 

Cact. Succ. J. 4: 

lVle:sennoryanmemum 2: 

station of 

<1,'-'" .... ,,' 2: 

and 17 sub BOL 18470 

MeserrlOryantllernlum 3: 332 miles from 

BOL 

c. :2 

W.R. 

In 
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side convex, 

Note: 

Notes 

BOL 18844 

L. 

J. S. '-"U''-'Cll Bot. 32: 127 ( 

In shale; Clanwilliam to 

flowers with 

' .. ,n,p.ntrmc smrmnOI:les two coloured 

Fisantekraal near the 

holo). 

140 

" ......... ,,"- to upper 

IJ'-''''''',",'.' 7-13 mm long. 18- (45) mm diam .. 

and stamens 

recurved and one coloured in L. 

ser. 3,87: 212 ( 

Rev. PI. Succ.: 140 (1 Somerset on grass 

Obs.: 27 (1 

ser. 3,87: 212 tenue 

nom. Pillal1s sub 

holo.). 

ser. 3,87: 211 (1930). 

nom. Town 

praecox 

nom. 

halo.). 

Bot. 27: 261 1). near 

delicate short decumbent ~~'''',,,,, to 100 mm. Leaves 

to Flowers 19mm 

",,-,,, ... ,v.u and stamina des white towards filamentous 

to 

'<UILli"VU'~" and stamens 

Hermanus. On shale and 

e:lt:rTllJry,uru'rte,rnurn lewisiae 

Plants erect to 

mm diam. Flowers 

In 

Note: Similar to L. more --"~-'.1 

ca. 25 mm 

Pass. 

leaves Tv"n."·",, 

170(1 

Ceres 

.4) cm 

filamentous staminodes 

very fused. 

2 
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also 

valve 

whereas both ""I"{'''''' of 

mm 

Erect 

near 

Note: 

Uniondale 

Uniondale. 

\4 

and E. but of both of 

L. lewisiae in ,",pr,tprnhp 

IVle:serrmryaminerrmm 3: (1 

NBG 1883/34 

ser. 3,87: 212 ( 

( 

in 

ser. 3, 87: 212 (l 

(1 

.. ,,>mum 3: 

IVleserrlOry ntn~~mum 3: (1 

to 1440 m, 

in L. 

to 

to 1 em 

In 

JuI. 

8 

....... J.,v" ... " Notes Mf~SelmtlrY2mtllennUI 3: (l 

Ann. Bolus 1). 

towards terete, vaLlUU: ...... 6-9mm 1.5mm 7-
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10cm 

em 

mm 

2.5-3 cm rose or 

At 80 m, in shale among 

Note: to L. 

Note: 

rose, 

to 

leaves much shorter 

ser. 3,87: 212 ( 

Eltham.: t. 

1360/37 

area, 

Head. 

(,,,,!prf'(1 since. most its 

sociorum 

rel'lC(ICK & L.Bolus NBG 1666/17 

Low rrppnl,n 

to mm 

nnp'ntt"\.", staminodes and stamens 

to 

Schwantes ex Natl. 

stamens 

VUftlf/,r;UIUUI scabrum 

towards 

c. 10-15 

mm 2-4 

'"U,tiLLV""'_" and stamens 

wet areas, at 

authors 

reduced. 

acute 

to mm 

or 

Suee. J. 4: 58 ( 

3: ( 

Lewis sub BOL 21839 

Erect 

wide and 

filamentous 

MeSerrltlr'}rantnenlum 3: 274 ( 

em tall. Leaves somewhat 

stamens 

12mm 

Nov.-Dec. 

1.75 mm 

to maroon, 
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l·B 

to L. time in summer in L. 

3: 169 

Nleserrloryanulemlum 2: 406 at 

intervallaris l-JdJV1.""". J. to south 

H. Hall 1785 

to 16 em tall. to acute, green, 1.5-2.0 em 

llalnerltOllS stammoaes and 

stamens '"'VA.",","'" ? ., 

ser. 3,87: 212 (l 

57: 634 ( 

ser. 3,87: 212 

LUf,'UU"lt L •• 1J''''U;), Notes Mf!Sembirv~mtlllernulm (1 

mm 

Note: Similar to L. TaJ[catus 

Riebeeck's B .. a.;'."' .... ,. 

1VU~SernlJlry,m{nelnU1rn 2: 

mm 

NBG 2669/30 

lVlesenlDryanme'mUlrn 3: 

Me:semlDrvantlnenlUm 2: 

Nov.-Jan. On UIVUULUI 

but more 

B: ¥VUlt""" 

ser. 3,87: 211 

Me:semlbrvantlllenlUm 2: 59 

Houw 

to 3 

21430 
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amllerrlum 3: 1 (1 Distr. 

Tradouw 

round 

mm 

no LU"LLU~~H".JU'" starm:nO<les nreserlt. 

dull green, set 

30mm 

Nov.-Mar. At 1170 m, 

near 

Similar to L. U;//7Ut,[Ull 

mm mm 

white. Oct. On J~'~JL~','~ 

flowers 

Note: Similar to L. IfIJI'""""" but 

(l 

(1 

PI. 

( 

T. Duncanson I?) 

1-3 and time 

3: (l 

of NunsrlOeiKDf:rg, 

6 

to 2 cm 

more ,v,",u,n. with stiff 

Gard. ser. 3,87: 212 ( 

250 

43: 230 

PI. Grass.: t. 

Ul"THP" ex Beih. 106: 97 

Hort. Schoenbr.: t. 442 (l 

Rev. PI. Succ.: 141 (l ) . 

. 94 (1 
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IVleSen110ryanlOemulm 3: 

Erect green, set round 

to Oct.-Jan. ?; 

.u.,""",,,,,'''"'' staminodes and .AU'''1"'''''' ill 

summer L. 

LamJtranttms falcatus Gard. ser. 3,87: 212 ( 

( 

ser. 3, 

(l 

ser. 3,87: 212 (1 

near 

numerous, IYI;;OUl1l. .. ~13 mrn 

to in on .>U •• UO>lU •• L, 

Hermanus to Swellendam. 

(L.) ser. 3, (1 

north-eastern 

near Gordon's Nov.--Dec. 

168 ( 

IVI",,~prn,nrV::lntll"'rn'nt11 2: (l 
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aestivum 

and 

2: 

sub BOL 19098 

Jan. 

146 

4264 

. Caledon near 

Erect shrub let, 20-30 cm tall with or ae<:urnDt;nt branches. Leaves acute, green, 12-18 

mrn with dots. Flowers numerous, cm with bracts midway, to 

25 mrn Dec.-Jan. On Town to Hermanus. 

Notes LU\.,",,,,lllUl 

2: (l 

Worcester road between Worcester and Villiersdorp, 1928, Leipoldt sub BOL 18997 

Flowers 

Villiersdorp and Worcester. 

Note: Similar to L. 

M.A. Pocock S. 

Worcester 

mrn wide and thick. Flowers 

Note: 

sub BOL 18780 

2 mrndiam. 

on granitic outcrop; 

one 

to 400 mrn. Leaves erect, 

mrn long, to 

but flowers L. acutifolius, see above. 

ser. 3,87: 212 (l Gard. 

4: 80 ( Prince Albert Jun. 1 

3: 168 (l 

Notes Mesembryanthemum 2: 155 (1929). 

Stokoe sub NBG 

to 14 cm. Leaves cuneate to 

ser. 3,87: 212 (l 

to 11 mm 

staminodes 

2 

Pillans 

Leaves grey, to 12 mm 

white. 
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147 

Note: IS known 

erect or I'""",,,",,,',,,n- rnr,f,,,,,,., at nodes. or free towards 

> 3 cm in filamentous 

nre:sel[U or uv.,"'.,,,, V ........ 'lMIJU<Ul y ,""VLL""''-''-' ",,,,."111,'; the stamens but never a strict cone, 

very numerous uu, .... ~,y testa convex 

testa cells. 

ser. 3, 211 ( 

var. 

! . 
i 

",,,,.,,,,,,,,,, .... Portulac~: 152 ( 

Watercolour 

halo.). 

Note: to N.E.Br. ex 

all m 

in the ., ........ v".u ............ ,'V" Diet.: t.l77, 

1 in s 

it can be deduced that Linnaeus did not intend to 

ser. 3, 87: 212 ( 

coccmeum 

'-'UL VU: •• ser. 3, 212 (l 
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Haw., . 85 (1 B.D . 

114: t.6985 

sauerae .I..J.,"',."".", antlleIIlum 2: 

or 

" .. ",UU,"',., on the short ,,"HVV',,", ,,,-,,'HUU.,, to mm 

grey-green dots. Flowers 1-''''''"''''" ..... .:> 2-4 em 

orange, to as the withers. 

Note: reddish or various and 

<;:"l1nITI,>r in L. ULU..ILUf 

ser. 3, 212 ( 

Ann. Bolus Herb. 3: ( 

\.LJ •. LJV" ... "J ........ JV, ... ". Notes lVH~semlJfry,imjnernUlm (1 

censeum 

to em erect, 

acute or mm Flowers snC)rI-SIaIKeO, 

reverse, tllalmfmt<ms staminodes. 

ser. 3, 87: 212 (1 

3: (1 Somerset 9, 
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Leaves 

sternens 

~e-""-"" Jan. 1 

Slender ", ... ,,.,1.1;'''1::. 

2.5 em em 

Me:sernOl}'allth~'Tnnrn 3: 1 

ereet 

to 2 mm diam. Flowers 

nov. 

et ",,,,<onrPI 

149 

] -
to 

"'" .. " ..... " erect, to 5.5 em talL 

mm 

taxon so 

habit. 

a 

"I-'''~U''''H'F'. to erect, 

I-'~\.Jll"'-'L;" to 

~.~JV'U". Notes Me:selnbl:y",·th,o"""H"n 3: I 

in calcareous 

nmmrt1ntJVJIH' tereWWfllae var. 

Dec. 

"tnl11"I"'''H' near 

Bot. 31: 240 ( 

to t"1pr'nrrlhp,nf ennuI." on 

3: 

1iS""''"''''' Jan. 1931, M, ~IULUUL 

(11-) 

base 

to 

near 

Nov. 

Nov.-

2/31 
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to cm Leaves erect, 

narrow, acute, to 22 mm 

Note: to L. all.ttln'us. white with centre. a of L. 

ser. 3,87: 212 (l 

BOL 18715 

(l 

near 

1951, H. 

stems, to 5 em 

asc:enaml,g to erect, mm em 

In to 

Note: Similar to L. lenUlIi:U bases and flowers ternate. 

ser. 3,87: 21(1 

multiseriatum L.J.'Vll."" Ou 

3: 1 

2: 73 ( nom. 

Merwe NBG 1195128 

Prostrate to U. .... '~UlUU'''1 branchlets to 10 em tall. Leaves 

U."'HUAHU" .... , dull green, to mm 3 mm Flowers 

mm without filamentous "r!Olrrllnr .. 1p" <>nthp,r<: not I:'''+'U'''''''''' 

Riversdale. 

al11lDf'anthllS pakhuisensis ..... ' . .oJ'JH''', Notes IVlt~:se:mDI'Y,HUl[1e[nUln 

Me~iemlbryGU1thiemlllm 2: 

Notes NH~semr'ry;am 2: (l 
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and LaIlgebaan, subBOL 

MeSeITlOl)'anthenlum 2: 

"''''''<lIP'>" Pakhuis and 

.......... "J .... " Notes Mt~serntl'ry,mtjl1ernuln 

Me:leIDIDryamthlemum 3: 170 ( 

scm 

c. 3 nun wide and 

151 

1.1"",CUU,'Y staminodes very numerous, 

stamens ,"V"vv""",,,,,, 

Cianwillimn to Kalbaskraal. 

"-'",vu, .• ser. 3, ( 

Erect shrublet to to giauc()Us. to 

2cm mm 

"U"ll"VU'~" very numerous, !!OI.aell-oran 

ser. 3,87: 212 ( 

and above the sea at 

Erect shrub let to 200 nun, stems spr,eaamg 

without tllalmemt(JUs 

m):lrantrlus stenus 

Till. Phil. 

nun 

70: 420 (183 

fused towards 

In 

ser. 3,87: 212( eSI!~mt'rv,anl'he,mum stenum 

5(1 
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monticola ,-< • .L'VH ... " Notes 

at 540 m, Cook 

an,I-Dlrancm:o slender erect 

3: 169(1939). 

nTn,'Tnn,." 2: 171 (1930). 

152 

"' .... ''""...",,,''" branches. Leaves 

or whithish green. Flowers oeCllcels 10 mm long, 2-3 cm diam., mauve, with threadlike 

Note: 

see Notes 

filamentous 'HUllll.IlV'.I."""" 

HL"~U'~"", Castle rock which was 

<:prr,nrvantllemlum 3: 388 ( 

as 

Flats, 

for L. monticola appears to be 

Peers 

villiersii 

de Villiers 

Lampranthus 

NBC 2547132 

eastern base of northern end of 

Erect to 12 cm. Leaves 

mm wide and thick. Flowers 

Notes un,,,,"", . .,L" 

staminodes and stamens collected into a cone. Nov. 

or 

Graafwater to 

Note: Similar to L. stenus, but more free to dark green and 

ser. 3,87: 212 ( 

holo.). 

L5 

). PI.: 

484 (1 Linnaeus in Hort. 

ser. 3,87: 212 (1930). 

Ann. Bolus Herb. 4: 93 (1 

Prostrate to decumbent 

bases into a short "H'_"Ll.', erect, 

5cm 

acute, green, 25-45 mm 

numerous without 

to Peninsula to Struisbaai. 

holo.). 

or erect. Leaves fused towards 

Flowers 

staminodes, Oct. -Nov. 
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collections 

From an 

Ruschia 

names synonymy 

that the two 

could so 

are distinct 

eX~lnrulne,j,the~u"~~l1U"~ 

= ..... " ........ '" 

"" ErelDsia dUJ1lenSlS 

L.Bolus 

not bear any 

Klak 

H.E.K. Hartmann 

.,.. ... "' .... , ..... SalldlJ.erl~eIllsls L.Bolus 

Klak 

L.Bolus 

153 

2: 

in 

and L. 

latter 

so 

&A. 
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H.E.K.Hartmann 

L.Bolus = .'UJ." .. , ..... p-LLll ... '.UU._ 

this is not a "JJ<O"";;,, 

The correct 

H.E.K. Hartmann. 

Antimima 

CO'OSloeJreo synonomous. 

as SUJggf~Stf~<1 Hartmann 

... " ........ , ... names 

N.E. Br. 

H.E.K.Hartmann 

H.E.K.Hartmann 

Klak 

flll"1nl'nlltthi'I~ viatorum 

"'-'" .... ,,JV from 

heJrbalnllm sheet "' ... f,F, .... "LJ it to synonymous Antimima 

characteristic for 

~..".v"'" are 

L. viatorum is 

nov. 

ser. 3,87: 212 ( mn'YVl2nlne,rnum viatorum '--.,UV''I.<'" 

Antimima bina 

Me1;embnanthl~mlllm 2: on near Doom 

R. 27 1931, Pillans 
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A closer 

andL. 

nOIOfll:!Ctlll'Y there are 

~XIC:lm(lea and Un]fJI81\:eO Spt~U~s 

rtererlce between 

is the presence 

Schwantes and E. /'lPl'prl'Jnlc!ta,W 

As E. 

from that 

terete leaves. the presence 

rlP,"»<'" structure L. ;:HU' .... ''',., was not 

In aoomon, 

so 

m 

may not 

155 

to 

The 

As 

have a 

E. 

a 

are 

it most 

a 

a of 

it from this genus. was 

also aware ,,,h,,.th,"r or not it may be Until 

The synonomy the two "I-'~~"""'" 

3: (l 

Ann. K.K. Nat. River 

near 

River near 

lahrb. as 
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Shrublet 

em 

subereet to 

Flowers 

towards the centre and 

156 

"'H''''~V, 13-20 em tall. Leaves free to acute. 

to 5 cm 

·~""pntr"H' staminodes 

~a.J'HUIUIli erect, stalml~ns "''''''''I.nuv.,~ and towards ones 

Nov. 

Erect 

thick. Flowers 

white with 

2. The ,';p,.,t11tu 

and 

already been 

Me!;emIDryamtn1emu,m 3: ( 

of 

erratus 

erratus as an 

In[,~ml,lm Vlrens 

N. E. Brown 

4-6mm 

In on 

was described 

,",OJ","'"" had 

The 

new name, erratus, 

it a new name when he 

was not mt:ntloflea 

very unusual 

their filamentous 'UULllUVU'J.c> ,",'vU'~"'''''UJ this name appears 

seems to 

( 

( Haworth pOI:nte;o out the very 

The most 

Salin as 

IVH,semtny,anrn(3'mllm virens. staminodes may orange as the 

flower matures, L. o/rj'lJrnIrIP<: with L. aurantiacum. In like L. 

the latter "'...,~.'"''',,'' whereas the was described as smooth in 

L. erratus 

.. " • .1 ... .4, a 

the genus have almost 

"'''''''Ul'F. \.I'V,",,',"", Hartmann retaUleG a ,,,,I,,,",",,, III n .. " .... ' .... 
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erratus 

Since 

clear 

IS 

with 

bodies. erratus, "''''''''~.r does not in 

All SDel::les of nn1n1"nnthlJS have eXpal[1(llng 

in 

a hV1n,n,thi,nn 

on account fruit 

"rhn!'1tu'l ( 

vu,~'- .. '-u, whereas 

stomata and 

the 

L 

of Ruschia 

which are Dre:seIlt in all but one ..,"'~~~" . .., 

",,,,,,,,,v,,,,,,,,,1-' between "fir,...,;"" may 

Hili""'''''''' at it is not PO:SSIIOle 

the fruit 

III 

limits is needed in order to 

"'J."-,"'~'-' of 

nomenclature 

",.hn"r.n (1999) also var. l;'U.HII'Uti:U L. •• }Jun." ioto syoonomy 

show a very similar 

more narrow in AU\UH'V' 

green colour. 

ser. 3,87: 212 ( 

''''''',L.lV'-',,''', at ca. 800 m, 

......... JV" ... ", Notes M~><;;prnt'rlll'ln:thp'rn' 

and green, 

translucent with dark 

without 

3. 

mutata traJlst(~rre:d to with 
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little The this ::InrlP::I'r, to have 

been based on the presence 

case, the presence 

TP~lnll'p cf. Dehn 

inflorescence excludes this SPt~C1(~S not appear to 

bodies have been are 

Ruschia. As is 

Hr.,,,P'''P,. no other characters have 

( mutata 

"tl1ph~'rin littlewoodii 1. S. African 

Bot 31: 170 (1 nom. 

1\.aroC)Doort on the 

shrubs to 30 em nun 

in temate cymes, I-''''''U'-''''' 15-25 nun 

small 1-'''' ......... ' ... ''' 

? ., 
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APG 1998: An ordinal 

Garden 85: 531 

the UHILHH_'" of Annals of the Missouri Botanical 

Albert, V. A. 1994: Cladistic the orchids (Cypripedioidea: from 

9: 115-132. 

InD.E. P. S. 

349-374. 

B. The 5S DNA units wheat 

~ y:nelllal]CS and Evolution 183: 183-194. 

molecular 

&J. J. 

Plant 

D.1. & P. H. Raven 1978: Late Cretaceous and of Africa. In M. J. A. 

A. & B. Bremer 1997: on seq!UeJ1CeS, with 

reference to the Dipsacales. Plant :sy:,ternatlc VH ... 1VU 207: 225-254. 

au",,,...,,, .... & T. A. Hedderson 1999: A 

based on DNA sequences from the trnL - trnF 

", ... " .• v .. 219: 11-126. 

Baker W. T. A. tte(lOerSOl &J. 2000a: IOfl~enew:;s of ,"-,UtUf,nu,) 

related rattan genera based on 5S nrDNA spacer sequence data. Molecular 

Evolution 14: 218-231. 

and 

Plant 

and 

Baker W. T. A. Hedderson & J. Dransfield 2000b: Molecular Calamoideae 

and 

Bakker F. D. 

based on nrDNA ITS and 

14: 195-217. 

A. Culham & M. 

sect. Peristera 

and Evolution 211: 273-287. 

6 intron sequence data. Molecular 

1998: 

nrDNA sequence 

within 

of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

B.G. J. 

sensu 

J. uOllognue & E. Sober 

A. 

v. 

taITlDUI'Q: 21: 5-1 

is 

....... "''''.'". states. 

and rate of the 

& 

new subtribes in 

,."" ..... u,,. consensus. 

how to code events. Sciences 317: 

von 

measurement 

47: 181-207. 

.... .... '·"'''·,.nn'rr der Unterfamilie 

n."'."""uu.u",""u aus dem Institut fUr 

An 

-331 

160 
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laC1<:moore, S. S. H. walls: 

"U1">"\',"> 3: 1 

A and rCO'lOf,ta ill "',,-,n""'''''', genera to 

"lU."''''''''HU'U Herbarium 7: 1 

H.L. on Mesen'lbrvanthpmllm and genera, 3: 

H.L.M. 

H. L. M. 

1 

H. R. 

on 

on 

on 

on 

&W.F. 

Combined and separate 

""UllH",_",a'",. ,-,lau"""'_,,, 12: 21-40. 

Krp'mpr K. 1988: The 

vu.""vu 42: 

KrF"T,,'r K~ 1994: "'Hru,,.,."'" and tree 

KrnUlPr A. V. Z. & V. :Scll:aW,lrO(:n 

&A. 

sequence 

L.Bolus. In R. S, Adamson T. M. 

3: 

genera, 3: 334. 

allied genera. Journal South African 28: 

genera. South African K .... T'>,..U 31: 

DNA for molecular 

& R. DeSalle 

....... "" ........ "";.,L BaseL 

in the 

assessment. 12: 

A 
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Annual Review of and .""".uu,.'" 27: 

N. E. 1921: \"{on1fJTVUlun,t:m,um. and some genera "",.".,,..,,t,,,,,-I from it. rl1" ..... ",." Chronicle 151-152. 

N. E. 1929: New "IJ'-'_I"" 

Miscellaneous Inj:-,-.rnH.h 

notes on 

Kew 2: 56-62. 

H. N. 1989: An evaluation of cladistic and character 

and the consequences 

1. 1. P. 

"ror",.,p P. G.P. 

Africa. 10urnal the 

S. 1983: Intercontinental 

7: 37-47. 

,.,..."',,."",. 1. M. 1988: ...... "''"''-'v ... ''- among 

M. 

H.G. 

D.E. 

H. 1. HU,","Uv 

Sonderband des 

D. 

H. 

and allied genera. Bulletin of 

as 

38: 214-227. 

BU\Y""'''' and 

42: 

a new genus of Aizoaceae from South 

S. 

70: ... v.r-... vu 

Vereins in 

,-AU'Uh'",",,, 4: 29] -296. 

R.A. 

K. J. Sytsma, 

K.-J. 

E. 

& V. A. Albert 1993: 

an nucleotide sequences from the gene Annals 

of the Garden 80: 528-580. 

Chase, M. W. & A. V. 1998: Gene sequences, COlIaOIOf<mOln and 

~~"-"1 11: 215-229. 

of 

V.UI .. "''' 2000: classification in the 

fron the U"""lI\_"'U of DNA sequence data. Taxon 49: 685-704. 

data sets. 

:hlp,perldale, P. T. & 1. 1. 1994: UU'''''I''I'S, and ,",v."".,,,,, characters in 

new 
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analysis. 

E.S.&E. 

LAI 

43: 

p\!p'rn"'''T? 1991: The war of the 

Nature 353: 31-37. 

Africana 23: 197-203. 

163 

flower 

the south-western African coast. 

'-'V'~'L.vv. 1. A & J. Muller 1984: The some Gondwana 

de 

De 

A 

from the of the of the Botanical Garden 

71: 1088-1099. 

J. A 1994: The roles of convergence m UU~'f.lHJ'HV". In P. & 

R. I. 

R. 

from Elands 

the 

J. E. 

South Africa: 

biome. Journal 

R. M. & S. Pierce 1999: 

M. D. Bennett & T. A 1992: Use the 

m 

Theoretical 

5S-rRNA gene clusters and to 

'-'vBv ....... '" 83: Ol'l''+-CI~U 

AcaCllcmlc Press. 

Fossil wood charcoal u.""'~".'U'UF,'~" 

and climates in 

Press. 

chain reaction to detect spacer size 

such clusters in wheat aestivum 

M.1988: 

emend. Dehn 

hl11n"'~'n zum Merkmalsbestand und zur der 

, .... "' .. ,,~'-' .. aus dem Institut 

Antimima N.E.Br. 

Botanik 

5. 

"'11"0"'''''" zum ''''' ... '''', .. ,u .... '''''''~ Fenzl. 

aus dem Institut fUr 24: 91-198. 

M. C. C. 1 : and tests in the cladistic Cladistics 7: 

M.J. VUU'l=., .. , .... & J. Kim 1995: versus combined of 

evidence. Annual Review of and 26: 657-681. 
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J. 1. ] 732. Hortus tlt.r"arne1:ISIS 1. 

S. R. &J. D. 

J. 

on the 

J. J. "p",","", trees: 

Based on 

19 236-252. 

and ribosomal RNA 

: 405-418. 

DNA tissue, 

11-15. 

npt~f'~et deS~f!Selmb~antnlerrlaclees ~Y1Helnal:lqlle 

naturelle 7-64. 

S. 1973: deNH~selmoryanulerrlaClees succulentes. C. R. Academie ~ClemlIla 

sene D 277: 

Britain 

Eernisse D. J. & 

inferred 

N.&W. 

on the the M"'~Ptnh1:"VJ:lnth"IT1'''{,''''P Great 

Hartmann m genus L Bol. A 

a taxon()ffi] Succulent of Great 

Taxonomic congruence versus total eVloerlce, 

and Molecular VIU'.IVU ] 0: 1170-1195. 

1978: Die eOlicutllcuJ.ar UALU ..... «U der Testa-Zellwande 

~YS[emaUK 99: 329-340. 
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A.A. &M. the str. 

on DOSOmaJ DNA. 

210: 159-173. 

P. M. -50 

aDlJroxHlnatLOn apt)fo.lcn to f'h<lr<:>,'rp,.. 18: 

J. S. logemmC trees matrices. 645-668. 

J. S. The 5:41 

J. 

124. 

on the ... r""' ..... " .... 783-

791. 

W.M. course "'''''",,'"' for a tree 

6. 

der 

MeSenlOrjrantnennen:stucllen3, .... '!oJ .... "" .. und KombmatIOI der 

A reassessment 

J ahrbUcher fur :sy~,tet1natll1< 117: 

&P. in the genus 

sequences. 
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N. & P. F. Stevens 1997: character states in 

112-

G. & W. C. Wheeler 1 On gaps. Molecular 13: 1 143. 

S.&J.W. and 

H. F. 1978: A 'UA'JUVIUU-.. morlo~I'aph ,,'''''IIr1/D. and allied 

Town. 

203-226. 

A of UvJUL.'''' 9. 

P. A. 1: Hr .... rnnni and the 7: 215-232. 

P. tree search. 9: L 

...... ,,,,,,,,",v,", I. 11OJOJ""''' & R. D. U""""A~.J"'vJ RNA gene 
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and consevation of the 

rDNA 
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L. E. & J. van of genus 
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M.&P. 

66: 

E. H. 1997: 

the 

E.K. 

H.E.K. 

E. 

1. 

und 

genus LDl'10lJ'nVl'Um A ... ;11.1 ... "1.1.' ... ," Plant 

a new genus Aizoaceae. 

A IJr(\OT,,:m for DNA And Protein 

Institut 

rm,lYn,1prmn N.E.Br. 

1UI', ...... < ...... , ..... JJVW .... U," Hambun! 15: 

the 

an Bliiten 

zu 

Pretoria. 

Succulent 

version 4.04. 

and taxonomical in 

67 

&H. 

succulents. 

SucnUlrlge:n rum 

in lVle~SelnDJryu."U"'-'11J,u,,.~uv as a 

aXClnOlme der zur 

u.nlV.,,,,, ... ,,, Botanica 136: 1-67. 

zur der Pflanzen 

Mt~Selnblryanthemlac(~ae) "''''''''''UIIJl',''''' aus dem Institut fUr 

for 

31 
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E.K 
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1. 
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H. E. K & H ...... ,,-"uu;=, 1993: A genus 

s. 

13: 75-157. 

The and 

14: 

Bulletin 13: 
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17: 

'''w'u"" .... '''} Botanische 

der Ualtturlg 

des na{UrVVlS~;enscnar 
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EK.& genus 

"''''',<1'''"Yn 15: 

lanlcterS on logem~tlc reconstruction. Cladistics 

E. R. W . ...,'..\)'LHun ... 1997: 

h"''''''l't,~r states. '-""-'-'1:,.,,_:> 13: 

J. A. 2000: A survey assessment: 

R.T. 

B. A 

D. 

and 

~VJ.'.H"",",LH<U versus mc>rpltlOlOgJlcal <I n,-."o <11'/1'" " to 

D. &J.J. emplrllCal test 

assessment, 

Town. 

• ..... m.u''''''. Annual 

as a method 

4: 

J. A. Zur Hotam.schles Archiv 5: 7-25. 

define 

In 

The I. .....VW ... 'IU MacMillan & 

H.-D. 1971a: 

fUr 

9 

liU'-"U.", •• n, H.-D. 

mClfPl10110g1SCfle und sYStenlauscrle 

"" ... ".rt" .... ",'" C'~"''''''' .. n ....... novarum 

und 

.... 'n.,."!;.'" und :syl:emtat1JlC. Berichte der 

an 

84: 
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lll1'~l1n_, ..... ', H.-D. 1971c: 

H. The Town, 

H.-D. 1975: Some in the evolution of M(~SelmbryatIlttlenlaceae Boissiera 24: 249-54. 
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The M{~Selnblryanth:emlaC(~ae. Annual Review 

and ~ys:tenlatlcs 

H.-D. und bgJ'euzurlg der Psilocaulon 

N.E.Br. s. I. sterrlatIk 105: 

H.-D. & H.E.K. Hartmann 1982: Leaf MesemlDryanttlemace;ae In: D. F. F.L 

Alvin & c. E. Price 397-423. London. 
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