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C. sericea: 

C pubescens: 

C. armla: 

Fig. 2.3. Example sections of chromalogram~ showing evidtloce of additivity (circled) 
ofscqucnces between C sericea and C a/ra/a in the putative hybrid, (' pubcscen~' MS . 

Results: • 

Table 2.3. Comparison ofthe nwnber of taxa sampled and characters found for the 
respective gene regions screened. 

JTS-l 5$ NTS 'mC RPS16 ,,~ p,bA 
Total oeque= '" ,~ '" • '"' 143 
Currently occqlted CI!fforNa specie, • '" '"' • '" ,m 
... mpled 

OutgrO\lp ,.rurlcd , , , 
" 

, , 
Unalib'11.d lengt~ <:A.'Uifji!rliu m 371- 949- 832- 1053- 262-

"'G lIeT1c." 
",. !l22 ." ""' m 

Alignrrllength of ""'lueJlces 256 "'" lJ48 on 'W. m 
Variable ,ite, " '" m w ". 'W 
Pcrc.nl variable ,ite, 12.1% 38,J ~' ]7.8';' 4.4% 22.2"4 16.W. 

Indel' & inver,ion, " '" 
, , 

'" P"nimooy inform"!;y" character, " m "" '" "" '" P.,cen{ informative char""' ... 5. W. 2),7"4 10.2% L1~. 8.6~; I2.W. 
Base pai' I""OP''';'''''' 

A 0.173 0.251 O.JSJ 0.341 0.324 0.356 
C 0.334 O.! 76 0.!62 0.134 0.145 O,WI 
G 0.302 0.229 0.156 0.193 0.183 0,157 
T 0. ! 9! 0.344 0.319 0.331 0.349 0.386 

Tr~n.ilionllran'ver.ioo ratio L'KI7 0,956 0.413 0.616 L342 0.379 

• C!assifk"ti<lI 1,~lows l~c rev;"":! Linna",m cla,sification a, pre",nted in Chapter 3 (Table 3.2 and 
Appendix I). Unpllb!islled species names arc given the &Jffix 'MS' (manuscript). 
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Piliferina 

Glaucina 

Crenatina 

Obcordatina 

Obovatina* 

Denticulatina 

Ilicifolina* 

setifolia 

incana 

pe(iunculiilta. xtriloba 
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Section 

4 
1 
1 
4 
2 
4 

C. montana 4 
C. sp. 4 
C. weimarckii 4 
C 1 
C. 4 
C. 1 
C aculeata I 
C. nivenioides 4 
C. I 
C. 
C. densa 
C. 
C. 1 
C./,ina 1 
C. incana 1 
C. 4 

,.... C. 2 
C. tri/oba 3 
C. atrata 2 
C tuberculata 2 
C. cerv;cornu 1 
C. cruciata 3 
C. subsetacea 1 
C. 4 
C. 1 
C. 4 
C. 1 
C. dentata 1 
C. 4 
C. 1 
C. acocksii 4 
C. arcuata 3 
C. 1 
C. 2 
C. 3 



Univ
ers

ity
 of

  C
ap

e T
ow

n

C. baccans 
C. 
C. 
C. micrantha 
C. pungens 
C. stricta 
C. cuneata 
C. cuneata vat. 

C. cllstllnea 
C. xhomuncllii 
C. 
C. robusta 

C. hantamensis 
C. 
C. browniana 
C. drllcomolltanll 
C nitidula 
C. nitidula 
C 
C. crass;nervis 
C. 
C val'. australis 
C. 
C 
C. cristata 
C. hexandra 

val'. 

C. sericea 
C. subdura 

C. burchellii 
C. 
C. repens 
C. dodecandra 
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C. purpurea 
C. 
C. sp. verl"ucosa 
C. verrucosa 
C. 

C. uncinata 
-::::-:---,------ C. hirsuta 

C. odorllill 
C. 
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2 
I 
I 
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2 
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3 
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2 
3 
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2 
4 
1 
3 
I 
4 
I 
1 
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4 
2 
4 
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4 
4 
1 
1 
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4 
3 
4 
4 
4 
4 
2 
4 
4 
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4 
2 
1 
2 
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Odor at a C. viridis 3 
C. 4 
C. crenata 2 
C. crenulata 5 
C. 5 
C. varians 5 
C. 2 
C. concinna 4 
C. 4 
C. 4 
C. I 

4 
4 
4 
4 

C. obcordata 2 
C. I 
C. sp. 6 
C. tenuis 4 
C. obovata 2 

4 
4 
3 
2 
3 
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C. serrata 3 
C. I 

2 
4 
5 
3 
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C. ova/is 2 
C. recurvata 3 
C. scandens 2 
C. sp. 4 
C. 2 
C. 4 
C. 2 
C. 5 
C. 3 
C. 3 
C. 4 
C. ceresana 4 
C. 2 
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stamen "nrnr'PT can as 

stamens. it is not 
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is IT .. • .. "", .... 
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C "",.~ .. '·in 

C. nIT'·Fl .... '" 
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C hirsuta & C viridis 
C &C. 
C & C. triloba 

c. 
C 
C. 

&C. 

shift 
fire survival and rainfal 
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substrate 
?substrate 
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--------~~----
?water 

on ....... , .. ~, ... "' ... '" 
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?altitude or substrate 
altitude and rainfall 
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rainfall 
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Sanguisorba minor 
Sanguisorba officlnalis 
Acaena latebrosa 
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nitidula subsp. pilosa1 
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nitidula subsp. pilosa2 
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tuberculata 
atrata 
tilifolla 
erectisepala 
burchellii 
repens 
dodecandra 
multiformis 
sp. ct. pterocarpa1 
pterocarpa 

ceresana 
virgata 
recurvata 
serrata 
heterophylla 
dregeana 
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fig. 4.7. Proportion or fire survival strategies 101lnd in all CliJfortia taxa. rccorded 
hybrids and their pulative pawlb (excluding mixed strategy 8pecles). figure~ for 
hybrids and parcnts arc from Table 4, 7. and total figllres from Table 4,6, 

Evidence lor other ecological 8hifts bet'Wccn hybrids and their parents is at present 

unavailable. This is either because one orthe parents is missing. iX'ssibly having been 

replaced by the hybrid taxon. or because no ecological shill has occn obscrved li-om 

both parents. the hybrid appcaring to be sympatric wilh onc Or other 01' the parenb, 

Even when no ecological shi Ii is cvident, ~ome hybridi~alion evenh can reveal novel or 

extreme character traits in the hybrids WhlCh are not prec;.enl in the parenls (Rie8eberg & 

Ellstrand. 1993; Rie8eberg el al .. 1999). These novelties might ha\'e an influence upon 

the ecology of the 8pecies, which i8 0.8 yet undetelmined or has not expressed itself. An 

example of thIs might be C. mOllophylla, a unifoliatc species that gro'Ws in sympatry 

'With its trifbliale parent, C ji/icau/is (8ee above), ib pulali,e other parent is also 

trifoliate, C halltamensi.,. and so it appear8 a8 though the unifoliate stale has an~en 

eHher as a resliit of hybridizatIOn or sllbsequell1to it. Howevcr. no selectivc advantage 

has yet been 8hown fbr the uni foliate condition over the tri fbliate one, 

If there is no ecological shill, then the sympatry of parenl and hybrid can only be a 

temporary condition and hence the hybrid is probably of recent origin, Conseqllcntly. 

the hybrid has three iX'ssihle fates: a} lhat It will not persist. or if it does that lt will 

either hl replace its sympahic parent. or c) shill its ecology with time, Howcvcr. 

although most hybridization evellt8 cannot yet be ~hOWll to havc played an important 

role in speciation, there is convincing molecular cvidcnce that it h.." been pivotal in the 

generation of specles richness in CiijJorlia, [1 is therel'ore presumably only a matter oi 
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'",Inch have the highest concentration of sp"eie~. However, thlS map highllght8 the wal 

that lhe mountain ranges emerge as having the hLghes( d,ven;l(Y. Indeed, Cfijjorlia l~ 

generally absent Ii-om lo\\-lying areas except for (he Cap" Flat~. Aglllha~ Plain and the 

KnY8na coa8lal 8trip. The accuracy of thlS map will he expected (0 increasc with 

proximity to Cape Town as the lhorouglmes8 of collecting becomes more complete 

With thi8 in mind, the location of the glid square 3418BB as containing the highest 

divcrsity of species can be more refined, and the mOllntains between Slr Lown"s Pass, 

Stellenbosch and Franschhoek mlglll be better reganled as the tme centre of diversity 

within CliJJorlia. Second to tlus are four localities of comparahle dlversity: the Cape 

Peninsula. thc mountains around du Toils Kloof and Bain~ Klooe the Winterhoek 

Moumallls near Tulbagh and the western end of the Rivlero;onderend Mountains. 

Olltsidc of the CFR only the NE Drakensberg and possibly the Mpumalanga Highlands 

can he identiiied as centres of diversity (Fig. 5.5). 

Examination of the maps of diversity of lineages, in hoth the chloroplast and nuclear 

trces, gh'es vcry similar results (Fig. 5.8 9), Indeed only when the 1ll1eages from the 

greatest depth within the tree arc used docs thc panern start to hecome less di~tmct, This 

can be supported by calculating the Spearman Rank-order CorrelatIon CoeffiCIent for 

these data (Table 5,J) and comparing them wLth the species di\'er8ity, a8 well as the 

sectional and subgeneric maps (Fig. 5 10). 

Table 5, I. Spearman rank-order correlation coefllcients for taxon di versity at varylllg 
ranh compared with lineage diversity at \'arying depths of the chloroplast (cp) and 
nuclear (5s) ultrametlic trees. 

--_._--
chloroplast nuclear 
2 ] 4 1 2 ] 4 ._._----------

Species 0,8437 0.9558 0.9871 0,9960 0.7839 0.9529 0,9919 0.9979 
Sections 0,8(}62 0.%12 0,9769 0,9755 0.8079 0,9468 0,9734 0.9755 
Subgcnera 0,8150 0.7341 0,7328 0,7203 0.8364 0.7762 0,7173 0.7226 
Weunarck sections 0.7176 0.8487 0.8701 0,8750 0,6630 0,8037 0,8767 0.8752 

Compario;on of the correlation cocfiicicnts shows, unsurprisingly, that the strongest 

correlation with the species rank is found at the shallowest depth (\cvcI4), ThIS is fOUll{j 

to bc true regardle5s of whether the chloroplast or nuclear tree i~ u8ed. For the sectional 

level, the pattern is slightly different, with the second 8hallowest (lc"cl 3) level m lhe 

chloroplast giving the highest coefllcicm, although all the I,rs! three levels in hoth 

chloroplast and nuclear trees are strongly correlated. Most imcresting howcvcr, is that at 

the ~ubgenerie rank, although the correlation is at its weakest across all levcls. the 

I I ') 
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Fig. 5. 1 O. Maps to show lhe relative density "r (a) OJjjiJrlia subgenera and (b) sections within the 
Cape Florisli, Region. 
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strongest correlation is <It the deepest level within the tree (level 1). At <Ill levels, 

Wellnarck's sectional cl<lsslfication !P\'e8 <I much poorer estimate oftroe diversIty than 

the sections proposed here, 

Centres of cndemjsm' 

The density of range-restricted species under the dilTerent weighting schemes is shown 

III Fig. 5,11. The inverse and weight3 welghting produce very similar resuits With a 

concentration of endemic specIes in the South-western Mountains, although the inverse 

weighting hi ghlights the urea between Frunschhoek and Hains Kloof most strongly. 

OutsIde of this area the Cape Peninsula, Agl.llhas Plain, Nieuwoudtville, Cederherg, 

Langeherg, Swartberg and Graaff reinet Mountains all have small centres or endemism, 

On the other hand the pattern in the corrected inverse weighting scheme is harder to 

detect. High proportions of endemlC species arc fOl.lnd in du Toits and Bains Kloof 

Mountains, Kleinmond Mountains, De Hoop :-rature Reserve, Blesberg in the Eastern 

Swanberg, Nieuwoudtville and Gr<larf remet Mount<lins. 

Using the more inclusive lineages the pattern is very similar (Fig. 5.12). The greatest 

dirference is in the weight3 weighting, which highlights the greatest concentration of 

endemic lineages as being slightly further north hetween Groot Winterhock MOlllltains, 

Hex River Mountains and du Toits Kloof Mountains, Furthermore, the corrected mverse 

weighting sho1,VS even less pattern, with most areas showing a uniform degree of 

endemism except for high proportions m De Hoop Nature Reserve, Blesberg, 

NieuwoudtvIlle and Gra<llTreinet Mount<lins, 

Areas ofendemjsnr 

o;u 20,000 trees were found in the parsimony analysis using species as characters, lmt 

only 5993 trees were found when using lineages. As a result. the consensus tree W<lS 

more resolved when hneages were employed (Fig 5.15), although a greater nl.llnher or 

distinct endemic areas could he identified when using species (Fig. 5.13). However, the 

<lreas re trieved were similar, although there were shght variations in size (sec Fig, 5.14 

& 5.16). Seven areas ofendemisrn could be recognised in comrnon to both an<llyses: 

North-western Mountains. South-westenl :'vIountams, Cape Peninsul<l and C<lre Flats, 

Aglllh<ls PI<lin, Southern Langeberg, Klein and Groot Swarlberg, and Drakensbcrg 

(Table 5.2), but there were also some differences, 

The Anysberg lomled a clade with the Hex River valley on the species tree, but to the 

Hantam and Roggeveld Mountains on the lineages tree, The South-western Mountains 
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formed a separat~ umt from the Bettys Bay \lountains in the specie,; an~lysis and the 

Riviersonder~nd Mountams \\·ere a sister group. while in the lineage analysi-; all three 

are"" were intermixed in th ~ same clade. 

The mas! surprising failing 01- !he lineage analysis "as (hat (he S\\artberg clade 

collapsed in the strict consensu,;. a,; 11 contains several endemic and near-endemic 

specie,; (Tahle 5.2). This is possibly due to C. robusta, which is predominantly a 

Swartberg ~ndemic but is also known from \1annetjiesberg in the Kammanassie 

Mountains. That rdng~ lonm pan of the South-eastern ~,,'lountains group, which 

conversely failed to r~sohe in the sp eci~s analysis. The Robert,;on langeberg clade 

r~solved in both analyo.es hut it lacks a single endemic species and so could not be 

recognised as an area of endemism. This is presumably because several range-restricted 

species overlap h~re . and this mdicates a probl ~m with this analytical techmque. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

~ 

} Graaff Reine! MIs 
-4 

-,. 
ri.~~"" ""~} Klein & Groot Swartberg 

,,~ 

Q ::::;-, '" "iO 

"""'0 

:f" ",.'" ,= Robertson Langeberg ,,~ ) ,= 
,,~ 

m." ) 

><,1/,,, 
,,~. S Langeberg 

~-
,,,>0' 

H r- ,"""'" ••• 
1 Riviersonderend Mts "'" .... '''IIOC 

'"'''''' -r"-' "'.1>0.' 

'''00'' 
'''''''' SWMts ",.,'" 

• """'" } "" . Hantam & Roggeveld Mts 
.-:.>''''''' 

", .. " • 

"'-- I NMts 
,,,.co --. ~ ""''''' --t. "",0> ,,,....., 

_:i~""" o llt"'" 

''''''" ",..,. , •. - ",,""'" •. _1 Bettys Bay Mts & 5 Pc ninsula 

~-r m « ~"";.'2tIOO ) Drakensberg 
,~ 

-i 2>"''''' 
~~ ;::; I Nieuwoudtville 
",-
,,~ 

""'" "'''''' '12"'" 
""'" ,~,,'" 

""'" ""o r:<> 
~" . "" 

,~ 

"'"'"' ) Anysberg, Witteberg & Hex R valley 
,~ 

.","" ._ . . ~ 
,~ 

'''~" ,,, ..... "'.,JCO } Cape Peninsula & Cape Flats 
-~ 

_. 
} De Hoop 

"' '''''' ",,"" .~) Potberg 4-"-.. -~'''-'"'''''' } Agulhas Plain ''''''''" '"'''' "'I"'" 

Fig. 5.13. Phylogrum of an arbitrarily chosen tree From the parsimony anal)'~i~ oFendemic areas 
llsing species as characters. Dots indicate nodes that collapse in the strict consensus, Areas in bold 
contain at least two endemic species. 

121-1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

88 Nieuwgoot>< 1I 1e • Cap€ Peninsula and nalS 

~::i NOrth-west mountai~s S! Btltt)" s Bay mountains 

ill SOuth-west mounlal~ • Agultlas coast 

"" Rwoet"!IOIlCleteod rooulllaons = Southern Langebefg 

"" "" 
1 

l- I -_ ...... .... . _, 

..... t 
j 

~ 

• 

l 
35·S 

18"E 

~~~11 
~:;: ;!lI 

3m 

l. I , .. 
I ! t + 
t 

+~+ 

Western Kieo'1 Kamo tr'()untain ~ 

Kle,n & GrooT Swartb'!Hg 

gild sqUill" conla inlng CldIort'lJ ~es !lui not 
IncJl.IdtG irl analySIs Or of uno::.ertaln placemenl 

, 

L • 
t- .... + .... 

t 

km 
~-~~ 
o 100 

• , 

34"S 

llR 5 14 M~p of 11-. \ ape r ~' n'"c Rqlion ~ho" illg. the ddrnl i181ion (Of cndo.;nn< "re&!. "~In£ SIXties JS ~hJractClS in Ilk paNIJI<lny anal} ~~ (r ig 
5.13), 



Univ
ers

ity
 of

  C
ap

e T
ow

n

" ,,= I Drakensberg 
~ 

J='.O Hantam & Roggeveld Mts, Witteberg & Anysberg I"~o ) 
I L- ",,,"c 

-,<'lOCI 
,,"",0 

N "'CO,,, Mis 
I :co".-"", , 

I"''''' I "1000 

"a .... I 

I'''''''' \ Robertson Langeberg "'00' ---t. m>Y: I 
,~ 

"',= 

) .. ,.'" Cape Peninsula & Cape Flats ,,"'., 
""'" 

""". 
""1<0 

~ 

"'''''" I Potberg ,,- ! 
r-"""'''' I Agulhas Plain ,,-

"'-" 
"'''''' 

I ""CO 

I « -",", 

.,,""', 
1 ""-A' 

,~ 

"""" 

4"""" '301 00 

,~"'c 

~ 

) 
",,co 

,,.,,,'" SEMts 

"""'" '""co. 

1''-'''' 

"',"'~ 

'''''''' 
"""" 

.. -
r ":::00 

"'.:;0 

,,-,,-
,,,,'" 

I 

I SL 
'''''''' 

SWMts 
( inc! Riviersonderend 
& 8ettys Bay Mts) 

,<",,,e I Hex R MIs 

angeberg 

'"'~ ) KI,'" & G,oot 5 wartberg 

Fig. 5.15. Phylogram of an arbilrarily chosen tree from the parsimony analysis of endemic areas 
using lineages from the chloroplast tree lcvcl4 (Fig. S.g) as characters. D01~ indi~al" nod~~ lhat 
collapse in the strict con'~nsu~_ Areas in bold contain at least 1>\'0 endemic specie';. 

121-:< 



Univ
ers

ity
 of

  C
ap

e T
ow

n

.•.• ' 
:.:.~ North-west m:Juntains • Agulhas coast IIl.Il South-east mountains 

• South-west mountains co Southern Langeberg • Hantam & Roggeveld mountains co 

IIl.Il Cape Peninsula and flats 1111 Klein & Groot Swartwrg grid squares conla.,ing Cliffortia specieS but not 
included En ~nalysis 01 of uncertain placement 

, r 
t t 1 t 32e S 

hl. 
! 

33°S 
-r .. --t-. 

34°S 34°S 

~ ~ , 
+ 

35°S 35"S 
22°E 24°E 26"E 

km 
~ - -0 100 

F 19. 5 16. Map ()r the CaJ1C Flon stie Rl'gion show Jn~ till" del illlitation 01' l'nJeml c mca, ",i11)( lineages ,IS i:.hmac(e" ln thc rl<lfsimol1Y illwlysi s (Fig 
5, IS), 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I 

Table 5.2. Areas identified in both analyses with species endemic to them. Near­
endemics, with only one or two localities that occur outside of the designated area, are 
given in brackets. 

Endemic Area 
Lineages Species Endemic Species 

Drakensberg Drakensberg 
(c. browniana), C. dracomontalla, 
C.filicauloides, C. spathulata 

GraafI Reinet Mts C. bolusii 
Hantam-Roggeveld Mts C. arborea 

SE Mts 
C. dispar, C. drepanoides, C. x homllllculi, 
(C. polita) 
C. acuieata, C. crassinervis, (c. montalla), 

Klein & Groot Swartberg Klein & Groot Swartberg C. nivenioides, (c. robusta), C. setifolia, 
C. verrucosa 

S Langeberg S Langeberg 
C. alala, C. densa, C. glauca, (c. gracillima), 
C. grandifolia, C. lanceo/ata, C. reniformis 

Potberg Potberg C. incana 
De Hoop C. burgersii 

C. anthospermoides, C. berberidifolia, 

Agulhas Plain Agulhas Plain C. curvifolia, C. multifonnis, 
(c. phyllanthoides), C. schlechter;, 
(C. perpendicula), C. tenllis 
C apiculata, C. geniculata, C heterophylla, 

Betty's Bay Mts C. recurvata, C. serrata, C. versiformis, 
C. viridis 

Riviersonderend Mts 
C. crenulata, C. cruciata, C. meyeriana, 
C. scandens 

South-western Mts (c. dentata), C. dentjclliata, C. gracilis, 

South-western Mts C. oligodonta, C. o valis , (c. pedllnculata), 
C. pilifera, C pubescens, C. rigida, 
C. strigosa, C. subdura 
C. complanata, C. Cllneata, C. /zirsuta, 
C. phillipsii 
C. carinata, (c. ericifolia), C. hina, 

Cape Peninsula & Flats Cape Peninsula & Flats C. integerrima, C intermedia, C. theodori-
ji-iesii 

Hex R ~1ts C esterhuyseniae 

Northern Mts Northern Mts 
C. acanthophylla, C. hexandra, C. pilosllla, 
C. reticulata, C. triloba, C. uncillma 
C ceresana, (C virgata), C. weimarckii 

Anysberg Anysberg C. conifera 
N ieuwoudtville C. acutifolia, C. dichotoma, C. pllrpurea 

By assigning species to the various endemic areas, 69 of the species are accounted for 

with a further 11 near endemics (Table 5.2). This supports Linder's (2001 a) finding that 

using grid squares is a good proxy for the various ecological factors that define endemic 

areas. 

Ph}lo~Ngraphical species groups: 

The clustering algorithm found 228 ties between trees, but there was stiB considerable 

resolut:~)n in the strict consensus tree (Fig. 5.17). Fifteen distinct phytogeographical 
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groups could be identified, most of which corresponded closely to Weimarck's 

groupmgs. 

The Northern Mountains group form a large group of species that can be subdivided 

into two smaller groups that correspond to an arid versus mesic divide; the arid species 

being found in the north and along the eastern edge and onto the north-western reaches 

of the Klein Kamo Mountains. 

The Betty's Bay Mountains group contains all endemic species except for 

C dodecandra and C. subsetacea, which also occur on the southern Cape Peninsula and 

around the coast as far as Brandfontein. The South-western Mountains group somewhat 

surprisingly includes C. marginata, but this is presumably an artefact of the resolution, 

the species truly being found on the low clayish soils of the Cape Flats between 

Somerset West and Stellenbosch. The Cape Ubiquists and the Southern group are both 

widespread species, the latter, however, not being found far from the southern coastal 

belt. The presence of C. strobilifera here rather than in the Extra-Cape group is 

unexpected as it is found aU the way to the Soutpansberg. However, none of the Extra­

Cape group is found to the west of Swellendam, while C. strobilifera is found up the 

West Coast as far as the Kamiesberg. Apart from this, only C. eriocephalina (mountains 

around Graaff Reinet and Amatola Mountains) and C. odorata (Pondoland) extend 

outside the CFR. Within the Cape Ubiquists, a subgroup can be recognised that contains 

C. eriocephalina, C. neglecta and C. tuberculata, which are aU widespread species but 

are more or less restricted to high mountain peaks. The Riviersonderend Mountains 

form a separate group but clearly associated with the above four groups of species. 

Resolution affects the next grouping, as the Cape Peninsula endemics, 

C. theodori-friesii and C. intermedia are included within a broader Cape Flats and 

Agulhas Plain group. This is attributable to the Cape Flats endemic C. hirta and near 

endemic C. ericifolia, which occur in the same grid squares. Sister to this Peninsula 

group is an interesting group that contains aU the widespread species that can tolerate 

more alkaline conditions. The other species that can grow in neutral to alkaline soils are 

more restricted in their distributions and so have less reliable associations. 

The Langeberg group forms an association with the western Klein Karoo Mountains, 

while the Swart berg group are more closely associated with the South-eastern 

Mountains. It is in this latter group that C. ramosissima is placed. It has a very unusual 

distribution, from the low clay hills around Elim to Blouberg in the Soutpansberg, but is 

particularly common in the south-eastern CFR, which may explain its association here. 
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Fig. 5.17. Strict consensus tree from the UPGMA clustering algorithm on the Jaccard similarity 
matrix retrieved from using species as items and grid squares as objects. Species found in only a 
single grid square are excluded. 
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The Bokkeveld Escarpment at NieuwoudtviHe fonns a small isolated group but 

otherwise the remaining groups all contain species that have all or the greater part of 

their distribution outside the CFR. C. linearifolia, C. paucistaminea and C. serpyllifolia 

of the Extra-Cape group and C. hantamensis of the Hantam-Roggeveld group all extend 

their range within the CFR for some distance. While the Drakensberg group are all 

endemic to the area except for C. browniana, which also occurs in the Mpumalanga 

Highlands. 

Discussion: 

Phytochoria: 

The identification of five large phytochoria for Cliffortia in the CFR corresponds to 

similar findings by Weimarck (1941 ). However, there are notable differences. 

Weimarck only recognised the Agulhas coast as a subcentre, while here and in other 

studies (Oliver et al., 1983; Linder & Mann, 1998) it is classified as one of the main 

phytochoria. On the other hand, Weimarck identified the Karoo Mountain Centre, while 

this was not corroborated by either Oliver (1983) or this study. Although the Klein and 

Groot Swartberg clustered together in this study but were not recognised as phytochoria 

because of the arbitrary cut-off of only recognising clusters with at least five tenninals. 

In addition, the grid square 3321 BC (Gamkaskloof) is situated between the Klein and 

Groot Swartberg yet clustered with the North-western Mountains and hence recognition 

of the Swartberg cluster would have created a discontinuous area. However, the 

Gamkaskloof area is very poorly collected (2 collections, 3 sight records, Fig. 5.2) and 

further collections may corroborate its placement with the Swartberg mountain chain. If 

this is con finned the Swartberg should be recognised as a sixth phytochorion. 

Centres of Diyersity: 

The effect of scale and collecting density upon recognition of centres of diversity is 

evident from this study. By identifying areas that are more diverse in Cliffortia species 

than their surrounding squares, both the degree square (Fig. 5.7a) and Y:z degree square 

(Fig. 5.Th) maps locate just a single centre in the South-western Mountains, with a 

gradual decrease in species richness to the north and east, but for the grid square map 

(Fig. 5. 7c) around eight centres can be recognised. However, the problems of collecting 

density also start to become apparent, and this is emphasised by the large number of 

centres that could be recognised for the 5-min square map (Fig. 5.7d). This highlights 
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the need for examining the effects of scale upon the results in every study conducted, so 

that neither species rich subcentres are missed, nor numerous small centres are created 

that actually belong to a single centre caused by undercoHecting in the intervening 

areas. A trade-off between resolution and accuracy is needed in every biogeographic 

study, and this demonstrates that for ClifJortia it was optimal to use the grid square 

scale for the data available. 

The use of higher taxa as surrogates for identifying centres of diversity has been debated 

(La FerIa et al., 2002). Weimarck's sectional classification, which has been shown to not 

be a true reflection of the phylogeny (see Chapter 3), performed the worst when 

estimating species richness, but the new sectional classification based upon the 

phylogeny correlated weB (Table 5.1). Hence, higher taxa can be used as surrogates for 

ClifJortia providing that they are phylogenetically based. 

In this study, there is no need to use higher taxa as surrogates for species diversity, as 

documentation of species distribution has already been done. However, the more 

inclusive groups are useful for identifying centres that have greater genetic diversity and 

hence increased priority for conservation (Williams et al., 1991). For ClifJortia, no 

strong difference is found between the centres located using species and those located 

using higher taxa or lineages. This implies that areas rich in species contain elements 

from across the range of lineages present within ClifJortia and that conserving areas rich 

in species will protect the majority of lineages too. 

However, subgenus Arborea represents a lineage that does not correspond to the general 

pattern of diversity found within ClifJortia. It contains three (or possibly four) species 

that are found in scattered isolated populations in the Cape mountains on the edge of the 

Karoo and along the Great Escarpment. The basal position of this lineage and the 

scattered distribution of its species along the margins of the CFR might indicate that this 

may be an ancient lineage that might once have been more widespread and all that now 

remains are a few relic populations. This theory was proposed for C. arborea (the only 

species known at the time) by both Marloth (1906) and Weimarck (1934). However, all 

the species in the subgenus are allopatric and, growing on the edge of the CFR, they 

occur in areas that are often depauperate in other Cliffortia species. Therefore, the 

habitats that contain these species will not necessarily be identified in assessments of 

diversity, and may require special consideration in prioritising conservation areas. 

The general patterns follow those found in many other fynbos plants, e.g. Aspalathus, 

Bruniaceae, Ericaceae, Muraltia, Penaeaceae, Proteaceae and Restionaceae (Oliver et 
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al., 1983). A notable exception is the almost complete absence of species on the West 

Coast Flats. This paucity of species can even be recognised on the quarter degree square 

level, where only three species are recorded. This area was recognised as a 

phytogeographical centre by Oliver et al. (1983) and a subcentre by Weimarck (1941). 

This highlights the problem in choosing single taxa to identify priority areas for 

conservation (e.g. Proteaceae, Rebelo & Siegfried, 1990; Rebelo & Siegfried, 1992; 

Rebelo & Tansley, 1993; Reid, 1998). Van Jaarsveld et a1. (1998) have shown that 

different taxa rarely overlap in their distributional patterns, especially between higher 

taxa, and that the use of indicator taxa as surrogates for conservation planning are 

flawed. In this example, if Cliffortia had been used to identify species rich areas in the 

CFR then the West Coast Flats would have been excluded. 

Endemism: 

The patterns shown by the centres of endemism using both the inverse and the weight3 

weighting reflect those detected by the centres of diversity. This is not surprising 

considering that the score for each grid square is directly affected by the number of 

species present. However, adjusting the figures for the number of species using the 

corrected inverse weighting produces unexpected results. This is accentuated when 

using the more inclusive lineages, with four squares receiving disproportionately high 

figures: De Hoop Nature Reserve (3420AD), Blesberg (3322BC), Nieuwoudtville 

(3119CA) and Graaff rei net Mountains (3224BB). These squares each have in common 

a single endemic species (i.e. only known from that grid square, namely: C. burgersii, 

C. nivellioides, C. dichotoma MS, C. bolusii MS respectively), yet comparatively few 

species otherwise. Using inverse weighting, endemic species in a single grid square 

receive twice the weighting of those in two, and this appears to cause an imbalance in 

using this method for locating centres of endemism. Therefore it might be more 

appropriate to correct for species diversity on the weight3 weighting scheme, as this 

places less emphasis on species found in only a single grid square. 

The high correlation between using lineages or species in estimating centres of diversity 

is possibly because sister species are often allopatric or parapatric. This is especially so 

in species complexes where discrete morphological differences are rare and therefore 

variation is often associated with geographical patterns. Hence, although species 

complexes may increase the total number of species, in a subunit of geographical area 

such as J grid square, there is unlikely to be an increase in species richness. However, 

when est:mating centres and areas of endemism, the degree of division into species 

126 



Univ
ers

ity
 of

  C
ap

e T
ow

n

within species complexes can affect the results quite strongly because division of 

species into smaller units will also decrease the range sizes of the species involved, 

thereby increasing their weighting in any analysis. Therefore, using lineages rather than 

species will put a greater emphasis upon those species that are phylogenetically more 

distant as well as narrowly endemic, Le. palaeoendemics. For example, the corrected 

inverse weighting highlights the du Toits Kloof and Bains Kloof Mountains (3319CA) 

for the species map but it is not distinguished on the lineage map. These mountains have 

four species that are endemic to them, e. gracilis, e. pili/era, e. strigosa and 

e. subdura, but all are added to more widespread lineages for the lineage map. On the 

other hand the four species mentioned above, e. burgersii, e. nivenioides, e. dichotoma 

MS, e. bolusii MS, are not part of more inclusive lineages at the level chosen for the 

lineage map and so their respective squares remain highlighted. Therefore, the latter 

four species could be regarded as palaeoendemics and the emphasis placed upon their 

grid squares being an important reflection of their status for conservation. 

Using either species or lineages identifies seven areas of endemism in common (Table 

5.2, Fig. 5.14 & 5.16). Although the analysis using species identifies slightly larger 

areas, this can be accounted for partly because of the greater number of grid squares 

retained in the analysis. These common areas of endemism correlate closely with the 

phytochoria that were identified. Exceptions include the recognition of the Cape 

Peninsula endemic area as distinct from the South-western Mountains, the presence of 

the Swartberg endemic area, which was doubtfully not recognised as a distinct 

phytochorion (see above), and the South-eastern Mountains only being resolved as an 

area of endemism in the lineage analysis. In addition, each analysis identified the 

Anysberg (3320BC) as an area of endemism but associated it with different areas. 

e. coni/era and C. arborea identifY an area of endemism between the Anysberg and the 

Hantam and Roggeveld Mountains when using lineages, while e. conifera, e. mirabilis 

and C. semiteres identify an area of endemism between the Anysberg and the Hex River 

valley when using species. As both e. mirabilis and C. semiteres are poorly understood 

species, and are possibly hybrids with mUltiple origins, the emphasis placed upon them 

in identifYing common biogeographic areas is doubtful. However, by using lineages an 

area of endemism is created that does not have any endemic species with overlapping 

ranges and contains just a single endemic lineage, C. arborea-e. conifera. The only 

species that occurs on both the Anysberg and Roggeveld Mountains is the widespread 

e. ramosissima (Fig. 5.18), which was excluded from the analysis. Unfortunately, the 

analysis appears to have been confounded by the presence of e. hantamensis on the 
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Witteberg, which occurs in the same grid square as the Anysberg. Therefore, the 

uncertainty in these results means that neither of these endemic areas involving the 

Anysberg should be recognised until more information upon the status of the species 

involved and their distributions are gained. 

Geoiraphic species groups and intervals: 

The species groups detected again correspond closely to the phytochoria and endemic 

areas, showing the cohesiveness of these units. It is also to be expected that the species 

endemic to areas of endemism resolve as species groups because the areas of endemism 

have been optimised to find species with highly congruent distributions. Therefore, it is 

of more interest to identify species groups that do not correspond to one of the areas of 

endemism already located. Five such groups can be recognised: Hantam and Roggeveld 

Mountains, Western Klein Karoo Mountains, Southern, Cape Ubiquists and Extra-Cape. 

The first two represent possible alternative areas of endemism. However, 

C. hantamensis is not endemic to the Hantam and Roggeveld Mountains. While the area 

defined by the species of the Western Klein Karoo Mountains overlaps with other areas 

of endemism and hence this is excluded by the criteria for defining areas of endemism 

(see introduction). The other three groups represent the widespread species, most of 

which were excluded from the analysis of areas of endemism. 

The Cape Ubiquists are found throughout the CFR, with only the occasional outlier 

beyond its bounds, e.g. C. eriocephalina in the Graaff rei net Mountains, C. ruscifolia in 

the Kamiesberg. However, several of the species are found almost exclusively in the 

western CFR, e.g. C. atrata, C. polygonifolia and C. sericea. This is in contrast to the 

Southern group, which are generally widespread species found between the Cape 

Peninsula and Port Elizabeth, but only, C. odorata extends for any distance up the West 

Coast as far as Tulbagh. The other group of widespread species are whose centres of 

distribution are outside of the CFR. They are clearly associated with the Drakensberg 

group but are not endemic to any particular region. C. serpyllifolia extends as far west 

as Swellendam, while C. nitidula is found in the Afromontane heathlands as far as 

Mount Kenya. 

Within Cliffortia there are a few species whose distribution patterns are unique, the 

most remarkable of which is probably C. ramosissima (Fig. 5.18). It groups with the 

South-eastern Mountains but may better be placed within the Extra-Cape group, as it 

has the greater part of its distribution outside the CFR. The two collections of this 

species, \\"hich were analysed for molecular data, came from the low clay hills south of 
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Fig. S.18. Distribution of C. ramosissima within South Africa. 
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Fig. 5.19. Distribution of C. hanramens;s (triangles) and C. pungens (circles) within the CFR. Circle 
with a cross indicates hybrid bctwcen C. pungens and C. rusci/olia (~c. cymbi/olia). 
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SweHendam and the Komsberg on the Great Escarpment and give no evidence that 

more than one entity is involved. Certainly morphologically, there is nothing to 

distinguish the plants around E1im from those in the Soutpansberg. However, while the 

other Extra-Cape taxa follow the hills and mountains along the eastern flanks of the 

Drakensberg escarpment, C. ramosissima is found on the high inland mountains of the 

eastern Free State. This pattern is unique within Cliffortia and it will be interesting to 

examine other genera for species with a similar distribution. To some extent it fits 

Hilliard & Burtt's (1987) phytogeographical group 2b (11 species, e.g. Lithospermum 

papi/losum), but is only found in the eastern Free State and western Lesotho. Disa 

porrecta also has a similar distribution but does not extend far into the Western Cape 

(Linder & Kurzweil, 1999). Within the CFR itself, it is the only species with a clear 

Knysna interval (Weimarck, 1941), present on both the Agulhas Plain and around 

Humansdorp, but only on the lower slopes of the Klein Karoo Mountains in between. 

Another species, which shows an unusual distribution, is C. pungens (Fig. 5.19). The 

Breede River is regarded as a phytogeographical barrier separating the South-western 

Mountains from the Northern Mountains and Langeberg (Oliver et al., 1983). 

C. pungens, however, grows both on the Hex River Mountains and the western 

Riviersonderend Mountains but not in the intervening mountains to the west. This could 

be attributed to a single chance dispersal event between the two discontinuous mountain 

blocks, but the distribution is made all the more remarkable by the presence of a hybrid 

with C. ruscifolia (see C. cymbifolia, Table 2.10) on the low sandy flats around Pringle 

Bay, some 70 km away across a large mountain block. Presumably therefore, 

C. pungens was at one time much more widespread and has retreated to the higher 

reaches of the mountains either side of the Breede River valley, where it is still 

common. However, its absence from other apparently suitable sites between Pringle 

Bay and Ceres is still mysterious. 

C. hantamensis also has a very disjunctive distribution suggesting that it too was more 

widespread and common (Fig. 5.19). Its distribution relates well with Weimarck's 

Doom River interval. He suggested two possible migration routes from the CFR to the 

Hantam and Roggeveld Mountains, either northwards across the Doom River vaHey or 

a more easterly route across the Koedoesberg (Weimarck, 1941). The distribution of 

C. hantamensis does not discount either of these possibilities and it would make an 

interesting phylogeographic study to examine these isolated populations. 
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Other species with distinct intervals in their distribution include the closely related 

C. brevifolia and C. ericifolia, both growing on the recent sands of the Cape Flats and 

Agulhas Plain (the latter species being only recently confirmed from there also). 

However, unlike the other species thus far mentioned, this interval has been found in 

several other species, e.g. lschyrolepis sabulosa (Linder, 2001c), Leucospermum 

hypophyllocarpodendron subsp. hypophyllocarpodendron (Rourke, 1972; Rebelo, 

1995) and Muraltia mitior (Levyns, 1954), and a cause has been proposed. It is 

attributed to the fact during the Pleistocene when the sea retreated it would have 

exposed the coastal shelf along what is now the rocky coastline between Somerset West 

and Hermanus. This would have provided a suitable habitat for migration of those 

species between the two now disjunct areas (Rourke, 1972; Taylor, 1978). 

Two different species have very similar intervals, for which a shared biogeographic 

history might be investigated: C. ferruginea and C. odorata. C. ferruginea grows on the 

Cape Peninsula and along the coast as far as Cape Agulhas, there is then an interval 

until Knysna, when it is again common until Port Elizabeth. C. odorata also grows on 

the Cape Peninsula, though extends its distribution northwards along the West Coast as 

far as Tulbagh, and has an interval as far as George, when it too is common until Port 

Elizabeth before having an outlying population around Port St John's in the Pondoland 

Centre. However, their similar distributions are made more remarkable by each having 

an intervening population inland on the Langeberg: C. ferruginea between Tradouw and 

Garcias Passes and C. odorata between Montagu and Robertson. Population level 

studies on both these two species would help to clarify the origins of these congruent 

disjunct populations. 

Relationships of eli/lorlia species Qutside the CFR: 

Of the species that occur in the Drakensberg only the species of section Dracomontanae 

appear to have diversified there. C.filicauloides is endemic to the area but its nearest 

close relative is C. filicaulis that grows as far east as the Knysna district. A similar 

pattern is found in the near endemic C. repens. Its closest relative is C. burchellii, which 

grows along the south slopes of the southern mountains from Genadendal to Uitenhage. 

Interestingly, the chloroplast regions sequenced are almost identical suggesting that 

their separation is only comparatively recent. The other species occurring in the 

Drakensberg are widespread and also occur in the CFR. 

It appears therefore that several lineages have succeeded in spreading from the CFR into 

the mountains and grasslands of the rest of South Africa. Indeed, none of the subgenera 
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are endemic to the CFR and of subgenus ClijJortia, six different sections, as well as 

C. linearifolia, have representatives that occur or extend their range well to the north 

and east of Port Elizabeth. However, all the species that have their centres of 

distribution in Kwazulu-Natal and northwards are placed in derived positions within 

their clades, thus indicating that the clades themselves originated within the CFR. 
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6. Hybridization 

The most remarkable finding of this study has been the revelation of the reticulate 

origins of the majority of species within Cliffortia (Table 6.1). Although putative 

hybrids had been suggested for occasional collections previously (Weimarck, 1934; 

Weimarck. 1946), the possibility that any of the species arose as the result of previous 

hybridization events had not been proposed. Even more so, the degree of reticulation 

shows that it is not just an exceptional occurrence but appears to be a fundamental cause 

for the diversity now found within Cliffortia. The implications of this finding are great, 

since hybridization has previously been neglected in most of the literature on the Cape 

Flora. Here, three particular aspects of the effect of hybridization on the systematics of 

Cliffortia and the Cape Flora in general will be highlighted. 

Table 6.1. Summary of the degree of incongruence observed between taxa. Figures 
based upon Table 2.9 and Fig. 2.13. 

Hybrids described by Weimarck: 
Taxa with incongruence: 
Taxa with strong incongruence: 
Taxa showing incongruence across different sections: 
Clades with incongruent positions: 
* Percentage of total number of species accepted by Weimarck. 
** Percentage of total number oftaxa analysed for incongruence. 

Phylogeny reconstruction and classification 

8 (7.1%)* 
90 (61.6%)** 
55 (37.7%)** 
28 (19.2%)** 
9 

Hybrids cause three main problems for the reconstruction of a species-level phylogeny: 

(1) how to identify the hybrids, either before or after the analysis, (2) how to reconstruct 

a phylogeny that contains reticulations, (3) how to extract a useable classification from a 

reticulating phylogeny. While hybrids have been detected in many other studies, they 

are usually regarded as exceptional cases in otherwise neatly resolved phylogenies. This 

study highlights the difficulty in circumventing these problems when the number of 

reticulations appears to be very high. 

Identifyini hybrids; 

In the process of creating any species-level phylogeny, consideration of species 

delimitation is needed as they represent the terminal taxa in the tree. However, if 

reproductive isolation is not complete between the species then hybrids can form. As a 

priori detection of hybrids is often difficult (Rieseberg & Ellstrand, 1993), wherever 

hybrids form there is the danger of selecting a specimen that is of hybrid origin rather 
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than representative of the species as a whole. Furthermore. introgression and chloroplast 

capture can result in certain populations appearing 'typical', yet containing genetic 

elements, in particular the chloroplast, from an alternative species (Rieseberg & 

Wendel. 1993). The only way to detect this is for widesp,read sampling of each species 

across its entire range. While sequencing of mUltiple accessions of each species for both 

the nuclear and chloroplast genome would be desirable, in the consideration of a large 

Cape genus like Cliffortia this is not yet feasible in terms of time, money and 

computational limitations (Rieseberg & Soltis, 1991). However, it is worth noting that 

the numerous incongruencies within the datasets presented here are unlikely to be 

purely a result of unfortunate sampling. as only in one case (c. nitidula subsp. pi/osa) 

when multiple sampling has been employed have the two samples been placed in widely 

different positions on either tree. On the other hand, considering the frequency of 

hybridization, greater sampling of the species is likely to reveal more cases of apparent 

introgression, such as has been found in Alnus (King & Ferris, 2000). Armeria (Fuertes 

Aguilar et al .• 1999), Phlox (Ferguson & Jansen, 2002) and Senecio (Comes & Abbott, 

2001). 

The frequency of incongruence between nuclear and chloroplast genomes in Cliffortia 

highlights the danger of reconstructing phylogenies using only the plastid genome 

(Rieseberg & Soltis, 1991). Although the nuclear genome has recently been much 

maligned for the fear of paralogous copies (Mayol & Rossello, 2001), this study 

emphasises that ignoring it completely casts doubt upon the integrity of any 

phylogenetic hypothesis produced, even if mUltiple sampling of taxa is employed 

(Rieseberg & Soltis, 1991). While not every taxon will be as subject to hybridization as 

Cliffortia, with its unusually extensive reticulations, many studies are showing the 

presence of one or two putative hybrids amongst otherwise highly congruent datasets 

(Bakker et al., 1998; Mort et al., 2002; Yoo et al., 2002). Without evidence from the 

nuclear genome, conflicts between the chloroplast phylogeny and morphology are too 

easily attributed to causes other than hybridization, e.g. incomplete taxon sampling 

(Bakker et al., 1999a; BeHstedt et al., 2001), incorrect morphological phylogeny 

reconstruction (Bellstedt et al., 2001), lineage sorting coupled with selection (Caujape­

Casteils et al., 1999) and convergence of morphological characters (Ohsako & Ohnishi, 

2000). 

In addition to this, both Cliffortia and other taxa would benefit from multiple regions of 

the nuclear genome being sampled, as has been done with cotton (Cronn et al., 2002). 
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Concerted evolution of any part of the nuclear genome is usually unidirectional (Hillis 

et al., 1991; Wendel et al., 1995; Fuertes Aguilar et aI., 1998). Hence, on average only 

half of the hybrids will be evident as incongruencies between the uniparentally inherited 

plastid genome and the biparental nuclear regions; the remainder would resolve in the 

same place on both trees. Therefore, greater sampling of the nuclear genome will also 

increase the number of putative hybrids that can be detected. 

RecQnstructin~ reticulations: 

Although a hybrid between two sister species will not affect a phylogenetic analysis 

adversely (McDade, 1995). hybrids between distantly related taxa can result in strong 

conflict and collapse of the tree if the datasets are combined (Bremer & Wanntorp, 

1979). It is therefore important that datasets showing strong incongruence are not 

combined prior to analysis (de Queiroz, 1993; Huelsenbeck et al., 1996). Unfortunately, 

detection of incongruence between datasets is not straightforward as no reliable test has 

yet been proposed (Yoder et al., 2001; Dowton & Austin, 2002). However, in the case 

of Cliffortia the incongruence between the nuclear and chloroplast trees was so strong 

that the incompatibility of the two datasets was unequivocal. 

Two methods were used here to combine the data from both gene trees. Firstly, 

reconstruction of a reticulate tree by comparison of the two individual gene trees. And 

secondly, selective combination of all the data to produce a compromise between a 

consensus and a total evidence tree. The first method was computationally difficult 

because of the number of incongruent placements between the two trees. Therefore, 

optimal placement of the taxa and reticulations cannot be assured. Furthermore, an 

indicator of the strength of each reticulation was needed to assess whether each 

incongruence observed was an accurate portrayal of differing phylogenetic histories or 

due to erroneous reconstruction. The second method relies firstly upon identification of 

nodes in common (i.e. consensus) and then add nodes that do not strongly conflict when 

using total evidence. Any evidence of reticulations is lost by this method, but taxa that 

do not have reticulations should be more confidently placed because of the greater 

amount of data included in the analysis. 

While reticulate phylogenies have been reconstructed for a few taxa, e.g. peonies (Sang 

et al., 1995; Sang et al., 1997), the number of taxa involved has been relatively few, so 

that the reconstruction was unambiguous. Total evidence has also been used for 

phylogenies with reticulations but the data for conflicting taxa have been removed prior 

to combination of datasets, e.g. Macaronesian Crassulaceae (Mort et al., 2002). The 
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complexity of the reticulations present within ClifJortia has not been documented for 

any other species-level phylogeny. However, similar situations will arise in population 

level studies and one possible solution to the difficulties posed by reticulate phylogenies 

is to use the various distance-based methods employed by these studies (Posada & 

Crandall, 2001). 

Classifying hybrid species and reticulate phylogenies; 

The way we classify both species and higher taxa continues to require further thought. 

Although attempts have been made to draw attention to the problems posed by hybrids 

in the past, they have been repeatedly dismissed as artefacts of over-zealous splitting of 

species (van Welzen, 1998) or inconsequential as they only occur between closely 

related taxa (McDade, 1995). However, this study has revealed numerous reticulations 

between morphologically and functionally diverse lineages indicating that the problems 

caused by hybridization for classification are possible, although certainly not universal. 

Hence, a classification system is still needed that can accommodate these natural 

patterns and still be as widely applicable by as many end-users as possible. Here a two­

level Linnaean classification has been constructed, so that those that insist upon only 

monophyletic taxa can recognise only the subgeneric rank as legitimate, while those 

who need a classification that can be used to communicate concepts regarding the 

functional diversity within ClifJortia can recognise the sections and series as well. 

Hybridization and the origins of the Cape Flora 

Processes influencing the speciation and radiation of ClifJortia have been shown to be 

varied (Chapter 4). No single morphological or ecological feature of Cliffortia was 

demonstrated to explain the immense diversity in growth fonn and adaptation to a wide 

range of environments. Therefore speciation within the genus appears to have been 

driven by a variety of environmental factors such as substrate, fire tolerance, water 

dependence and altitude. Speciation events have been both allopatric and sympatric 

across strong ecological gradients. Furthennore, the distribution of species within the 

CFR is similar to other Cape taxa, e.g. Proteaceae, Restionaceae, Aspalathus. and 

Muraltia (Oliver et al., 1983), implying that the processes that have influenced 

diversification affect a wide range of taxa. However, common to all the lineages within 

Cliffortia is the evidence of hybridization and hence this needs to be investigated further 

to understand the evolution of the genus. In particular, it needs to be detennined 

whether the prevalence of hybridization across the genus is a phenomenon restricted to 
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Cliffortia, because of certain attributes of the genus, or a more general feature of the 

Cape Flora that will be applicable to all speciose genera. 

Is hybridization unique to ClifJortia? 

Ellstrand et al. (1996) showed that the distribution of natural hybrids was not random 

amongst taxa, and concentrated in groups with particular characteristics. In three of the 

five floras examined by Ellstrand et aI., Rosaceae featured as one of the five families 

with the most hybrids recorded. In addition, the presence of hybrids in several genera of 

Rosaceae have been confirmed by molecular techniques, e.g. Amelanchier (Campbell et 

al., 1997), Geum (Smedmark & Eriksson, 2002) and Rubus (Alice et al., 2001). Within 

the British Flora, EHstrand et al. identified that genera susceptible to hybridization were 

characteristically perennials, outcrossing and capable of clonal reproduction, either 

vegetatively or by agamospermy. Species of Cliffortia are aU perennial and many are 

capable of vegetative spread. The unisexual flowers will increase the probability of 

outcrossing, while the rarity of male flowers in several species means that agamospermy 

is suspected to be common. 

It therefore appears, with the benefit of hindsight, that Cliffortia, an outcrossing member 

of the Rosaceae capable of clonal spread through vegetative growth and agamospermy, 

should be susceptible to hybridization. In particular, hybrids within the other genera of 

the Sanguisorbeae have already been reported, e.g. the Bencomia alliance (Francisco­

Ortega et al., 2000) and even an intergeneric hybrid between Acaena and 

Margyricarpus (Crawford et al., 1993). As a result, the role of hybridization as a 

speciation and diversification force within the Cape Flora, could be seen as exceptional 

to Cliffortia and extrapolation to other Cape taxa is dubious. However, this presumption 

may be rather premature. 

The occurrence of natural hybrids in other Cape taxa is rarely documented in 

monographs, e.g. Erica (Oliver, 1991), Freesia (Goldblatt, 1982), Geissorhiza 

(Goldblatt, 1985), Leucadendron (Williams, 1972), Microloma (Bruyns & Linder, 

1991) and Romulea (de Vos, 1972). Usually, comments are restricted to intermediate 

taxa that cannot with certainty be placed into one of the two putative parental taxa. 

However, prior to this study a similar situation existed for Cliffortia with only eight 

putative hybrids being proposed by Weimarck (Table 6.1). None of these eight were 

tested in the current study, hence all the hybrids found were previously unknown or 

recognised as species. Therefore, the previous documentation, or absence thereof, 

should not be used as an indicator of whether hybridization is prevalent within a genus 
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or not. For example, a recent molecular study of eastern North American Phlox also 

revealed evidence for a high degree of reticulation in the evolution of the species, yet "it 

is very rare to come across an herbarium specimen that appears to be a hybrid plant" 

(Ferguson & Jansen, 2002). Furthermore, artificial crosses of sunflowers have shown 

hybrids within a few generations to express genotypes closer to one parent than would 

be expected, thus their intermediate nature is rapidly lost and makes their detection 

especially difficult (Rieseberg & Linder, 1999). 

A better indicator of whether a genus is susceptible to hybridization would be to 

compare the attributes listed by Ellstrand et al. (1996) with those known for Cape taxa. 

An examination of the families subject to frequent hybridization in other floras suggest 

that several important Cape taxa might also be worthy of investigation for evidence of 

hybrids (Table 6.2). In addition, particular attention should be paid to those Cape taxa 

that express the three criteria that allow a genus to engage in frequent spontaneous 

hybridization, namely perennial, outcrossing species with the ability for clonal 

reproduction. Bearing this in mind, the geophytic genera, especially of the 

Hyacinthaceae and lridaceae, which produce numerous offsets, would be good 

candidates to investigate for evidence of speciation via hybridization. This is supported 

by the readiness of these taxa to form hybrids in cultivation (Goldblatt, 1971). e.g. 

Watsonia (Hom, 1962), Lachenalia (Duncan, 1988) and between different sections in 

Gladiolus (Takatsu et al., 2001). Already, natural hybrids have been suggested for 

incongruence observed in Pelargonium from molecular analysis (Bakker et al., 1998), 

supported by the ease with which artificial hybrids, some fertile, have been created 

within and between sections (Bakker et al., 1999b). It remains to be seen whether the 

increasing number of molecular studies of Cape taxa reveal more hybrid relationships. 
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Table 6.2. List of families mentioned by EHstrand et at (1996) for other floras. as 
containing high numbers of hybrids, that are also present in the Cape Flora and the 
largest genera contained therein (figures from Goldblatt & Manning, 2000). 

Family Largest genus in Cape Flora and number of species 
Asteraceae Senecio (110) 
Boraginaceae Lobostemon (28) 
Campanulaceae Wahlenbergia (60) 
Cyperaceae Ficinia (57) 
Euphorbiaceae Euphorbia (45) 
Fabaceae Aspalathus (272) 
Lamiaceae Salvia (18) 
Orchidaceae Disa (92) 
Poaceae Pentaschistis (43) 
Rosaceae Cliffortia (114) 
Rubiaceae Anthospermum (13) 
Scrophulariaceae Selago (101) 

Hybridization as a process for diversification: 

If hybridization is shown to be a factor affecting diversification within more than one 

Cape taxon then there is a need to address the question of whether there is a reason for 

this. Is this particular to the Cape Flora, mediterranean climate floras or to floras that 

have experienced a recent radiation? Natural hybridization has frequently been 

dismissed. especially by zoologists, as being of little long-term evolutionary importance 

(Arnold, 1997). The dismissal of hybrids as an important cause of speciation centres 

around two main arguments. Firstly, it is thought that hybrids are always less fit than 

their parents (Mayr, 1963; Schemske, 2000). Secondly, they are only thought to occur in 

disturbed habitats, which can usually be attributed to the result of human activities 

(Anderson, 1948; Schemske, 2000). Both arguments are based upon a predisposition to 

the Biological Species Concept, in which the reproductive isolation of species is 

inherent and therefore the acceptance of hybridization as evolutionarily important would 

be inadmissible (Arnold et al., 2001). 

However. it has been shown that the fitness of hybrids is not always inferior to their 

parents, but covers a wide variation from sterility and inviability to distinct hybrid 

vigour (Arnold & Hodges, 1995; Burke et al., 1998; Arnold et al., 2001; Schweitzer et 

al., 2002). In addition, many hybrids demonstrate transgressive characters or novelties, 

allowing them to colonize intermediate or new environments so that both they and their 

parents can persist (Rieseberg & Ellstrand, 1993; Rieseberg et al., 1999). Even if the 

original cross is less fit than the parents, subsequent backcrossing and introgression can 

anow the flow of traits between species, which could promote speciation within the 
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parents (Rieseberg & Wendel, 1993; Arnold et al., 1999). Therefore, hybridization is 

increasingly being seen as a potentially important process in the evolution of many 

organisms (Arnold, 1997; Bachmann, 2000). 

The second argument against hybridization as a speciation process has received less 

attention but is highly relevant to the present study. While hybrids have been shown to 

colonize intermediate (Kentner & Mesler, 2000) and new (Welch & Rieseberg, 2002) 

habitats. the number of cases in habitats unaffected by man are still few. The converse is 

also true in that numerous reports are coming to light of hybrid swarms forming in man­

disturbed habitats, especially between native and introduced species (Abbott, 1992; 

Ellstrand & Schierenbeck, 2000). In his seminal paper on the subject, Anderson (1948) 

suggests that the degree of habitat heterogeneity required for hybrid swarms to establish 

only occurs where man has greatly altered natural conditions. Hence, clear-cut hybrids 

are seldom encountered or are found only under peculiar circumstances. However, he 

goes on to make the proviso that 'hybridized habitats' would have existed in pre-human 

times when new areas were opened up to colonization. This statement is supported by 

recent tindings that hybridization has been a major factor in the adaptive radiation of 

genera on volcanic islands, e.g. Argyranthemum (Francisco-Ortega et al., 1996), 

Sonchus (Kim et al., 1996) and Teline (Percy & Cronk, 2002) in Macaronesia and the 

silversword alliance in Hawaii (Baldwin, 1997). 

A similar scenario would also have occurred In the Cape at the onset of the 

mediterranean-climate. With the increasing summer aridity, the forests retreated 

opening up large tracts of land, leaving the more sclerophyllous taxa, which extended 

their distributions into the newly vacated areas (Linder et al., 1992). The role of 

hybridization in the adaptation and radiation of these surviving taxa into the CFR would 

presumably have been similar to that found in the island taxa. However, if hybridization 

was only significant in the early radiation of the flora into new lands, then new hybrids 

would not expect to be found after the immediate colonization. In Cliffortia this is not 

the case as many recent hybrids are still to be found. Therefore, the reticulate nature of 

the phylogeny should not be solely attributed to the initial radiation within the genus, 

but instead the current hybrid populations can be used to infer the processes that gave 

rise to the pattern of reticulation now observed (Arnold, 1992). 

While disturbance in many habitats can be regarded as primarily man induced, for 

fynbos .. md most other mediterranean-climate vegetation, fire creates a frequent and 

regular "iisturbance regime (Cowling, 1987; van Wilgen, 1987; Manders & Cunliffe, 
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1987). Fire has previously been regarded as a cause of vicariance by local extinction of 

intervening populations of species (Cowling, 1987) and of increasing generation turn­

over in non-sprouting lineages (Ojeda, 1998; Wisheu et al., 2000; Cowling & Lombard, 

2002). However, here it is suggested that fire can also have a major role in providing 

new disturbed habitats for the establishment of hybrids and that these hybrids can be an 

important factor in subsequent speciation, either through aUopolyploidization, 

homoploid hybrid speciation or introgression of foreign traits. 

This theory would predict that the rate of speciation would increase in lineages that 

were susceptible to hybridization, such as those with the ability for clonal reproduction 

and hence persistence over successive disturbance events. Indeed, three of the sections 

in ClijJortia, Bifoliolae, Multifidae and Multinerviae, support this hypothesis (Fig. 4.6). 

This is in direct contradiction to the highly plausible and frequently invoked theory that 

seeder lineages are more vulnerable to local extinctions and therefore speciation 

(Cowling, 1987; Cowling & Holmes, 1992a; Schutte et al., 1995; McDonald et al., 

1995; Trinder-Smith et al., 1996; Ojeda, 1998). Hence, this prediction should certainly 

not be taken as a hard and fast rule. Indeed, sect. Filicaulae and Simplices are both 

exclusively seeder lineages that have diversified. However, the theory does provide a 

process by which increased speciation levels in resprouting lineages can be explained. 

In the past, the high diversity within the CFR has been attributed to increased speciation 

across steep ecological gradients caused by limited gene flow between popUlations 

(Linder, 1985), frequent vicariance events caused by fire (Cowling, 1987), increased 

generation turnover amongst fire-prone lineages (Ojeda, 1998; Wisheu et al., 2000; 

Cowling & Lombard, 2002) and reduced extinction due to a stable climate (Dynesius & 

Jansson, 2001). The intention here is not to supplant these general hypotheses and 

suggest that the immense diversity found within the fynbos, and other fire-prone 

mediterranean floras, is solely due to hybridization caused by regular disturbance. 

However, hybridization should be seen as a factor that can augment other speciation 

processes, especially in resprouting lineages. Hence, the presence and distribution of 

hybrids across a wide range of taxa within these climatic zones should be sought aU the 

more readily and not dismissed as obstacles in the way of producing neat phylogenies 

and classifications. 
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Conservation 

Many of the species that grow in fynbos are under increasing threat of extinction. The 

primary threats include destruction of habitat for farming, building and water-supply 

(Macdonald, 1989), invasion of natural habitat by alien plants such as Hakea, Acacia 

and Pinus (Richardson et aI., 1992), and inappropriate fire regimes caused by 

purposeful and accidental ignition of fynbos (van Wilgen et al., 1992). Habitat 

destruction is concentrated in the lowland areas (Rebelo, 1992), including the species 

rich Cape Flats (Jarman, 1986) and Agulhas Plain (Lombard et al., 1997; Heydenrych et 

al., 1999), but the other two threats affect the mountainous regions too. While much of 

the mountainous area is already conserved as water catchment zones (Rebelo, 1992), in 

the lowlands a series of small fragmented reserves is divided by vast areas of 

agricultural or urban land (Rebelo & Siegfried, 1990; Lombard et al., 1997). 

The high degree of endemism within the Cape Flora means that many of the species are 

naturally rare, sometimes confined to a single valley or mountain peak. These species 

are particularly vulnerable to extinction (Kruckeberg & Rabinowitz, 1985; Tansley & 

Brown, 2000; Goldblatt & Manning, 2002), especially due to inappropriate or absent 

conservation management procedures, e.g. Sorocephalus tenuifolius (Tansley, 1988). To 

this end much work has been done within the CFR to construct a potential network of 

reserves to protect the maximum number of rare and threatened species (Rebelo & 

Siegfried, 1990; Rebelo & Siegfried, 1992; Rebelo & Tansley, 1993; Lombard et al., 

1997; Cowling & Pressey, 2001). Modelling for much of this work has utilised either 

the Proteaceae, because it is the most comprehensively documented ofthe Cape taxa, or 

the Red Data Book of threatened plants (Hall & Veldhuis, 1985; Hilton-Taylor, 1996), 

as they list the species with the highest priority for conservation. 

This study has shown that the distribution of species and endemic areas for Cliffortia 

are very similar to what has been found in other taxa. In addition, Rebelo & Tansley 

(1993) have shown that there is a strong relationship between Proteaceae, Red Data 

Book and total species richness. As a result, these taxa may be used as surrogates for 

Cliffortia in designing conservation strategies that will preserve all the species of 

Cliffortia currently threatened. Although no test of this has been conducted, at present 

only a few species are known that do not occur inside any existing reserve: C acocksii, 

C. bolusii MS, C. cruciata MS, C. curvifolia (possibly now included within the new 

Cape Agulhas National Park) and C. marginata. It would therefore only require that at 
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least one population of each of these remaining five species be targeted for all species to 

be included within a protected area. 

However, not all threatened species are of equal concern and several methods have been 

proposed to prioritise for conservation species to maximise cladistic diversity (Vane­

Wright et al., 1991; Williams et al., 1991), genetic diversity (Crozier, 1992), feature 

diversity (Faith, 1992), functional diversity (Linder & Midgley, 1994), or evolutionary 

potential (Linder, 1995). Thus in the case of the five species mentioned above, although 

C. acocksii and C. marginata are probably the most threatened as they occur on the 

clayish soils of the Cape Flats around Somerset West and Stellenbosch, they are also the 

least taxonomically distinct species having very close sister species which are not 

threatened, i.e. C.filifolia and C. tenuis. Thus it is recommended that species like 

C. bolusii MS, C. cruciata MS and C. curvifolia should be targeted preferentially when 

designing reserves to maximise genetic diversity. 

This is relevant for hybrid species, especially those narrow endemics whose parents are 

more widespread. For example, C. intermedia may be confined to the Cape Peninsula, 

but the parental species C. ruscifolia and C. ilicifolia are found almost throughout the 

CFR. Therefore, in terms of preserving genetic diversity these recent hybrid species 

could be regarded as practically expendable. Indeed, such argumentation resulted in 

specific exclusion of hybrids from the American Endangered Species Act. This caused 

severe problems with conservationists when endangered taxa were shown to have 

hybridized or have hybrid origins (O'Brien & Mayr, 1991; Rhymer & Simberloff, 

1996). However, while genetic diversity might not be lost if these hybrid species 

disappear, the evolutionary potential of the species involved might be harmed. This is 

important because if we are to preserve the processes that maintain genetic diversity and 

promote diversification then the evolutionary potential of species needs to be explicitly 

considered in conservation planning (Brooks et al., 1992; Linder, 1995; Cowling & 

Pressey, 2001). 

Although the threats mentioned above are by far the most serious affecting the Cape 

Flora today, the role of hybridization has been noted as a conservation issue of growing 

importance (Abbott, 1992; Ellstrand, 1992; Rhymer & Simberloff, 1996; Levin et aI., 

1996; Ellstrand & Schierenbeck, 2000). While it has not yet become a conservation 

issue here for plants, it may be just a matter of time as it is already a concern for a few 

amphibians, birds and mammals (Rebelo, 1992), e.g. African wild cat and domestic cat 

(Stuart & Stuart, 1991; Wiseman et al., 2000), mallard and yeHowbilled duck (Anon, 
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1994), and has been recognised as a major problem in another mediterranean climate 

flora, California (Rhymer & Simberloff, 1996). The threat from hybridization has been 

most widely reported between introduced and native related species, but concern has 

also been expressed that it can cause loss of biodiversity between two sympatric native 

species (Ellstrand, 1992; Rhymer & Simberloff, 1996). 

For example, C. strigosa is a highly localised endemic species, known from only a 

sman area in one mountain range. It is a distinct species (no other member of section 

Multinerviae is so hairy) but putative hybrids have still been found with C. dregeana 

(C.M. Whitehouse 86). There are two effects of heterospecific hybridization that could 

affect the long-term survival of this and other rare species that hybridize with a more 

common species: outbreeding depression and genetic assimilation (Ellstrand, 1992; 

Rhymer & Simberloff, 1996; Arnold, 1997). Out breeding depression can result from 

either a reduction in the number of viable offspring produced or the hybrid progeny 

demonstrating lower levels of overall fitness (EHstrand, 1992). This will adversely 

affect the rare taxon by increasing the number of lost opportunities for recruitment 

(Levin et al., 1996). Genetic assimilation on the other hand involves the loss of the rare 

taxon's genotype or phenotype through asymmetric gene flow from the common taxon. 

Within Cliffortia this would be accentuated in those species that regularly fail to 

produce male flowers, which makes gene flow almost unidirectional. 

How real the threat from heterospecific hybridization is between species of Cliffortia 

remains to be seen. It could be that species such as C. cruciata MS demonstrate that 

genetic assimilation has already occurred in that its chloroplast genome is representative 

of a more widespread taxon. However, this should be regarded as just part of the natural 

evolution of the genus and has probably occurred frequently even before man started to 

change the environment. Thus the problem of heterospecific hybridization should only 

be a conservation concern for species where it can be shown that hybrids have formed 

as a direct result of human intervention. 

One such area of human intervention is in the introduction of species not native to an 

area. However, the problems for conservation associated here are not the same as 

between rare and widespread native taxa for, except in large-scale farming. the 

introduced species will be the rare taxon, at least initially. Rather the danger comes from 

the possibility that the hybrid will show increased fitness relative to its parental taxa. 

This leads to two concerns about hybrid taxa: firstly, that the 'new' hybrid species might 

outcompete the native species and thus replace it, and secondly that the 'new' species 
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can become invasive and start to change the environment in such a way that other 

species are also detrimentally affected (Ellstrand & Schierenbeck, 2000). 

Within the fynbos the primary effect of introduced plant species is their invasion of 

natural vegetation (Richardson et al., 1992). Hybridization between these introduced 

plants and the native flora is not a problem because there are not close enough relatives 

for gene flow to be successful. This can be attributed in a large part to the high 

endemicity of the Cape Flora such that very few genera occur both in the CFR and other 

similar habitats elsewhere. The only example of hybridization between a native and an 

introduced species involving a Cape taxon is for Carpobrotus in North America 

(Gallagher et ai., 1997). 

However, horticulture and m particular flower farming practices are changing 

distribution patterns of species within the CFR itself. Desirable species for the cut­

flower and garden industry are being grown more commonly, on larger scales and 

throughout the CFR. In addition, this often takes place amongst naturally occurring 

stands of fynbos. While the horticultural potential of ClifJortia may have to wait a while 

until it is fully exploited, the risk of previously allopatric species being brought into 

close contact is a real one for many fynbos species, especially Protea. While sympatric 

species may have developed isolating mechanisms, there will have been no selective 

pressure to produce them in allopatric species, e.g. Darwin's finches (Grant & Grant, 

2002). Therefore, hybridization between previously allopatric species is more likely 

than between sympatric species (Grant, 1981; Ellstrand, 1992). Although no cases have 

yet been found for the formation of invasive hybrids within fynbos, there are reports of 

hybrid taxa between cultivated and native species, e.g. Erica nana x patersonia 

(Hitchcock, 2002). As yet it is not known whether these will pose a threat to the 

conservation of the natural popUlations. However, concern is already being raised 

regarding the problems caused by horticulture in the Canary Islands through 

hybridisation between rare endemic species and those introduced from neighbouring 

islands (Levin et ai., 1996; Francisco-Ortega et al., 2000). 

However, even if this proves to be the case over the coming years as commercial flower 

farming increases in the area, the question still needs to be asked whether this is 

detrimental (Arnold, 1997). While the genetic identity of the species native to the area 

may not be preserved, it is possible that its evolutionary potential may be increased 

through genetic enrichment (Arnold et al., 1999). In a habitat that is increasingly more 

fragmented, and with the threat of global climate change, there is great concern about 
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the ability of species to adapt to the environment (Brooks et al., 1992; Cowling & 

Pressey, 2001). Corridors and ecological gradients along which the species used to 

migrate have been lost and the rate of change appears to be too fast for natural 

evolutionary processes to allow for adaptation (Rebelo & Siegfried, 1990). However, if 

hybridization has been a major factor in the past evolution of Cape taxa, then the 

introduction of new genes via hybridization that enable species to adapt to the changing 

climate in situ could be seen as just a continuation of that process. This is clearly a 

controversial suggestion, but introduction of foreign 'subspecies' so that hybridization 

will occur has already been deliberately implemented amongst some highly endangered 

mammal and bird species in America (O'Brien & Mayr, 1991; Fergus, 1991; Rhymer & 

Simberloff, 1996). The question of whether we should be concerned about possible 

'contamination' of wild populations from cultivated plants is worthy of debate, 

especially in the light of the evolutionary processes that created the amazing diversity of 

the Cape Flora in the first place. 
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7. Synthesis 

This study has produced a phylogenetic hypothesis for the large Cape genus Cliffortia 

(Rosaceae) using macromolecular and morphological data. The sampling of taxa has 

been high, with 91.5% of the currently accepted species (n = 117), as well as several 

new taxa, being sequenced for at least one DNA region. Of the 143 taxa (of which 16 

are newly recognised and awaiting fonnal description and publication), 126 are included 

in the molecular analyses. 

Two molecular phylogenies were produced, one from the nuclear genome and one from 

the chloroplast. The lack of congruence between the two trees indicates that there has 

been extensive recent and past hybridization within the genus. In some instances these 

hypotheses of hybridity are supported by the presence of additive sequences in the 

nuclear genome, suggesting that there are different copies of the gene region from 

alternative parents, or by the intennediate nature of the morphology of the accessions. 

Surprisingly, for most incongruent accessions of species, no hybrid hypothesis had been 

suggested prior to comparison of the nuclear and chloroplast trees. 

While hybridization is generally considered only to be common between closely related 

species (McDade, 1995), within Cliffortia reticulations can also occur across widely 

separated parts of the tree. Indeed, the lack of molecular characters to resolve closely 

related species means that most of the strongly supported cases of incongruence are for 

species that are placed in different sections in the two trees. As a result of this, and 

because of the conservative criteria used to record incongruence, the levels of 

hybridization reported are probably lower than they should be. Nevertheless, 90 

(61.6%) of the 146 accessions included in the analysis show some evidence of 

incongruence, 55 (37.7%) of which show strong incongruence (>80% jackknife support 

for alternate positions in the two genome trees). Furthennore, because of concerted 

evolution, greater sampling of the nuclear genome will most likely reveal even greater 

incongruence between the different gene regions. Therefore, the importance of the role 

of hybridization in the evolution of Cliffortia appears irrefutable. 

Both the nuclear and chloroplast trees are inconsistent with the subgeneric and sectional 

classification proposed by Weimarck. Therefore, a new classification is proposed here. 

However, the presence of reticulations means that a monophyletic model can only 

recognise four monophyletic clades. In the Linnaean classification, these four clades are 

attributed the rank of subgenus: Arborea, Cliffortia, Eriocephalina and Graminea. 

146 



Univ
ers

ity
 of

  C
ap

e T
ow

n

However, subgenus Cliffortia contains the majority of the variation present within the 

genus, and to have no means of classifying the species into more convenient 

supraspecific taxa would be unhelpful in further discussions of the genus. Therefore, the 

recognition of para phyletic taxa was regarded as inevitable and 17 sections (15 of which 

belong to subgenus Cliffortia) were created. In addition, monotypic sections were 

deemed unwarranted and were therefore avoided for subgenus Cliffortia by the creation 

ofa group of species labelled incertae sedis. 

All morphological characters were homoplastic to some degree and reconstruction of 

ancestral conditions for the deeper nodes of the tree was difficult. However, leaf form 

was relatively conservative and an ancestral trifoliate form is hypothesised. The 

presence of a petiole, as hypothesised by Dahlgren (1971), in the ancestral leaf was not 

supported, but ontogenetic arguments based upon seedling leaves might suggest that it 

was ancestral. Flower and inflorescence structure was also relatively conservative. 

Serotinous inflorescences were exclusive to subgenus Arborea, while the presence of 

four sepals was a diagnostic character in four of the sections of subgenus Cliffortia. 

The optimisation of habitats onto the phylogeny of Cliffortia suggests that the ancestral 

forms grew on well-drained TMS in seasonally dry areas. More derived forms then 

diversified onto different substrates, such as lowland shales and marine sands or 

limestone, and into areas that are wet all year or seasonally waterlogged. However, as 

no clock can be attached to the phylogeny, as there is no suitable calibration point, 

attaching these shifts in ecology to particular past climatic events is not possible. Only a 

single clade, series Hirta, gives any indication of diversification following a shift in 

substrate preference, but four different clades show diversification following adaptation 

to increased water supply: subgenus Graminea, section Simplices, and series Ericifolia 

and Pedunculata. 

The role of fire in the diversification of Cliffortia is more complex. Three different 

growth forms in response to fire are present: crown resprouters, clonal resprouters and 

seeders. While a seeder life history is optimised as the ancestral condition, confidence in 

this finding is low and could easily change with increased resolution at the base of the 

tree. Resprouting is generally considered the ancestral condition in angiosperms and the 

presence of clonal growth in other rosaceous taxa and across the breadth of the 

phylogeny appears to support this hypothesis for Cliffortia too. Transition between the 

different growth forms appears to have occurred many times, except between the crown 

and clonal resprouting forms. It is therefore hypothesised that a crown resprouter only 
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originates from a seeder ancestor. This is supported by the facultative nature of crown 

resprouters, which are sometimes killed by intense fires or only survive in more 

protected areas. 

The presence of clonal vegetative reproduction through underground roots is associated 

with increased evidence for past hybridization events. This can be attributed to the 

greater chance of survival for hybrids that are able to resprout after fires and to spread 

from their point of origin without the need of sexual reproduction. It is also possible that 

it may be the result of reversal to a plesiomorphic state (Funk, 1985), as some hybrids 

have both parental species lacking the ability to spread clonally. The persistence of 

hybrids in the environment through clonal growth is probably an important factor in the 

contribution of hybridization to the evolution of Cliffortia. Resprouting hybrids are able 

to overlap generations and therefore backcross with their parents. This increases the 

chance of transfer of alleles between species through introgression or the possibility of 

unreduced gametes forming fertile allopolyploids. This is supported by the 

diversification within predominantly clonally resprouting lineages such as sections 

Bifoliolae, Multifidae and Multinerviae. This is in conflict with the frequently cited 

hypothesis that seeders have increased rates of speciation compared to resprouters 

(Wens, 1969; Cowling & Holmes, 1992a; Schutte et al., 1995; Ojeda, 1998; Cowling & 

Pressey, 2001). 

The patterns of distribution of Cliffortia species and areas of endemism within the CFR 

is very similar to that found for many other Cape taxa, especially those that grow 

predominantly in fynbos, e.g. Aspalathus, Erica, Protea and Restionaceae (Oliver et al., 

1983). Therefore, many of the factors that have influenced diversification of Cliffortia 

are probably also applicable to these taxa. In addition, conservation planning based 

upon targeting those taxa will also help to conserve the majority of Cliffortia species. 

In conclusion, the diversification of Cliffortia has been affected by many different 

elements: geographical isolation, specialisation for different fire-strategies, adaptation to 

different soil types or different rainfall regimes. No single factor has played an over­

riding role in speciation events. Moreover, the rate of speciation has been strongly 

influenced by frequent hybridization events, which will have allowed transfer of genetic 

information between species. Much work remains to be done upon confirming the 

extent of hybridization and its influence upon speciation within Cliffortia, especially in 

the ability of hybrids to adapt to new habitats. Furthermore, the presence of hybrids in 
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other Cape taxa should also be sought to detennine if the importance of this 

phenomenon is unique to Cliffortia or a more general feature of the Cape flora. 

Future research on Cliffortia 

The analyses carried out here provide a useful framework for our understanding of the 

evolution of Cliffortia, but much future research is needed to confinn many of the 

hypotheses that have been proposed . 

• Greater support is needed for the phylogeny to confinn the placement of the 

branches and reticulations. While additional chloroplast regions can be 

sequenced, especially to resolve the nodes deeper within the tree, the three 

regions currently sequenced provide a relatively robust tree. Hence, there is a 

greater priority for more data from the nuclear genome to complement the 

solitary dataset already obtained. As well as providing support for the current 

nuclear tree, further nuclear sequences will presumably reveal more hybrids and 

reticulations. Faster evolving gene regions should also be sought to help clarify 

relationships between closely related species. 

" Population-level molecular studies are needed to confinn putative hybrids and 

their parental taxa or populations. Several hybrid swarms have been detected, 

e.g. between C. denticulata, C. dregeana and C. ovalis above Jonkershoek, and 

between C. ilicifolia, C. integerrima, C. intermedia, C. ruscifolia and 

C. theodori-friesii on the Cape Peninsula, and the degree of interbreeding and 

population structure of these complex taxa need to be discerned. 

" Cytological studies of the species would be desirable to reveal ploidy levels. This 

would allow identification of instances of autopolyploidy within species and in 

particular whether hybridization has occurred through aHopolyploidization or 

homoploid hybridization. 

" Experimental evidence is needed to confinn the presence of apomixis, examine 

the extent of its distribution amongst the species and confinn whether pollen is 

needed to initiate seed production. It is especially important to ascertain this for 

recent hybrids as their ability to spread and influence future generations will be 

heavily dependent upon their ability to persist through successive burning 

events. 
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.. The extent of gene flow within a species is vital to our understanding of species 

concepts within Cliffortia and the distance across which hybrids can fonn. 

Infonnation on flowering times of species and the occurrence and frequency of 

male and female flowers is needed to comprehend pollination biology of the 

species. Identification of environmental factors that trigger male flowering in 

species where it is rare will help indicate the causes that promote sexual over 

asexual reproduction and possibly also trends from monoecy to dioecy. 

.. Study of seedlings, and in particular the ontogeny and morphology of seedling 

leaves will increase our understanding of the evolution of the various leaf-types . 

.. Further phenological studies, such as carried out by Fellingham (1999), across a 

broader range of species will also help to increase our understanding of the range 

of growth forms that exist within Cliffortia. 

.. Better characterisation of the ecological requirements of sympatric sister species 

may reveal the ecological differentiation between sympatric species. This could 

reveal factors that may have influenced speciation. This is especially relevant for 

new hybrids, as the ability of the hybrid to persist will depend upon whether it can 

occupy a different ecological niche to both its parents. 

.. Morphometric studies of species complexes are needed to identify morphological 

characters important for identification of difficult species. Widespread species can 

be examined for clinal variation in morphology and associated with climatic 

trends to help examine the factors that can influence speciation. 

.. More comprehensive coverage of the distributional ranges of Cliffortia species are 

needed to fill in the gaps in distribution. This will allow greater resolution in the 

detection of biogeographic patterns without the errors being introduced from 

undercollecting. 
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Appendix 1. Outline of the proposed classification for Cliffortia. 
Characters in bold type are useful diagnostic and easily observable characters for the taxa either within 
the section or the genus as a whole. For each supraspecific taxon, the subordinate taxon that contains the 
type for that name is indicated by underlining. These type indications are provisional and will only be 
officially designated in the published revision. Exceptions to this are the type species of the genus, which 
had already been chosen, and the originally monotypic subgenera Arborea, Hermaphroditicae and 
Monographidium. 

CUffortia 
L., Sp. PI.: 1038 (1753) & Gen. Pl., ed. 5: 460 (1754); Weimarck, Monogr. Gen. Cliffortia: 1-229 (1934) 
& in Bot. Not. 1948: 167-203 (1948). Type species, chosen by M.L. Green, Prop. Brit. Bot.: 192 (1929): 

C. polygonifolia L. 

Morilandia Neck., Elem. Bot. 2: 98 (1790). Type species unknown 
Monographidium Presl, Epim. Bot.: 202 (1849). Type species: C. obcordata L.f. 

Low semi-herbaceous trailing shrubs to small trees, able to resprout after fire, in which case sometimes 
clonally spreading by roots underground, or only surviving fire as seed. Young stems glabrous to densely 
hairy, forming brachyblasts or not. Sheaths hairy or glabrous both adaxially and abaxially, usually with a 
fringe of hairs on the adaxial side at the point of insertion of the leaflets; stipules when present clear and 
membranous, brown and scarious, or green and leaf-like; petiole present or absent. Leaves glabrous to 
hairy; uni-, bi- or trifoliate, if trifoliate then leaflets always single-nerved to the base, if bifoliate always 
multi-nerved, and if unifoliate then either single- or multi-nerved; leaflet shape very variable, from 
needle-shaped to subcircular, apex rounded to sharply acuminate or pungent, margins entire to markedly 
toothed, flat or imolled beneath, midrib prominent or not, whole leaf curved upwards and towards the 
stem or downwards and away from the stem. Monoecious but sometimes only one sex present, 
inflorescence usually with flowers solitary in the axil of ordinary vegetative leaves, sometimes female, or 
rarely male, flowers clustered into a distinct inflorescence, which is sometimes serotinous. Bracteoles 2-
3, glabrous or hairy, shorter or longer than immature receptacle, usually sessile, rarely on a distinct 
elongate peduncle; sepals 3 or 4, glabrous or hairy; male broadly ovate, rarely narrowly elliptic; female 
from linear to broadly ovate or triangular, erect to recurved, rarely absent or vestigial; stamens few to 
numerous, filaments red or whitish green, anthers reddish brown or yellow, rarely with hairs on the 
connective; receptacle ribbed or entire, glabrous or with short hairs; carpels I or rarely 2 or more, ovule 
solitary, pendulous, one ovule per locule; stigma short and hidden or long and protruding, strap-like to 
much-branched and feathery, red to greenish white, one stigma per carpel. Achene broadly ellipsoid to 
narrowly cylindrical or irregular, sometimes slightly curved, ribbed or winged, glabrous or with a few 
short hairs, sometimes tuberculate, occasionally with a membranous outer layer, very pale brown to 
black, sometimes reddish. 

Subgen. Arborea (Weim.) C. Whitehouse subgen. et stat. nov. 

Syn. Clijfortia L. sect. Arboreae Weim., Monogr. Gen. Cliffortia: 91 (1934); E.G.H. Olivo & 
Fellingham in Bothalia 24: 153-162 (1994) 

Tall erect densely branching shrub or small tree. Young stems with dense curled hairs, forming 
brachyblasts. Sheath hairy abaxially, glabrous adaxially except for fringe of hairs at apex; stipules present 
or often absent, membranous and free; petiole absent. Leaves unifoliate or trifoliate, single-nerved, hairy 
above, usually densely whitish hairy beneath; leaflet margins imolled beneath, midrib prominent. Female 
flowers clustered in a serotinous cone-like structure, male flowers scattered at base of ordinary 
vegetative leaves. Bracteoles hairy all over; sepals 3 or 4, female erect, narrowly oblong to linear; carpel 
single; stigma red and strap-like, prominent out of cone-like structure. Achenes irregular. 3-4 ribbed, 
entire and glabrous, dark brown to black. 

Species: C. achorea Marloth, C. conifera E.G.H. Oliv. & A.C. FeUingham, C. dichotoma A.C. 
FeUingham sp. nov. 

Subgen. EriocepbaUna C. Whitehouse subgen. nov. 

Low to medium erect or decumbent densely branched shrubs. Young stems densely long-spreading or 
curly hairy, forming brachyblasts. Sheath hairy abaxially, densely hairy adaxially; stipules present or 
absent. membranous and free with a ciliate margin; petiole absent. Leaves unifoliate or trifoliate, single­
nerved. often greyish hairy above and usually densely hairy beneath; leaflets elliptic to needle-shaped. 
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usually contracted at base to form a pseudopetiole, margins entire, inrolled beneath. Flowers solitary 
in the axil of ordinary vegetative leaves. Bracteoles hairy all over, longer than receptacle; sepals 3, hairy 
on abaxiaUy, female erect, narrowly oblong to linear; receptacle glabrous, distinctly ribbed; carpel single; 
stigma pinkish white to red, usually prominent above leaves. Achenes ellipsoid, ribbed, glabrous, beige to 
brown. 

Species: C dis par Weim., C. er;ocephaliaa Cham., C esterhuyseniae Weim., C montana Weim., C 
weimarckii C. Whitehouse sp. nov. 

Subgen. Graminea C. Whitehouse subgen. nov. 

Medium to taU densely to sparsely branched shrub, resprouting after fire from a thick caudex, sometimes 
scrambling amongst surrounding vegetation. Young stems glabrous, with or without brachyblasts. Sheath 
glabrous abaxially, glabrous adaxially or sometimes with a short fringe of hairs at the apex; stipules 
present, often green and similar in texture to the lamina; petiole absent. Leaves unifoliate, grass-like to 
long needle-shaped, green above and beneath, usually glabrous, only rarely with a few hairs on the 
midrib beneath, single- or multinerved, apex long-acuminate to pungent. Flowers solitary in the axil of 
ordinary vegetative leaves. Bracteoles longer than receptacle; sepals 3, glabrous, male often narrowly 
elliptic, female erect; receptacle glabrous; carpel single. Achenes irregular to ellipsoid, ribbed, glabrous, 
brown. Growing in permanently wet areas. 

Sect. Graminae C. Whitehouse sect. nov. 

Leaves multinerved, margins toothed. Male sepals fused, only splitting on underside and forming a 
hood over the stamens. 

Species: C. gram;,,?a L.f. 

Sect. Longifoliae C. Whitehouse sect. nov. 

Leaves single-nerved, margins entire. Male sepals free. 

Series Longt(olia 

Tall robust erect shrubs. Leaves broad and grass-like. 

Species: C longilolia (Eckl. & Zeyh.) Weim., C strobilifera L. 

Series Aculeata 

Low to medium scrambling shrubs. Leaves long needle-shaped or laterally flattened. 

Species: C. ac"feat« Weim., C nivenioides A.c. Fellingham. 

Sub gen. Cliffortia 

Syn. Clijfortia L. subgen. Digraphidium Weim., Monogr. Gen. Cliffortia: 20 (1934) 
Clijfortia L. subgen. Monographidium (Presl) Weim., Monogr. Gen. Cliffortia: 20 (1934) 

Same as for genus except inflorescence never serotinous. 

Sect. Heteromorphae C. Whitehouse sect. nov. 

Low to medium densely to sparsely branched shrub, sometimes scrambling through surrounding 
vegetation. Young stems usually forming brachyblasts. Stipules present, free. Leaves trifoliate; leaflets 
single-nerved. Flowers solitary, in the axil of ordinary vegetative leaves or on a short to long peduncle. 
Bracteoles longer than immature receptacle although sometimes receptacle elongates very quickly; sepals 
3; receptacle glabrous; carpel 1. Achene ribbed, glabrous, brown. 

Series Curytfolia 

Medium erect shrub, only surviving fire as seed. Stems forming brachyblasts. Sheath glabrous both 
abaxially and adaxially; stipules membranous, entire; petiole absent. Leaves glabrous, green with two 
pale stripes on either side of midrib; leaflets needle-shaped, curved markedly upwards and in. Flowers 
solitary, in the axil of ordinary vegetative leaves. Sepals glabrous; female recurved; receptacle 
elongating markedly as it matures. Achene long, curved, cylindrical. 

Species: C. curvi(Qlia Weim., C. densa Weim. 

Series Pedunculata 

A2 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Low or sometimes medium shrubs. Young stems usually glabrous, rarely with a few hairs on one side, 
rounded or often compressed and winged. Sheath glabrous both abaxially and adaxially, with or without a 
short fringe at the apex; stipules entire; petiole present. Leaves glabrous; leaflet margins entire or 
markedly toothed. Flowers solitary, on a short to long peduncle in the axil of ordinary vegetative 
leaves. Bracteoles glabrous, entire; sepals glabrous, spreading or rarely erect; receptacle smooth; stigma 
usually red, prominent above leaves. Achene covered by membranous outer layer. 

Species: C. lepida Weim., C. pedunculata Scbltr., C. triloba Weim. 

Series Hirta 

Medium erect densely branched shrubs. Young stems with spreading dense hairs, forming brachyblasts. 
Sheath usually hairy abaxially, glabrous or with scattered adpressed hairs and a short fringe at the apex 
adaxially; stipules membranous, usually ciliate; petiole absent. Leaves hairy beneath, although sometimes 
only on the midrib; leaflet elliptic to needle-shaped. Flowers solitary, in the axil of ordinary vegetative 
leaves. Female sepals erect, sometimes spreading; stigma red or sometimes pinkish. Often growing at 
the boundary between alkaline and more acidic soils. 

Species: C. anthospermoides A.C. Fellingham sp. nov., C. hirta BurmJ., C. incana Weim. 

Series Apiculata 

Medium erect densely branched shrub, resprouting after flre. Young stems with spreading hairs. Sheath 
glabrous abaxially, with scattered adpressed hairs adaxiaJly; stipules membranous, ciliate; petiole absent. 
Leaves glabrous; leaflet elliptic to oblong, straight to slightly sickle-shaped, margins entire. Flowers 
solitary, in the axil of ordinary vegetative leaves. Bracteole glabrous but with a ciliate margin; sepals 
glabrous, female oblong to linear, erect; receptacle smooth; fllaments red, anthers yellow; stigma red, 
prominent above leaves. Achene covered by membranous layer. 

Species: C. apiculata Weim. 

Series Exilifolia 

Medium erect densely branched shrub, only surviving flre as seed. Young stems with dense upwardly 
adpressed hairs, forming closely overlapping brachyblasts. Sheath glabrous both abaxially and adaxially 
except for short fringe at apex; stipules membranous, entire; petiole absent. Leaves glabrous; leaflets very 
narrowly needle-shaped with a long acuminate apex, curved markedly upwards and in, margins entire to 
serrulate. Flowers solitary, in the axil of ordinary vegetative leaves. Bracteole hairy; sepals glabrous, 
female erect; receptacle distinctly ribbed; fliaments white, anthers yellow; stigma white to pinkish white. 
Achene not covered by membranous layer. 

Species: C. exilifolia Weim. 

Sect. Petiolatae Weim., Monogr. Gen. Cliffortia: 28 (1934) pro parte 

Medium erect densely branched shrubs. Young stems with upwardly adpressed to spreading short hairs. 
forming brachyblasts. Sheath glabrous adaxially with fringe of hairs at apex; stipules present, free, 
membranous, usually ciliate; petiole present. Leaves trifoliate, glabrous, green with two pale stripes on 
either side of midrib beneath; leaflets oblong to needle.shaped, outer ones usually sickle-shaped and all 
curved upwards and towards the stem, margins usually entire, midrib not prominent. Flowers solitary, 
in the axil of ordinary vegetative leaves. Bracteoles usually ciliate on the margins; sepals 3, glabrous, 
female usually spreading; anthers yellow; bracteoles longer than immature receptacle; carpel single. 
Achene ribbed, brown to greyish brown, covered with a membranous outer layer. 

Species: C. arcuata Weim., C. drepanoides Eckl. & Zeyh., C, falcata L.f .. C, peipendicli/a C. 
Whitehouse sp. nov., C. ramosissima Schltr. 

Sect. Complanatae Weim., Monogr. Gen. Cliffortia: 20 (1934) pro parte 

Low to medium densely branched shrubs, only surviving flre as seed or possibly facultatively resprouting 
from a caudex. Sheath hairy adaxiaUy, sometimes markedly so, with a fringe at the apex; stipules present, 
membranous; petiole absent. Leaves unifoliate or trifoliate, single·nerved, glabrous; leaflets needle­
shaped or variously toothed or lobed. Flowers solitary, in the axil of ordinary vegetative leaves. Sepals 4. 
rarely 3, glabrous; stamens few, 2-8, fliaments and anthers usually reddish. 

Series Demata 

Low decumbent almost herbaceous shrubs. Young stems with downwardly adpressed short hairs. not 
forming brachyblasts. Sheath hairy abaxially; stipules joined on the reverse side of the stem or free. 
margin ciliate. Leaves trifoliate; leaflets obovate, lobed. Bracteoles glabrous except for ciliate margins; 
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tips of male sepals long and attenuate, female sepals broadly ovate and recurved; bracteole longer than 
immature receptacle; receptacle glabrous, entire; carpels 2. Achene unribbed except for groove between 
carpels, entire, pale brown. 

Species: C. dentata WiUd .. C. gracilis Harv., C. gracillima C. Whitehouse sp. nov. 

Series Complanata 

Low to medium densely branched erect shrubs. only surviving fire as seed or possibly facultatively 
resprouting from a caudex. Young stems with upwardly adpressed hairs, forming brachyblasts. Sheath 
glabrous abaxially, markedly hairy adaxially; stipules free, entire. Leaves trifoliate, glaucous; leaflets 
elliptic to obovate, margins entire or toothed. Bracteoles glabrous sometimes with shortly ciliate margins; 
sepals 4 or occasionally 3, female ovate, recurved; bracteole longer than immature receptacle, receptacle 
hairy, distinctly ribbed; stigma red; carpels 2 or sometimes single. Achene flattened and 2-winged, with 
a few short hairs in the lower half, red to reddish brown. Often growing in rock cracks. 

Species: C. complaData E. Mey. ex Hacy .. C. propinqua Eckl. & Zeyh. 

Series Cervicornu 

Low to medium densely branched erect shrubs, only surviving fire as seed. Young stems with spreading 
or curly hairs, forming brachyblasts. Sheath glabrous abaxially, markedly hairy adaxially; stipules free, 
entire. Leaves trifoliate, glabrous; leaflets needle-shaped, deeply divided, curved upwards and towards 
the stem. Male flower unknown. Bracteoles glabrous, entire; female sepals ovate, erect; bracteoles shorter 
than immature receptacle, receptacle distinctly ribbed, glabrous; carpels I. Achene 4-ribbed. glabrous, 
brown. 

Species: C. cervicornu Weim. 

Series Ericifolia 

Medium densely branched erect or sprawling shrubs. Young stems glabrous, forming brachyblasts. 
Sheath glabrous abaxially, markedly hairy adaxially; stipules free, margins ciliate. Leaves unifoliate, 
needle-shaped, contracted at base to form a pseudopetiole, green above. whitish beneath. margins 
in rolled beneath. Bracteoles glabrous sometimes with shortly ciliate margins; female sepals erect, soon 
falling; receptacle glabrous, ribbed; carpels I; stigma red. Achene glabrous, 2-4-ribbed. brown. 

Species: C. brevifolia Weim .• C. erjctfolia Eckl. & Zeyh. 

Series Slibsetacea 

Low to medium densely branched erect shrubs. only surviving fire as seed. Young stems with upwardly 
adpressed or curly hairs, forming brachyblasts. Sheath glabrous abaxially, hairy adaxially; stipules free, 
entire. Leaves trifoliate, glabrous, green or with two pale stripes on either side of the midrib: leaflets 
linear to needle-shaped, curved upwards and towards the stem. Female sepals ovate, erect; stamens 6--8; 
bracteoles shorter than or as long as the immature receptacle, receptacle distinctly ribbed, glabrous; 
carpels 1. Achene 4- or 8-ribbed, glabrous, brown. 

Species: C. cruciata C. Whitehouse sp. nov., C. subsetacea (Eckl. & Zeyh.) Diels ex Bolus & Wolley 
Dod 

Sect. Alatae Weim., Monogr. Gen. Cliffortia: 80 (1934) pro parte & in Bot. Not. 
1948: 185 (1948) pro parte 

Medium erect densely branched shrubs. clonally spreading by roots underground and able to resprout 
after fire. Young stems with short curly hairs, forming brachyblasts. Sheath hairy both abaxially and 
adaxially; stipules present or absent. free, ciliate; petiole absent. Leaves trifoliate, hairy beneath; leaflets 
needle-shaped, contracted at base to form a pseudopetiole. margins entire. inrolled beneath. Flowers 
solitary. in the axil of ordinary vegetative leaves. Bracteoles hairy. shorter than immature receptacle; 
sepals 4. often hairy on abaxially, female broadly ovate, recurved; filaments red, anthers brownish red; 
receptacle cleary ribbed, hairy; carpels 1; stigma red. Achene on a short recuned stipe, broadly 3-4-
winged. tuberculate, hairy, reddish. 

Species: C a/ala N.E. Br., C. burgersii E.G.H. Olivo & A.C. Fellingham 

Sect. FiHcaulae C. Whitehouse sect. nov. 

Low to medium, often sprawling or trailing, densely branched shrubs, only surviving fire as seed. Young 
stems \\llh long spreading hairs. forming brachyblasts. Sheath hairy both abaxially and adaxially; stipules 
free. oftt:'n a similar texture to the leaf, but sometimes membranous. ciliate; petiole present or absent. 
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Leaves unifoliate or trifoliate, hairy above and beneath; leaflets ovate, obovate or elliptic, sometimes 
toothed to lobed, apex acute to rounded, margins flat. Flowers solitary, in the axil of ordinary vegetative 
leaves. Bracteoles hairy, longer than the immature receptacle; sepals 4, sometimes fused towards the 
base, hairy on abaxially, female erect; receptacle smooth, glabrous; carpels 1 or 2; stigma red to pinkish. 
Achene ellipsoid, unribbed, pale whitish brown. 

Species: C. {i/icaulis Schldl., C. filicauloides Weim., C. hantamensis Diels, C. monophylla Weim. 

Sect. Dracomontanae C. Whitehouse sect. nov. 

Medium erect densely branched shrubs. Young stems with short upwardly adpressed hairs, forming 
brachyblasts. Sheath glabrous abaxially, markedly hairy adaxially; stipules free, membranous; petiole 
absent. Leaves trifoliate, glabrous or occasionally with a few hairs. Flowers solitary, in the axil of 
ordinary vegetative leaves. Bracteole glabrous with entire to ciliate margin, longer than immature 
receptacle; sepals 4, glabrous, female ovate, recurved; receptacle smooth or occasionally distinctly 
ribbed, glabrous; carpels 1; stigma red to pinkish or rarely white. Achenes ellipsoid, ribbed, often 
indistinctly so, brown. Found from Eastern Cape to Kenya. 

Species: C. browniana Burtt Davy, C. dmcomontana C.M. Whitehouse sp. nov., C. nitidula (Engl.) 
R.E. & T.C.E. Fr., C. spathulata Weim. 

Sect. Paucistaminae C. Whitehouse sect. nov. 

Low to medium erect densely branched shrubs. Young stems with short upwardly adpressed hairs, 
forming brachyblasts. Sheath glabrous abaxially; stipules membranous, free, entire or rarely ciliate: 
petiole absent. Leaves trifoliate, glabrous. Flowers solitary, in the axil of ordinary vegetative leaves. 
Bracteole with a serrate to shortly ciliate margin, longer than immature receptacle; sepals 4, very rarely 3, 
glabrous; receptacle distinctly ribbed, glabrous; carpels 1. Achenes ellipsoid, ribbed, often pale 
yellowish brown. 

Species: C. crassinervis Weim., C. Daucistaminea Weim., C. serpyllifolia Cham. & Schldl., C. setifolia 
Weim. 

Sect. Tuberculatae C. Whitehouse sect. nov. 

Medium erect densely branched shrubs. Young stems with short upwardly adpressed hairs, forming 
brachyblasts. Sheath glabrous abaxially, a few scattered hairs adaxiaUy; stipules membranous, free, 
entire; petiole absent. Leaves trifoliate, glabrous, rarely with a few scattered hairs beneath, soft to 
papery, usually straight to curved upwards and towards the stem; leaOets needle-shaped, apex long 
acuminate, margins minutely serrulate. Flowers solitary, in the axil of ordinary vegetative leaves. 
Bracteoles hairy with a serrate margin, longer than immature receptacle; sepals 3, glabrous, female ovate, 
recurved; receptacle distinctly ribbed, glabrous; carpels I. Achene ribbed, glabrous, mid to dark brown. 

Species: C. atrata Weim., C. tuberculata (Hary.) Wejm. 

Sect. Castanae C. Whitehouse sect. nov. 

Medium or sometimes low erect densely branched shrubs. Young sterns with short upwardly adpressed 
hairs, forming brachyblasts. Sheath glabrous abaxially, glabrous or with a few scattered hairs adaxially 
and a fringe at the apex; stipules free, membranous, entire; petiole absent. Leaves unifoliate or trifoliate, 
glabrous, often quite rigid; leaOets needle-shaped, sbarply acuminate at the apex, rarely just shortly 
acute, margins usually entire. Flowers solitary, in the axil of ordinary vegetative leaves. Bracteoles 
usually glabrous with entire to serrate margins; sepals 3, female ovate; filaments and anthers usually 
reddish; bracteoles longer than immature receptacle, receptacle glabrous; carpels I. Achene ellipsoid, 6-
12-ribbed, glabrous, brown to reddish brown. 

Species: C Castanea Weim., C. homunculi C. Whitehouse sp. nov., C. neglecta Schltr., C robllsta 
Weim. 

Sect. FilifoUae C. Whitehouse sect. nov. 

Low sprawling to tall erect densely branched shrubs. Young stems glabrous or rarely with a few short 
adpressed hairs, forming brachyblasts. Sheath glabrous adaxially and out and often lacking the fringe of 
hairs at the apex; stipules membranous, free or rarely joined in front of leaf, entire; petiole absent. Leaves 
unifoliate or trifoliate. single-nerved to base. glabrous; leaflets needle-shaped. apex acute to long 
acuminate, margin flat. Flowers solitary. in the axil of ordinary vegetative leaves. Bracteoles glabrous and 
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entire or slightly senate, longer than immature receptacle; sepals 3, glabrous, female usually erect or 
sometimes becoming recurved; filaments red; receptacle smooth. glabrous; carpels 1. Achenes faintly 
nDbed, glabrous. brown. 

Species: C. acocksii Weim., C. burchellii Stap( C. erectisepala Weim., C. IUifolia L.r.. c. repens 
Schltr. 

Sect. OHfortiae 

Syn. Cliffortia L. sect. lnjlexae Weim. in Bot Not. 1948: 186 (1948) (=Rejlexae in key &; sect 
Alotae) 

Medium erect densely bmncbed sbmbs. Yoong stems with spnmding hairs, forming brachyblasts. Sheath 
hairy abaxially; stipules membranous, free; petiole absent Leaves trifoliate, Dearly always with hain 
~ efta hairy above; leaftet elli:ptic to obovate or needle-sbaped, IUI"IiBI flat. Flowers solitary, 
in the axil of ordinary vegetative leaves. Bmcteoles hairy, longer than immature receptacle; sepals 3, 
hairy on abaxially. female ovate, recurved; Stamens 6-12, filaments red. anthers reddish brown; 
receptacle distinctly ribbed, usually glabrous; carpels 1; stigma red Achene broadly ellipsoid, 6-winged 
or ribbed, If winged thea wiIIp iaaarved, usually glabrous, often :n:ddisb.. 

Species: C. cristata Weim., C. hexandra Weim., C. lanota Weim., C. polygonifolia L., C. pubescens C. 
Whitebouse sp. nov., C. sericea Ecld. &; Zeyh., C. subchtra Weim. 

Sect. Multif'ldae C. Whitehouse sect. nov. 

Medium erect densely bnmched shrubs, usually resprouting after fire. Yoong stems with short upwardly 
adpressed hairs, very rarely glabrous, fonning brachyblasts. Sheath usually glabrous abaxiallyand with a 
few hairs adaxially; stipWes membranous. free; petiole absent Leaves trifoliate or uoifoIiate or 
intermediate with deep toothing, curved downwards and away from the stem; leaflet tip acuminate to 
pungent. Bmcteole longer than immature receptacle; sepals 3, female broadly ovate. usually recmved; 
receptacle glabrous, distinctly:ribbed; carpels 1, rarely 2. Achene ribbed, glabrous, brown. 

Series Multiformis 

Yoong stems hairy. Stipules entire, rarely ciliate. Leaves _ally trifoliate. only unifoliate and deeply 
toothed on young growth; leaflets linear to ~ glabrous above, rarely with a few hairs 
beneath; leaflet margins flat. Flowers solitary, in the axil of ordinary vegetative leaves. 

Species: C. dodecandra Weim., C. multiformis Weim., C. pterocarpa (Harv.) Weim. 

Series Ruse/folia 

Leaves usually onifoliate, rarely appearing trifoliate when deeply toothed. multi-nerved to base, usually 
hairy beneath and glabrous above; leaflets usually lanceolate. Flowers solitary in the axil of ordinary 
vegetative leaves or conglomerated in to beads with reduced leaves. Bmcteole hairy or rarely glabrous; 
sepals recurved; stigma red or occasionally pinldsh. 

Species: C. cymbifolia Weim., C. purpurea (Weim.) C.M Whitehouse comb. nov., C. versi/ormis C. 
Whitehouse sp. nov., C. rusc/folia L., C. verrucosa Weim. 

Sect. Simplices Weim., Monogr. Gen. Cliffortia: 126 (1934) pro parte 

Low to medium, decumbe.at to scrambling shrubs. usually only surviving fire as seed. Sheath glabrous 
adaxialJ:y; stipules membranous. usually ciliate. Leaves onifoliate. single-nerved, curved downwards and 
away from the stem, usually toothed with teeth teemved. Bmcteole hairy, longer than immature 
rec::eptacle; sepals 3, female sometimes absent or vestigial; rec::eptacle glabrous; carpels 1; stigma red, 
rarely pinldsh. Achene ribbed, glabrous. 

Series Ferrug;nea 

Yoong stems fonning bracbyblasts. Petiole absent. Leaves ~lIiptk to obovate or~, 
rigid or leathery, glabrous or with a few hairs above. Sepals glabrous or rarely hairy, female present; 
filaments red. 

Species: C. acuti/olia Wci.m., C. berberidi/olia Lam., C. ferruginea L.r.. c. uncinata Weim. 
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Series Odorata 

Shrubs only surviving fire as seed. Yoong stems usually with some long hairs. Sheath usually baiIy 
abaxially. Leaves broadly ovate to subcircuiar, berbM:eOWl or papery, marlredly toothed. Female 
sepals erect, anthers usually yellOW; receptacle smooth. 

Species: C. hirsuta Eckl. &, Zeyh., C. odorata L.r.. C. pilifera Bolus, C. reliculata Ecld. &, Zeyh., C. 
tricuspid at a Hmv., C. viridis Weim. 

Sect. Bifotiolae DC. in Ann. Sc. Nat. 1: 450 (1824); Weim., Monogr. Gen. Cliffortia: 
92 (1934) 

Low to medium erect shrubs, clooally spreading by roots underground and able to resprout after fire 
(except for C. phyllanthoides). Sheath usually glabrous both abaxially and adaxially except for the fringe 
of hairs at apeX; petiole absent. Leaves bifoliate or trifoliate, ofteD ~ glabnus, curved upwards 
and towards the stem. midrib not prominent. Flowers solitary, in the axil of ordinary vegetative leaves. 
Sepals 3, glabrous, female sepals usually erect; filaments and anthers usually reddish; receptacle usually 
glabrous; carpels 1; stigma red. Achene ribbed or winged, usually glabrous. 

Series Crenata 

Often sparsely branched shrubs. Bncbyblasts lUUiIy abient. Leaves usually bifoliate, glaucous, 
multi-nened; leaflets broadly ovate to subcircular, margins flat. Sometimes filaments greenish white and 
anthers yellow. Achene ribbed, glabrous, brown. 

Species: C. crenata L.f., C. crenulata Weim., C. mirabilis Weim., C. varians Weim. 

Series Obcordata 

Leaves trifoliate, IIOIDetiIaes with middle Iaftet highly modified or retkKed. Bmcteoles often shorter 
than immature receptacle; receptacle distinctly ribbed. Found in coastal regions. 

Species: C. cannata Weim., C. geniculata Weim., C. marginata Eckl. &, Zeyh., C. obcordata L.f., C. 
phyllanthoides Schltr., C. tenuis Weim. 

Series Obovata 

Yoong stems glabrous, forming brachyblasts. Leaves trifoliate; Iaftets OOovate to ~aped, 
marxms flat or rounded. Bracteoles shorter than immature receptacle. 

Species: C. obovata E. Mev. ex Hmv .• C. rigida Weim., C. semiteres Weim., C. terelifolia L.f. 

Series Polita 

Yoong stems forming brachyblasts. Leaves trifoliate; Iaftets needJe..sbaped to elliptic., marPu 
inrolied beDUtb. Bracteole shorter than immature receptacle. 

Species: C. polita Weim. 

Series Glauca 

Leaves trifoliate or bifoliate; leaflets needle-sbaped. elliptic, obovate or subcircular, apex usually 
mucronate to acuminate, margins flat or inrolled beneath. 

Species: C. amplexislipula Schltr., C. concinna Weim., C. glauca Weim.. C. longimontana C. 
Whitehouse sp. nov., C. pulchella L.f. 

Section Multinerviae DC. in Ann. Sc. Nat. 1: 448 (1824); Weim., Monogr. Gen. 
Cliffortia: 98 (1934) pro parte 

Medium to tan scrambling or erect shrubs. Yoong stems often covered by leaf sheaths and not forming 
bmchyblasts. Sheath glabrous adaxially except sometimes for a fringe at the apeX; stipules if present free 
or rarely joined on reverse side of stem. usually membranous. rarely similar texture to leaf, petiole absent. 
Leaves waifoli_ multiDened to base, glabrous or rarely with scattered hairs, usually markedly 
toothed, apex sha1ply acuminate to pungent, usually curved downwards and away from the stem. Flowers 
solitary in the axil of ordinary vegetative leaves or rarely female flowers in a distinct inflorescence. 
Bmcteoles 10llF than immature receptacle; sepals 3, glabrous or rarely with a few hairs on the abaxially, 
female erect; stameDJ moy to numerous, filaments white od utben yeDow, only rarely both 
reddish; carpels 1; mgma tucked in the un of the Ieavet, usually whitish green, rarely protruding. 
Achene ellipsoid, ribbed,. brown. 
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Series llicifolia 

Erect shrubs, clonally spreading by roots underground and able to resprout after tire. Young stems 
glabrous. Sheath glabrous abaxially; stipules present, entire, sometimes joined on :reverse side of stem. 
Leaves green to glaucous. glabrous. Bracteole hairy on keel with a entire margin; sepals glabrous, female 
broadly ovate to triangular; receptacle glabrous, entire. 

Species C. ilicifolia L., C. intermedia Ecld. & Zeyh., C. reniformis (Weim.) C. Whitehouse, C. 
schlecht en (Weim.) C. Whitehouse 

Series Acanthophylla 

Medium erect shrubs. Yoong stems glabrous, not forming brachyblasts. Sheath glabrous abaxially; 
stipules present or sometimes absent, entire. Leaves glabrous. Bracteole hairy on keel with a entire 
margin; sepals glabrous, female broadly ovate to triangular; receptacle glabrous, entire; stigma red or 
greenish white. 

Species: C. acanthophylla C. Whitehouse m. nov .• C. ceresana C. Whitehouse sp. nov., C. virgata 
Weim. 

Series Phillipsii 

Tall eftd shrub with a IIIIOIIOpOdiaI growth form. Young stems with short upwardly adpressed hairs or 
not. forming bncbyblasts. Sbeath hairy abaxially or not; stipules present, entire. Leaves glabrous or 
with a few hairs along the midrib above or beneath. Bracteoles glabrous; sepals glabrous, female broadly 
ovate to triangular; receptacle hairy, distinctly ribbed; stigma red. Acbene bairy. 

Species: C. phillips;; Weim. 

Series Heterophylla 

Erect shrubs. Yoong stems glabrous, not forming brachyblasts. Sheath glabrous abaxiaIIy; stipules present 
or sometimes absent, entire. Leaves oblong to lanceoIate, glabrous, straight or C1J.l'Wd upwards and 
towards the stem. Female flowers sometimes found in the axil of modified leaves in a distinct 
infloresc:ence. Bracteoles hairy or glabrous on the keel with a entire margin; sepals glabrous, female 
triangular; receptacle smooth; stigma greenish white. Achene glabrous. 

Species: C. heterophylla Weim.. C. serrata C. Whitehouse sp. nov. 

Series Grandifolia 

Erect shrubs. Young stems not forming brachyblasts. Stipules present. Leaves oblong to lanceoiate, 
usually glabrous or with a few hairs above. Bracteoles hairy on the keel with a entire margin; sepals 
glabrous, female triangular; receptacle smooth, hairy towards top; stigma greenish white. Achene 
glabrous. 

Species: C. grandifolia Ecld. & Zevb.. C. lanceolata Weim. 

Series Denticulata 

Stipules free, entire. 

Species: C. denticulata (Weim.) C. Whitehouse comb. nov., C. dregeana Pres!. c. integerrima Weim., 
C. oligodonta C. Whitehouse sp. nov., C. ovalis Weim., C. recurvata (Weim.) C. Whitehouse 
comb. nov., C. scandens C. Whitehouse sp. nov., C. strigosa Weim., C. theodon-friesii Weim. 

Incertae cedis (=sect. Costatae Weim., Monogr. Gen. Cliffortia: 34 (1934) pro parte) 

Syn. Clifjorlia L. sect. Bacciformes Weim. in Bot. Not. 1948: 184 (l94S) 

Species: C. baccans Harv., C. boillsii Diels ex C. Whitehouse sp. nov., C. cuneata Aiton, C. junipenna 
L.f.. C. lineanfolia Ecld. & Zeyb., C. micrantha Weim., C. pungens PresI. C. stricta Weim. 

This is an wmatural assemblage of species whose placement elsewhere is as yet unconfirmed. 

C. baccans Harv. 

Low erect densely 1mmched shrub, resprouting after tire. Young stems with short upwardly adpressed 
hairs, forming brachyblasts. Sheath glabrous both abaxially and adaxially; stipules membranous, free, 
entire; petiole absent. Leaves trifoliate, glabrous, curved upwards and towards the stem; leaflets needle­
sbaped. margins entire. Flowers solitary, in the axil of ordinary vegetative leaves. Bracteoles glabrous 
with a entire to serrate margin, longer than immature receptacle; sepals 3, glabrous, female ovate, 
recmved; receptacle smooth, glabrous; carpels 1; stigma red. Acbene IllUbglobolle, naby, orange. 
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tentatively sister to sect. Dracomontanae, and this could possibly be true as it does share some 
morphological features with those species, in particular e. spathulata. 

e. plmgens Pres I 

Low to medium erect densely branched shrub, clonally spreading by roots underground and able to 
resprout after fire. Young stems glabrous, forming brachyblasts. Sheath glabrous abaxially and adaxially; 
stipules membranous, free, entire; petiole absent. Leaves unifoliate, glabrous, rigid, curved downwards 
and away from the stem, thickly needle-shaped, apex sharply acuminate to pungent, margins curved 
upwards to form a furrow, entire to minutely serrulate. Flowers solitary, in the axil of ordinary vegetative 
leayes. Bracteoles glabrous with entire to serrate margins, longer than immature receptacle; sepals 3, 
glabrous, female broadly ovate to triangular, erect; filaments red, anthers reddish; receptacle smooth, 
glabrous; carpels 1; stigma red. Achene narrowly cylindrical and slightly curved, 6-ribbed, glabrous, 
brown. 

Possibly related to sect. Simplices as there are morphological similarities, especially with e. uncinata, 
and phylogenetic analysis of both chloroplast and nuclear data place it close to that group. 

e. stricta Weim. 

Medium erect densely branched shrub, only surviving fire as seed. Young stems with short to long 
spreading hairs, forming brachyblasts. Sheath hairy abaxially; stipules free, brown and scarious; petiole 
absent. Leaves trifoliate, hairy above, hairy or not beneath; leaflets needle-shaped, apex acute to sharply 
acuminate, margins inrolled beneath, entire. Bracteole hairy all over, longer than immature receptacle; 
sepals 3, hairy on abaxially, female narrowly ovate to linear, erect; filaments white, anthers yellow; 
receptacle smooth, glabrous; carpels 1; stigma red to pinkish. Achene ellipsoid, 6-ribbed, glabrous, 
whitish to pale brown. 

Morphologically similar to subgenus Eriocephalina, but far removed and in isolated positions in the 
molecular phylogenetic analyses. 

Excluded sections and species: 

Sect. Hermaphroditicae Weim. in Bot. Not. 1948: 171 (1948) 

Species: e. hermqphrQditicae Weim. 

The type of this species has not been found in NBG, where it is supposed to be deposited. The specimen 
at BOL is of a form of the e. pterocarpa complex. This species is probably nothing more than an unusual 
morph of C. pterocarpa with bisexual flowers that occurred once and has since been lost. 
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Appendix 2. Dichotomous keys to Cliffortia. 
Key to the sections of Clif/ortill, or series if the sections are difficult to define morphologically. 

1. Female flowers clustered into a serotinous inflorescence ...................................... subgen. Arboreae 
Flowers solitary at the base of ordinary vegetative leaves, or rarely clustered 

into an inflorescence but then never serotinous ........................................................................... 2 
2. Achene a berry ...................................................................................... ............................. C. baccans 

Achene dry and hard ....................................................................... '" ............................................... 3 
3. Stipules absent, leaves trifoliate, hairy, margins flat. ........................................................... C. bolusii 

Stipules present or if absent then leaves unifoliate or glabrous or with inrolled 
margins ........................................................................................................................................ 4 

4. Leaves wedge. shaped with a broad toothed apex .............................................................. C. cuneata 
Leaves various but never broadest at the very apex .......................................................................... 5 

5. Sepals 4 ............................................................................................................................................. 6 
Sepals 3 ........................................................................................................................................... 17 

6. Achenes clearly winged, very sparsely to densely hairy, often reddish ............................................ 7 
Achenes ribbed or smooth, glabrous, brown to whitish .................................................................... 8 

7. Achenes small, < 2 mm wide, sparsely hairy ........................................................... ser. Complanata 
Achenes large, > 4 mm wide, densely hairy .................................................................... sect. Atatae 

8. Leaves hairy above and beneath, leaflets broadly ovate, elliptic or obovate, 
stipules often similar texture to leaf, sepals often fused towards the base ............ sect. Filicaulae 

Leaves glabrous or rarely sparsely hairy, stipules membranous, sepals free .................................... 9 
9. Leaves unifoliate, needle·shaped, margins inrolled ........................................................................ 10 

Leaves trifoliate, variously shaped, margins usually flat or rounded .............................................. II 
10. Stems glabrous, leaves with a single pale stripe beneath .............................................. ser. Ericifolia 

Stems densely hairy, leaves with two pale stripes either side of midrib 
beneath .................................................................................................................... C. linearifolia 

11. Leaves needle.shaped, deeply divided and feathery ..................................................... C. cervicol'nll 
Leaves not as above ........................................................................................................................ 12 

12. Sprawling mat forming semi-herbaceous shrubs ............................................................ ser. Dentata 
Erect densely branched shrubs ........................................................................................................ 13 

13. Leaves broadly obovate and toothed, carpels often 2 or more, achene swollen ............. C. micrantha 
Leaves various, carpels I, achene ellipsoid .................................................................................... 14 

14. Leaves curved upwards and inwards, achene thickly 4 or 8 ribbed ........................... ser. Subsetacea 
Achene smooth or ribbed, but ifribs present then thin and many or indistinct. .............................. 15 

15. Leaves needle·shaped, or sometimes elliptic to obovate, receptacle clearly 
ribbed ........................................................................................................................................ 16 

Leaves broadly obovate to narrowly elliptic, sometimes with margins inrolled 
and then appearing needle·shaped .............................................................. sect. Dracomontanae 

16. Leaves with flat margins .................................................................................... sect. Paucistaminae 
Leaves with inroned margins to raised midrib and with two pale stripes either 

side .......................................................................................................................... C. linearifolia 
17. Flowers on a short to long peduncle ........................................................................ ser. Pedunculata 

Flowers sessile at base of leaves ..................................................................................................... 18 
18. Leaves petiolate, outer leaflets often sickle-shaped, stems with upwardly 

adpressed to spreading hairs, achene covered by membranous layer ................... sect. Petiolatae 
Leaves without a petiole, or if short petiole present then stems glabrous, outer 

leaflets straight .......................................................................................................................... 19 
19. Leaves unifoliate, very long, 2-7 cm, grass· like or needle· shaped, male 

sepals generally narrowly elliptic ............................................................ 20 (subgen. Graminea) 
Leaves much shorter, or if longer then broad and lanceolate, male sepals 

broadly ovate ............................................................................................................................. 21 
20. Leaves multi·nerved, toothed, male sepals fused into a hood over the stamens ........ sect. Graminae 

Leaves single-nerved, entire, male sepals free ......................................................... sect. LOllgifoliae 
21. Leaves bifoliate, leaflets broadly obovate to subcircular .............................................. sect. Glaucae 

Leaves unifoliate or trifoliate ............................................... ,' .......................................................... 22 
22. Leaves unifoliate, although sometimes deeply toothed, and multi nerved at the 

base ............................................................................................................................................ 23 
At least some leaves trifoliate, or if unifoliate then with a single nerve to the 

base ............................................................................................................................................ 24 
23. Stems usually hairy, forming brachyblasts. leaves usually hairy, at least 

below. female sepals recurved ................................................................................ ser. Ruscifolia 
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23. Stems usually hairy, forming brachyblasts, leaves usually hairy, at least 
below, female sepals recurved ................................................................................ ser. Ruscifolia 

Stems and leaves usually glabrous and not forming brachyblasts, female 
sepals erect ...................................................................................................... sect. Multinerviae 

24. Stems glabrous or almost so, leaflets glabrous, green, needle-shaped, margins 
not inrolled, bracteoles glabrous, receptacle smooth ................................................................. 25 

Stems hairy, if not hairy then leaves either broader or glaucous or receptacle 
clearly ribbed to winged ............................................................................................................ 26 

25. Leaves bent downwards and out, thick and apex sharply pointed .................................... C pungens 
Leaws bent upwards and in, often fine ........................................................................ sect. Filifoliae 

26. Decumbent to scrambling shrubs, using surrounding vegetation for support, 
sheath glabrous inside, leaves unifoliate, bent downwards and out, usually 
broad and toothed, rarely needle-shaped and then with a hooked tip .................... sect. Simplices 

Erect densely branched shrubs, leaves trifoliate or occasionally unifoliate, but 
then greyish hairy with sheath markedly hairy inside or bent upwards and 
in ................................................................................................................................................ 27 

27. Leaves needle-shaped, curved markedly upwards and in, achene long 
cylindrical, elongating as it matures ...................................................................... ser. Curvifolia 

Leaves various, achene ellipsoid ..................................................................................................... 28 
28. Stems with spreading to curly hairs, sheath hairy on the outside, leaves 

variously hairy, often dense and greyish ................................................................................... 29 
Stems glabrous or with short adpressed or rarely spreading hairs, sheath 

glabrous outside, leaves usually glabrous or with a few scattered hairs, ................................... 32 
29. Leaflet margins flat, achene large, 3-5 rum long, prominently ribbed or 

winged, wings if present incurved. often reddish .................................................... sect. Inflexae 
Leaflet margins usually inrolled beneath, achene smaller, 2-4 rum long, 

thinly to indistinctly ribbed, pale to mid-brown ........................................................................ 30 
30. Stipules scarious and brown .................................................................................................. C stricta 

Stipules membranous ...................................................................................................................... 31 
31. Sheath markedly hairy inside, female sepals usually narrowly linear ............ subgen. Eriocephalina 

Sheath glabrous or with scattered adpressed hairs inside, female sepals 
usually ovate .................................................................................................................. ser. Hirta 

32. Young stems glabrous, smooth ..................................................................................... sect. Glaucae 
Young stems hairy or minutely tuberculate .................................................................................... 33 

33. LeaH'S oblong to broadly elliptic. sometimes slightly sickle-shaped, filaments 
red and anthers yellow, achene covered by membranous layer .................................. C apiculata 

Leaws needle-shaped, or if broader then other characters not as above ......................................... 34 
34. Leaws glabrous, usually glaucous, rarely green, elliptic to obovate or 

sub circular, if needle-shaped then margins inrolled beneath ................................... sect. Glaucae 
Lea\'es green, needle-shaped ........................................................................................................... 35 

35. Stems minutely tuberculate, underside of leaves minutely tuberculate and 
nlJrgins minutely serrate, stamens many, 20-25, female sepals erect, 
sngma red ................................................................................................................. C. juniperil1l1 

Stems smooth, underside ofleaves various, stamens 6-18 ............................................................. 36 
36. Leaws curved downwards and out ...................................................................... sect. Multiformae* 

Lea\'es curved upwards and in ........................................................................................................ 37 
37. Leaws very fine, closely overlapping giving the branchlet a feathery 

appearance, stamens ± 6, filaments white, anthers yellow, stigma greenish 
white to pinkish, achene not tuberculate ..................................................................... C exil(folia 

1\ ot as above .................................................................................................................................... 38 
38. Leaw~ broad, 0.5-1.5 rum, thick, hard and rigid, margins rounded, bracteole 

hairy or not on sect. Castanae 
Leayes finer, <1 rum, flexible, margins flat, bracteole hairy on keeL ................. sect. Tuberculatae 

... also keyinf out here will be C homunculi and certain forms of C alrala. 
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Key to the species of Cliffortia, based on vegetative characters wherever possible, followed by achenes, 
female flower, male flowers and then growth form and distribution. 

1. Leaves all unifoliate, although may be deeply divided ..................................................................... 2 
At least some leaves trifoliate or bifoliate ......................................................................................... 5 

2. Leaves wedge-shaped, broadest at the apex and toothed ................................................... C. euneata 
Leaves various but not broadest at the very apex .............................................................................. 3 

3. Leaves single-nerved to base .................................................................................................... Key C 
Leaves multinerved to base ............................................................................................................... 4 

4. Leaves forming brachyblasts .................................................................................................... Key A 
Leaves not forming brachyblasts .............................................................................................. Key B 

5. Leaves bifoliate, or trifoliate and outer leaflets markedly larger than middle 
leaflet. .................................................................................................................................. Key D 

Leaves trifoliate, leaflets similar in size or middle larger than outer ................................................ 6 
6. Petiole present ........................................................................................................................... Key E 

Petiole absent .................................................................................................................................... 7 
7. Leaves hairy at least beneath, sometimes glabrescent especially above ................................... Key F 

Leaves glabrous above and beneath, even in young leaves .............................................................. 8 
8. Middle leaflet markedly toothed or 10bed ................................................................................. Key G 

Middle leaflet entire ............ , .. ,.,' ....................................................................... '" ............................. 9 
9. Young sterns glabrous ............................................................................................................... Key H 

Young sterns hairy .......................................................................................................................... 10 
10 Sepals 4, stamens 4-8 ................................................................................................................ Key I 

Sepals 3, stamens 6-25 .............................................................................................................. Key J 

Key A 

(Leaves unifoliate, multinerved, fonning brachyblasts) 

1. Leaves long and broad, 10-50 mm x 5-15 mm ................................................................................ 2 
Leaves shorter and narrower, 4-15 x 1-5 mm ............................................ 4 (c. ruseifolia complex) 

2. Plants very tall, up to 4 m, leaves longer than 25 mm, deeply 2-6 toothed, 
receptacle and achene hairy ......................................................................................... C. phillipsii 

Plants up to 1.5 m taU, leaves shorter than 30 mm, toothed or entire, 
receptacle and achene glabrous ................................................................................................... 3 

3. Most leaves more or less entire .................................................................................... C. integerrima 
At least some leaves clearly toothed ............................................................................. C. intermedia 

4. Leaves entire, flowers clustered in heads with modified reduced leaves ........................ C. ruseifolia 
Flowers solitary at the base of ordinary vegetative leaves ................................................................ 5 

5. Leaves ± glabrous, entire, narrowly lanceolate .............................................................. C. eymbifolia 
Leaves hairy at least beneath, often toothed or deeply divided, broader and 

shorter .......................................................................................................................................... 6 
6. Achenes slightly tuberculate (Swartberg Mts) ................................................................ C. verrueosa 

Achenes not tuberculate .................................................................................................................... 7 
7. Sheath hairy inside and out (Bokkeveld Escarpment) ..................................................... C. purpltrea 

Sheath glabrous outside and with only scattered hairs inside (Bot R valley) ................ C. versiformis 

KeyS 

(Leaves unifoliate, multinerved, not fonning brachyblasts) 

1. Tall erect shrubs with very sparse branching, often clustered together at the 
nodes, leaves large, 50-80 mm long, or if shorter (>30 mm long) then 
over 25 mm wide, stamens numerous, 50-100 ........................................................................... 2 

Short to medium shrubs, if tall then leaves smaller, stamens many but usually 
< 50 ............................................................................................................................................. 5 

2. Leaves narrow, 5-10 mm, with very long stipuies, >10 mm, except for 
around the female flowers where they are shorter, broadly ovate, forming 
an elongated inflorescence and lack stipules ......................................................... c. heterophylla 

Leaves broader, 15-40 mm, and not varying on the same plant in the above 
manner ......................................................................................................................................... 3 

3. Leaves very broadly ovate, 25-40 mm wide ................................................................ c. dentieu/ata 
Leaves narrower, 10-20 mm wide .................................................................................................... 4 
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4. Leaves very strongly recurved (Kogelberg Mts) ............................................................. C. recurvata 
Leaves bent downwards and out but not strongly (Langeberg Mts) ............................. C. grandifolia 

5. Tall erect shrub with dense regular horizontally held branches, leaves 
subcircular held perpendicular to stem, stamens numerous, 50-100 ....................... C. reniformis 

Not as above ...................................................................................................................................... 6 
6. Leaves and stems hairy ...................................................................................................... C. strigosa 

Leaves and stems glabrous, rarely with a few sparse hairs in the midrib of the 
leaves above ................................................................................................................................ 7 

7. Scrambling grass-like shrub, sheath very long, 6--45 mm long, stipules 
similar texture to leaf ................................................................................................. C. graminea 

Medium usually erect shrubs, sheath shorter, <6 mm long, stipules 
membranous or green .................................................................................. '" ............................. 8 

8. Leaves broadly ovate, 15-30 mm wide, clasping stem ....................................................... C. vir gala 
Leaves oblong to lanceolate or narrowly triangular, 3-20 mm wide ................................................. 9 

9. Leaves lanceolate (20-35 x 3-7 mm), stipules 6-10 mm long with ciliate 
margins, anther connectives hairy ............................................................................ C. lanceolala 

Leaves various, stipules shorter, <6 mm long, margins entire, anther 
connectives without hairs .......................................................................................................... 10 

10. Leaf margins entire without teeth ................................................................................................... 11 
Leaves toothed ................................................................................................................................ 18 

II. Leaves shortly lanceolate, 10-20 x 3-5 mm (Table Mt.) ....................................... c. theodori-friesii 
Leaves larger.............................................................................................................................. ..... 12 

12. Leaves long lanceolate to narrowly oblong, 3-6x longer than wide ............................................... 13 
Leaves broadly ovate to broadly oblong or triangular .................................................................... 15 

13. Leaves straight or curved slightly upwards, papery to stiff, 20-50 )( 3-10 mm 
(Kogelberg Mts) ............................................................................................................ C. se"ata 

Leaves curved downwards and out, very stiff and hard (c. dregeana 
complex) .................................................................................................................................... 14 

14. Plant reseeder; leaves nearly always untoothed (Cederberg & Olifants R Mts) ...... c. acanthophylla 
Plant reseeder or resprouter; leaves often with teeth (Riviersonderend Mts, 

Franschhoek to Bain's KloofMts & Hex R Mts) ....................................................... C. dregeana 
15. Stigma usually red, long branches very short and almost forming 

brachyblasts (Cape Peninsula) ................................................................................................... 16 
Stigma white, long branches normal. .............................................................................................. 17 

16. Leaves broadly ovate, never toothed ............................................................................ C. integerrima 
Leaves long oblong, often toothed ................................................................................ C. intermedia 

17. Leaves glaucous, 20-35 x 10-15 mm (Wemmershoek Mts) ........................................ C. oligodonta 
Leaves green to glaucous, very variable but if untoothed then usually short 

and ovate and often clasping stem towards the base (Cape Peninsula or E 
of Ladismith & Riversdale) ......................................................................................... C. ilicifolia 

18. Teeth several to many, 10-50 excluding tip. leaves narrowly lanceolate ........................... C. se"ata 
Teeth few, < 10 excluding tip, or if> leaves broadly oblong ......................................................... 19 

19. Leaves broadly oblong with a rounded outline, teeth fme and short, < 2 mm 
long, membranous ..................................................................................................................... 20 

Leaves narrowly lanceolate or if broad and oblong then teeth broad and 
incised giving an irregular outline, usually upright erect shrubs ............................................... 21 

20. Teeth 5-14, < 1.5 mm long, lower branches lax, stems scrambling ..................................... C. ovalis 
Teeth <5, 1.5-2 mm long, plants erect.. ......................................................................... C. oligodonta 

21. Leaves short and broad, 9-15 x 5-15 mm, stigma white, often tall shrubs 
(Cape Peninsula or E of Ladismith & Riversdale) ...................................................... C. ilicifolia 

Leaves generally longer and narrower, 12-40 x 3-10 rom, low to medium 
shrubs (Riviersonderend Mts to Cederberg & Olifants R Mts, excluding 
Cape Peninsula) ......................................................................................................................... 22 

22. Leaves narrowly lanceolate, 3-5x as long as wide. teeth fine to slightly 
incised, stigma white (c. dregeana complex) ........................................................................... 23 

Leaves broadly lanceolate, 2-3x as long as wide. teeth broad and deeply 
incised. stigma red (always?) .................................................................................................... 24 

23. Plant reseeder; leaves nearly always untoothed (Cederberg & Olifants R Mts) ...... C. acanthophylla 
Plant reseeder or resprouter; leaves often with teeth (Riviersonderend Mts, 

Franschhoek to Bain's KloofMts & Hex R Mts) ....................................................... c. dregeana 
24. Stipules short, < 3 mm. long, filaments white, anthers yellow (Hex R Mts, 

Winterhoek Mts & Koue Bokkeveld) ........................................................................ C. ceresana 
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Stipules long, 3-7 mm long, filaments red, anthers reddish brown 
(Riviersonderend Mts) .............................................................................................. C. meyeriana 

KeyC 

(Leaves unifoliate, single nerved) 

1. Leaf margins entire to serrulate ........................................................................................................ 2 
Leaf margins markedly toothed ...................................................................................................... 19 

2. Sterns glabrous .................................................................................................................................. 3 
Stems hairy ..................................................................................................................................... 13 

3. Leaf width < 2 mm wide ................................................................................................................... 4 
Leaf width> 2 mm wide... ................ .......... ...... ............................................................................. 11 

4. Leaves < 5 mm long, underside whitish and margins inroUed beneath so that 
a single white line is visible, sepals 4 .......................................................................................... 5 

Leaves usually > 5 mm long. more or less the same colour above and 
beneath, sepals 3 .......................................................................................................................... 6 

5. Leaves 1.5-3 mm long, lower branches decumbent but stems ascending ....................... C brevifolia 
Leaves 2.5-5 mm long, plants erect.. ............................................................................... C. ericifolia 

6. Leaves < 11 mm long, stamens ± 6(-9), usually growing in well-drained 
areas ............................................................................................................................................ 7 

Leaves 9-50 mm long, stamens 12-25, growing in wet areas .......................................................... 9 
7. Plants tall, usually 100-250 cm high, young stems slender, < 0.7 mm wide, 

female sepals erect ................................................................................................ C. erectisepala 
Plants shorter, usually < 50 cm high, young stems thicker, 0.7-1.1 mm wide, 

female sepals spreading to recurved ............................................................................................ B 
B. Leaves hard and rigid, 0.5-1 mm thick, curved downwards and away from 

the stem (Western Cape) ............................................................................................. C. plll1gens 
Leaves < 0.5 mm thick, curved upwards and towards the stem (Eastern Cape 

to Mpumalanga) ............................................................................................................. C. repens 
9. Leaves < 1 mm thick, often curved downwards at tip to form a small hook, 

sheath < 2 mm long, stipule margins ciliate (Groot Winterhoek Mts to 
Cederberg) ........................ '" ........................................................................................ C. ullcinata 

Leaves 1-2 mm thick, straight or curved upwards and towards the stem, 
sheath> 2 mm long, stipule margins entire (Swartberg Mts) .................................................... 10 

10. Leaves more or less terete, stamens 19-24 ....................................................................... C. aCl/lema 
Leaves flattened vertically, thicker than wide, stamens 12-lB ..................................... c. lIivenioides 

11. Leaves hard and rigid, < 30 mm long, curved downwards and away from the 
stem, plants scrambling, growing in dry areas (Bokkeveld Escarpment) .................. C acutilolia 

Leaves flexible, 25-65 mm long. straight or curved upwards and towards the 
stem, plants erect, growing in water .......................................................................................... 12 

12. Leaves 30-65)( 4-8 mm, stamens 25-30 ....................................................................... C. longifolia 
Leaves 25-45 )( 1.5-5 mm, stamens 12-18 .................................................................. C strobililera 

13. Leaves glabrous above and beneath, sheath also glabrous on abaxial side ..................................... 14 
Leaves with hairs above and beneath, sometimes glabrescent but then still 

hairs on the abaxial side of the sheath ....................................................................................... 16 
14. Leaf margins thickened or inrolled and touching thickened midrib, pale lines 

present on either side of midrib beneath. curved downwards and away 
from the stem, sepals 4 ............................................................................................ C. lillear~toli(/ 

Leaf margins rounded or flat, leaves uniform in colour, curved upwards and 
towards the stem, sepals 3 ......................................................................................................... 15 

15. Leaves hard, usually> 0.5 mm thick, stigma> 3 mm long (Western Cape) .................... C Ileglecfa 
Leaves flexible, < 0.5 mm thick, stigma < 3 mm long (Eastern Cape to 

Mpumalanga) ................................................................................................................. C. repens 
16. Leaves 2-4 x 0.5-1 mm, large tree up to 400 cm high, inflorescence a cone-

like structure (Bokkeveld Escarpment) .................................................................... C dicllOtol/ltl 
Leaves 3-15 x 1-5 I11ITI. shrubs under 150 cm high ........................................................................ 17 

17. Leaves ovate to almost subcircular, margins flat. sepals 4 .......................................... C mOllopilylla 
Leaves elliptic to oblong or linear, margins iruolled beneath, sepals 3 .......................................... IB 

lB. Erect shrub. leaves unifoliate to trifoliate, bracteoles 2-5 mm long. stamens ± 
6 (SE Cape Mts) ..................................................................................... ......................... C. dispar 
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Sprawling to scrambling shrub, leaves always unifoliate, bracteoles < 2 mm 
long, stamens ± 12 (Hex R Mts) ........................................................................ C. esterhuyseniae 

19. Leaves 10-55 mm wide, base cordate, often with a short petiole ................................................... 20 
Leaves < 15 mm wide, base tapered to sheath, petiole always absent.. .......................................... 24 

20. Petiole absent, leaves discolorous, stamens 18-32, filaments 7-15 mm long .................... C. hirsuta 
Petiole present, leaves usually the same colour above and beneath. but if 

discolorous then stamens < 18 and filaments shorter than 7 rom .............................................. 21 
21. Young stems thin, usually < 1 mm wide, leaves soft and herbaceous, stamens 

20-30, filaments white with yellow anthers .................................................................. C pilifera 
Young stems thicker, > 1 mm wide, leaves thicker and more rigid, stamens < 

22, filaments usually reddish with yellow anthers .................................................................... 22 
22. Leaves elliptic to ovate, glabrous or with only a few hairs on the midrib 

beneath (Kogelberg Mts) ................................................................................ ................. C viridis 
Leaves ovate to subcircular, rarely elliptic, hairy especially beneath or 

sometimes only with some hairs on the midrib ......................................................................... 23 
23. Leaves 20-65 xiS-55 mm, stipules 6-10 mm long, stamens 12-18 ................................ C. odorata 

Leaves 10-35 x 10-25 mm, stipules < 6 mm long. stamens 18-22 (Groot 
Winterhoek Mts) ....................................................................................................... C. reticlIlata 

24. Leaves and stems distinctly hairy, leaves 3-10 mm long ........................................... C tricuspidata 
Leaves and stems glabrous or with scattered hairs, leaves 7-50 mm long ..................................... 25 

25. Leaves with 10-50 recurved teeth, if fewer then < 20 stamens, anthers yellow ............................. 26 
Leaves with < 10 straight teeth, stamens 20-40, anthers brownish red .......................................... 27 

26. Plants erect, stamens 17-21 (Brandfontein near Cape Agulhas) .............................. C berberidifolia 
Plants sprawling or scrambling, stamens 10-16 ............................................................ C !e/'/'I/ginea 

27. Leaves 3-6 mm wide, stipules ciliate, < 7 mm long, bracteoles hairy, anther 
connective with short hairs (Bokkeveld Escarpment) ............................................... C. acutifolia 

Leaves, 2-4 mm wide, stipules entire, > 9 mm long, bracteoles glabrous, 
anther connective glabrous (Riviersonderend Mts) .................................................... C. scandens 

KeyD 

(Leaves bifoliate or outer leaflets markedly larger than middle one) 

l. Middle leaflet always present, 3-6 mm long, notched at apex ...................................... C. obcordata 
Middle leaflet absent, reduced to a small point or variable across the plant 

and sometimes fused to one of the outer leaflets ......................................................................... 2 
') Stem glabrous, outer leaflets glaucous, middle leaflet reduced to a small 

point, achenes with 3 wings .............................................................................. C. phyllantllOides 
Stems hairy or glabrous, middle leaflet absent or present but then large and 

variable, achenes indistinctly ribbed ........................................................................................... 3 
~1iddle leaflet absent, outer leaflets large, 7-20 rom wide, margins often with 

small teeth, bracteoles glabrous ........................................................................... .......... C crenata 
Middle leaflet absent or present, outer leaflets < 7 mm wide, margins usually 

entire or minutely serrulate, bracteoles often hairy ..................................................................... 4 
4. Sterns hairy, middle leaflet always absent ........................................................................................ 5 

Sterns glabrous, middle leaflet sometimes present or fused to one of the outer 
leaflets ......................................................................................................................................... 6 

Leaves glaucous, stipules ciliate ..................................................................................... C. cl'emtlata 
Leaves green, stipules enitre and glabrous ....................................................................... C. puichellll 

6. Leaves obovate to oblong, apex broadly acute to acuminate, bracteoles 
glabrous ...................................................................................................................... C. mirabilis 

Leaves broadly obovate, apex rounded to acute, bracteoles sometimes hairy .................... C varians 

KeyE 

(Leaves trifoliate, petiole present) 

Stems 2 
Stems hairy ...................................................................................................................................... , 5 
Leaves needle-shaped, flowers sessile .............................................................................................. 3 
Leaves broader, usually distinctly toothed, flowers on a peduncle ................................................... 4 
Leaves very short, 3-4 mm long (Paarl to Klapmuts) ........................................................ C acocksii 
Leaves longer. 6-17 mm long ............................................................................................. Cjil(fo/ia 
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4. Plants clonally spreading and resprouting after fire, leaves 9-12 x 6--9 mm, 
distinctly 3-lobed at apex, peduncle short, < 2 mm long ................................................ C. triloba 

Plants being killed by fire, leaves < 6 mm wide, or if wider then much longer 
than 12 mm, toothed or 3-lobed at apex, peduncle longer, 2-20 mm long ................................. 5 

5. Leaves 14-19 x 1.5-5 mm, toothed or 3-lobed, stamens 15-19 (altitude 
1000--2000 m) ................................................................................... .............................. C. lepida 

Leaves 10-45 x 3-13 mm, toothed, stamens 20-43 (altitude <1100 m) .................... C. pedul1clllata 
6. Leaves hairy, at least beneath, middle leaflet broader and more lobed than 

outer ones, sepals 4 ...................................................................................................................... 7 
Leaves glabrous all over, all leaflets similar in shape and size but outer ones 

often sickle-shaped, sepals 3 ....................................................................................................... 9 
7. All three leaflets lobed, stems tuberculate, flowers not present, stems often 

minutely tuberculate ....................................................................... ......... c. nitidula subsp. pi/osa 
(juvenile leaved form) 

Middle leaflet lobed but outer leaflets not, flowers can be present, stems hairy 
but not tuberculate ....................................................................................................................... 8 

8. Plants semi-erect, branches ascending, < 1 mm long (Western Cape ) .............................. C. filicaulis 
Plants decumbent, petiole very short to sessile, petiole 1-2 mm long, 

persistent (Drakensberg Mts) ................................................................................ C. jilicauloides 
9. Leaves broad and oblong, 10-14 x 2.5-4.5 mm ......................................................... C. drepanoides 

Leaves smaller, 2.5-9 x 0.5-2 mm ................................................................................................. 10 
10. Leaves often 1-2 mm wide, apex rounded to acute, stamens 16--21 (usually 

coastal, altitude <500 m, often on recent sands or limestone derived soils) .................. .c. falcata 
Leaves usually < 1 mm wide, tips rounded to sharply acuminate, stamens 6--9 

(rarely coastal, altitude up to 2400 m, never on recent sands or limestone 
derived soils) ............................................................................................................................. 11 

II. Plants sparsely branched, with a long main stem and only a few side-
branches (excluding brachyblasts). unable to support itself upright 
(Agulhas Plain) ..................................................................................................... C. pelpelldicula 

Plants densely branched, erect ........................................................................................................ 12 
12. Leaves 4-9 mm long, apex sharply acuminate, petiole up to 2 mm long, 

spreading clonally and resprouting after fire ................................................................ C. arCllata 
Leaves 2-7 mm long, apex rounded to acute, petiole < 1 mm long, only 

surviving flre as seed .................................................................................. ........... C. ramosissima 

KeyF 

(Leaves trifoliate, leaves hairy at least beneath) 

1. Margins inrolled beneath .................................................................................................................. 2 
Margins flat ..................................................................................................................................... 14 

2. Plants tall, tree-like, leaves 12-20 mm long, inflorescence persistent and 
woody .......................................................................................................................................... 3 

Plants generally much smaller, leaves 2-20 mm long, not forming an 
inflorescence ............................................................................................................................... 5 

3. Leaves markedly toothed, inflorescence a cone on a determinate branch 
(Anysberg) .................................................................................................................. C. coni/era 

Leaves not toothed, inflorescence (when known) a woody swelling along the 
main axis of the stem ................................................................................................................... 4 

4. Leaves curved downwards and away from the stem (Hantamsberg to 
Beaufort West) ............................................................................................... .............. C. arborea 

Leaves straight to curved upwards and towards the stem (Willowmore 
Witteberg) ......................................................................................................... C. sp. cf arborea 

5. Leaves < 1 mm wide. margins tightly rolled, achenes large, 4-10 x 4-10 mm, 
reddish. broadly winged .............................................................................................................. 6 

Leaves 0.5-5 mm wide, achenes smaller, 1.5-4 x 0.5-2 mm, not winged ....................................... 7 
6. Leaves greyish hairy above, achenes 4-6 mm long (N slopes of Langeberg) ....................... C alata 

Leaves green and glabrous above, achenes 6--10 mm long (De Hoop Nature 
Reserve) ...................................................................................................................... C. hUl'gersii 

7. Stems often minutely tuberculate. leaves 3-7 x 0.5-1.5 mm, glabrescent, 
apex rounded, sheath glabrous abaxially, sepals 4 (Amatola Mts to 
Mpumalanga) .......................................................................................... c. nitidula subsp. pi/osa 
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Stems not tuberculate, leaves various but sheath always with a few hairs, 
sepals 3 (Cape Floristic Region and GraafReinet Mts to Amatola Mts) .................................... 8 

8. Stipules easily visible, brown and scarious, stamens 6, achene ± 6-ribbed (S 
coast and mountains, altitude < 1300 m) ......................................................................... c. stricta 

Stipules if visible, membranous to green, stamens 6-30, achene 6-26-ribbed ................................. 9 
9. Lea\'es 9-19 x 0.5-1.5 mm (altitude < 350 m) ............................................................................... 10 

Lea\'es 2-9 mm long, iflonger then 1-5 mm wide (altitude 600-2400 m) .................................... II 
10. Lea\'es hairy above, sheath with a small reddish point at the insertion of the 

leaflets on the abaxial side, stamens 22-30 (Cape Flats) .................................................. C. hirta 
Leaves glabrous above, sheath without small point, stamens 8-10 (De Hoop 

Nature Reserve) .............................................................................................................. C. incana 
11. Plants killed by fire, sometimes very tall with a single main stem, up to 2 m, 

leaves 2-4 x 0.5-1 mm, stamens ± 6 (Swartberg and GraafReinet Mts) ................... c. montana 
Lea\'es 4-15 mm long, if shorter then plants spreading clonally and 

resprouting after f!fe, stamens 6-12 .......................................................................................... 12 
12. Plants killed by fire, leaves 3-15 x 1-5 mm, sometimes both unifoliate and 

trifoliate on same plant, curved downwards and away from stem, stamens 
:±: 6 (SE Cape Mts) .................................................................... ....................................... C. dispar 

Plants spreading clonaBy and resprouting after f!fe, leaves < 2 mm wide, 
straight or curved upwards and towards stem, stamens 6-12 .................................................... 13 

13. Lean!s broadly elliptic to linear, 2-6 mm long, apex obtuse to rounded, 
stamens 6-12 ......................................................................... .............................. C. eriocephalina 

Leaws narrowly linear, 6-9 mm long, stiff, apex acute, stamens 9-12 (Hex R 
~lts to Groot Winterhoek Mts) ................................................................................ C. weimarckii 

14. Middle leaflet markedly toothed or lobed ....................................................................................... 15 
Leanet margins entire or minutely serrate ...................................................................................... 16 

15. Plants decumbent with ascending sterns, leaves 3-7 mm long, stipule large 
and leaf-like, 3-6 mm long, sepals 4, achene unribbed ............................................... C. filicaulis 

Plants erect, leaves 4-11 mm long, stipules membranous or green, 0.5-3 mm 
long. sepals 3, achene 3-6-winged, wings recurved ...................... C. polygonifolia var. trifoliata 

16. Leaws needle-shaped to linear, 6-16 x 1-1.5 mm, glabrous or almost so 
above, apex acute to sharply acuminate .................................................................................... 17 

LeaH~s smaller, < 9 mm long, < 1 mm wide, apex rounded to acute .............................................. 19 
17. Hairs only found on midrib beneath, achene with rounded ribs (Cape 

Peninsula) ............................................................................................................... C. dodecandra 
Hairs if present all over underside of the leaf, achenes shallowly winged or 

with toothed ribs (SW Cape Mts) .............................................................................................. 18 
18. Lean!s evenly hairy beneath. wings shallow and toothed (Hex R Mts to 

\"illiersdorp) ................................................................... ............................................... C. cristata 
Leaws almost glabrous, stiff, wings well-developed and recurved (du Toits 

Kloof) ........................................................................................................................... C. subdurll 
19. Bradlyblasts closely overlapping. leaves ± glabrous except for a few hairs 

beneath, bracteoles glabrous (Gansbaai area) ................................................. c. anthospermoides 
Lea\'es hairier, bracteoles hairy ...................................................................................................... 20 

20. Leaves oblong to elliptic, 3-7 x 0.5-1 mm, straight or curved downwards and 
away from the stem, stipules absent, brachyblasts closely overlapping 
l Graaf Reinet Mts) ......................................................................................................... C. bolusii 

Leaws usually straight or curved upwards and towards the stem, stipules 
present ....................................................................................................................................... 21 

21. Lea\'es 2-4 x 1-2 mm, stipules green and similar texture to leaves, sepals 4. 
a.:hene umibbed (altitude 1200-1700 m) .............................................................. C. hantamensis 

Leaws 3-9 x 0.5-4 mm, stipules membranous green, sepals 3, achene 
sharply ribbed or with recurved wings ...................................................................................... 22 

22. Leaws 6-9 x 0.5-1 mm, green, stamens 10-12 (SW Mts) ............................................ C. pllbescens 
Lea\.:s 3-7 x 0.5-4 mm, green to silvery hairy, stamens < 10 ....................................................... 23 

23. Leah'S 3-6 x 0.5-1 mm, green, stamens ± 6 (Groot Winterhoek Mts to 
Gitberg) ................................................................... ................................................... c. he.w!lu!/'(/ 

Lea,,'s 3-7 x 1-4 mm, green to silvery hairy or woolly, stamens 6-9 ........................................... 24 
24. Lea\.:s 3-5 x ± I mm, densely white woolly (upper Breede R valley) ............................... C IGlZata 

Lea\ .:s not densely white woolly .................................................................................................... 25 
25. Lea\ ,'S "3-7 x 1-4 mm, green with coarse hairs ........................................................ C polygollifolia 

Lea\':5 "3-7 x 1-2 mm, densely silky hairy ......................................................................... C sericea 
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KeyG 

(Leaves trifoliate, glabrous, petiole absent, middle leaflet toothed or lobed) 

1. Middle leaflet bilobed, emarginate at the apex, glaucous, stems hairy on one 
side only, sepals 3 .................................................................................................... C. obcordata 

Middle leaflet toothed to 3-5-lobed, stems hairy all round, sepals 4 ................................................ 2 
2. Plants trailing, stems decumbent, hairs downwards pointing, leaves thin and 

membranous. not forming obvious brachyblasts, male sepals with 
attentuate tips .............................................................................................................................. 3 

Plants erect or sprawling, but at least upper branches ascending, stem hairs 
curled, spreading or upwards pointing, leaves thicker, forming 
brachyblasts, male sepals acute to acuminate but not long and attenuate ................................... .. 

3. Leaves 3-6 mm long, 3-lobed (Langeberg and Waboomsberg Mts) ............................. C. gracillima 
Leaves 4-10 mm long, 3-7-toothed or lobed (SW Mts) ................................................................... .. 

4. Leaves 3-7-lobed, middle lobe broader than outer lobes, 1-2 mm wide 
(Wemmershoek Mts to Helderberg and Cape Peninsula} .............................................. C. dentata 

Leaves 3-10bed, middle lobe narrower than outer lobes, 0.5-1 mm wide (du 
Toits KloofMts) .................................................................... ........................................ c. gracilis 

5. Leaves finely divided and feathery, each lobe needle-like and < 0.5 mm wide ............ C. cervicornu 
Leaves broader, 1-4 mm wide .......................................................................................................... 6 

6. Leaves very small, 1-2.5 )( 0.5-1.5 mm, green, bent downwards and away 
from the stem, stem hairs curled, achene < 2 mm long (Klein Karroo Mts) ............ C. micrantha 

Leaves larger, 2.5-6 )( 1-4 mm, usually somewhat glaucous, bent upwards 
and towards the stem, stems adpressed upwards towards the stem, achene 
2-4 mm long ............................................................................................................................... 7 

7. Leaves entire to 3-lobed or toothed, female flowers with bracteoles 0.5-2 mm 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

long and sepals 0.5-1 mm long, carpels usually 2 (Western Cape) ......................... C. propinqua 
Leaves 3-7-lobed or toothed, female flowers larger with bracteoles 2-3 mm 

long and sepals 1.5-2.5 mm long, carpels always 1 (Drakensberg Mts} .................. C. spathulata 

KeyH 

(Leaves trifoliate, glabrous, petiole absent, stems glabrous) 

Margins inroUed beneath (E Cape Mts) ................................................................................ C. poltta 
Margins rounded or flat .................................................................................................................... 2 
Leaves needle-shaped, green, stigma white to red, sometimes hidden by 

leaves ........................................................................................................................................... 3 
Leaves flat, ovate to oblong or obovate, usually glaucous. stigma always red 

and protruding above leaves .................................................................... .10 (c. glauca complex) 
Leaves very long, 12-22 mm, achenes large, 5-7)( 3-4 mm, not winged ..................... C. burchellii 
Leaves much shorter, < 11 mm long, achenes smaller. < 5 mm long. 3 mm 

wide ............................................................................................................................................. 4 
Leaves green, 4-11 mm long, stamens 9-25, filaments and anthers red or 

white to yellow, achenes either> 3 mm long or winged and > 2 mm wide ................................ 5 
Leaves glaucous, usually < 4 mm long, sometimes up to 7 mm long, stamens 

6-12, filaments and anthers reddish brown, achenes < 3 mm long and < 2 
mm wide ...................................................................................................................................... 7 

Leaves strongly curved upwards and towards the stem, green with faint 
whitish lines on each margin, stigma white, very short, < 3 mm long, 
achene narrowly cylindrical, elongating as it matures ..................................................... C. densa 

Leaves straight or only slightly curved, green all round, stigma red, 1.5-10 
mm long, achene broadly ellipsoid or winged ............................................................................. 6 

Plants low, rarely more than 50 cm high, stem and leaves minutely 
tuberculate, leaf tips rounded to acute, sepals without a small spine, 
achene broadly ellipsoid with 6 ribs, often rugose between the ribs ........................ C. juniperina 

Plants taUer, up to 150 cm high, young stems smooth, leaf tips acuminate, 
sepals with a small spine just beneath apex, achene reddish, variously 
winged ....................................................................................................................... C. teretifolia 

Leaves 4-7 mm long, female sepals 2-3 mm long .......................................................... c. semiteres 
Leaves < 4 mm long, female sepals < 2 mm long ............................................................................. 8 
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8. Leaflets ± cylindrical, margins rounded (arid inland mountains, altitude 300-
1700 m) ............................................................................................................. C. amplexistipula 

Leaflets flatter, margins often semi-translucent (coastal plains, altitude < 200 
m) ................................................................................................................................................ 9 

9. Bracteoles glabrous, achenes ribbed but not tuberculate, stamens ± 12 (Cape 
Flats) ......................................................................................................................... C marginata 

Bracteoles hairy, achenes usually tuberculate, stamens ± 6 (Agulhas plain) ........................ C tenuis 
10. Leaves 4-10 x 2.5-10 mm, middle leaflet often fused with outer leaflets or 

one leaflet missing .......................................................................................................... Key D( 6) 
Leaves < 9 mm long, < 4 mm wide, leaves usually trifoliate throughout the 

plant ........................................................................................................................................... II 
11. Leaf tip acute to acuminate or mucronate ....................................................................................... 12 

Leaf tip rounded to acute ................................................................................................................ 15 
12. Leaves oblong ................................................................................................................................. 13 

Leaves ovate to obovate .................................................................................................................. 14 
13. Leaves oblong, 1.5-2 mm wide, green, sometimes fused together 

(Franschhoek valley) ....................................................................................................... C rigida 
Leaves narrowly oblong, 1-1.5 mm wide, glaucous (Hex R Valley & 

Anysberg) ................................................................................................................... C semiteres 
14. Leaves small, 3-5 x 1-1.5 (Rooiberg Mt) ....................................................................... C concirma 

Leaves larger, 6-8 x 3-4 (Langeberg Mts) .......................................................................... C glauca 
15. Leaves obovate (SW Cape Mts) ..................................................................................... .... C obovata 

Leaves oblong to ellipsoid .............................................................................................................. 16 
16. E Cape Mts, altitude 550-1650 m ......................................................................................... C polita 

Cape Flats to Agulhas Plain, altitude < 200 m .................................................................................. 9 

Key I 

(Leaves trifoliate, glabrous, petiole absent, middle leaflet entire, stems hairy, sepals 4) 

1. Leaf margin inrolled beneath ............................................................................................................ 2 
Leaf margin flat or rounded .............................................................................................................. 3 

2. Midrib thickened so that margins and midrib are touching, always glabrous ............... C linearifolia 
Midrib not so thickened, lamina of leaf usually visible beneath. sometimes 

with hairs ...................................................................................................................... C nitidula 
3. Leaflets obovate to elliptic, 0.5-4 mm wide ..................................................................................... 4 

Leaflets needle-shaped, < 1 mm wide ............................................................................................... 8 
4. Plants usually small <50 cm high, in shady rock crevices, rarely on open 

slopes when taller, achenes reddish, hairy, clearly flattened to winged (N 
Langeberg westvvards) ................................................................................................................ 5 

Plants usually taller, on open slopes or forest margins, achenes smooth to 
ribbed, cylindrical and not flattened, glabrous (S Langeberg to 
Mpumalanga & ?Zimbabwe) ....................................................................................................... 6 

5. Leaflets narrowly obovate to elliptic, gradually tapered to base. never 
toothed, carpels 1 or 2 (Kogelberg to Bain's Kloof) ............................................... C complanata 

Leaflets broadly obovate, abruptly tapered into a pseudopetiole, often 
toothed, carpels usually 2 (Bain's Kloofto Cederberg and N Langeberg) ............... C propinqua 

6. Leaves glaucous. apex rounded, juvenile leaves entire, bracteole margins 
smooth. 2-2.5 mm long, achene 3-4 mm long (Drakensberg, altitude 
2000-3100 m) ................................................................................................... C dracomontana 

Leaves green, juvenile leaves toothed, bracteole margins ciliate, 1-2 mm 
long, achene 2-3 mm long (Western Cape to Mpumalanga & ?Zimbabwe) ............................... 7 

7. Leaves elliptic, 2-4 mm long, apex acute, receptacle smooth, achene smooth 
or faintly ribbed (altitude 1000-2500 m) ................................................................ C browniana 

Leaves elliptic to obovate, 3-5 mm long, apex acute to rounded, receptacle 
and achene clearly ribbed (altitude 0-1500 m) ...................................................... C serpyllifolia 

8. Leaves 6-11 mm long, apex acuminate to pungent, 0.5-1 mm long, margins 
minutely serrulate, stipules 1.5-2.5 mm long .............................................................................. 9 

Leaves 2-8 mm long, apex rounded to long acuminate, usually < 0.5 mm 
long, margins ± smooth, stipules < 1.5 mm long ...................................................................... 10 

9. Leaves curved downwards and away from the stem, 0.5-1 mm wide 
(Suurberg Mts to Kwazulu-Natal) ..................................................................... C paucistaminea 
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Leaves curved upwards and towards the stem, < 0.5 mm wide (George to 
Uitenhage) .................................................................................... C paucistaminea var. australis 

10. Plants tall, up to 2 m high, leaves with thickened margins and midrib, varying 
from curved downwards and away from stem to straight, stipules ciliate 
(Western Cape to Zimbabwe) .................................................................................. c linearifolia 

Plants usually less than 50 cm high, leaves without thickened margins, midrib 
occasionally thickened, always distinctly curved upwards and towards the 
stem, stipules glabrous (Western Cape) .................................................................................... II 

11. Achenes 4 or 8-ribbed (SW Cape) .................................................................................................. 12 
Achenes 9-18-ribbed (Swartberg Mts) ........................................................................................... 13 

12. Leaves 2-4 mm long, brachyblasts not closely overlapping, achene 4-ribbed, 
cylindrical, ribs evenly spaced, 3.5-5 mm long (Riviersonderend Mts) ..................... C crt/ciata 

Leaves 4-8 mm long, brachyblasts closely overlapping giving a feathery 
appearance to branches, achene 4 or 8-ribbed, slightly compressed with 
two of the ribs curved laterally, 2.5-3.5 mm long (Cape Peninsula to Cape 
Agulhas) .................................................................................................................. C. subsetacea 

13. Leaves 0.5-1 mm wide, with thickened midrib, brachyblasts not closely 
overlapping, achene 3-4 mm long ......................................................................... C crassinervis 

Leaves < 0.5 mm wide, without distinct midrib, brachyblasts closely 
overlapping giving a feathery appearance to branches, achene 2-3 mm 
long ............................................................................................................................... C. setifolia 

KeyJ 

(Leaves trifoliate, glabrous, petiole absent, middle leaflet entire, stems hairy, sepals 3) 

1. Leaf margins curved inwards beneath, thus making an ovate to elliptic leaf 
appear needle-shaped .................................................................................................................. 2 

Leaves either needle-shaped or ovate to obovate or elliptic, margins always 
flat or rounded ............................................................................................................................. 3 

2. Bracteole hairy, achene 1.5-3 mm long (Langeberg Mts) ........................................ C longimontana 
Bracteole glabrous, achene 3-4 mm long (mountains from Oudtshoorn to 

Uitenhage) ....................................................................................................................... C. polita 
3. Leaves ovate to obovate or elliptic, often glaucous in colour ........................................................... 4 

Leaves needle-shaped to narrowly lanceolate, green ...................................................................... 10 
4. Leaves 7-10 x 1-1.5 mm, margins minutely serrulate, bracteoles hairy, 4-5 

mm long, achene with incurved wings (du Toits Kloof) .............................................. C subdura 
Leaves various, margins smooth, bracteoles < 3 mm long or if longer then 

glabrous except sometimes ciliate on the margin, achene shallowly ribbed 
to smooth ..................................................................................................................................... 5 

5. Leaves oblong to elliptic, 6-12 x 1.5-3 mm, stipules ciliate, bracteoles 5-7 
mm long, achene covered with membranous layer .................................................... C. apiclliata 

Leaves various, stipules usually smooth, bracteoles <3 mm long, achene not 
covered with membranous layer .................................................................................................. 6 

6. Leaves obovate, apex obtuse to rounded, achene reddish, flattened and 
winged, hairy, often growing in shady rock crevices ............................................. C complanata 

Leaves various but apex usually acute to apiculate, achene greyish brown. 
cylindrical shallowly ribbed, glabrous ........................................................................................ 7 

7. Leaves green, rarely glaucous (altitude 400-1700 m) ...................................................................... 8 
Leaves glaucous (altitude 0-500 m) ................................................................................................. 9 

8. Leaves oblong to elliptic, apex sharply acute (Franschhoek Mts) ........................................ C rigida 
Leaves elliptic to obovate, apex obtuse to acute (Langeberg to Eastern Cape) ................................ 2 

9. Stamens 12-15 (Cape Peninsula) ...................................................................................... C carillata 
Stamens 6 (Onrus R Mts & Klein R Mts) ...................................................................... C gelliclliata 

10. Leaves 2-3 mm long, achene a small orange fleshy berry ................................................. C baccans 
Leaves 3-16 mm long, achene a dry achene ................................................................................... 11 

11. Leaves strongly curved upwards and towards the stem, 10-16 mm long, with 
a raised midrib, achene very long and curved, 10-13 mm long (Agulhas 
Plain) ......................................................................................................................... C. clI/'v(folia 
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leaves not curved strongly upwards, or if so then shorter, < 13 mm long, and 
midrib not raised or indistinguishable from lamina, achene much shorter, 
< 5 mm long .............................................................................................................................. 12 

12. Stems minutely tuberculate, female sepals erect, stigma red, stamens 20-25 ................................ 13 
Stems smooth, female sepals erect to recurved, stigma white to red, stamens 

6-18 .......................................................................................................................................... 14 
13. leaves 4-9 mm long, various curved but never strongly so, achenes 

sometimes rugose between ribs ................................................................................ C. juniperina 
leaves 8-12 mm long, bent clearly downwards and away from stem, achenes 

never rugose between ribs ............................................................................................ C. pilosula 
14. leaves 8-15 x 1-4 mm, always bent downwards and away from stem (Cape 

Peninsula to Elim) ..................................................................................................................... 15 
leaves 4-13 x < 1 mm wide, variously curved .............................................................................. 17 

15. leaves often fused, needle-shaped to broadly triangular, 8-10 x 1.5-3.5 mm, 
filaments 8-11 mm long .......................................................................................... C. versiformis 

leaves fused or not, needle-shaped to linear, 8-15 x 1-2 mm, filaments 5-8 
mm long .................................................................................................................................... 16 

16. leaves always trifoliate, plants usually killed by fire (Cape Peninsula & 
? Agulhas coast) ...................................................................................................... C. dodecandra 

leaflets variously fused or not, plants clonally spreading and resprouting 
after fire (Hennanus to Elim) ................................................................................. C. multiformis 

17. leaves very fme, < 0.5 mm wide, upwardly curved and closely overlapping 
giving a feathery appearance to the branch, receptacle smooth, stamens 6, 
filaments and anthers white or cream, achene smooth or very faintly 
ribbed (altitude 900-1600 m, S facing steep slopes often in shelter of 
rocks) .................................................................................................................. ......... C. exilifolia 

leaves broader, 0.5-1 mm wide, if branches appear feathery then achene 
clearly ribbed or tuberculate ...................................................................................................... 18 

18. leaves almost cylindrical with smooth margins, upwardly curved towards the 
stem, receptacle smooth, plant killed by fire, achene narrowly cylindrical, 
0.5-1 mm wide, reddish brown in colour, faintly 6-ribbed (altitude 1000-
1900 m, shady kloofs in arid mountains from Hex R Mts to Baviaanskloof 
Mts) .................................................................. ........................................................... C. castanea 

leaves variously curved, margins minutely serrulate or angled, achene 1-2.5 
mm wide, clearly ribbed or tuberculate ..................................................................................... 19 

19. Plants resprouting from a crown after fife, achenes tuberculate (often 
growing between rocks) ......................................................................................... C. tuberculata 

Plants resprouting or not after a fire, achenes never tuberculate ..................................................... 20 
20. Plants killed by fire, achenes broadly ovoid, dark reddish brown, 12-25-

ribbed with occasional cross-ribs (altitude 0-1700 m) .................................................... C. atrata 
Plants resprouting after fire, achenes narrowly ovoid to cylindrical, pale to 

dark brown, 6-12-ribbed ........................................................................................................... 21 
21. leaf apex rounded to acute, plants resprouting from a crown, bracteoles 

glabrous except for margin, stigma red, stamens 11-18, achene ± 6-ribbed 
(SW Mts) ................................................................................................................. C. pterocarpa 

leaf apex long acuminate, plants clonally spreading or not, bracteoles hairy, 
stigma white to pinkish, stamens 4-6 where known, achenes ± 9-ribbed 
(George to Drakensberg) ........................................................................................................... 22 

22. :\chenes pale brown, 2.5-3.5 x 1-1.5 mm, resprouting leaves trifoliate (see 
Key I, 9) ............................................................................................................ C. paucistaminea 

.-\chenes brown, 3-5 x 1.5-2 mm, resprouting leaves unifoliate and toothed 
(Kammanassie Mts) ............................................................................................... C. xhomunculi 
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Appendix 3: Character list for DELTA database and morphological 
matrix 

Those marked with an asterix (*) indicate multistate characters used in the Nexus file for 
phylogenetic analysis of the morphology; all such characters were regarded as unordered for the analysis. 
Single diagnostic characters for species, which are hence autapomorphic, were excluded from the 
morphological matrix. 

Growth form: 
Along with leaf shape and size, the most striking characteristic of the genus ClifJortia is the range of 

growth forms that it encompasses. Ten characters were used in an attempt to try to categorise the growth 
forms. Only a single character, fire survival strategy. could be described as discrete and even here there 
are difficulties in classifying it. The others characters are very subjective: the extremes are distinctive but 
there is little justification in where the boundaries are drawn, as the data cannot easily be quantified. Most 
of these characters need field studies for verification, and only characters 5-8 can tentatively be 
determined from dried herbarium material. A further two characters were used to define plant size. 

1*. Fire survival strategy of plants 
1. plant only surviving fire as seed 
2. plant resprouting after fire 

A species that does not sprout again after a fire must use a seed bank, whether in the ground or 
aerial. to survive to the next generation. Directly opposed to this are those species that are not only 
able to regenerate via seed but are able to send up shoots again from the soil. The boundary is 
blurred slightly by the facultative resprouters, such as C. ruscifolia, where the intensity of the fire 
affects whether they can resprout or not. 

The character can only be reliably determined soon after a fire. Leaves ofresprouting shrubs 
appear soon after the first good rains of winter. Seedlings generally do not appear until the spring 
and the first true leaves will not be discernible until a while after that. The best evidence that a 
species does or does not resprout is to find the border of the bum where unburnt plants and old 
burnt stumps can be seen. 

On mature plants an educated guess can be made, but unfortunately branching at the base of 
the plant is not always indicative of it having resprouted as non-sprouting species are often stunted 
so that they do not have a clear single stem; nor is a clear single stem always indicative of a non­
resprouting species as those that spread clonally often produce just a single stem when they 
resprout. 

2*. Rootstock 
I. thick caudex or lignotuber 
2. clonally spreading via underground horizontal root system 

A difficult character to determine correctly but important for a better understanding of the 
switch between seeding and resprouting life history in Cliffortia. More intensive study of the life­
cycle of many Cliffortia species over time is needed. A discovery of this research has been the 
predominance of a clonally spreading root system as a major means of vegetative reproduction. 
Most species that resprout. upon closer examination of their rootstock, have been shown to have 
this ability. The root system is comprised ofa main taproot from which branches come off parallel 
with the soil surface, some of these roots continue to grow and when they eventually break the soil 
surface will produce a new plantlet. 

Even without digging up the plants, clonality is often very evident. Frequently a species will 
be common or even dominant in the vegetation for 100 m or so diameter, but be absent from the 
surrounding vegetation. despite any evidence of habitat change. This is almost invariably due to the 
spread of a single plant via these underground roots from a presumed point source. However, some 
species have a tufted appearance, as from a lignotuber, and do not resort to spreading underground. 
These species tend to grow in habitats protected from fire or with less intense fires. Therefore. these 
species might be better regarded as facultative resprouters; Le. reseeders that are able to survive 
low intensity fires. 

3 *. Monopodial growth form 
1. single main stem with determinate length side branches 
2. without a clearly defmed main stem 

A few of the taller species develop a long main stem and only determinate shorter side 
branches, these are referred to as monopodial; C. phillipsii is the best example of this unusual habit 
often reaching 4 m tall but rarely more than a metre across. 
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4 *. Lower branches or stem rigidity 
1. erect or rigid 
2. decumbent to lax 

Several species have lower stems that do not support the plant. The lower branches are then 
decumbent or lie laxly upon the ground, and then the plants can often be prostrate even if the ends 
of the branches ascend (e.g. C.filicaulis and C. monophylla). However, most species have erect or 
rigid stems and the branches are held upright from the base, so that even if they may spread 
outwards at the bottom they do not lie on the ground in need of support. Older plants which have a 
single stem can often become prostrate with age but this is due to the weight of the branches they 
support or the vegetation around them and they should not be regarded as decumbent. 

5*. Lower branches rooting 
1. sometimes rooting where touching ground 
2. not rooting 

A character of dubious status as it appears to be closely linked to habitat type and is naturally 
dependent upon the last character. For a plant to produce adventitious roots it will need constantly 
moist conditions at the soil surface to encourage their growth. For species that grow in these 
habitats it is sometimes very difficult to determine whether species have spread horizontally due to 
underground roots or by rooting above ground where they touch. 

6*. Upper branches rigidity 
1. erect or ascending 
2. scrambling amongst vegetation 
3. decumbent 

Only a few species can be described as having decumbent upper parts to their branches and 
this identifies the mat forming or trailing species. Many ofthe species that have lax lower parts to 
their stems scramble through vegetation if they have the chance, often aided by their downward 
pointing leaves and recurved teeth (e.g. C. jerrllginea). All species that have erect lower branches 
naturally have erect upper branches too. 

7*. Brachyblasts 
1. branches forming brachyblasts 
2. branches only forming long branches 

Growth form is very closely linked to the branching phenology. Much preliminary research 
was done into this by Fellingham (1999), but the techniques she used required long-term 
monitoring of the species concerned. This was outside the scope of this project and so branching 
pattern has been reduced to a simple differentiation between those species that only produce long 
branches and those that produce short shoots (here after termed brachyblasts following Weimarck). 
However, the distinction is not always evident and several species produce indistinct brachyblasts. 
e.g. C. pedunculata or C. dentata. 

8*. Branching density 
1. densely divaricately branched 
2. sparsely branched 

A difficult character to categorise. Certain species have very sparse branching, especially the 
taU monopodia I species such as C. grandi/olia and C. heterophylla. Many species likewise have 
dense frequent divaricate branching creating those typical ericoid bushes of fynbos. In between are 
a group of species with infrequent branches but they can often be stunted or entangled and so 
appear much more densely branched. The presence ofbrachyblasts, as they are actually short 
branches, has been taken as being implicit that branching is dense even if the ones that actually go 
on to form true branches are sparsely distributed. 

9*. Branching spread 
1. evenly or randomly spread 
2. clustered 2-4 together 

A few of the species with sparse branching also show clustering of those branches within a 
few nodes of each other, creating an apparently dichotomous branching pattern. This is related to 

phenology, the branching phase of growth occurring within a short period of time followed by a 
long phase of branch extension before the next branching period. 

10. Branching angle 
1. branches spreading at right angles to main stem 
2. branches not as above. usually ascending 
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A single species, C. reniformis, has this characteristic growth form where the branches, as well 
as the leaves, come out more or less perpendicular from the main stem (it also has a monopodial 
growth form). C. schlecteri and some other species also have a branching pattern that comes close, 
none are as distinctive as C. reniformis. 

11. Plant height at maturity 
This is a general figure, mainly as a guideline for identification. In cultivation and in 

exceptional circumstances in the wild where the plants are protected from fire and maybe on richer 
soils the size can easily exceed these figures, likewise those plants growing in rock crevices or 
exposed situations can easily become stunted. 

12*. Plant height general 
1. Short, low or sprawling up to 0.3 m 
2. Medium 0.3 to 1.5 m 
3. Tall over 1.5 m 

This is a multistate character categorising character 10. Although there is a continuous range 
of sizes, most species follow a basic pattern of short, medium or tall. Short includes all the 
sprawling, semi-herbaceous, species as well as some of the low shrubby ones that never gain much 
height. Many species can become dwarfed when exposed but several rarely grow over 30 cm tall 
unless aided by the vegetation or rocks around them. At the other end of the scale are those species 
that often consistently reach above head-height. These species are usually found in the wettest 
mountain fynbos or along streams, although the species in subgenus Arborea contradict this trend 
found on mountains on the edge of the arid karoo biome. Most species fit into the medium-sized 
category, which also typifies most shrubs in the fynbos. 

Stem characters: 
The stems of ClifJortia have very few characters and they are highy plastiC. The older stems and 

branches invariably develop the characteristic flaky bark of all cliffortias and retain few if any useable 
characters. Therefore, all the characters are based upon the young stems before they start to disintegrate. 

13. Young stem diameter 2 cm below apex of stem (mm wide) 
Measured at a point where the leaf-sheaths are not present or have been temoved. This is a 

useful character for identification but is too continuous across the range of species to be split up 
into states for phylogenetic analysis. 

14. Young stem colour 
1. greenish white 
2. reddish tinged 

Can vary considerably due to shading or cultivation. Only really useable upon species in their 
natural environment. Most species still do vary but some species are never reddish tinged and 
others rarely entirely green. The high plasticity of this character though has meant that it has been 
excluded from the phylogenetic analysis 

15*. Young stems sheathing 
1. completely sheathed by leaf-bases 
2. visible 

In many species that only produce long-shoots, the bases of the leaves can often overlap and 
the true stem is not visible. Under atypical conditions the stems of these species can often elongate 
and the true stem becomes visible but these were disregarded. The presence of persistent leaf­
sheaths can mask other characters about the stem and sometimes these had to be scored as unknown 
but often some exposed stem can be detected. 

16*. Young stems pubescence 
I. more or less glabrous 
2. on one side of stem only 
3. hairy clearly and evenly 

This is generally a very reliable character across a species and sometimes even for a section. 
Sometimes the pubescence can be lost very quickly and very young shoots need to be checked for 
the presence of hairs. Very rarely, e.g. C. obcordata, only one side of the stem may be pubescent 
and the side that is pubescent will alternate at each internode. 

17*. Stem hairs direction 
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1. upwardly adpressed 
2. downwardly adpressed 
3. spreading 
4. curled 

Along with the last character, this makes for good characters to group related species together. 
The commonest state is for short straight hairs adpressed upwards along the stem, and only rarely 
these straight hairs are adpressed in the opposite direction and point downwards. In several species 
the hairs are only adpressed on the very new growth, which should be disregarded, and soon 
becoming spreading from the stem or tightly curl up to create a tomentose pubescence. 

18. Stem hair length (mm long) 
Sometimes very difficult to measure, especially when the hairs are curled. Atypically long 

hairs are often found at the nodes where the sheath joins the stem and these should not be used. 

19*. Stem hairs range of length 
1. longest hairs mostly under 1 mm long 
2. longest hairs mostly over 1 mm long 

A character included for phylogenetic analysis to score those species with exceptionally long 
stem hairs. Species with long hairs often have intermixed a layer of short hairs too, hence the 
longest 'typical' hairs should be measured. 

20*. Older stem texture 
1. minutely tuberculate 
2. smooth 

Mature stems need to be examined but before they have started to develop their characteristic 
flaky bark. Tuberculate stems are the result of gland-based hairs that have been lost or never fully 
developed. 

21. Internode length 5th internode from apex of stem (mm long) 
A very variable figure because it depends so much on the phenology of the plant at the time of 

measurement, but it does give some indication of the spacing of the internodes. [n species with 
overlapping leaf-sheaths this character is not determinable. In others the fifth internode is usually 
easy enough to determine, though the starting point for counting can sometimes appear a bit 
arbitrary when the shoot is in the process of elongating. This character is also highly dependent 
upon the degree of exposure or shading the plant is receiving. It is barely worth using as a character 
for identification. 

22*. Distance between brachyblasts 
1. brachyblasts closely overlapping even low on branches 
2. brachyblasts not or barely 9verlapping except near tip 

An attempt to qualify character 21 by giving some element of scoring to the degree of packing 
ofbrachyblasts on the stem. The high variability of the last character meant that analysis to create 
discrete character states was not viable, so a general opinion was gained from the material at hand. 
Clearly some species have brachyblasts widely separated from each other, e.g. C. dentata or 
C. odorata, while others are so closely packed that the leaves of one overlap the next, usually 
giving a feathery appearance to the shoot, e.g. C. paucistaminea or C. exilifolia. 

23*. Stem shape 
I. stem compressed with leaves flattened against it 
2. stem winged 
3. stem round, leaves spreading in several directions 

All except a few of the more distinctive species have stems that are more or less cylindrical 
with leaves coming off in all directions. C. phyllanthoides, C. pulchella and sometimes 
C. obcordata, have their leaves flattened against a slightly compressed stem, while C. pedllllculata 
and its relatives have their sheath extending down on to the stem, making it slightly winged. 

Leaf morphology: 
The leaves of Cliffortia easily provide the most useful characters for both diagnosis and 

predicting relationships. Most sterile specimens of Cliffortia can be named with some assurance, 
only occasionally is further evidence needed in the form of the achene, flowers or life-history to 
distinguish between two similar species. Anatomical research on the leaves would probably have 
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added a variety of further characters, but was beyond the scope of this project to assess across the 
full range of species. 

Sometimes, seedling, resprouting or those subtending the flowers (especially in those species 
with true inflorescences) vary in number, shape and size from mature ones, these therefore should 
not be used. 

The leaf itself can be divided up into its 3 or 4 constituent parts: the sheath, the stipules. 
petiole and leaflets. The sheaths are invariably 3-veined, and usually clasp the stem in much the 
same manner. Hence the most useful characters are the degree of hairiness both adaxially and 
abaxially and the combination ofthis hairiness is a good character for group diagnoses. 

24 *. Leaflet number 
l. unifoliate 
2. bifoliate 
3. trifoliate 

Dissection of a brachyblast is usually required to confinn whether the needle-leaved species 
are unifoliate or trifoliate. In a few species the number of leaflets varies, either on the same plant 
(e.g. C. multiformis and C. varians), or rarely between populations (e.g. C. linearifolia). 

The outgroup taxa were all regarded as having trifoliate leaves, as trifoliate is the same as an 
imparipinnate leafwith only two side leaflets; the other two states being further reduction from a 
pinnate leaf. 

25. Leaflet insertion 
1. all three leaflets touching at point of attachment in a triangular arrangement 
2. not as above 

Species with a petiole have the leaflets meeting in a characteristic arrangement and this has 
also been observed in some species without a petiole, maybe indicating that it has only recently 
been lost. Unfortunately this character can only be scored reliably from fresh material, which has 
not been done consistently across the majority of species and so has had to be omitted from the 
phylogenetic analysis. 

26*. Leaves colour 
1. green pale to dark, sometimes red-tinged 
2. glaucous often with red tinge to edges 

Colour of leaves is difficult to judge, but there is a definite suit of species in Cliffortia with 
grey to glaucous leaves. Species that are greyish because of their dense hairs are regarded as green­
leaved because of the colour of the lamina beneath the hairs. 

27*. Leaves discolorous 
I. ± same colour above and beneath 
2. evenly pale whitish beneath usually because of a dense mat of hairs 
3. with two pale stripes on either side of midrib 

Nearly all leaves are slightly paler beneath, but discolorous implies that the contrast is 
striking; often this contrast is due to a dense layer of whitish hairs beneath that are not present 
above. In fresh specimens pale areas or stripes are often evident on either side of the midrib, these 
can be thin and on the lateral surfaces such as in C. densa, or relatively broad and covering most of 
the under-surface as in C. falcata and its allies. This character state is more or less lost in herbarium 
material and confinning its consistency across the whole range of a species is difficult. 

28*. Leafveining 
I. multi-nerved into base 
2. single-nerved to base 

Weimarck used veining to separate out his two sections ofunifoliate species, and this is a 
useful character, although I have found disagreement with some of his assertions as to number of 
veins entering the base; e.g. C. cuneata and C. phillipsii have consistently shown to have more than 
one vein entering the sheath, whereas one would be hard-pressed to fmd more than a single vein in 
C. aculeata. 

29. Veins into base number 
Vein number is best observed by holding a leafup to the light and all veins that meet at the top 

of the sheath are counted. This character is clearly related to leaf width. 

30. Sheath length (mm long) 
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Measured from the base of the middle leaflet to the base of the sheath where it joins the stem. 
Ifa petiole is present then it is measured from where the stipules leave the petiole to the base of the 
sheath where it joins the stem. The sheath usually has 3 raised ribs on the reverse that indicate its 
extent. 

31 *. Sheath pubescence outside 
l. hairy 
2. glabrous 

Presence or absence of hairs on the reverse of the sheath in the area of the 3 raised ribs. 
Lamina of stipule is not counted although this can sometimes have hairs when the rest of the sheath 
reverse is glabrous (e.g. c. drepanoides). Hairiness of the sheath on the reverse is linked to stem 
hairiness, a species with glabrous stems will never have hairy sheaths, but also a few hairs from the 
stem that happen to creep up on to the bottom of the sheaths should not be counted. 

32*. Sheath pubescence inside excluding fringe at apex 
1. markedly hairy 
2. scattered adpressed hairs 
3. glabrous 

Apparently independent of the pubescence of the sheath outside, the hairiness of the adaxial 
surface of the sheath also varies. Presence or absence of hairs inside the sheath is scored, but 
excluding the apex which is nearly always has at least a short fringe of hairs (see next character). 
Hairs if present can either be long and straight or curled, but this character has not been consistently 
scored and appears dependent upon the age of the leaf examined, so has been omitted for the time 
being. Often the sheath inside is not entirely glabrous but shows some evidence of a few straight 
hairs, hence an intermediate state was included. 

33*. Sheath apex hairs 
1. with fringe of hairs 
2. without fringe of hairs 

Really just an extension of the glabrous state of the last character. A fringe of hairs is nearly 
always present (and counted as such if densely hairy inside) but a few species seem to have a 
complete absence of any hairs inside the sheath. C. heterophylla is unique in having a fringe of 
hairs on the outside of the sheath at the insertion point of the leaf. As this is not useful 
phylogenetically and is a very minor character for such a distinctive species it has not been scored 
as different. 

34. Sheath production 
1. produced at insertion of leaves 
2. not produced 

Character diagnostic to C. hirta, which appears to have a small, often reddish, glandular 
extension of the sheath on the reverse just beneath the insertion of the leaflets. As it is 
autapomorphic it has been excluded from the phylogenetic analysis. 

35*. Stipule presence 
1. present 
2. absent 

Some evidence of a stipule is usually present although sometimes the more modified leaves 
subtending flowers or in the middle ofa brachyblast can appear to have lost them. Only if they are 
never evident should it be regarded as absent. 

36*. Stipule texture 
1. membranous to clear or with only green veins 
2. green and texture similar to lamina 
3. brown and scarious 

The stipules are usually membranous with only the veins showing much colour, but can 
sometimes be completely green (or greyish hairy) and textured in a similar manner to the leaf itself; 
in a single species, C. stricta, they are diagnostically brown and scarious. 

38. Stipule length {mm long} 
Measured from the apex of the stipule, excluding any hairs, to the point of the stipule where 

the sheath and leaflets meet. 

37*. Stipule range of length 
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1. less than 3 mm long 
2. 3 to 6 mm long 
3. more than 6 mm long 

A multistate character to account for the variation shown in the previous character. 
Justification for the separation of the states is tentative but there is some evidence of 
discontinuities. 

39"'. Stipule margin 
1. ciliate 
2. entire to serrulate 

A consistent character but clearly related to sheath hairiness. The margin of the stipule is often 
consistently ciliate or not for a species but sometimes individual stipules can be hairless so a 
general consensus for the plant is needed. It is only scored as polymorphic if some plants never 
have cilia while others have some. 

40"'. Stipules joining 
1. touching or joined at top of sheath in front of leaf insertion 
2. joined on reverse side of stem 
3. free 

Usually the stipules sit on either side of the leaf and the sheath is split on the reverse side of 
the stem to a greater or lesser degree. On rare occasions the leaves so encircle the stem that the 
stipules actually coalesce with one another on the opposite side to the leaf. and can indeed often 
look then like a small leaflet. e.g. C. crenata and C. reniformis. In a few unifoliate species. e.g. 
C. ferruginea and C. odorata. the stipules do the reverse and tend to touch each other or even join 
in front of the point of insertion of the leaflet. 

41"'. Petiole presence 
1. present 
2. absent 

The petiole is generally just present or absent, occasionally it is reduced to a short stump. but 
then it is still regarded as present, e.g. C. ramosissima. Often the seedling leaves, and sometimes 
the resprouting ones too, of a species with show evidence of a petiole that is lacking on the adult 
leaves. e.g. this feature has lead to resprouting and juvenile plants of C. nitidula subsp. pi/osa being 
frequently misidentified as C. filicauloides, but these are disregarded here. 

42. Petiole length (mm long) 
The petiole is measured from the base of the leaflets to where the stipules join the top of the 

sheath. 

43. Leaf texture 
I. soft and membranous 
2. flexible and chartaceous 
3. hard and rigid 

A few species have a very thin herbaceous nature to the leaves, e.g. C. demata. while many 
others are clearly much more rigid, especially the stimy spiny species such as C. dregeana and 
C. ruscifolia. Measurements were made of the thickness of the leaves but the variation was more or 
less continuous and the states described above are hard to define. This character was therefore 
omitted from the phylogenetic analysis. 

44. Leaflet shape 
1. subcircular 
2. elliptic 
3. oblong 
4. linear to needle-shaped 
5. narrowly triangular to lanceolate 
6. ovate 
7.obovate 

Leaflet shape, although relatively consistent within species, is hard to separate into discrete 
states. While useful for identification, it could not be used in the phylogenetic analysis. 

The character defines the general outline of leaflets ignoring any lobes or teeth. Elliptic. O\'ate 
and obovate differ in where the widest point is (middle, lower half, upper half respectively). 
subcircular is a very broad form of elliptiC that is more or less as wide as it is long and often wider: 
oblong implies that the leaflets have more or less parallel sides, linear to needle-shaped is a much 
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narrower version of oblong (at least 3x as long as wide); lanceolate to narrowly triangular implies 
that the leaf has its broadest point more or less near the base and then tapers gradually to its apex, it 
is not dissimilar to narrowly ovate. Usually more than one state is chosen to describe the variation 
found within the leaves adequately. 

45*. Comparison of middle and outer leaflet shapes 
1. middle and outer leaflets more or less similar in shape 
2. middle leaflet significantly broader than outer leaflets 
3. middle leaflet smaller than outer leaflets or reduced to a small point 

Although the inner and outer leaflets generally vary slightly, in some species the inner one can 
be distinctly broader than the two outer ones, e.g. Cfilicaulis. Only in two species is the inner one 
smaller than the two outer ones: C obcordata, where the inner leaflet is folded in two and notched 
at the apex, and C phyl/anthoides, where it is reduced to just a small point. 

46* . Leaflet base 
1. leaflet base not contracted significantly but may be tapered evenly 
2. leaflet contracted abruptly at base to form a pseudopetiolule 
3. leaflet base cordate or clasping stem 
4. leaflet base noticeably swollen and bulbous 

Most leaf-bases join the top of the sheath and taper out gradually to the widest point. In a few 
species the lamina of the leaflet narrowly extends for a short distant before expanding so that it 
looks like a short petiole joining the leaflet to the sheath and is here termed a 'pseudopetiole'; it is 
generally associated with inroIling of the margins. In other cases the leaves extend back beyond the 
point of attachment to the sheath or petiole and so the base is described as 'cordate'. Rarely the base 
of the leaflet on narrow-leaved species can be swollen slightly. 

47*. Leafpubescence above 
1. hairy 
2. a few hairs only along the midrib 
3. glabrous 

Several species have hairs that are lost early on, so young leaves need to be examined. 
Generally, there are longer hairs along the midrib and sometimes only a few of these persist 
towards the base of the leaf, e.g. C dregeana. 

48. Leaf hair length above (rom long) 
Excluding any abnormally long hairs that are often found along the midrib. 

49*. Leaf pubescence beneath 
1. hairy all over 
2. hairy only on midrib or margins 
3. glabrous 

The leaves are usually more hairy beneath than above. Sometimes the leaf can be quite 
densely hairy beneath with short curled hairs which give a white tomentose appearance. Even then 
there are often some long hairs on the midribs and veins, so that they stand out in contrast against 
the rest of the lamina. Only a few species have sparse long hairs present only on the midribs and 
these can often be easily lost. 

50. Leaf hair length beneath (rom long) 
Very difficult to measure in some species where the margins inroll over the lamina beneath or 

the hairs are very crisped. The long straight hairs along the midrib are also excluded. 

51 *. Leaf tubercles 
1. leaf underside with minute raised tubercles 
2. leaf underside smooth 

An unsatisfactory character, which is hard to delimit and almost impossible to determine 
accurately from herbarium material. True tubercles are only found on a few needle-leaved species, 
but others have minute dots which are not raised, although probably have the same origin. 

52*. Leaf margin rolling 
1. inrolled beneath 
2. clearly canaliculate with margins turned upwards along their entire length 
3. flat or rounded 
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The overall shape of the leaflets is greatly influenced by the behaviour of the margins. Most 
species have edges of the leaf that lie flat or are needle-leaved with rounded margins. Several 
species have their margins distinctly curled downwards and undemeath. Less easy to define is those 
species where the general bend of the leaf sides is upwards creating a central channel. 

53*. Leaf margin toothing 
1. entire 
2. minutely serrulate to scabrid 
3. markedly toothed 

The margins are often toothed, either coarsely, which include 'lobes' (see character 54), as 
short spines or as a fine serration. The latter is very hard sometimes to determine and separate from 
the 'entire' state, especially in herbarium material. 

54*. Middle leaflet lobing 
1. lobed 
2. unlobed 

When the toothing is deep, sparse and at the apex the leaf can appear lobed, e.g. C. dentata 
and C. filicaulis. The lobes are regarded as too thing for all other purposes as the distinction is too 
vague otherwise. 

55. Teeth number, excluding tip 
Not counted unless the toothing is clear (i.e. scabrid to serrulate leaflets are scored as missing). 

56*. Leaflet teeth, range of number 
1.0-9 
2. 10-100 

A delimitation of the above character into states for phylogenetic analysis. 

57. Teeth length (mm long) 
Measured from the apex of the tooth to the edge of the leaf of the side of the tooth closest to 

the midrib. 

58*. Teeth curving 
1. straight 
2. recurved 

It is usually quite clear whether the teeth are straight or recurved under the leaf. The former 
are generally used for protection, while the latter for helping the plant scramble over its 
neighbouring vegetation. 

59*. Leaf-tip shape 
1. sharply long acuminate to pungent 
2. acute to broadly acuminate or mucronate 
3. obtuse to rounded 

Pungent includes all the spiny tipped species, but also included in this category are those 
species which have a long tapering point to their apex but are only weakly spiny or even soft. 
Obtuse to rounded includes all those species that have no evidence of a point and acute to 
mucronate covers the rest of the species, but the boundaries are not very clear. 

60. Leaf-tip length (mm long) 
Measured from the tip to the point where the leaf becomes green. 

61 *. Leaf-tip, range of length 
1. under 0.9 mm long 
2. usually longer than 0.9 mm 

Clearly related to character 59 and base upon the last character but used to separate out those 
species that are more clearly spiny. 

62*. Leaflet curvature 
1. outer leaflets sickle-shaped 
2. leaflets ± straight 

Leaflets are only described as sickle-shaped when they have a planar surface and are curved 
along the horizontal axis, e.g. C. falcata. Needle-shaped leaves are not regarded as sickle-shaped 
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when curved as it is difficult to tell the plane that they are curved in and they are probably curved 
along the vertical axis (see next character). 

63*. Leaf direction 
1. bent upwards and in 
2. ± straight 
3. bent downwards and out 

One of the hardest characters to score with any certainty, but certainly appears to be useful in 
separating some closely related species. Many species leaves curve up and towards the stem, while 
others definitely curve down and away from the stem. which can give a star shaped appearance to 
the brachyblast. But reliably determining this character from herbarium sheets is tricky and field 
observations are not always consistent for a given species as it can depend upon the age of leaves 
on the shoot, e.g. young leaves are nearly always bent inwards to protect the new buds. 

64. Middle leaflet length (mm long) 
Measured from the base of the leaflet where it joins the sheath or petiole to the tip, including 

the spine if present. 

65. Middle leaflet width (mm wide) 
Measured across the widest point of the leaflet, but excluding the spine of any teeth (but 

including the green laminar part of the teeth). 

66. Middle leaflet lobes number 
Including the middle lobe, hence all leaflets can be regarded as having a 'single lobe' and the 

default is 'I'. Lobing is only taken in to account on a few species: leaves where clear fusion 
between leaflets has occurred do not count as being 'lobed'; species that are 'lobed' usually still have 
separate outer leaflets (which sometimes also can be lobed). This character and the next two are 
only included to help determine C. dentata and its relatives. 

67. Middle leaflet lobe length (mm long) 
Measured from the tip, including a spine if present, to the deepest incision of the lobe. 

68. Middle leaflet lobe width (mm wide) 
Measured across the broadest part of the lobe. 

69. Outer leaflet length (mm long) 
This character and the next are rarely needed for identification except in the bifoliate species, 

where middle leaflet size cannot be scored as it is absent. Measured from the base of the leaflet 
where it joins the sheath or petiole to the tip, including the spine if present 

70. Outer leaflet width (mm wide) 
Measured across the widest point of the leaflet. 

71 *. Midrib prominence 
1. midrib beneath prominent against lamina all the way to apex 
2. midrib barely prominent only towards the base or not differentiated from lamina 

This should only be scored from fresh material as the midrib often becomes more prominent 
upon drying. 

The midrib can be barely differentiated from the rest of the lamina but is often raised and 
prominent, even to the extent in C. linearifolia of meeting up with the inrolled or thickened margins 
so that the intervening lamina is barely visible. Weimarck regarded most of the needle-leaved 
species as originating from "an intense reduction in the width of the lamina, often to such an extent 
that the midrib takes up almost the whole of the underside". They are therefore scored as 
ambiguous for this character unless a clear separation between lamina and midrib can be made. 

72. Leaf thickness across midrib (mm thick) 
Leaf thickness is hard to measure accurately without a high-powered microscope. Leaf 

thickness is quite dependent upon conditions that the plant is growing in and the age of the leaf 
chosen. See character 43 for a easier, although less reliable, character to score. 

73. Leaf thickness across lamina when different from midrib (mm thick) 
Only scored for those species where the midrib is prominent above the lamina. 
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Juvenile leaves: 
A very useful suite of characters, which unfortunately at present is far from complete and so has been 

omitted from the phylogenetic analysis. On the few species that have been observed growing from 
seedlings it is clear that the juvenile leaves can vary considerably from the adult ones and can give an 
interesting insight into their origins. Several of the species have been seen to revert from trifoliate to 
unifoliate or vice versa between the seedling and adult forms of the leaves, as well as varying their 
degrees of toothing. A petiole can also be present in the juvenile leaves, but become lost in the mature 
ones. Others have leaves identical to, though smaller than, the mature plants. 

74. Seedling and resprouting leaf variation 
I. similar to mature foliage 
2. markedly different 

75. Seedling and resprouting petiole presence 
1. present 
2. absent 

76. Seedling and resprouting leaflet number 
I. trifoliate 
2. unifoliate 

77. Seedling and resprouting leaftoothing 
1. toothed or lobed 
2. entire 

Inflorescence structure: 
Fellingham (1999) tried to describe Cliffortia inflorescence structure, but only examined 8 species 

and did not go further at attempting to categorise the other species into different groups. Only a very fe\v 
species could be regarded as having an 'inflorescence', most species have scattered flowers situated at the 
base of normal vegetative leaves. Fellingham discovered that all species produce their flowers on short 
shoots, even if those short shoots are so reduced that they appear to be absent. For her work, she used the 
terminology of 'bract' to describe any leaf that actually subtended a flower (as opposed to those that 
subtend the short shoot upon which the flower grows). This terminology gets complicated though as often 
the subtending leaf is no different from the normal vegetative ones and therefore to distinguish the two 
seems arbitrary upon whether the plant is flowering at the time or not! In this account therefore, the leaves 
of both fertile and vegetative shoots as regarded as equal unless they are morphologically different. 

78*. Inflorescence structure 
1. flowers apparently solitary at the base of ordinary vegetative leaves 
2. flowers clustered together, male and female in similar clusters 
3. at least the female flowers gathered in a distinct inflorescence structure, males also present or 

scattered over rest of plant 
Fellingham described several different inflorescence types, but species are split up into just 

three here. The commonest inflorescence type is those that lack any structure and flowers are 
scattered apparently uniformly over the plant. The congested inflorescence type covers those 
species where both male and female flowers can be found conglomerated into a small area, such as 
in C. rusei/olia or C. odorata. In C. rusei/olia the leaves subtending the flowers are markedly 
reduced; in C. odorata the flowers look as though they are subtended by an ordinary leaf, but in 
fact the subtending leaves have actually been lost. The third type is the female structured 
inflorescence, this is found in sect. arborea and in C. heterophylla. In this type the female flowers 
are collected together in a distinct structure, with the subtending leaves of the flowers markedly 
different from the normal foliage, while the male flowers are scattered across the rest of the plant. 
(The outgroup taxa are also included in this last category as having distinct inflorescences.) 

79*. Flowers perfect or not 
1. separate male and female flowers, although sometimes with rudimentary parts of the other 

remaining, and not found in same inflorescence 
2. male and female parts always found in same flower 
3. male and female flowers found on same inflorescence 

A character purely included to separate out the outgroup from Cliffortia. All Cliffortia species 
have separate male and female flowers. Weimarck described a separate section called 
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Hermaphroditicae, based upon a single species, C. hermaphroditica, which itself was based upon a 
single specimen that had perfect flowers, but this species has been abandoned here. 

80*. Peduncle presence 
1. absent 
2. present holding a solitary flower 
3. present holding a compound flowerhead 

The term 'peduncle' used here is quite likely not homologous. The 'peduncle' in 
C. pedunculata, C. lepida, and C. triloba, which gets successively shorter in each, only ever carries 
a single flower and so terming it a peduncle is rather misleading. It is thus defined to distinguish the 
elongation of the flower bearing stalk on one side of the bracteoles to the 'pedicel' on the other. 
The other state could be referred to as a 'true' peduncle and is found in the outgroup taxa as well as 
the cone bearing stalks of C. conifera. 

Flowers: 
Both the male and female flowers have a similar basic structure, consisting of bracteoles, a 

receptacle, which is more or less vestigial in the male, and sepals. A few characters are applicable to both 
the male and female flowers, while others are usually exclusive to one sex or the other, although they are 
sometimes discernible in a vestigial form in the other. 

81 *. Bracteole pubescence, excluding margin 
1. hairy 
2. glabrous 

The hairiness of the bracteoles is a good character that is usually consistent within a species 
and often across a section. The bracteoles, independent of the margins, can be hairy or glabrous 
although if there are hairs present they are often confined to a small area towards the lower half of 
the keel. 

82*. Bracteole margin 
1. dearly ciliate 
2. serrate or very shortly ciliate 
3. entire 

The margin of the bracteole can have varying degrees of hairiness, apparently independent of 
whether the rest of the surface is hairy or not. The margin is often distinctly ciliate but sometimes 
the ciliae are more like short round projections along the margin and classified as serrate; others are 
clearly entire or slightly wavy. The three categories are usually consistent and distinguishable 
enough to define. 

83 *. Sepals number 
1.3 
2.4 

Although several species have been described as having 3 or 4 sepals the species are in fact 
almost always consistently either three or four in number within a species. Only C. paucistaminea 
has shown signs of variation in sepal number between populations, although other species may 
have the odd flower here and there lacking or gaining a sepal. The number is consistent between 
male and female flowers too and it is a very good and reliable character at the sectional level. 

84"'. Sepals pubescence 
1. hairy on outside 
2. glabrous except for small patch near apex inside 

Often the sepals will only have a few, but long, hairs towards the tip of the sepals (on the 
outside, the tuft of short hairs inside the apex that hold the sepals together in bud is not taken in to 
account as it is present in all species). But the presence of even a couple is a good enough indicator 
of hairiness; species that have glabrous sepals are always glabrous. A good diagnostic character but 
a hand lens is needed to see the presence or absence of hairs properly and they are usually clearer 
on the male than the female flowers (and if present on one sex they are presumed present on the 
other). 

Male flowers: 
The male flowers are aU rather uniform in their structure and there are few discrete characters to be 

scored as they all have a similar design for the basic purpose of dangling their stamens out to allow the 
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wind to take the pollen away. 

85. Male peduncle length (mm long) 
Measured from the base of the subtending leaf to the base of the bracteoles. 

86. Male bracteole number 
1. 1, but often nested with other flowers 
2.2 
3.3+ 

The number ofbracteoles is nearly always two, but a few species have been observed to have 
either an extra one, or lost one (the other then being greatly enlarged and enclosing the whole 
flower, and sometimes more than one flower). This character has not been consistently scored and 
so at present is unreliable and omitted from any analysis. 

87. Male bracteole length (mm long) 
Best measured removed from the pedicel. Measure from base of bract eo Ie to tip, excluding 

any hairs. 

88. Male pedicel length (mm long) 
This includes the vestigial receptacle of the male flowers, on top of which the sepals sit, as 

well as any true pedicel. To separate the two would have been rather tricky as a means of 
identification, although the latter can be distinguished by the presence of an articulation (see next 
character). Bracteoles need to be removed to measure this character accurately and it is measured 

. from above where the bracteoles join to the base of the sepals. 

89. Pedicel articulation 
1. pedicel short (i.e. the vestigial receptacle) 
2. pedicel long and articulated (i.e. a true pedicel is present) 

Mostly what is termed a pedicel is actually the vestigial receptacle of the male flowers. but a 
true pedicel is evident in a few species by the presence of an articulation. This articulation needs to 
be present because a few species, e.g. C. ruscifolia, have an elongated vestigial receptacle and so 
the flower appears truly pedicellate. This and the next character have not been scored consistently 
across the range of species and so are omitted for the time being from any analysis. 

90. Pedicel hairiness 
1. glabrous 
2. hairy 

This character if it was to be used in phylogenetic analysis would need more clearly defining. 
As the pedicel can either be a true pedicel or the vestigial receptacle, thus hairiness is not 
necessarily homologous. Usually if the receptacle is hairy in the female flower then so is the 
pedicel of the male, but also in certain species which have a true pedicel. that part can be hairy 
while the vestigial receptacle is glabrous. At present this character is only scored for identification 
purposes. 

91. Male sepal length (mm long) 
Measured from the top of the pedicel to the apex of the sepals. 

92. Male sepal width (mm wide) 
Measured across the widest point of the sepals. 

93*. Male sepal shape 
1. broadly ovate (less than 4x as long as wide) 
2. narrowly elliptic (more than 4x as long as wide) 

Most species have relatively broad male sepals, but a few species in subgenus Gramil1ea have 
distinctive narrowly elliptic sepals. It is important not to use old sepals that may have shrunk and 
wrinkled when assessing this character. 

94*. Male sepal tips 
1. acute to acuminate 
2. small spine just beneath apex 
3. long acuminate becoming filiform 

Most species have acute to acuminate sepal tips. In C. teretifolia, the tip of the sepals 
protrudes just beneath the true apex where they join in bud, a diagnostic character for that species: 
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this is also true of the female sepals but is most clearly noticeable on the male. In a few species the 
tips of the male sepals have become attenuated, filiform and slightly curled, which is especially 
noticeable in bud, e.g. C. dentata. 

95*. Male sepals splitting and fusion 
1. completely free at anthesis 
2. separating on one side only at anthesis forming a hood over the stamens 
3. not completely separating at tip at anthesis 
4. joined into a short tube for lower third to half 

In C. graminea, the sepals of the male only split on one side and form a hood over the 
stamens, a diagnostic character (as if this species needs any more!). In a few species the sepals do 
not split completely at anthesis but the tips stay fused together by the small patch of hairs at their 
apex inside. This may not be consistent, in some cases the sepals may separate and recurve as most 
species do, and this state needs more field observations as is hard to determine correctly from 
herbarium material. Finally. a few species have a short area of fusion towards the base of the sepals 
so that a short tube is formed. Again it only appears to occur in a few species. e.g. C. monophylla, 
but may not be consistent within them. 

97. Stamen number 
Usually best to count in freshly opened flowers or mature buds as stamens can easily be lost in 

older flowers. 

96*. Stamens, range of number 
1. few, 4-8 
2. intermediate, 9-18 
3. many, 19-50 
4. numerous, 50+ 

A delimitation of the above character for phylogenetic analysis, as well as being useful for 
quick identification. It is a relatively consistent character within a species as can be seen by the 
generally small ranges. The smallest state is justified on the basis of being one or two whorls of 
stamens, thus a species with 8-9 stamens but three sepals would be better placed in state 2, while a 
species with the same number of stamens and four sepals would be more appropriate in state 1. As 
it happens, species with four sepals always have 4-8 stamens. 

98. Filament length (mm long) 
Measured from the base of the flower to the attachment point on the anther. 

99*. Filaments colour 
1. red 
2. white to greenish cream 

Stamen colour is also a useful character. and although several species are polymorphic, there 
are certain suite of species for which filament and anther colours are constant and quite diagnostic. 

100*. Anthers colour 
1. brownish red 
2. cream to yellow 

Occasionally sterile anthers will be 'colourless' when the rest are tinged reddish brown; the 
overall trend is usually obvious. 

10 1 *. Anther connective hairiness 
1. glabrous 
2. hairy 

The presence of hairs on the anther connective was only recorded by Weimarck for 
C. lanceolala but this study discovered it consistently on collections of the apparently unrelated 
C. acutifolia. 

Female flowers: 
The female flowers appear to follow two basic patterns for capturing the male pollen from the air. 

One is that typical of most wind-pollinated plants, and the flower structure is designed to hang out the 
stigmatic surface into the wind streams, the other is more unusual in that the flowers are hidden within the 
leaves or even tucked down right at the base. Clearly in the latter pattern the leaves have developed to 
create the right eddies in the wind to allow the pollen to drop out of the air and on to the stigma. 
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102. Female peduncle length (mm long) 
Measured from the base of the subtending leaf to the base of the bracteoles. 

103. Female bracteole number 
1. I, often nested with other flowers 
2.2 
3.3+ 

The number ofbracteoles is nearly always two, but a few species have been observed to have 
either an extra one, or lost one (the other then being greatly enlarged and enclosing the whole 
flower, and sometimes more than one flower). This character has not been consistently scored and 
so at present is unreliable and omitted from any analysis. 

104. Female bracteole length (mm long) 
Best measured removed from the pedicel. Measure from base ofbracteole to tip, excluding 

any hairs. 

105*. Female bracteole range oflength 
1. short, less than 2 mm long 
2. medium. between 2 and 5.5 mm long 
3. long, over 5.5 mm long 

A multistate character to account for the variation shown in the previous character. 

106*. Female bracteole to receptacle ratio 
1. shorter than immature receptacle 
2. as long or longer than immature receptacle 

Clearly closely linked with the last character and far from independent, but included as it 
defmes whether the bracteoles are there as a protective measure for the developing ovary or not. 
One needs to ensure that the receptacle is immature, which is usually best discerned by the 
presence of an unwithered stigma, as the receptacle soon grows beyond the size of the bracteoles as 
it matures in many species. 

107*. Female sepals presence 
1. present 
2. absent or vestigial 

Present in most species although they might fall early on in the development of the fruit, but 
one or two species, e.g. C. odorata, have only vestigial sepals or they are lost while the stigma is 
still developing. 

108*. Female sepals joining 
I. all fused at base 
2. free or occasionally one or two joined but not all at same point 

The sepals are usually free, though two may become fused the third or fourth are free; only in 
a few species are the sepals truly fused all the way around, e.g. C. monophylla and relatives. 
Clearly linked to state 4 of character 95, but due to the difference in clarity of observing this feature 
in the male and female flowers both have been included. As a result the consistency of this 
character in both sexes has been questioned and more observations are needed on fresh specimens 
to determine whether the variation is uniform within and across species. 

109*. Female sepal shape 
1. narrowly to broadly ovate to obovate 
2. ± triangular broadest point at base or just above base 
3. oblong to linear ± parallel sided for a greater part of their length 

Sepals are an generally ovate. but inrolling of the margins can make the shape more linear to 
oblong or the lower part of the sepal is greatly shortened so that the widest part is near the base and 
the shape looks more triangular. Intermediates are found between all these states and the 
distinctions are not clear. 

110. Female sepal length (mm long) 
Measured from the top of the receptacle to the apex of the sepals. 

Ill. Female sepal width (mm wide) 
Measured across the widest point of the sepals when flattened out. 
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112*. Female sepals stature 
1. erect 
2. spreading but not recurved 
3. recurved 

Erect sepals stand ± perpendicular to the top of the receptacle. Spreading sepals diverge at 
more than 30° from the top of the receptacle, but the sepals are still straight. Recurved sepals are 
usually reflexed at 1800 and bent back on oneself. Most species fall neatly into the first and third 
states, but a few appear to fit into the second, especially sect. Petiolatae, with possible overlap with 
one of the other two. Mature flowers need to be used, even ones where the fruits have started to 
develop, as all sepals are erect and held together in bud and the bracteoles can also prevent the 
sepals from spreading and recurving. 

113*. Carpel number 
l. I 
2.2+ 

Weimarck subdivided the genus into two subgenera dependent upon the number of carpels, 
this character is often easiest to see by examining the number of stigmas in the female flowers, 
which match the number of carpels. However. stigmas can often be lost easily in dried material and 
sectioning a few mature achenes also helps to detennine the carpel number. 

114. Stigma length (mm long) 
One needs to ensure that one has a fully mature, but not withering, stigma as they elongate 

during development. Measure from point ofattachment to the receptacle to top of the highest 
feathery extension. In species where the short stigma appears bent, measure to point furthest from 
the base if it cannot be straightened out. 

115 *. Stigma colour 
1. red 
2. pinkish white 
3. white to greenish 

The stigma usually changes between bright red or a greenish white, but occasionally there is a 
more intennediate colour of white with a reddish tinge in certain bits of the stigma giving a pinkish 
hue. In some species the stigma colour is variable and probably dependent upon habitat. but often 
the colour is consistent within a species and between closely related species. 

116*. Stigma branching 
I. highly branched and feathery 
2. band-like or thinly and sparsely short-branched 

The stigma branching is variable amongst the species but generally very hard to quantify. In 
the few species related to C. arborea it is reduced to a thin strap-like band with little or no 
branching. 

117*. Stigma exsertion 
1. stigma prominent above leaves and sepals 
2. stigma hidden by leaves 

Although clearly linked to character 114, this is not a straight classification of that character 
into discrete states because stigma exertion is dependent upon leaf size and curvature as well as 
stigma length. This character is a bit arbitrary in where the separation between the states are drawn 
but was included because of its clear relationship to the means of pollen capture employed by each 
species. 

118. Stigma twisting 
1. stigma held erect 
2. stigma twisted to one side of the leaves 

Linked to the last character and is possibly confined only to C. graminea, which manages to 
exert its stigma from the foliage by twisting it to one side. It has therefore been excluded from the 
phylogenetic analysis until field observations have been made. 

119. Receptacle length (mm long) 
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Measured from point of attachment to bracteoles to the base of the sepals. Can vary quite 
widely depending upon how mature the flower is but do not choose flowers where the stigma has 
started to wither. 

120. Receptacle width (mm wide) 
Measured across the widest axis of the receptacle. Can vary quite widely depending upon how 

mature the flower is but do not choose flowers where the stigma has started to wither. 

121 *. Immature receptacle hairiness 
1. glabrous 
2. hairy 

The receptacles show characters similar to the mature achenes, but some species have hairs on 
the receptacles that are lost as they mature, on the other hand, if there are hairs on the achenes they 
are always present on the receptacles too. Sometimes the hairs are only near the apex, and often 
they are very short so that a hand-lens is needed to see them properly. 

122*. Immature receptacle ribbing 
1. smooth 
2. clearly ribbed 

Ribbing should only be regarded in terms of clearly raised portions, not just differentiation in 
banding colour of the receptacle. Those species that have smooth receptacle but where coloured 
bands are present will eventually develop ribs on their achenes, though not as distinct as those that 
had ribbed receptacles originally. This character is useful to help classify the type of ribbing on the 
achene that is present in the species. If a species has smooth achenes it will always have smooth 
receptacles. 

Achenes: 
The achenes of a Clifjortia species are very often diagnostic, and when both leaves and achenes are 

present most species can be named with some certainty. But turning the distinctive overall look into 
discrete character is hard and often direct comparison with a picture or herbarium material is much better. 

123*. Achene pedicel 
I. on a short recurved pedicel so that achene hangs downwards 
2. held erect 

Only the two species, C a/ata and C. burgersii, allow their achenes to hang on a recurved 
pedicel, all other species, barring those that bore the flowers on long peduncles anyway, have them 
tucked away at the base of their leaves. 

124*. Achene shape 
1. straight 
2. curved 
3. irregular 

Irregular achenes are generally oblong in outline and are not cylindrical to ellipsoid in general 
outline (i.e. excluding ribs and wings); curved achenes are slightly banana-shaped. 

*125. Achene length (mm long) 
Measured free from their bracteoles; from the top to bottom including the often shrunken 

elaiosome at the base. 

126. Achene width (mm wide) 
Measure achenes free from their bracteoles and across the widest axis including any ribs or 

wings. 

127. Achene colour 
1. medium to dark brown 
2. greyish brown 
3. whitish to yellowish or pale brown 
4. orange 
5. red to reddish brown 

Achene colour is also distinctive but difficult to classify. Several species have reddish 
achenes, but this will often dry to a dull brown so recording the correct colour is very dependent 
upon obtaining fresh material. The fleshy fruits of C. baccans are a bright orange, but most species 

A39 



Univ
ers

ity
 of

  C
ap

e T
ow

n

vary between a greyish to light or dark blackish brown. Because of the difficulty of needing to use 
fresh achenes across all the species, this character was omitted from any phylogenetic analysis. 

128. Achene texture 
I. fleshy 
2. dry 

A diagnostic character for C. baccans. C. micrantha was once regarded as having fleshy 
achenes but in fact the achene looks swollen due to the number of carpels it contains and is not 
fleshy. 

129*. Achene pubescence 
1. hairy 
2. glabrous 

Hairs if present usually require a hand-lens to observe as they can often be very short. 

130. Achene hair length (mm long) 
A variable and difficult to score character with not much usefulness in identification as the 

presence of hairs alone will have been very diagnostic. 

131 *. Achene ornamentation 
1. ribbed or winged 
2. unribbed 

Ribs if present are generally obvious. even if often low or irregular. Occasionally they can be 
obscured by an inflated waxy transparent layer (see character 140) that needs to be removed before 
the ribs are visible. 

132. Achene ribs number 
Difficult to count generally, especially when numerous, but often best counted by looking 

down on the top of the achene, whereby a starting and ending point can more easily be established. 
Wide variation can be found in the counting of ribs due to the frequent presence of lesser ribs or 
indistinct wrinkling of the surface rather than clear ribs. 

133*. Rib number 
1.2-4 
2.6-12 
3. 12+ 

An attempt to delimit the above character but as that character was hard to score consistently it 
was more of a general circumscription. Most species fall in the 6 to 12 ribs range, even with 
indistinct or the lesser ribs present. Those species with fewer than 6 ribs usually have very distinct 
ribs. and when there are more than 12 it is usually considerably more and the achenes are relatively 
large. 

134. Achene rib width (mm wide) 
Measured across the widest point on a typical rib or the thickness of a wing. 

135*. Achene rib form 
1. ribs rounded to sharply acute 
2. clearly winged 

Wings are here regarded as narrow ribs with acute edges that have extended. The boundary of 
the character is rarely unclear. 

136*. Achene wings 
1. incurved 
2. straight 

Close examination of some ribbing is required to determine whether they are not true ribs but 
wings that are curved inwards upon themselves. This character is confined to C. polygonifolia and 
its relatives. 

137*. Achene tubercles 
1. present 
2. absent 

Tubercles on mature achenes are usually clearly evident with the naked eye and easily with a 
hand-lens. 
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138. Achene symmetry 
1. ribs curved transversely 
2. ± equal 

A diagnostic character for C. subsetacea. The two largest ribs are curved transversely across 
the achene, so that the one of the ribs of the achene appears to be bulging out between the others 
forcing them apart. 

139*. Achene inter-rib ornamentation 
1. transversely rugose between ribs 
2. not as above 

Transverse ribs are sometimes present between the main ribs giving the achene surface a 
rugose texture. 

140*. Achene covering 
1. achene covered by membranous layer 
2. achene not covered 

Several species do have a semi-transparent membranous layer, which often comes away from 
the achene in older fruits. The layer is often inflated as the fruit matures and so it can appear 
smooth and unribbed. This feature was noted by Weimarck for C. arcuata, but has become 
apparent, although not as marked, in several other closely related and some apparently unrelated 
species. 

141. Altitude (m) 
Maximum and minimum altitude ranges for the species across its entire distribution. 

142. Flowering time peak 
Description of the months in which most of the plants are in flower. 

143. Male flowering time 
1. January 
2. February 
3. March 
4. April 
5. May 
6. June 
7. July 
8. August 
9. September 
10. October 
11. November 
12. December 

Any month in which a male flower has been recorded. 

#144. Female flowering time 
1. January 
2. February 
3. March 
4. April 
5. May 
6. June 
7. July 
8. August 
9. September 
10. October 
II. November 
12. December 

Any month in which a female flower has been recorded. 

Classification and taxonomy: 

145. Subgenus 
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1. Arborea 
2. Eriocephalina 
3. Graminea 
4. Cliffortia 

146. Section 
1. Gramineae 
2. Longifoliae 
3. Heteromorphae 
4. Tuberculatae 
5. Complanatae 
6. Petiolatae 
7. Costatae 
8. Castanae 
9. Filicaulae 
10. Dracomontanae 
11. Paucistaminae 
12. Cliffortiae 
13. Filifoliae 
14. Multifidae 
15. Alatae 
16. Simplices 
17. Bifoliolae 
18. Multinerviae 

147. Subgenus Weimarck 1934-1954 
1. Digraphidium Weim. 
2. Monographidium (Presl) Weim. 

148. Section Weimarck 1934-1954 
1. Complanatae Weim. 
2. Hermaphroditicae Weim. 
3. Petiolatae Weim. 
4. Costatae Weim. 
5. Bacciformes Weim. 
6. Alatae Weim. 
7. Inflexae Weim. - also called 'Reflexae' in key 
8. Arboreae Weim. 
9. Bifoliolae DC. 
10. Multinerviae DC. 
11. Simplices Weim. 

Those species described subsequent to Weimarck's classification were placed into the correct section 
as best as could be determined from his key. 

149. Synonyms, taxa included in the current description 
Only taxa accepted by Weimarck in his monograph were included. 

150. Taxonomic notes 
General notes upon how best to distinguish the species, especially in the field, from similar 

looking ones. 

151. Distribution notes 
Outline of the boundaries of the geographic range for the species. 

152. Habitat 
A generalized habitat description. 

153. Conservation status category 
1. Ex 
2.CR 
3. EN 
4. VU 
5. LR(cd) 
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6. LR(nt) 
7. LR(lc) 
8. DD 
9.NE 

IUCN Red data list categories for conservation 

154. Conservation status criteria and notes 
IUCN Red data list criteria and justification for the placement within the particular category. 

155. Etymology 
Derivation ofthe Latin specific epithet. 

156. Common names 
List of any common names that could be found for those few species that have them. New 

common names were not made up. 

157. Illustrations 
Bibliography of where illustrations of particular species may be found. 
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Appendix 4: Voucher specimens for DNA extractions 

TaxoD Colledioo Date Locality 
Acaena ex Hibbs 
cyljndristachya 
Acaena lateb.rosa Whitehouse 122 31-May-OO Sutherland District, t at top ofKomsberg Pass 
acanthophyUa Whitehouse 248 16-AU2-01 Clanwilliam District, Olifllmts R Mts. Die Berg road, S ofBloubos 
aculeata Whitehouse 160 20-0ct-OO Oudtsboom District, Swartberg Mts. peak between Waboomsberg and 

Swartberg Pass, gully on NE side 
acutifolia Whitehouse 254 19-Aug-Ol Calvinia District, * 5 km W ofNieuwoodtville along Vamhynsdorp road 
alata. Whitehouse 94 ll-Mar-OO Riversdale District, Garcia's Pass, just S ofMuisk:raal 
amplexi.stipulal Whitehouse 62 l3-Oct-99 Ceres District, top of pass on to Zuurvlakte, road between Ceres-Cliimwilliam 

road IImd Katbakkies 
amplexi.stipula2 Whitehouse 210 22-Feb-Ol Laingsburg District, Anysberg Nature Reserve, S slopes above kloof leading 

from , near top ofldoof 
IImthospermoides Whitehouse 219 17-May-Ol Caledoo District, Grootbos Nature Reserve, just N of public road, * opposite 

Bobbe!iaansfontein farm 
apiculata Whitehouse 165 29-Nov-OO Caledon Division, Arieskraal, S facing slopes on Bokkeveld shale above 

Arieskraal Dam 
arborea Whitehouse 121 31-May-OO Sutherland District, .......... ~t at top ofKomsberg Pass 
arcuata Whitehouse 24 20-Mar-99 OudtsboomDistrict,GfeatS . path from Die Hoek to Gooe1rnms Hut 
atrata Whitehouse 7 20-Feb-99 Paarl District, Wemmershoek Mts, Agter Tafelberg (Elandsvlakte), S of 

Mountain Club hut. valley bottom 
baccans Whitehouse 60 l3-Oct-99 Ceres District, Swm1:mggen Mis, Groenfontein Farm. near campsite just N of 

Stompiesfontein 
be.rberidifolia Whitehouse 41 4-Jul-99 B ..... District, Rheoost.erkCllp . 
brevifolial Whitehouse 120 100May-OO B ,,,District, road to Die Dam from Wolvengat. N ofRatelrivier farm 
brevifolia2 Whitehouse 260 3-Sep-Ol Bredasdorp District, road to Brandfontein, just before Springfield turning. W 

I edge of Soutpan 
browniana Whitehouse 296 28-Nov-OI U ......... -!;....j§ District, Sani Pass, just W of South AfiiCllm border post 
burchellii Whitehouse 91 IO-Mar-OO I George District, ( Pass. by side of road at summit 
burgersii Whitehouse 226 20-May-Ol Bredasdorp District, De Hoop Nature Reserve, 1.3 Ian N along main road 

from tum-off to campsite, next to old track 
carinata Whitehouse 240 4-Aug-Ol Cape Peninsula. Shmgkop Mt, above KOJDlIleljie, along track towards ruins 

of house 
castaneal Whitehouse 124 I-Joo-OO IT· 'I!; District, Wi1:t.e1:lerg, S slopes, mvine above Nooitgedacht 
castanea2 Whitehouse 90 IO-Mar-OO Willowmore District, Baviallmskloot Willow.more end. Admnskraal, on edge 

of plateau above Nuwekloof 
ceresana Whitehouse 269 22-Sep-Ol Tulbagb. District, Groot Wintemoek Wilderness Reserve, N facing S slopes 

ofSneeugai 
cervicomu Whitehouse 163 22-Oct-OO Prince Albert District, S ..... ""t-...... I!i Pass. slopes above road.. SW ofMalvadraai 
complanata Whitehouse 15 21-Feb-99 Paarl District, Wemmersboek: Mts. top end ofEhmdsvlakte, along stream 

behind Wemmershcek Tafelberg, W of Olifants Peak 
conifera Whitehouse 208 22-Feb-Ol T • District, Anysbe.rg Nature Reserve, E end above A 

cmssinervis Whitehouse 105 8-Apr-OO Laingsburg District, Besemfontein, Klipkraal Tmil, jeep traclc to radio mast, 
saddle 

crenata Whitehouse 108 8-Apr-OO Laingsburg District, Besemfontein, Klipkmal Tmil, ridge down to 
Verlorenhoek Kloof 

cristata Whitehouse 213 100Mar-Ol Worcester District, Stettynsbe.rg, Stettyn farm, track between 
oof & Elandsldoof 

cmciata Whitehouse 137 15-Sep-OO Worcester District, Jonaskop, Wil just below sandy plateau 
cuneata Whitehouse 21 6-Mar-99 Ste1lenbosch District, J car perk at start of SwartbosJdoofTmil 
cuneata Whitehouse 166 29-Nov-OO Caledon Division, Arieskraal, S facing slopes on Bokkeveld shale above 
VBf. mi Ariesbaal Dam 
cmvifolia Whitehouse 221 J8-May-OJ Caledoo District, Waterford Farm. on ridge ofhill to W of dam at bottom of 

Watedloof 
cymbifolia Whitehouse 81 15-Feb-OO Caledon District, Pringle Bay, by road to Missile Test Site 
densa Whitehouse 97 ll-Mar-OO Riversdale District, Garcia's Pass, footpath to Sleeping Beauty, above 

waterfall 
dentata Whitehouse 14 20-Feb-99 Paarl District, Wemmershoek Mts, on S slope of Winterberg above saddle 

between Winterberg &:. Tafel1>erg 
denticulata Whitehouse 19 6-Mar-99 Stellenbosch District, in small upliimd valley on E side of Somerset West 

Triplets, on SwartbosJdoofTmil 
dichotoma Whitehouse 252 18-Aug-0l Calvinia District, PapIwilsfontein Farm. Oorlogsldoof escarpment, just N of 

waterfall where De Hoop river flows in to OodOgsldoof 
dispar Whitehouse 156 19-Oct-OO Uniondale District, Prince Alfred's Pass. N side just below summit 
dodecandral Whitehouse 69 22-Dec-99 Cape Peninsula. Silvennine N.R., above Kalk Bay, valley between On Kmal 

and Kalk Bay Mt., edge of Bona Spei forest 
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i dodecandra2 Whitehouse 241 4-Aug-OI Cape Peninsula, Siangkop Mt, above Kommetjie, along track towards ruins 
of coastguard house 

I dracomontana Whitehouse 286 21-Nov-01 Underberg District, Royal Natal National Park, summit of Ampitheatre near 
i Tugela Falls 
i dregeana Whitehouse 8 20-Feb-99 Paarl District, Wemmershoek Mts, lower E slopes of Winterberg 
I drepanoides Whitehouse 83 I 23-Feb-OO i Uitenhage District, Groendal Wildemess'Area, jeep track to Spitskop, above 
I i path to Blindekloof 
I erectisepalal Trinder-Smith Gifberg .-----

i erectisepala2 Whitehouse 57 110-Oct-99 Port Elizabeth District, Suurberg Mts, Addo Elephant National Park 4 hour 
I I trail, by track to W of Brandrug 
i ericifolial Whitehouse s.n. Cape Flats, Rondevlei Nature Reserve 

".-.----._-_._-_. 

! ericifolia2 Whitehouse 261 1 3-Sep-01 Bredasdorp District, road to Brandfontein, just before Springfield turning, W 
; edge of Soutpan 

• eriocephalinal Whitehouse 25 20-Mar-99 Oudtshoom District, Great Swartberg, path from Die Hoek to Gouekrans Hut 
: eriocephalina2 Whitehouse 177 i 10-Jan-01 ' Graaff Reinet District, Nardouwsberg, S slopes of saddle between two I 

I summits 
i esterhuyseniae I Versfeld in IIO-Nav-OJ Worcester District, shale band beneath Milner Peak , 

Whitehouse 284 , 

I exilifolia Linder in 21-Nov-99 Caledon District, Riviersonderend Mts, Pilaarkop, S slopes 
I Whitehouse 67 I 

, falcata Whitehouse 43 4-Jul-99 Bredasdorp District, Brandfontein 
ferruginea Whitehouse 38 3-Jul-99 Bredasdorp District, Hermanus to Elim, S base of Koue Berg Pass 
filicaulis Whitehouse 23 12-Mar-99 Cape Peninsula, path between University & Rhodes Memorial 
filicauloides Whitehouse 293 25-Nov-Ol Estcourt District, Monk's Cowl Reserve, valley to W of Cathkin Peak, ± 2 

km N of Keith's Bush Camp 
filifolia Whitehouse 54 3-0ct-99 Paarl District, Perdeberg, Lemoenkloof Farm, plateau between Lemoenkloof 

i and Skelmklip Peak 
i geniculata Whitehouse 49 4-Sep-99 Caledon District, Femkloof Nature Reserve, rise above car park at end of 

· -

i 

~ i glauca Whitehouse 93 II-Mar-OO 
ar car park at st~rt of footpath to 

· -i gracillima Whitehouse 98 II-Mar-OO 
Kristalkloof 

I graminea Whitehouse 18 2-Mar-99 Cape Peninsula, Silvermine N.R., at far end of dam 
· -

, grandifolia Whitehouse 102 112-Mar-00 Swellendam District, Marloth Nature Reserve. path to Twelveo'clock -Peak: 
just above Die Plaat path 

- _ .. 
I hantamensis Whitehouse 125 ll-Jun-OO Lain ~ . itgedacht 
; heterophylla Whitehouse 45 21-Jul-99 Caledon Distri emmond from Fairy Glen. gully 

beneathTweelingpieke 
i hexandra Whitehouse 131 24-Jun-00 Clanwilliam District, Cederberg Mts, path from Sanddrifto Wolfberg Cracks 
I hirsuta Whitehouse 64 23-Oct-99 Caledon District, Riviersonderend Mts, between Grey ton and Macgregor. 

i BoesmanskloofTrail in valley bottom between oakes Falls and Die G~ ____ 
I hirta Whitehouse 76 7-Feb-OO Cape Peninsula, Rondebosch Common, SW comer ---r xhomunculi Whitehouse i 99 18-Feb-01 Uniondale District, Kammanassie Nature Reserve, plateau to N of 

Buffelsberg -_._-

I ilicifolia Whitehouse 195 17-Feb-01 Uniondale District, Kammanassie Nature Reserve. lower S slopes of 
M 

.. 

I incana Whitehouse 227 20-May-0I B lstnct, ue HOOp Nature Reserve, Potberg Section, 2 km W of 
, 

CUPidoskraal~Oad 
integerrima Whitehouse 47 5-Aug-99 Cape Peninsu slopes of Devil's Peak, ~ockhouse. 

0 

Whitehouse 191 I3-Dec-OO Cape Peninsula, Kirstenbasch, [ intermedia . 

: juniperina Whitehouse 22 6-Mar-99 Stellenbosch District, Jonkershoek, car park at start of SwartboskloofTrail 

Meyer 741 4-Oct-94 Tulbagh District, Wolseley, Kluitjieskraal Forest Station, Water;alsberg 
- -Ilanata 

12-Mar-OO Swellendam District, Marloth Nature Reserve, path to Twelve 0 clock Peak. ! lanceolata Whitehouse 101 
'ust above Die Plaat ath 

. lepida Weim. 

I 

24-Jul-01 klOkkop, ridge to su~mit N of valley above Villiersdorp Wild Flower 
Garden, damps seeps beneath cliffs at summIt . ._ 
Victoria East Division, Amatola Mts, Hogsback. clrcular walk on W Side of 
Heads ________ --- . 

Whitehouse 232 

~linearifolia I Whitehouse 66 5-Dec-99 

Linder 3976 14-Nov-86 Zimbabwe, Nyanga,lnyangani, NW of summit ____ ._.-- .. ~.-__ ... 
~ Iinearifolia2 Whitehouse 228 20-May-01 Bredasdorp District, De Hoop Nature Reserve. Potberg Section. m stream 
i longifolia beside Hamerkop . ____ ._._." 
':""-~---'-+"'-;;:T.::C::=:~fO-hil O--:IJu;-;'n;;:_JiOiOO-t Trail, W facing slopes beneath Bloupunt _ 
: longimontanal Whitehouse 128 above Robertson. ridgeJust W of 
: 10ngimontana2 Whitehouse 301 9 Ara ___ ._. ___ . ___ . 

i---.,.-.,----+.;:::;::=~7C---t2'f16C-K;Ml>a;-;::r_4400~Sftterrell ict, Somerset West _. ________ _ 
; marginata ~~~:;h~~~; 140 15-Sep-OO Worcester District, Jonaskop, Wildepaardeberg. slopes above plateau __ 
: meyeriana 9-Apr-OO Laingsburg District, Besemfontein, Verlorenhoek Trall. gorge slopes above 
, micrantha Whitehouse 109 
i . ______ l ______ . ..JI ____ -Lv~e~r~lo~r~en~h~o~e~k...:P..::o:::o~I ___________ .. ______ _ 
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scandens Linder in 21-Nov-99 Caledon District, Riviersonderend Mts, Pilaarkop, S slopes 
Whitehouse 68 

schlechteri Whitehouse 225 18-May-0I Caledon District, Waterford Farm, by dam at bottom of Waterkloof 
semiteres Whitehouse 231 24-Jul-01 lower slopes of Blokkop, N slope of valley above Villiersdorp Wild Flower 

Garden : 

sencea Whitehouse 44 21-Jul-99 Caledon District, Sir Lowry's Pass, above Steen bras Siding, by old road 1 

· serpyllifoJia I Whitehouse 58 II-Oct-99 Barrydale District, Tradouw Pass, S of summit, by parking area next to road 
~ 

serpyllifolia2 Balkwill et al. 1243 8-Feb-84 Umzinto District, Vernon Crookes Nature Reserve 
Whitehouse 46 21-Jul-99 Caledon District, hills behind Kleinmond from Fairy Glen, gully 

~ 

serr&ta : 

beneathTweelingpieke 
setifolia Whitehouse 205 20-Feb-01 Prince Albert District, Swartberg Nature Reserve, Blesberg summit, just W -

i of radio tower 
sp. cf. arborea Vi viers & Vlok 211 4-Jul-87 Witteberg, peak N of Worlds View Farm, steep S facing slope i 

sp. cf. Whitehouse 188 27-Jan-OJ Worcester District, Matroosberg, flats between summits 
eriocephalina ~ 
sp. cf. glauca I Whitehouse 78 15-Feb-OO Caledon District, Sir Lowry's Pass, by old road to Gantouw Pass 
sp. cf. glauca2 Whitehouse 214 II-Mar-Ol Worcester District, Stettynsberg, Stettyn farm, mid E facing slopes of 4x4 

track above farm 
sp. cf. juniperina Whitehouse 61 14-0ct-99 Ceres District, Swartruggen Mts, Groenfontein Farm, rocky flats above · 

canyon 
sp. cf. pterocarpa Whitehouse 126 10-Jun-OO Montagu District, Bloupunt Hiking Trail, just N of saddle at top of Rietkloof ~ 
sp. cf. verrucosa Whitehouse 89 10-Mar-OO Willowmore District, Baviaanskloof, Willowmore end, Adamskraal, 

Nuwekloof ! 

sp. cf. virgata Whitehouse 264 16-Sep-01 Cape Peninsula, Silvermine Nature Reserve, nek between Constantiaberg i 
and Noordhoek Peak, above Blackburn Kloof, I , 

spath u lata Whitehouse 287 21-Nov-01 Qwa-Qwa District, Witsieshoek, N slopes of Sentinel peak, zig-zags on i 
Sentinel hiking trail i 

stricta Whitehouse 36 3-Jul-99 Bredasdorp District, Hermanus to Elim, Koue Berg Pass i 

strigosa Whitehouse 85 2-Mar-OO Paarl District, Bain's Kloof, S ove stream 
sttobilifera Whitehouse 30 22-Mar-99 Oudtshoorn District, De Hoek c pam to 

~ 

Gouekrans Hut crosses 
subsetacea Whitehouse 17 28-Feb-99 Caledon District, Perdeberg Trail from Highlands State Forest, in valley just 

before ascent to Perdeberg 
-' 

tenuis Whitehouse 40 3-Jul-99 Bredasdorp District, along road to Rietfontein, between Vlooi Kraal & 
Rietfontein 

teretifolial Whitehouse 135 14-Sej:>-00 Paar! District, lower slopes of Perdeberg, just above Lemoenkloof Farm 
i teretifolia2 Whitehouse 50 24-Sep-99 --Porterville District, Grootfontein Farm, near Beaverlac campsite, track to 

Olifants R along Ratel R 
--

theodori-friesii Whitehouse 88 7-Mar-OO Cape Peninsula, Table Mr., Valley of Isolation, N slopes 
i tricuspidata Whitehouse 16 21-Feb-99 Paarl District, Wemmershoek Mts, top end of Elandsvlakte, along stream 

. ~ 

I behind Wemmershoek Tafelberg, W ofOlifants Peak 
triloba Whitehouse 251 18-Aug-01 Clanwilliam District, Cederberg Mts, N of Algeria, Nieuwoudt Pass, 

... 

opposite forester's village : 
tuberculata Whitehouse 48 9-Aug-99 Paarl District, Franschhoek Pass, car park at summit of pass at start of path 

1 to Du Toit's Kop 
uncinata Whitehouse 249 I7-Aug-01 Clanwilliam District, Cederberg Mts, S of Algeria, just S of summit of -

Uitkyk Pass 
varians Whitehouse 281 18-Oct-01 Caledon District. Riviersonderend Mts, Die Galg, at end of old pass as trail · 

descend down in to Boesmanskloof 
verrucosa Whitehouse 162 21-Oct-OO Prince Albert District, Swartberg Mrs, above waterfall below Gamkaskloof 

road, at top end of Grootkloof 
versiformis Whitehouse 145 27-Sep-OO Caledon District, Kogelberg, S slopes of Mt. Horeb, Kleinmond-Highlands 

road I 

; virgata Whitehouse 267 22-Sep-01 Tulbagh District, Bergplaas Farm, path up to Sneeugat, around 
i Nooiensverdriet 

i 

i viridis Whitehouse 273 IO-Oct-Ol Caledon District, Kogelberg Nature Reserve, Kogelberg Trail, W facing -
i gulley at NW end of Platberg 
weimarckii Whitehouse 187 27-Jan-OI Worcester District, Matroosberg. Spekrivierskloof, stony E slopes above Ski --' 

Hut -
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