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Abstract 

The approi<imately 75 specie.s of fsolepis R.. Br. are currently described as annual t11 

shon lived perennials with predominant ly terete spikelets. bisexual flowers with no 

pe1ianth and a nutlet with no gynophore. IL is unclear of the current morphological 

characteristics used 10 delimrt the i nfrageneric groups is robust as some species have 

been observed to have a rudimentary, F'/ci111<1 Schrad. like gynophore. This study USl.'S 

molecular plastid and nuclear sequence data 10 investigate the monophyly of /sulep1s 

and its relationship to flci11111 This study found that Jsolepis is cutTently polyphyletic 

with a clade of isolepis sister to a cladc containing both 1.1-oleµi.~ and Nc111ia species. 

which is sister t0 1he rest of the l.w,lepis. The ancestral Ii fe-form. either annual or 

perennial. of the clades was re-constructed on the phylogeny and it was found that the 

common ance.~tor of both fsulepis and Fldma is supported as being annual 

Biogeographical interpretations of the data gives supporting evidence towards the 

hypothesised origin of the lsolepis i n the Winter Rainfall region of South Africa. 

lncC>ngruence between tl1e nuclear and plasti<l data suggests that there may have been 

an ancient hybridisation event between Australian members of the subgenus 

N11itw1/t!s (C.B. Clarke) Muasya and the Australian members of the subgenus lsolup1s 

section l'mliferae (C".B. Clarke) Muasya. finally, a new classification is suggested 

based on the molecular data from this study 

lu troductiou 

Th~ predominantly Southem Hemisphere genus l .l'Olt,p1s R. Or.. currently consists of 

approi.:imately 75 species with the centre of diversity in Southern Africa and 

Australia/New Zealand. Species within the genus J.-,;f('p/s can be described as being 

annual or short lived perennial herbaceous plants with minute roots or rhizome~ 

!.wlepis are usually tu fled but may also be mat fon11ing (For e'<ample, I. jl11itans (I .. ) 

R Br) The usually terete inflorescence consists of sessile spikl'lets made up of 

spirally arranged glumes containing bisexual flowers with no perianth segments. Two 

spedes (lsnl~pl, leueo/01110, (Nees) C Archer and Jsolepi., le11y1wae Muasya & 
,~•-') 

Simpson) with nancned spikelcts and distichous have been rtlcently tninsferred from 

< J1Jel'II.V L s.l. to lsoll!pis (Archer 1998; Muasya et al, 1006, in press; Muasya ,,, al. 

2006) based on re-interpretation of spi kelet morphology and DNA sequence data. fhe 

inflorescence is subtended by an i nvolucral bract, which can either be longer or 
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shorter Lhan the spikeler, thus resulting in cil hcr a pscudolateral or terminal spikelet 

respectively The innorescence may or mny nor be proliferating (Muasya et al, 2001; 

Muasya & Simpson, 1002). Along with the above mentioned characteristics, nutlet 

Sllrface ornamentation has been widely used to delimit species as it shows high levels 

of variation. Nutlctsgcnerally lack a gynophore although some species (e.g. f .mfepi.< 

111argi11ata (Thunb.) A. Dictr. and fsoh•pis a11Je1rclit•a (L.) Roem. & Schult.) have been 

described as having a poorly developed gynophore and their taxonomic position is 

currently unclear ('Muasya el al, 2001; Muasya & Simpson, 2002, Vrijdaghs et al, 

2005). A typical eirnmple ofan /so{ep1s can be seen in Figure I. 

1,,,r,111 
I I I I 

t' t i I I~ I 

' 

A . 

C V, 

I 

I 

Pi)(urc I : Dingrnrn or Jsoler11,,· wpe11.vls showing u lulkd gr-0\\1h fonn {A): <pikelct \\ i tl1 involucr.,1 
brac1 / B): b1sc.,1ml no,.cr IC) and nullel ";111 no ll,_vnophore ( D) Ooml\\ed rrom Mum;ya & Simpson. 
2002. 
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Figure 2 and Table I show ~he current taxonomic relationship of the lsolep1.r 

according 10 Muasya & Simpson (2002). /.,ol~pis is curremly classified into throo 

subgenera (Table I),, namely subgenus Micrnnlhae (C.B. Clarke) Muasya, subgenu~ 

F/1111a11te.f (C.B Clarke) Muasya and subgenus l.mlepis (C B. Clarke) Muasya with 

the entire genus being sister to f.1d11ia $chard except for/. h11111ill/111a (Benth.) K. L 

Wilson, Subgenus l.mlt'pis is fitnhcr split into three sections, section Pru/ifi,rae (C.B 

Clurke) Muasya, section Cer111111 (CB Clnrke) Muasya and section Jsnlep1.~ (C.B 

Clntke) Muasya A summary of the morphological diagnoses oflhese infragenerk 

groups can be seen in Table I Each of the above clades is supponed by both 

morphological (Table I) and molecular (Figure 2) data 

'l'uble 1 • Morphological diacnosis of Ute 1nfra.,,..,cric 2rou1>s or Isnl~nls fMun,,,-:i & Sim•=n 20112) • ' 
Moroholo11.icnl Chnrncterislir$ Exnmnl~ 

Subgeo Micranthea Plants tulled: innorescence pseudolateral, I. sepulctalis 
(C.B. Clarke) occasionally proliferating, nutlc.t elliptic, I. hystrix 
Muasva oaoillose 
Subgen Fluitantes Plants mat-forming; innorescence /. f1111ta11~ 
(C.B. Clarke) terminal, not proliferating; nutlets oblo1\S, I. C/'t/SS///>'C//lu 

Muasva re1iculate 
Subgen lsolcpis 
(C..S. Clarke) 
Muasva -
i) Sect. Prol[ferac Plants tufted. inOorescence pseudolatera~ /. prolifero 
(C.B. Clarke) proliferating. nutlets oblong. smooth, I. 1111111data 
Muasya reticulated or striated I. cosltlltt 
H) Sect C.m111a l'lams rutled; innorescence pseudolateral, /_ cermw 

(C .B Clarke) not proliferating; nutlets oblong, I. platyc:a11,a 
Muasya tubcrcu late 
iii) Sect, l.w,lepi~ l' lants t\Jtled; inflorescence pseudolateral, I. setacea 
{C B. Clarke-) not proliferating. nut lets oblong, striated /. diabulica 
Muasy11 

l 
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l'he Ficinia are generally diagnosed by having a perennial, herbaceous growth fonn, usually 

w11h a woody rhizome. The papery leaf sheatl, oil.en has a ligule, the presence, occasional 



absence and structure of which is of taxonomic importance. The bisexual flowers. lacking 

perianth segments. are aggregated ,nro spikelets in a lateral inflorescence, The presence of a 

gynophore on the outlet of J·'ici11ia is one of the key characteristics defining the genus but this 

character is not robust as some Fic111ia have no gynopbore disc (Munsya el al, 2001; Muasya, 

2005; Vrijdaghs et al, 2005). This makes the taxonomy of Ficinia, based 0 11 morphology, very 

difficult. Molecular DNA studies are making some headway into revising the taxonomy of the 

genus (Muasya, 2005) A typical e~ample ofa Ficinia ca11 be seen in Figure 3 

Pigure 3: Diugram or Fic,ma m!V!'berge,i<t., Muasya. showing U,c herbaceous growth fonn \\1U1 o woody rhv.0111c 
(A); inflorescence (OJ: bisc.~11ru Dower (CJ; glumc ( D} and nuUc1 "ill, g,111ophorc (E~ Borrowed from Mnasyll. 
2005. 

The aims of this study are to investigate the tine scale phylogeny of the /.rofepi.1· and 

whether or not !solepis is monophyletic. with an empllasis on taxa from the winter 

min fall region of South Africa. Plastid DNA sequences have been used in many 

studies to investigate relationships on many levels from the population level, (e.g. 

Schonswener et al, 2006), through to the tilmillal level (e.g . Chandler & Plunket, 

2004 ). In this study. the 1ps Ir, intron plastid marker was used as ,t was found to show 

a 111oderatea111our11 of variation across the species being studied and thus was 

expected lo give usefitl resolution. The Tntemally Transcribed Spacer (ITS), a nuclear 

ribosomal marker, wH.s also used to investigate the phylogenetic relationships of the 



genus as it has been previously used in phylogenetic studies of<)1wmccuc (e.g. 

Roalson & fria1. 2000 and Roalson i:I ul. 2001). This marker was also found to also 

have a valuable level of variation and was also expocted lo provide resolution at the 

level needed for this study. 

Us1rig the DNA phylogeny obtained from the !1'S and rpl!/6 sequence data, the cummt 

classification of the genus lsolep,,, is evaluated. Pattenis ofbiogeography as well as 

the evolution of life form were also investigated. ·111e relationship ofFii:111111 to 

lsulepis is also under investigation due to the morphological conti11uity between them 

in species such as/. margi11ata and/. a/1/urctica This study also aims lo include 

molecular data for many species, which 10 date, have not yet been included in other 

molecular studies of the genus LO establfsh their phylogenetic position 

In summary, this study will focus on the following questions. 

I) Are all of the lsoli•pis species from 1he winter rainfall region of South Al'i'ica 

derived from a common anceswr? 

2) Are species with intermediate morphology (i c. /. margmara and 1. a111urclict1) 

1-'ic1111n ·v or l.w1lt'p1s 

J) Does this expanded DNA smdy suppon or reject the classification in previous 

studies, which were based on limited sampling? (e.g . Muasyae, al, 2002)~ ...-
, ::,1,,-s.,.. 

4) Are there any hiogeographical po11ems present in this DNA sttrdy? 

Methods 

A mtltl of I 06 taxa w"re included in Lhis study, They consistt of 4 outgroup species, .s-

5 5 !.mlepis species, S J.'icinla species and I De-<111ris<J}tuem1s species The outgroup 

taxa include two Scirj1<1ide.1 species and one species each from 1/dlmulh,a and 

Sdwe11oplect11s The complete table oftaxa, including voucher information, can be 

seen in Table 2. Samples labelled with an ·afr (affinfa) could not be positively 

identified to species level but were. morphologioally similar 10 the species, which are 

named afler the 'aff label. Samples labelled ·sp. • (specit>.s) could not be identified Lo 

specie.s level. These samples were also included in this study to try and validate their 

phylogenetic position. Some of these taxa are also undescrlbed and the data providlxl 

here will be valuable in describing 1hcse species 

b 



UNA e:ttraction and l'CR: 

l'otal DNA was extrncted from 0 02 0.08ts11ica dried samples or from 0 05 - 0 lg 

fresh plant material when available The extraction protocol was slightly modified 

from that of Gawel and Jarret (1991 ). One plastid and one nuclear region were 

amplified using PCR. The q,s/(, iotron region of the plastid genome was amplified 

using the primers rpsF and r,1sRl designed by Oxelman e1 al. ( 1997) ITS ( Interna lly 

l'ranscribed Spacer) region of the nuclear genome was amplified using n :\'.J and /1S5 

µrimers designed by White l!I al, 1990. The PCR reactions were performed in J0p I 

volumes consisting of 18.6µ1 of sterile wnter, 3µ1 of IOx DNA polymerase bnlTer 

(BioHne, London, UK), 5µ1 ofMgCl2 (50mM), I µI each of the forward and reverse 

primers (1 0 JJM). 1.2,tl dNTP ( I0mM), 0 2,11 of Tm/ DNA polymerase (Bioline. 

London, UK) and 2µl of template DNA. The amplification was carried out on nn 

Applied Biosystems GeneAmp 2700 thermal cycler ( Applied Biosystems, Foster City, 

CA. USA). The programme used had an initial dcnaturotion phase of2 minutes at 

94°C: followed by 30 cycles of60 seconds at 94°C, 60 seconds at 52°C, and 2 

minutes at 72°C, followed by n final extension phase of7 minutes at 72°C. The PCR 

products were then checked on a 1 % agarose gel. The successfu l PCR products were 

then sent to MacroGen (http·l/www.macrogen.com) for sequencing using the same 

primers as were used in the PC'R. Sequences were cleaned, assembled, edited and 

ali_gned using CodonCode Aligner (CodonCode corporation, MA, USA) 

0 11111 Analysis 

[n the analysis, indels w;ire coded fo1 as additional binary characters and a matrix uf 

these characters was create<! and analysed together with the nucleotide data. The data 

matrices were analysed in three ways First ly. for the ITS (iucluding indels) data; 

secondly, for only the rps/6 (including indels) data and finally for both data sets 

combined (including both /T.5 and 171.v/ If indel matrices) Tliis was done to ensure that 

the separate daIa sets produced topologically similar results so that the data sets could 

be combined, which is similar 10 the methodology explained in Wiens, 1998. Aner the 

above analyses, the indul data was plotted by hand to ascertain, which 

µhylogenetically important clades they supported. 

7 



Phylogenetic relntionsh1pswere inferred using both parsimony and Bayesian 

approaches. All trees were rooted on Si:hnenoplectu.,, S.:irpu1d11s /m/11,,•c/11,c1111s and 

Scirpoides dioei:11.< f'arsimony search used a heuristic search w11s done-of 10.000 

random addition replicates, TBR branch swapping and MVL TREES on. 500 

Bootstrap (BS) replicates were used Lo asses the branch support us,ng 11 heuristic 

search with JOO random addition replicates. TBR branch swapping and MVLTREES 

on PAUP• version 4.0hl0 (Swofford, 2002) was also used forthe above analysis 

Mr Bayes version 3. 12 (Huelsenbeck & Ronquist. 2003) was used 10 perform the 

Bayesian analysis. which was only carried out on the combined dataset The most 

complex model was used in thrs analysis, which corresponds to the GTR-..1 .-G modd. 

This was done as it has been shown that the accur.icy of a Bayesian model suffers 

more in response to under paramctcrisation than over parnmetedsation ( l luelsenbeok 

& Rannala, 2004) In the analysis. parameters were estimated separately for each of 

the two gene regions using uniform prior probabi lities Each run consisted of four 

Markov chains, each chain had random stan ing seeds. One chain was cold while the 

mher three we.re. heated. The temperature parameter was set to 0. l to improve mixing. 

The analysis was run for IO'' generations and was sampled every I oo•h generation. 

thus producing 10,000 sampled trees per run. To ascertain whether stationarity had 

occurred, a plot of the - fog likelihoods against generation time was investigated and 

this wa..~ also used to determine the 'burn-in ' rime. T he avernge standard deviation of 

split frequencies was also used to determine stationarity, and as they had dropped 10 ~ 

0 005 this indicated that the tree samples had become similaremmgh after 10<• 

generation.s to be regarded as stationary l rees sampled from the 'burn-in period 

were discarded from the analysis prior to the calculation of the Bayesian posterior 

probabilities. A total of six runs were performed to make sure thal the same - log 

likelihood score was reached for each run This was done to,.lllllce ensure that the tree 

space was being sampled eft"icicntly 

SCJ1nning electron microscopy (SEM ) 

Scanning electron microscopy (SEM) was used lo investigate the surface structure~ of 

the seeds of some of the ta.xa used in the molecular analysis. Samples were mounted 
"!- .... 

on stubs and then sputter coated with gold palladium before viewing with the SEM ,,.. 

(LEO fully analytical S440 Scanning EleclTOn Microscope. Cambridge. UK) 
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Table 2: Ta'1l anah·scd in 1hc combined s11KI) of ITS and rp..,/6 genetic markers. 

TAXON 
VOUCHER& 

COLLECTOR HERBARIA PROVENANCE 

Desmoschoenus. spiratrs Hook.I HUBG 2()03.0699 GENT NewZeala11d 

Ficinta off, anceps- Neee MUa,;ya 2885 BOL SO\llhAlnca 

F. e-sterhuys-cniae Muasy• MU8S\18 2312 SOL South Africa 

F. lndlc.i /Lam./ Pf•llf Mua.sya 2909<tSOL South Africa 

F. lndlca (Lam.) Pio/II Muasya 2909b8OL Soul/\ Africa 

F. plnguior C,8. C/1r1<a Muasy,i 1183 K South Alr1Ca 

F. secunda ,v,,io J<uriu, Mu .. ya 290llaSOL SouthAJnc3 

He.Umuthta m~ubt-anacea (Tliunb) R W HaJm1s & Ly• Muasy:1 3081 BOL SouthAfllca 

lsotepis aff. brevicaulis (Levyns) J . Rayno! Muasya 3006BOl South Africa 

I. ett b,evlcaulis (LovynsJ J Raynal Muasya 3023 SOL Soull>AfNC8 

I. air cemua (Vah(I Roem & Schult. Muasya 2974 SOL Sou\11 Alric• 

I. -att lncomtuta Nees Muasya 902DSOL sou1h Atl\Ca 

t. on tr-achysµenna Noes Muesya JOroBOL South /\trlCa 

I. •fl trachyll)orma N••• Mvasya 300980L SoulhAfNC8 

I. antarc:tic., (L) Room & Schult Muasya 3007 BOL So<rth /\Inca 

L • ntarc:1ic,i (LJ Roem g Senull M\il&','8 JOI~ SOL 60U1h Afnca 
I. auktandlc~ Hook I Wilson et al 949'2 K AUSltalla 

I. auklandfc,r Hool! I, Gardnet ttl al AK289102 New Zealand 
l basllarls Hook I Gardner at .ti AK28V204 New Zealand 

I. btcok>r C11rmc'f1, RlchardiOn 105K Tm.tan da CuntHI 

I. breVl<:"aUJls tLevyn,) J R•tPB/ Muasya 2912 SOL sou111 Arne• 

t brevicaulis (Levyns) J Rayn11/ Muasya & W-•I 3074 SOL S0011> Atrlco 

I. brevicaU1i$ /LevymJ J ~aym11 Mu.asva a. w1swecte1 3079 SOL Soolh Arnca 

t. caligenis (VJ Cook) SoJAk Gardner et 81 AK289205 NowZtoland 
I. capt!nsis Muasya Mtlasya 3019 SOL So<lth Africa 

t cap@nS1s Mua~a M"4sya & w,-1 J078 SOL Sou1h Africa 

t, cemua IV•hfl Roem & ScMlt var. ce-rn1..1a Muasya 1058K Ur.fled Klngdom 

I. cemua (VahQ Roem. & Schuh Mu ... ya J002SOL s0111h Alrica 

I, comu• (VahQ Room, & tchuff, Moasva & Wlswadel 3073 SOL South Altlca 

I, camua iV•fl/J Roem 8 Scnun. GardMr el ii/ AK288391 New Zealand 
I, cemua /Vah/1 Roem & SohUff var meruens1S /R.W Haines& 
Lye/Muasyo 
I. cornu• (V•hll Roem. & Schuff v•1 plalycarpa (S , T Bia/lo) 

M\1asya !061 K Tanz.an•a 

So/Ill Coveny et al 17465 K 
t, costar. A RICI> Muasya t0'19K Kenya 
1. crass1uscul• Hook r Wll"'"1 948711 Australia 

I. crassiu.scol-a Hoo#, I Coveny et RI 17476 K Austraoa 
L crassiuswla Hook , Gafdr,e:r ef II/ AK21jg56'1 AusvaMa 
t .. crassiu.scula HooA, ( Ga1dner ~, al i\1<289630 Al.lllrala 
L d)abollca fSr•ud I SC/>rad Muasya 1163 K Soutt'I Altiea 

I. dlgdata Nees ex Schrad Muosya El4 I( South l\lrm 
I. flUll•n• (L) R Br Muasya 961 K Kenya 
I. null• n• (L) R Br Muosya 1007K Kenya 
I. nuttans /LI R Br Muasva 1057 K 1<01tya 
I. fluihms {LJ R. Br. var nervosa Mua.sya ~21 SOL Ethiopia 
I, fluttnns (L) R S, Muasya 3135 SOL Kenya 
t. nunans (WR St. var lentJcularls Ga,dne, e, a, AK289561 New Zealand 

I. null•n• ILi R & var. nervoG Gardn-e, et al AK289724 lllewZ••l•nd 
t. gaudlchaudian.a i<unth W,looo 9483K Aulilralla 

I. graminoidu (R,W Haln8S-& Lye} Lye Moasya 886EA. K Kenya 
1. graminQktes (R W Haines & LY•J Lye M4Jtlsya :1597 SOL Kenya 
L habra (Edga~ So/•~. Ooveny et ar t74B0NSW Auotr.tlia 
I, hemluncialis (C.B, Clari<•) J, R1ynal Muasya et al 2895 SOL South Arrtca 
l hemlunoialis (CB. Clarl<e/ J R•lna' Muas):a 3001 BOL SoUJh Africa 

9 



VOUCHER & 
SPECIES COLLECTOR HERBARIA PROVENANCE 

I. humilllma /Benth./ KL WIison Tbomas etal 622BRI Australia 

I. h~•ri. (Tl!qn~ , N••· Muasya 2971 SOL Souu, Afnca 

1. lncomlul~ Nees MUMya 1997 SOL Sou,n Alnea 

11 fncomtula Noes Mt1aiya 3017 SOL South Africa 

I. lncon1plcu. tLovyns/ J R•ynal Muasya 297280L SOUlh Alriea 

I. lnundata R Br Wilson •I al 9493NSW Australia 
I. i,,ul'>dara /l Bl Gerdfler et al AK285423 New Zealand 
I. lnundata R 81 Gardner et al AK289482 Newlea13nd 

I, iny1nge.nsis Muasy• & Goetgh Muasya t'!t al 2025NSW Zlmbal>'Ne 

I, karolca /C.B Cl•rl<•J J Rayna/ Muasya 1146K souu1 Aroca 
I, karo1ca (CB C/atl<•) J R•rn•I Muasya a Wiswedel 3064 BOL S04.lth Afrit--a 

I, konlaonsl• Ly• Muasya 2552B0L KMya 
t leucotoma (Nus} C: Atch•t MiJBSYa 2978SOL South Attica 

L i.vynsJ•• l,fu•sya & Simpson Mtia,ya 29TT SOL South Alrlcl! 

I, ludWlgll (Stoud,) Kunth Muosra 11381< Soutn Africa 

L margln11i1 (Thunb,) A. Oif!tr Muasya 2999BOL SouthArrlca 

L 'l'•rglnata (Tnunb) A. 01011 Muasya 3012 SOL South Africa 

I. marglnola (Thunb) A Diet, Muasya 3018 SOL ScU1h Alflea 

I. marginal• (Thunb,) A Ole!, Coveny •t al 17452K AustraMa 

I, mlnula (Tlmdl) J. R•ynal Muasya Zl34 BOl SOOlh Alf1¢a 

I, mootlvaga (S r e/ab) k L Wilson Wl1son et at 9489K AustralfA 
I. nalans (Thunb / A Ol•lr MU••Y• 2891 BOL South Africa 

I. hlgrlcans Kufllh Cazak!t & Pennington 6357 K E.euadDf 
I. pellocolea B L Burtt S1ov.;1ing 694NU SO\Jlh Allica 

I, potsli (VJ CooNI So/6k Gardner e/ al AK289620 New Zealand 

L producll1 (C.B Cl•t11•J I< L W,to,,n Wilson 9475K Australia 
I. p,oducta (C.B. cta,ke/ I< L W"5on Wlisoo 6/ Bi 0510 ii A"81ra"8 
L prol,leta (RO/lb) R Br Muasya 1168 K Soult\ Africa 

,. prollfera (Ro<lb./ R Br CQveny et el 17487 K Au$1tar¥a 
I. prolifera (Roltb.! R Br GardnE.f el al AK288281 New Zealand 
I. pusllla Ku/1/h Muasya l975 BOL SoulhAlrtca 

I. reticultlrls Colenso Gardner et ,1 AK289481 NewZeal1nd 
I. rubicund• /Noe:,/ Kunth Muasya 1154 K sou111 Ar"°" 
I. rubicund• /Noe5} t<unu, Muasya l22t K South Afnc• 

I. s:epuJcntlis Steud. Muasya P6SK South Al"°" 
I. s.epuJcr.1Jis Stoud Mussy• 1211 K South Afnca 
I. set.lc:.ra (L I R Br Muasya 1059 I( Kenya 
I. s~ acea /WR. Br Faden et al 96/417 K T-anzarila 
t,sp. l,luasya '1973 SOL SOUth Africa 
l.sp. MUasya & Wlswedel .3076 SOL South /\Inca 
I. sp, (I./ R Br MUasya & Wlswedel 1067 BOL Sou1h Aftlca 

I. strtata /Neos/ /'.unit> Muasya 1180 I( South Africa 
I. slriala (NHs} Kunt.h Muasya 2908B0L SoothAl•lca 
t. subtllis,illTlif Boecl< Coveny et~ 17475 K Austnika 
I. sulc,ta (ThoU4rs} Carmlch Rlc.hau:ison 6t) I( 1nS!andaCunna 
I, le.nWs,sjm,1 (Natl$} l\unth Mu .. ya 2369B0L SoulhAlilca 
I. trachysperma Nees M•""Y" 2!193 SOL SourhAMca 
1- lrachy,perma Nees MU81S\'1! 2906BOL South Aloe• 
I. lr,chysr,t:rms Nees Muasya JOI• SOL SoUIJ\Afnca 
l- VeOU$t uia Kunth Muosva 1189K Sout11Aflica 
t wakefH>ldlana (S T Blako/ IC L Wilson Neish el a/ 1101( Australia 
Schoeno~ectus teucanlhus {B~k) J Rayna! Mu3"ya 2Sa280L Sootl1 Africa 
Scirpoktes dioecus (l<unth) J Browmng Muasya & W1swedel :!062 SOL SouthAlrloa 
Sci~kle.s holoscha.nus il,) S~ilk Acocl<'S SJ). South Alrtca 
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Results 
The altgnment of samples for both ITS nnd 111sl 6 required the insertion of numerous 

gaps due to sequence length varimion. /\ IOtal of five informative gaps were coded for 

q,s/6 and two informative gaps were coded for rtS in an indel matrix. The aligned 

ITS sequence (including indels) consisted of 276 parsimony informat ive characters 

out of a total of 694 characters while the aligned rpsl 6 sequences (lncluding indels) 

yielded a 164 parsimony informative characters out of a total of 906 characters. As 

the most parsimonious topologies of the two loci showed litUe mojor incongruence, 

upart from a single elude (C4, I in Figures 4 and 5) the two data sets were combined 

for further analysis The combined /'l'S and rps/6 data set (including indels) had a 

l01a.l of 1599 characters. 439 of which were parsimony inforniative. A bootstrap tree 

of each of the three above mentioned data sets (ITS, rp; I 6 and combined //Sand 

rps/6) can be seen in figures 4. 5 and 6 respectively as well as a phylogeny based on a 

GTR+-G+I model Bayesian approach (Figure 7). I will refer 10 the combined 11:\' nod 

1ps/6 bootstrap (Fi!,'Ure 6) al)d Bayesian (Figure 7) phylogenies for descriptions of the 

main features and the support valuc.:s will come from 1hcse two trees unless 01herwise 

stated. 

The main features presenl starting from the base of the trees.are. 

/wlttpi; h11mi//1111u is strongly supported (BS = I 00, PP - 1.00) as being sister to 

Schoc11<1ple,:111;_ This is no1 surprising_ as it has been previously been shown lo be 

more closely related to other ScJme1111pl<'cl11.f in previous studies (sec Munsya 111 al, 

200 I and Muasya & Simpson, 2002). The rest of Jsolepis (including Ficinia nnd 

/)e.1111oscho1t1111s) form a clade (A-C) with strong support (BS= I 00, PP= 1 00) Three 

clades are observed for this group, clades A, 8 and C 

Clade A is a clade of fat1lcp1s. which is strongly supported (BS = 100, PP = J 00) a5 

beiny sister to the rest of lsnlep,., and Fit:irna This clade has not yet been descriiJ!!d 

The clade consists of/. i11co111111/u. / . he111i1111aiulis and a new, unnamed lsolepls sp .. 

all species from 1his clade arc from 1he Western Cape, South Africa. 
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Clade 13 is strongly supported (BS = I 00, PP = I 00) as being sister to the rest of the 

/,,o/epi.,· (Clnde C) With the rest of the Jso/epis fom1111g, a strongly supported (BS -

93, PP = l 00) monnphyletic group. Clade B consists of two clade.s Clade 13, is made 

up of what arc currently, the f.1.:i11ia and it has strong support as being monophylctic 

(US = 98, PP = 1.00). Neste.d within this clade is De::;mosc:l111tt1111s ,piralis. The second 

clade (81). which is strongly supported (BS = 89, PP = I 00) to being sister to the 

Flcmw, is a clade of' l.volep1:1. f'his clade is also strongly supported as being 

monophyletic (BS = 100, PP = t.00) and consists of/. c:apeI1.ws. I. /e111:Q/nmu. 

/.111m'f(111af(t and I. autarcfica. 

The rest ofl,olepis id&lade CJBS = 93. PP - 1 00) can be bro!<en into 4 sub-clades 

(C1 to C,) with the following support values C1 (BS - 100. pp - I 00). c~ (13S - 65. 

PP = 1.00). C3 (BS = 72, PP = 1.00) and(,, (BS < SO, Pl' = 1.00. 

Within Clade C is a strongly supported Clade C 1 (BS = I 00, PP ~ I 00). which 

consists mainly of the previously described subgenus Mic:1•a11Ihut' excluding/. 11aIa,1s. 

Ir a.lso contains two species currently included in subgenus /solep,., section Cem11a (/. 

111111111n and/. pu.ri/la) as well as one species currently included in subgenus lsolt!f)l.1 

section l'roliferae (/. Ie1111i . ....,'ima). 

The rest ofClade C2, wh,ch has moderate Lo strong support (BS = 65, PP = I 00)1 

consists mainly of species from subgenus /solcpis section C t!l'llllu. Nested ,111thin Lh,s 

clade is a small clndc (C 2 1). which consists of species from 1he subgenu& /.,'Ofttpi., 

section /.,·o/epis but also including/. caligt!ni.i from subgenus l so/.,p;, section 

f'mliferae. Subgenus l .w1/epis section /s11/epl.~ does have strong support ns being 

monophylet ic (BS ,. 76, PP = 1.00) with the inclusion of/. ca//ge11is. The 

µhyloger1etic positions of/. 111c:o11~11ic11t1, /. karoica, /. lmc/Jysperma and /. bre11ic•a11//.1 

have been reportl:ld here for lhe first time. 

Clade Ci has strong support (BS = 72, Pl' = I 00) and consists of the t\frican 

members of the subgenus f,'/uimnl<•s with a Cape group(/. s1r1aI11 and /. r11hlc1111J,1.) 

being sister to a group consisting of other African species with individuals from the 

Cape(/, /11dw1g11) through to Tropical Africa (e.g. /. j111iIm1s) and Ethiopia (l . .fl1111011~ 

'1lr o,•n·r.1v). 

12 



Ciade C◄ has strong Bayesian suppo.-t /Pl' = 1.00) bul weak Bootstrap support (BS < 

SO) and consists mainly of" Australian taxa. CJade C, is stro11gly supported (OS = 90, 

PP ; 1.00) as having Australian J,'/1111<111/l!S clade (C.1,1) rtic "1111Ia11Ie.~. l.j1111tOJ1s var. 

fl11ila11s and /. fl111ta1111 var. lenlii:11/uns, from New Zealand are not supPorted as being 

in the same clade as the Australian Fl11illmtes and lheir phylogenetic position within 

clade C, is unclear Clade C, also has a weakly supported (DS < 50, PP < 0.85) Clade 

c .. 2 containing mainly ta.xa from the subgenus lso/epls section /'rn/ifuut' (e1tcluding 

/. immdotu AJ<28542J from Ne,v Zealand). Th[$ grouping is most clear in tl1e 

Bayes[an phy logeny but, the support is weak (PP < 0 85). 

The two indels present in then:,· data define the same UlXa. All ta.xa within clades A 

and B as well a~ all outgroup taxa had a fourteen base sequence inserted at position 

40 I. which has been lost i n the common ancestor of Clade C, as well as a tive base 

sequence deletion at position 581, which has been gained since 1he common ancestor 

ofclade C. 11 is noted that when the dnta was analysed without the indel matrices, the 

same topology was found 

The171s/li dnta set consisted of five indels, which were coded for The tirsl indel 

corresponded to a 5 base pair repeat at position 75, which was present in three of the 

four Australian l •'l11iIr1111e.~ (/. ,•rassi11.1'1•1dL1 (9487), /. cru.~~iu.,·m,lrr (17478) and/. 

µmd11c1a (9510)) and thus would give support for the monophylet ic nawre of the 

clade. The second indel also consisted of a 5 base repeat. which was present in al l taxa 

in clades A and 8 as well as all out group 1axa nnd, like the /7~ indels, was lost in the 

c<,mmon ancestor of clade C. Two separate indels. one at posit ion 537 (10 bases) and 

one at position 563 (5 bases) are missing in Schoe11opl1!c/11s le11cu11I/111x and l.wJ/epis 

/11,millimu and supports these two taxa being sister to one anothe1. The linal rps/ 6 

indel was a S bas~nsertioo found in all uf the/. l'e1·1111a as wtill as/. w1111s1t1/a Md 

supports the clade containins these five t;urn. 
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Figure 9: Scamting electron microscope image of the nullct (nu) of Jsolepis a11111rct1cn. TI1e arrow 
shO\\S the poorly developed gynophorc. (From Vrijdaghs et al. 2005) 

Figure I 0: Scanning electron microscope (SEM) image of Ilic nullet of/. tenuissima showing the 
surface oma.mcntation 

Figure 11: Scanning electron microscope (SEM) images of the nutlet of/. hystrix showing lite 
minute!) papWose surface ornameniatiort 
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Discussion 

Cladcs were firs1 labelled according to 1h" combined Bootstrap 1rce (Figure 6) and 

rhen al l the clade labels were transferred to lheo1her phylogenies (Figures 4. 5 and 7) 

so tha1 the clades mentioned below, apply to all phylogenies reponed in this study 

It may be argued that the two ditforcnt 1opologies-oft he nuclear and plastid 

phyologenies are evidence of incomplete lineage sorting and that this could caus~ 

difficulties in inferring relationships from the combinoo phylogeny and that the two 

phylogenies c.annot be combined. ll recently has been shown however. despite 

incomplete lineage sorting, gene sequences retain enough signal to accurale!y 

estimate phylogeny as long as the number of individuals sampled is high and tlia\ 

accuracy is also increased with an increased number of gene regions m spue of 

incomplete lineage so1ting (Maddi~un & Lacey Knowles. 2006). 

Phylogeuetic relationships 

n1e position of/. h1111111/fmu, being closer to sc11,,e11c,plei:1m1, has been previously 

discussed (Muasya el al. 200 I) and this taxonomic study does little to clarify its 

position. 11 does however confirm its being closer to Sd1m•1111plcct11.r than to the 

Sc1q,oitle,\· and not within the rest of lsolep1s. 

The lsu/epi.,• (nol incl11ding /, /111milli111a) arc found to be resolved into three clades 

(Clades A. B and C') ('lade A is comprised of/. 111conu11/a, I. hemi11m:1ahs and one of 

fhe /. ,91 {3076). Clade B is comprised of both Vidniu and /;,u/epis (/. <1aptt11s1s. I. 

111arg111aIa, I. ,,71 (297.l), /. lc11col11111a and /, <lltlorc1it•,1) species while clade C contains 

the rest of the /Jo/cpis Due 10 limited taxon sampling. the pattern of clade A being 

sister lO both the /.u'l/1/a and t.,·olepis has nor yet been documented. In Muasya el ul 

(2000) /. 111arg111ala was ,ilso found to be more closely related co /'11'i111a than Lo the 

res, of /solcpis but due 10 limited 1axon sampling, 1he position of T, 111argi11aIa was 

considered to be ambiguous. This $ludy confi rms the position of/, 111argi11ma as well 

as other lsolup,s species(/. cape11sis and 1 Wllllft:ltt·a) as having s1rong support (BS = 

89, PP = I .00) as being sister to Fit:i11it1. 
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C'lade A is a small clade of lsol1tp1s. which is strongly supported (BS = 100. PP -

l.00) as being sister to a combined clade rontaming both the F'icima as well as all the 

other lsolep,s This clade is supported by both the plastid (8S - J 00) and nuclear (BS 

= I 00) markers. Thert~ are no obvious morphological characters detimng these 

species. It was beyond the scope of this study to investigate the morphologies of these 

species in detail and more work is needed to identify the defining features of this 

clade. 

Clades 8 has strong support (BS = 89, Pl' = I 00) as wel l as having strong support <BS 

= I 00, PP = I 00) as being sister LO the rest of lsolepis, excluding those already 

mcndoned in C'Jade A . ii has been shown thaI some of the lso/.,µ1s within clade B1 

share some morphological simi larities with l·'icinin Both/. 111argi11ata and /. 

a111arc11ca have been described as having poorly developed g.ynophores (Figure 9) as 

well as canilagino11s glumes (Muasya & Simpson. 2002, Vrijdaghs <!/ al. 2005) bmh 

of which are features. wh ich are used to characterize the J.'icinia. This clade nlso 

i nclude.~ the recently described/. c,1f11'11si.~ and/. le11coloma. rhc phylogenies of which 

were previously 11nclear. ('lades 8 1, the /."ici11io, and!½, the ahove mentioned /,w)/ep,:~ 

have strung suppoit (RS = 98, PP = 1.00 and BS = JOO, PP = 1 00 respectively) ns 

being separate monophyletic groups. Nested within 1he J.'iainia clade. B1. is 

l)l'.l"//11J.~G·hoe1111s spimli.v but thi!; was expected as it has been shown to resolve within 

the l •1ci11it1 i n other molecular studies (Muasya t'/ al. 200 I ) and it has also been shown 

W have a gynophore (Browning & Gordon-Gray. 1995) Sister to clade Bis clndc A, 

which conta ins ' true· lsolepis with no gynophore. Clade B is also sister 10 clade C, 

which is comprised of the rest of the ' true· isulepis. which also have no gynophorcs. 

Thus, clade B has evolved from a common ancestor with no gynophore and this 

structwe has evolved after the divergence of this clade fro111 the rest of the Jsulep1s. 

Interestingly, the annual species in clade 8 (/s(l/epis) only have a rudimentary 

gynophore while most of the perennial species (Fid1110 's) are characterised by a well 

developed gynophore. F\Jrther investigation into the function of the gynophore would 

need to be done Lo lest Whether t here is a real relationship between life form ~nd t°'c: ~ 

presence or absence of the gynophorc. 
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Clade C conrains two distinct smaller cladcs, C, and C2, with strong (BS = 100, PP = 

1.00) and moderate to strong (BS = 65. rr = 1 00) suppon respectively Two(/. 

,,·ep11!t-ri1/i.~ and /. hyslrix) of the three species in the current subgenus Mic-rcmlht•a 

resolve in cladc C: whi le the third species(/. 11atm1s) is found to resolve within the 

current subgenus J.,T1lepis section Cen111a and sister to section /solep1s. Clade Ci also 

contains/. pusi/111, I. /e1111issi111a and /. 111/1111/a. Since these species, to date, have not 

yet been included in a molecular phylogeny and that the suppon for this clade is 

Mrong in all of the molecular phylogenies rep,lr1ed here (BS :> 9'.!, PP = I 00). it 

suggests that this is a natural clade. The nutlet morphology of/. pmlllla lends itself to 

inclusion within the Micra111he11 as it has a nut let, which is also described as beiug 

minutely papillose (Muasya & Simpson. :W02), which is one of the defming feature of 

the subgenus. The nut let uf /. lt•11111ssi111u (Figure 10) does not however share the 

minutely papillose surface oma111entation, which characterises the subgenus. An 

example of a nutler with minutely papillose surface ornamentation can be seen in 

Figure 11 . The nutlet surface ornamentation of/, mimllu (Figure 2 in Muasya & 

Sin1pson. 2002) also resembles that of the above mentioned taxa It also appears to be 

minutely papillose but is not described as such in the monograph of the lsolup,s 

(Muasya & Simpson. 2002) 

The moderate to strong support (BS - 62. PP - l00J for clade C2 resembles the 

CtJrrent grouping of the remaining species in the subgenus lsr1l<'p1s section C'ttm11c1 

Nested within this clade however is the modemtel)1 to strongly supported clade Ci.1, 

which corresponds to the subgenus ls11/eµ1,, section l,11l .. pi.v except that it contains!. 

caligc11is. which is currently grouped into subgenus lsol11pi., section prolifr:rae. /. 

cnligenis was previously excluded from 1he subgenu& l!iolvp1.,· secrion fsolep1,f due 10 

the nut let not being striated (Muasyu & Simpson. 2002.). 

The resl of clade (' contains a ~trongly supported clode C, (BS = 72, PP = 1.00) and a 

weak to strongly supported clade C. (BS < 50, Pl> = 1.00), which also contains clades 

Ca.1 and C•.2• The subgenus F/11i1a11t11s is polyphyletic wi th taxa in clades ('3, ~and • 

C-14. Clade C, consists of only of African 1·111lum1cs. This clade (C' ,) contains two 

smaller clades One weakly supponed (BS = 51. PP < 0.85) clade consisting of only/. 

r,,h1c1111tl11 and/. slrima, which are both endemic 10 the Westen, Cape of South 

ii.Inca. rl1e second clilde bas moderate 10 strong suppon (B.S < 50. PP "' 0.98) and 
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contains a single Cape endemic,/. fllllwig11. which is basal to the rest of the AJi-ican 

!·11111n111c.,. 

The rest of the Fl1111a111i:.1 arc split into two groups within olade C'4, which is a 

predominantly Australian clade of the suhgenus l .1·olep1.< sectionpro/i.ferue /,r,!(,111.­

jl11ila11s vnr jl11fla11.,· and fsol<!p/.,·.f/11itam var. ll:11/irnfar,s from New Zealand are 

~rongly supponed as being sister to each other (BS = 99. PP = I 00) but their position 

within clade C4 is uncertain. The second group of Flt11ta11tes within clade C, is 

strongly supponed (BS = 90. PP = I 00) and is made up of/. producla from Australia 

und /, crassi11,1·c11la from both Australia and New Zealand. If one looks at the plastid 

marker (rps/6. Figure 5) only, the Australian Flt111a111es are nested within the African 

N1111a11tes with the African taxa being sister to the Australian taxa, The suppon for 

the Australian Fltii1a11t11., clade itself is moderate (BS = 0 56) but there is strong 

suppon for its inclL1sion within the African Fl11ira1111J., (BS = 0 72). The nuclear 

marker (n:,·. figure 4) on the other hand shows the Australi8J1 1''/11i1mues grouped "ith 

1he Australian Pruliferae. This demonstrates that there may be different maternal aad 

paternal hisrories within the J-11111u11te~ . 

The rest clade c. (C •. :J contains the rest of the current subgenus Jsuleµi~ section 

µrufijerol! ( e~cluding the afore me11tioned / . 1em1i:;s1111a and /, cu/ig,m/s) which is 11 

sec1ion. wbich has diversified in the Southern H~misphere (Muasya & Simpson. 

2002). 

Evolu ti on of life form 

Most or the lsulepis are dt>scribed as being either mat forming or tufted '8J101Jal or 

short live perennial species. Only 1.~oleµi.1• digitam is described as being a truly 

pt1rennial species of lsolepts (Muasya & Simpson, 2002). Some species are known 10 

show a mo1e pt:rennial nature (e.g. /. L'osmlll. /. 1111111datcr and 50me of the l ·/11ita11/es 

such as/. f11dw1gi1) but are stjJI considered as long-lived annuals TheFici11ia 

however, are characterized as being a clade of usual ly perennial plants with woody 

rhizomes. If the growth h11bil is reconstructed on the phylogeny the following patterns 

can be seen Clade A consists of only annual species of f~•ufepi> so their common 

ancestor is reconstructed as also being an annual. Clade B contains a 1-icinia clade 

(Dt). whos common anceswr is reconstructed to be a pere11nial whlle the ancestor of 
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1he l.w>l11p1,, clade (82) is reconstructed to be an annual. The growth habi1 of lhc 

common ancestor of clade B is therefore uncenain. The common ancestors of clado r 
is found to be annuals or shon lived perennials even I hough it contains species, which 

may be considered to have o more perenmal nn111rc. This appears to be a derived 

character_ which has evolved on separate occasions (e.g , I. dig,tala. I. cosfala, I. 

i111111da1a and some of the l·l11i/11111us such as/. lmlwigu) but as the majority ot'1he 

species are annuals or shnrt live perennials, the commo11 ancesto1 s of this clade is 

reconstructed as being annual or short lived perennial. Fhe common ancestor of' clade 

Band the rest orthe/w/eµ,~ (clade C) is s0111ewha1 uncertain due to the common 

ancestor of clade B being ambiguous. As the common ancestor or clades C is an 

annual or short lived perennial and the common ancestor of clade A. which is sister to 

clades B and C is also an annual or short lived µerennial, the Common ancestor. wh1cb 

gave rise lo all of the lsolep1s and the Fic1111a mus1 have been an annual or short live 

perennial species. 

8 iogeogmpby of the lsolepi., 

ll bas been suggested 1ba1 the /solepis originated and diversified in the w1oter rainfall 

region of South Africa (e.g, Muasya & Simpson. 2002, Vrijdaghs el al. 2005) but th1s 

relationship has not been described in lerms of the phylogenetic relationships between 

different species found in different geogr~phical areas 

Within clades C1 and C2, two separate but simi lar patterns c11n be seen. Clade ('2 

contains 1wo clndes wi1h individuals from outside of South Africa. The~t110,'c!a clade 

(C2,1) has species from tropical East Africa ( I. se/{/c,w and / . k1111ie11sis) as well as one 

species from New Zealand(/. calige11i.,•) The N:n11w cladecontains species from 1he 

UK(/. cer1111c1 var t·em1111), Tanzania(/. cen11,a var. 111eme11sis) and from Australia(/. 

c11n11w var plutycarpo). Strongly supported as being sister to bolh these clades, arc 
I 

Cape endemic taxa For e1<ample, the c.lade comaining the two /. kami.:ia samples life .,.. 

strongly supported (BS = 60. PP = 97) as being sister to the clade containing the 
,, I ' ' J 

.f,uac~a; and /. 111,:on,p":1111 and /, le13•nwoe are strongly supponed (BS = 65, PP = 

I 00) as being sister io the cen111a clade This creates a stron~ case for this clade (C?} 

originating in the ~Clade C1 contains mainly Cape endemics tJ. pusil/a. I. m11111/a, -
L hys//'lx and / , f,:11111s.w11111) as well as /. Sl!p11/cml1s, which is has an African as well 

as Austral distribution With the common ancestor of clade C2 reconstructed as being 

23 



• 
• 

(lf Cape origin and with the abundance of Cape endemics within cladc C 1, the 

common ancesLOrofclade C1 and C2 is supponcd as having origimucd and diversified 

in tbc Cape with subscqucn1 dispersal from the Cape 10 01her pans of the worlcl. 

fhe African J.!11ilt1111e.< (clade Ci ) provide ano1her example of a clade wi1h Cape 

origin and the dispersal out of the CaIJe is clearly illu~trated. !'he clade co111aining the 

Cape endemics, /. rubic1111dc1 and / . . ~trinta, is strongly supported (BS = 96, PP = I 00) 

as being sister 10 the rest oft he African /.'111im111es. In the clade containing the res1 of 

the African F/11itw1te.1. the Cape endcmi.;, /. lutlwigri, is strongly 5upported (BS = 82, 

l'P = 0.98) as being sister lo alt the more Northerly, African N11i/n111e,1· with/. 

//IJ-Wlg<msis being weakly supported (BS < 50, PP " 0.85) as b~ing si~1er to the 

Kenyan/. gra11111101dl!.s (and the Kenyan samples ofl . .f/111ta11s). which has weak tn 

strong suppol'I (BS < 50, l'P <c. 0.85) as being sister 10 1he Ethiopian l ,.f/1titcms var 
r 

nen>u.su If one looks at the data rrom the ~phylogeny. the African /o'/uila111es arc 

seen to be sister LO the Australian Fl11i1eu11e11 and, the afore meotioned Cape clade C1. 

is sister 10 the Fl1111a111es as a whole. These relationships gives strong suppon lbr .an 

origin of the F/11ium11Js whhin the CFR with dispersal North into Africa and also into 

Australia/New Zealand. 

If one reconstructs the biogeo.graphy of clade B, the cornmo1.1 ancestor is found 10 also 

be of Cape origin. TheFici11ia (Bi) are known to bean African clade with the 

majority in the Cape Floristic Region (CFR) (Muasya, 2005) while the presence of 

lJl!s111osch11.•1111s .vJlra!is can be explained by a rare, long-d,srance dispersal event A 

s,milar circumpolar dispersal can be seen in /i. 110</ow, which has a distribution i11 

Africa as well as Australia, New Zealand, Chile, St Paul and St Helena (Muasya el al. 

2000) The common ancestor of the /soll!pi.,· in clade 82 is found to also be of Cape 

origin even though this clade does contain the cosmopolitan f. marg111a1a 

Due to the uncertainty of the origins of' the common ancestor of clade 0 2, the origin of 

clnde D canno1 be reconstructed with any certainty In spite of this, the common 

a11cestor of the J.mlepl.~ as wel l as the /·1d 11i11 is reconstructed to he of(iipc origin as 

ult sis1er clades to clade D (Cladcs A, B and C) are of Cape origin 
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fhe outgroup taxa (Sr.:11pmdt!s diuei:11.v. :;c111101dl!s hulos;;ho1•1111s, Schoenop/i.:ctm 

l1?11cw11h11s and l/el/111111/110 me111bra11acea ) are also all Suuth Ali·ican laxa Thus. 

clades A, Band Call reconstruct to have an origin ia the winter rainfall region or 

South Africa with multiple subsequent dispersals North. iu1o A.frica as wl!ll as i11tc, 

other parts of the world 

Aybridisation within the Fluita/1/es 

To investigate the polyphyletic nature of the N11ilu111e.s, one needs to investigate both 

the nudear, //:\· (figure 4 ). and plastid, rp.<16 (Figure .5 ). phylogenies seperately. The 

maternally inherited, j>lastid phylogeny shows the P/11ilc1111e~ us being monophyletic 

with the Africm1 P/111/a111e.v (C,) having moderate suppon (BS =56) as being sister to 

the Australian F/11i1a111eJ (C~ 1), which has strong suppon (BS = 72) as being nested 

\\ ithin the African F/11ila11le.~ and forming a combined clade of C, and C ,,1. Weakly 

supported (BS < 50) as being~ister to this clade is dade C1. The paternally inherited, 

nuclear phylogeny shows the 1•111i1111111•s as being polyphyletic with the strongly 

supponed (BS = 96) Afric.;111 "1111/a111cs (C,) being sister to a clade containing both the 

subgenus lsolep,.Y s~tio11 pmliferat' (C-1.1) as well as the Australian F/11ila11/t•s (C., 1 ), 

which l'cmn a strongly ~upported clade (BS = 88) nested within the subgenus l.mlepfa• 

section prol/fen.11!. 

f'he differing matemal and paternal histories of the "1111/c1111es may be e.xplained by nn 

ancient hybridisation event between the common ancestm of subgenus l.w1/t•pis 

sectionprol//erw: (clade C<1.2) and the common ancestor of the Australian F/11ila11/es 

(clade C.,,,). Following the diversification ol'the N1111a11/r:s in Africa, they were able 

to disperse to Australia and New Zealand through at least one. raie. long distance 

dispersal event Once in Australia the eVldence suggests that there was at least one 

hybridisation event with pollen from an ru1cescorofthe subgenus l.w,lupis section 

prollferal! before the evolution of;/. cra:1si11s1;11/a, ,md / . pmducla in Australia. and/. 

/111ilc111s var . .fl11ila11s and l . j71111,111s var /e111h:11/aris in New Zealand This would leave 

a signal in the nuclear phylogeny due to the gene now through pollen but not in the 

plastid phylogeny as this is only niatemally inherited. Even though 1hcre has been 

gene now bet ween the Australian F/1111w,tus and th!! subgenus /solepls section 

proliferae, the Austrolinn F'/11i1a111e, have kept Lheir typical J-'l11itu11/es morphological 
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characteristics thus showing that thl\S.e are most probably also maternally inhwitecl 

charac1eristics. 

Proposed rlassi fkalion 

The proposed classification can be seen in Figure 8. Tile plastid phylogeny was used 

as this phylogeny corresponds more closely to morphological charac1eris1ics than the 

nuclear phylogeny. This is described above in the sec1ion of the hybridisation of the 

l ·'l111tallll!S. 

The evidence provided in this swdy supportS the recognition of clades A, Band C as 

genern. Clade A is strongly $Upponed as being monophyletic and sister 10 Flt:iniu and 

the rest of /.w1/ep1:, in all of the phylogenies presented here. Currently there is no 

proposed name for this genus as it was beyond the scope ofthis project to investigate 

the defining characters of the species within it Nov derived from the Lotin word Ncwa 

rneaujng ·new· will act as a place holder until the genus has been named There are 

however two alternative interpretations-of this data. Cladcs AB and C could be a 

single genus in which case J,'ii.:111I11 would be merged into /,1'11/epis or, the currcm 

taxonomy could be unaltered and /su/ept.v could simply be considered as a 

paraphyletic genus. 

Both molecular and mori:1hological data suggest renaming the /.,·olepis in clade B2 as 
it>-, 

b&lo~in!l IQ f'il-uua Therefore, clade B would represent the genus "1ci11fa and 

contain two subgenera Namely Fic:i1110 subgenus F1i.:111w. which would contain all rhc 

current 1·7c111ia, and / •1cinia subgenus µse11do1s11/ep1s (a proposed generic name) 

which would contain all the !M/lepi., species in clade B2 Species in l•ki11i11 subgenus 

pse11dnis11/ep1:, would be charac1er1sed as beirig annuals or short lived perennials 

resembling species of the genus fsolepi., but having cartilaginous glumes and/or a 

pomly developed gynophore (e g. / . unturi.:tico. Figure 9) This transfer of the above 

lso/epi.v species into f,'/G·ti1ia has been previously suggested (Muasya & Simpson, 

2002, Vrijdaghs ~, ul. 2005) but was not c;irried out due to rhe lack of s1rc:mg 

molecular evidence. which this treatment provides 

'l'he remaining clade, C. is supponcd as co111prising of the previously described genus 

/,w,/ep,,, . From lhe morphological and molecular support described. the subgenus 
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A ficra111hea is suggested to be expanded to include all the iaxa within clade r ,. while 

I. 11tttan,· is suggested to be removed !Tom this subgenus. The morphological character 

of an anther apex with no crest docs not agree with lhc currently proposed subgenus 

Aificra11t/11m but the previously described nutlet characters (ellipsoid, nul.let surface 

minutely papillose) described by Muasya & Simpson, 2002. are robust (Except for in 

/ , h'IIIIIS,WIIIII) . 

This study does not propose any changes to /.111/ep,:r subgenus F/11//a11l<!.1' bui it is 

important to note that the nuclear and plastid phylogenies give conflicting results. The 

fact that the morphological and plastid data display the same relationship supports no 

re-organisation of the subgenus Fl111ta111u.1. 

The plastid and nuclear data suggests upgradi11g Jsolep1.v subgenus J.mlepi.1· section 

Prollfeml! 10 ls11/epis subgenus Pro/iferae, as it is in a clade sisttr to the clade 

containing the type species of the genus(/ . . ~etw.:ea) and not imbedded within it J'his 

clade corresponds 10 ('lade C ,,, in the phylogenies. 

Finally, the data suggests the removal of Jsolepis subgenus lsoJt,pis section l ·(•m11u 

and section fsolepis and creating a single subgenus !snleprs (corresponding to clatle 

Ci) with no sections. 

II is noted however, that the duration of this study did not allow for a thorough 

investigation into the morphological characters. which define these infrageneric 

groupings. Much morphological work is stlli necessary Lo be able to define these 

i11frag~neric groupings upon any other bases than that described in tbis study 
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Figure 8: Boo1strnp i= or~,c rps/6 dm;i from 5110 bootslr;op repllc.ucs showing Ibo suggested 
phylogeny or U10 /sol,pis. 8001strnp pcrccmagcs (numbers above bnu,chcs) are only shown on 
bnrnchcs mtl, support ?: 5(~Y. (Cl ; Cl.56, Rl : 0. 78). Nodes mnrkcd wilh a~ are collapsed in Ilic slricl 
consensus parsimony 1ree. 
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