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Abstract

The approximately 75 species of [solepis R Br, are currently described as annual or
short lived perennials with predominantly terete spikelets, bisexual flowers with no
perianth and a nutlet with no gynophore. It is unclear of the current morphological
characteristics used 1o delimit the infrageneric groups is robust as some species have
been observed to have a rudimentary, Ficima Schrad. like gynophore. This study uses
molecular plastid and nuclear sequence data 1o investigate the monophyly of Iselepes
and its relationship to feima. This study found that Isolepis is currently polyphyletic
with a clade of isolepis sister to a clade containing both /selepis and Ficinia species,
which is sister 1o the rest of the /vofepis. The ancestral life-form, either annual or
perennial, of the clades was re-constructed on the phylogeny and it was found that the
common ancestor of both fsolepis and Iicini is supported as being annual
Biogeographical interpretations of the data gives supporting evidence towards the
hypothesised origin of the Jsofeprs in the Winter Rainfall region of South Africa,
Incongruence between the nuclear and plastid data suggests thal there may have been
an ancient hybridisation event between Australian members of the subgenus
Fluitantes (C B. Clarke) Muasya and the Australian members of the subgenus /salepis
section Praliferae (C B. Clarke) Muasya. Finally, a new classification is suggested

based on the molecular data from this study

Introduction

The predominantly Southern Hemisphere genus fsolepis R. Br., currently consists of
approximately 75 species with the centre of diversity in Southern Africa and
Australia/New Zealand. Species within the genus Jsnfeprs can be described as being
annual or short lived perennial herbaceous plants with minute roots or rhizomes.
Iselepis are usually tufted but may also be mat forming (For example, [ fuitans (1..)
R Br) The usually terete inflorescence consists of sessile spikelets made up of
spirally arranged glumes containing bisexual flowers with no perianth segments. Two
species (fsolepis lewcoloma, (Nees) C. Archer and ;"w.f;pn levynsiae Muasya &
Simpson) with flattened spikelets and dmtn:hous hmre been recently transferred from
Cyperns L. s to Isolepis (Archer 1998, Muasya ¢/ al, 2006, in press; Muasva el al,
2006) based on re-interpretation of spikelet morphology and DNA sequence data. The

inflorescence is subtended by an involucral bract, which can either be longer or
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shorter than the spikelet, thus resulting in either a pseudolateral or terminal spikelet
respectively The inflorescence may or may not be proliferating (Muasya ef al, 2001,
Muasya & Simpson, 2002) Along with the above mentioned characteristics, nutlet
surface ornamentation has been widely used to delimit species as it shows high levels
of variation. Nutlets generally lack a gynophore although some species (e.g [solepris
marginaia { Thunb.) A Dietr. and /sofepis antarctica (L.) Roem. & Schult.) have been
described as having a poorly developed gynophore and their taxonomic position is
currently unclear (Muasya e al, 2001, Muasya & Simpson, 2002, Vrijdaghs ef al,
2005). A typical example of an Isolepis can be seen in Figure 1.
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Figure 1: Diagram of fsalepix capensis showing a tufled growth form (A); spikelet with involueril
bract (B). msexual Mower (C) and nutlet with no gynophore (D). Borrowed from Muasva & Sumpson,
2.
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Figure 2 and Table | show the current taxonomic relationship of the [solepiy
according to Muasya & Simpson (2002)_ /sofepis is currently classified into three
subgenera (Table 1), namely subgenus Micranthae (C. B, Clarke) Muasya, subgenus
Fluwitantes (C B Clarke) Muasya and subgenus fsolepis (C B, Clarke) Muasya with
the entire genus being sister 1o Ficinia Schard. except for £ humillima (Benth ) K L.

Wilson. Subgenus /salepis is further split into three sections, section Profiferae (C B

Clarke) Muasya, section Cernna (C.B Clarke) Muasya and section Isoleprs (C.B

Clarke) Muasya A summary of the morphological diagnoses of these infrageneric

groups can be seen in Table | Each of the above clades is supported by both

morphological (Table 1) and molecular (Figure 2) data.

Table 1: Morphological diagnosis of the infrigenenic proups of fsolepis (Muasya & Simpson, 2002)

Morphological Characteristics Example

Subgen Micranthea | Plants tulted; inflorescence pseudolateral, | I sepulcralis
(C.B. Clarke) occasionally proliferating, nutlet elliptic, | /. hystriy
Muasya papillose

Subgen Fluitantes Plants mat-forming; inflorescence 1. Murtany
(C.B. Clarke) termunal, not proliferating; nutlets oblong, | 1 crassmscula
Muasya reticulate

Subgen Isolepis

(CB. Clarke)
Muasya

i} Sect. Proliferae Plants wfted; inflorescence pseudolateral, | /. prolifera
(C B, Clarke) proliferating, nutlets oblong, smooth, 1. trmendata
Muasya reticulated or striated 1. costata

i) Sect. Cermua Plants tufted; inflorescence pseudolateral, | L cermma
(C.B Clarke) not proliferating; nutlets oblong, 1 platyearpa
Muasya tuberculate

ii1) Secl, Isulepis Plants tufted; inflorescence pseudolateral, | /. setacea
(C B, Clarke) not proliferating, nutlets oblong, striated | /. diabolica
Muasya




i

¢

E
Proliferae

LR A
ey PSS
|erie s 2oaa
| acrgan DG

I mobmian L8

fsalepis

UpCoesihn CasTrass webl  FAR (RS
Tpniares cRTTUR ERl YT T
B R R T ]

Cernuae

st parea yAr wiioanis

[ e ]

Helegal Sl ¢ l
LTk

b pridecis

lsolepis

Lacrlers amTricing
nathisp Wedngng
inolpd TR

Flumances

[T L T

[P e L T T
|narbprs faies

Frowsa rundos

Fosrvim ionds

Eicuriis griscdrs
(LSl WL ]

8 w4 b
Cyzana Capyr.=

LY SR LR T

Micranthaa

Figure 2: Currenl taxononuc relationship of the fsolepis according to Muasya & Simipson, 2002 shown
o the single most parsimonious tree found with weighted, morphological data combined with DMNA
data. Arrows mark clades not present in the sirict consensus, Numbers above branches are inferred
substituions (ACCTRAN optinusation). Booistrap percentages are shown below branches (Muasya &
Simpson. 2002},

The Ficimia are generally diagnosed by having a perennial, herbaceous growth form, usually

with a woody rhizome. The papery leaf sheath often has a ligule, the presence, occasional



absence and structure of which is of taxonomic importance, The bisexual flowers, lacking
perianth segments, are aggregated into spikelets in a lateral inflorescence. The presence of a
wynophore on the nutler of Ficinia is one of the key characteristics defining the genus but this
character is not robust as some [Ficinia have no gynophore disc (Muasya ef al, 2001, Muasya,
2005; Vrijdaghs ef al, 2005). This makes the taxonomy of Ficinia, based on morphology, very
difficult. Molecular DNA studies are making some headway into revising the taxonomy of the

genus (Muasya, 2005). A typical example of a [icinia can be seen in Figure 3
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Figure 3: Dugram of Ficinia anvsbergensis Muasya. showing the herbaceous growth fornm with o woody rhizome
(A} inflorescence (B): bisexual Gower (C); glume (D) and nutlet with gynophore (E). Borrowed from Muasyva,
2003,

The aims of this study are to investigate the fine scale phylogeny of the fsolepis and
whether or not fsolepis is monophyletic, with an emphasis on taxa from the winter
rainfall 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.
Schonswetter ef al, 2006), through to the familial level (e g Chandler & Plunket,
2004). In this study. the rpsid imron plastid marker was used as it was found to show
a moderate amount of variation across the species being studied and thus was
expected to give useful resolution. The Internally Transcribed Spacer (ITS). a nuclear

ribosomal marker, was also used to investigate the phylogenetic relationships of the



wenus as it has been previously used in phylogenetic studies of Cyperaceae (e.g.
Roalson & Friar, 2000 and Roalson ef af, 2001). This marker was also found to also
have a valuable level of variation and was also expected to provide resolution at the

level needed for this study,

Using the DNA phylogeny obtained from the /75 and rpy/6 sequence data, the curreni
classification of the wenus [solepis is evaluated. Patterns of biogeography as well as
the evolution of life form were also investigated The relationship of fcmmea 1o
Isolepis is also under investigation due to the morphological continuity between them
in species such as /. marginata and 1. anfarctica. This study also aims to include
molecular data for many species, which to date, have not vel been included n other

molecular studies of the genus to establish their phylogenetic position

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

1) Are all of the Isolepis species from the winter rainfall region of South Africa
derived from a common ancestor?

2) Are species with intermediate morphology (1 ¢ [ marginara and 1. antarctica)
Ficima's or Isolepis

3) Does this expanded DNA study support or reject the classification in previous
studies, which were based on limited sampling? (e g Muasya e al, 2002)% =
4) Are there any biogeographical patterns present in this DNA s;ua;‘?

Methods

A total of 106 taxa were included in this study, They consisté of 4 outgroup species, =
55 Isolepis species, 5 Ficinia species and | Desmoschoenns species. The outgroup
taxa include two Scirpoides species and one species each from Hellmuthia and
Schoenoplectus. The complete table of taxa, including voucher information, can be
seen in Table 2. Samples labelled with an “aff” (affinis) could not be positively
identified 1o species level but were morphologically similar to the species, which are
named after the 'aff” label Samples labelled “sp.” (species) could not be identified 1o
species level. These samples were also included in this study to try and validate their
phylogenetic position. Some of these taxa are also undescribed and the data provided

here will be valuable in describing these species



DNA extraction and PCR:

Total DNA was extracted trom 0.02 - 0.08¢ silica dried samples or trom 0.05 - 0.1g
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 rps/6 intron region of the plastid genome was amplified
using the primers rpsh and rpaR2 designed by Oxelman er al. (1997), 7S (Internally
Transcribed Spacer) region of the nuclear genome was amplified using /754 and /755
primers designed by White ef @/, 1990. The PCR reactions were performed in 30u!
volumes consisting of 18,6l of sterile water, 3ul of 10x DNA polymerase butfer
(Bioline, London, UK), Sul of MgCl; (50mM), |ul each of the forward and reverse
primers (10 M), 1.2ul ANTP (10mM), 0.2ul of Tag DNA polymerase (Bioline,
London, UK) and 2ul of template DNA. The amplification was carried out on an
Applied Biosystems GeneAmp 2700 thermal cycler (Applied Biosystems, Foster City.
CA. USA). The programme used had an initial denaturation phase of 2 minutes at
94°C; followed by 30 cycles of 60 seconds at 94°C, 60 seconds at 52°C, and 2
minutes at 72°C; followed by a final extension phase of 7 minutes at 72°C. The PCR
products were then checked on a 1% agarose gel. The successful PCR products were
then sent to MacroGen (http//www macrogen com) for sequencing using the same
primers as were used in the PCR. Sequences were cleaned, assembled, edited and
aligned using CodonCode Aligner (CodonCode corporation, MA, USA),

Data Analysis

In the analysis, indels were coded tor as additional binary chiracters and a matrix of
these characters was created and analysed tlogether with the nucleotide data. The data
matrices were analysed in three ways. Firstly, for the /75 (including indels) data;
secondly, for only the rpsl 6 (including indels) data and finally for both data sets
combined (including both /7§ and rps/6 indel matrices). This was done to ensure that
the separate dala sets produced topologically similar results so that the data sets could
be combined, which is similar to the methodology explained in Wiens, 1998, After the
above analyses, the indel data was plotted by hand to ascertain, which
phylogenetically important clades they supported.



Phylogenetic relationships were inferred using both parsimony and Bayesian
approaches. All trees were rooted on Schoenoplectus, Ncirpondes holoschovms and
Scirpoides dioecus Parsimony search used a heuristic search was done of 10,000
random addition replicates, TBR branch swapping and MULTREES on 50
Bootstrap (BS) replicates were used to asses the branch support using a heuristic
search with 300 random addition replicates, TBR branch swapping and MULTREES
on PAUP* version 4 0b10 (SwolYord, 2002) was also used for the above analysis

Mr. Bayes version 3.12 (Huelsenbeck & Ronquist, 2003 ) was used to perform the
Bayesian analysis, which was only carried out on the combined dataset. The most
complex model was used in this analysis, which corresponds to the GTR+1+G model.
This was done as it has been shown thal the accuracy of a Bayesian model suffers
more in response to under parameterisation than over parameterisation { Huelsenbeck
& Rannala, 2004). In the analysis, parameters were estimated separately for each of
the two gene regions using uniform prior probabilities. Each run consisted of four
Markov chains, each chain had random starting seeds. One chain was cold while the
other three were heated. The temperature parameter was set to 0.1 to improve mixing.
The analysis was run for 10" generations and was sampled every 100" generation,
thus producing 10,000 sampled trees per run. To ascertain whether stationanty had
occurred, a plot of the —log likelihoods against generation time was investigated and
this was also used to determine the ‘burn-in" time. The average standard deviation of
split frequencies was also used to determine stationarity, and as they had dropped 1o <
00.005 this indicated that the tree samples had become similar enough after 10
wenerations to be regarded as stationary. Trees 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 that the same -log
hikelihood score was reached for each run This was done to-smeke ensure that the tree

space was being sampled efficiently

Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) was used to investigate the surface structures of
'IhS seeds of some of the taxa 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 Scanming Electron Microscope. Cambridge, UK},



Table 2: Taxa analysed in the combined study of /75 and rps /6 genetic markers,

TAXON COLLECTOR :En__ug:a_i;& PROVENANCE
Desmoschoenus spiralis Hook HUBG 2003-0693 GENT New Zealand
Ficinia aff anceps Nees Muasya 2885 BOL South Africa
F. esterhuyseniae Muasya Mussya 2312 BOL Sauth Africa
F. indica (Lam | Plelf Muasya Z0da BOL South Africa
F.indica (Lam | Pleiff fMuasya 2908b BOL South Africa
F. pinguior C.8. Clarke Muazya 83K South Africa
F. secunda [ Vahl Kunth Muasya Z508a BOL South Afnca
Hellmuthia membranacea (Thunb | B W Haimes & Lys Mussys 3081 BOL South Alfrica
Isolepis aff, brevicaulis |Levyns) J. Raynal Muasya 3008 BOL Sauth Africa
I aft brevicaulis (Levyns) J Raynal Muasya 3073 BOL South Afnca
I aft. cernua (Vahil Roem. & Schull. Muasya 2974 BOL South Afica
I aff incomiula Neas Muasya 3070 BOL Soulh Africa
| afl trachysperma Nees Mugssya 3003 oL South Atrica
Lafl rachysperma Naes Muasya 3008 BOL Soufh Afnca
I antarctica (L) Rosm & Schult Muasys 3007 BOL Sauth Africa
L antarctica (L | Roem. & Schull fMussya 3013 BOL South Afnca
I. auklandica Hook f Wilson st al B482 K Australla

I. aukiandica Hook [ Gardner of al ARZE9102 New Zealand
L. basilaris Mook | Gardne &f af AKZEDI04 Mew Zealand
I. bicador Carrmch, Richargsan 105K Tristan da Cunha
I brevicaulis (Levyns) J Rayna/ Muasys 2912 BOL South Africa
I. brevicaulis (Levyns) ) Raynal Mussys B Wiswedsl 3074 BOL South Africa
I. brevicaulis (Levyns) J Rayns! Muazya & Wiswede| 3079 BOL South Afnca
I caligenis (V.J. Cook) Sojék Candner of & AMIBE05 New Zeatand
I, capensis Muasya Muasya 3018 Bol Soulh Africa
I capensis Mugsya Muasya & Wiswede| 3078 BOL Soulh Africa
I. cernua (Vahl) Roem & Schult var cernua Muasya 1058 K Urvted Kingdom
I cernua (Vahl) Rosm. & Schult Muasya 3002 BOL Souith Alrica
| cernua (Vahl) Rosm. & Schulf. Muzsya & Wiswedel 3073 8oL Eouth Africa
| cernua | Vahll Rosm & Schuit Gardnér af af AMZBE3T Mew Zealand
I, cemua (Vahl Roem, & Schult var meruensis (F.W Haines &

Lye) Muasya Muasya 1061 K Tanzania
| cernua (Vahl Roem. & Schult var. platycarpa (5. T Bigka)

Sofdk Coveny el al 17465 k

|, costata 4 Rich Muasya 1049 K Kenya

| crassiuscula Hook f Wvilson B487 K Australia

|, crassiuscula Hook, | Caoveny et al 1T4TB K Burstraha

L crassiuscula Hook Gardner af &l AKZROSES Austraia

I. crassiuscula Hook, [ Gardner &f af AK2BGE30 Australia

L. diabolica (Steud ) Schrad Muasys NE3 K South Alnca
|. digitata Nees ex Schrad Muasya B K South Africa
|, Auitans (L } R Br Muasya =l Kenya

I. Nuitans (L} R. Br Muasya 1007 K Kenya

L Muitans (L} R Br Muasya 1057 K Kénya

L fluitans (L} A Br var nervosa Muasya 2621 BOL Ethiopla

I Nullans (L} R. Br Muasye M35 80L Keniya

I. Nuitans (L) R Br var lenticularis Gardner ef af AR2EG5E1 Mew Lealand
I Multans (L | R Br. var, nervosa Gardner f &/ AMZRETIY Mew Zealand
I. gaudichaudiana Kunih Wilsan 8483 K Australla

I graminoides (F.W Haines & Lys) Lye Muasya HEG EA, K Kenya

|. graminoides (K W Haines & Lye) Lya Muasya 2587 BOL Kenya

I. habra (Edigar) Sojak, Coveny et al IT4B0 NSW Austraiia

I, hermiuncialis (C.B. Glamke) J. Roynal Muasya af ai 28A5 BOL South Alrea
L. hemiuncialis (G 8 Clarke) J. Raynal Muasya 3001 BOL South Affica




VOUCHER &

SPECIES COLLEGTOR HERBARIA PROVENANGE
L. humillima (Banth.) K L Wilson Thomas et al 622 BRI Australia

I. hystrix (Thinb ) Nees Muazya 2971 BOL South Africa
I incomiula Mess Muasya 2R97 BOL Soutn Africa
| ncomtula Mess Muasya 3ni7 8oL Soulh Africa
| inconspicua (Levyns) J Raynal Muasya 2872 BOL Soulh Alrica
L inundata & &r Wilson et af G453 NSW Australia

L inundata & &r Gardner ef &/ AK2B5423 New Zealand
| Inundata 7. 8r, Gardner f af AKZAO462 Wew Zeatand
I inyangensis Muasya & Goelgh Muasya f af 2025 NSW Zimbabwe
| karolca (C.B Clarke) J Raynal Muasya 1146 K South Afnca
|, karoica (C.B. Clarke] J Raynal Muasya & Wiswedel 3064 BOL South Africa
I keniaensis Lye Muasya 2552 BOL Kenya

I. leucoloma (Nees) C. Archer Mussys 2878 BOL South Adrica
L levynsiae Muasys & Simpson Muasya 297T BOL South Africa
L ludwigii (Stewd ) Kunth Muszya 1138 K South Africa
L marginata (Thunb, )} A, Diefr Muasyz 2685 BOL South Alrica
L marginata (Thunb j A, Dietr Muasya 3012 BOL Souilh Africa
I. marginata (Thunb | A& Digtr Muasya 3018 BOL Sauth Alrica
| marginata (Thinb ) & Dietr Coveny &l &l 1T452 K Australia

1. minuta | Turmi) J. Raynal Muzsya 2334 BOL South Alrica
. montivaga (5 T Blake) K L Wison ¥Wilson af &l B4B8 K Australia
I natans (Thunb | A, Diatr Muasya 2g8y BOL Soulh Alrica
I nigricans Kunih Cazalet & Penninglon 5357 K Ecuadm

I. peliocalea 2 L Burtf Browning 694 NU Soulh Africa
I, polsii (V.J. Gookl Sofdk Gatdner f al AMIBSEZN hew Zealand
L producta (C.8 Charke) K L Wikkan Wil=on 4TS K Australia

I. producta (C.B. Clarke) K.L Witson Wikson af &l 8510 K Australia

L prolitera (Roftt | B Br Muasya 1M&3 K South Africa
I. prolifera {Rofs ) B Br Coveny &f al 17487 K Austrafia

L. profilera {Roub, ) R Br Gardnes of al AKZBEZ81 New Zealand
| pusitla Kumh Muasya 2975 BOL South Afrca
I reticularis Colenso Gardner of 4/ AKZBB4E] Mew Zealand
I rubjcunda (Vees) Kunth Muasya 1154 K Soulh) Africa
I rubicunda (Mees) Kunth Muasya 1221 K South Africa
I. sepulcralis Sfeud. Muasya ES K Eouth Africa
I sepulcralis Steud Muasya 1211 K South Afnca
| setacea (L | R Br Muasya 1058 K Kenya

| setacea (L) R Br Faden af a/ PE4T K Tanzania

L sp. Muasya 2973 80L South Africa
I sp. Muasya & Wiswedel 30768 BOL Seailh Alrica
Lsp.L)R Br Muazya & Wisweda] 3067 BOL South Africa
1. striala (NMess] kunth Muasya 1180 K South Africa
I. striata (Neas) Kunth Muasyn 2008 BOL Solth Africa
|. subtilissima Boeck Coaveny of &l 17475 K Ausiralia

L sulcata (Thouars) Carmich Richardson B0 K Tristan da Cunha
I lenuissima (Wees) Kunth Mussya 2388 BOL South Africa
| trachysperma Nées Muasya 2683 BOL South Atrca
I trachysperma Nees Muasya =05 BOL South Alriea
I trachysperma Negs Muazya 3044 BOL South Afnca
L venustula Kunth Muasya (189 K South Afrkca
I. wakefieldlana (5 T Blakel K L Wilsdn Meish ef al HoK Bustralia
Schoenoplectus leucanthus (Boeck ) J. Raynal Mussys 2882 BOL Soulh Alrica
Scirpoides dioecus (Hunth) J. Browning Muasya & Wiswedel 3062 BOL Sauth Alrica
Scirpoides holoschoenus (L.) Sojdk Acocks 51 South Africa

1)



Results

The alignment of samples for both /75 and rps /6 required the insertion of numerous
gaps due to sequence length variation. A total of five informative gaps were coded for
rpsl6 and two informative gaps were coded for /75 in an indel matrix. The aligned
ITS sequence (including indels) consisted of 276 parsimony informative characters
out of a total of 694 characters while the aligned rps/6 sequences (including indels)
yvielded a 164 parsimany informative characters out of a total of 906 characters, As
the most parsimonious topologies of the two loci showed little mojor incongruences
apart from a single clade (C4,1 in Figures 4 and 5) the two dala sets were combined
for further analysis. The combined /75 and rps/6 data set (including indels) had a
total of 1599 characters, 439 of which were parsimony informative. A bootstrap tree
of each of (he three above mentioned data sets (/75, rps/6 and combined /75 and
rpsl6) can be seen in figures 4. 5 and 6 respectively as well as a phylogeny based on a
GTR+G+] model Bayesian approach (Figure 7). | will refer 10 the combined // and
rpsl 6 bootstrap (Figure 6) and Bayesian (Figure 7) phylogenies for descriptions of the
main features and the suppon values will come from these two trees unless otherwise

stated.
The main features present, starting from the base of the trees are:

Isolepis amillima is strongly supported (BS = 100, PP = 1.00) as being sister to
Schoenoplecins. This is not surpnsing as it has been previously been shown to be
more closely related to other Schoenaplectus in previous studies (see Muasya ef al,
2001 and Muasya & Simpson, 2002). The rest of Isolepis (including Freinia and
Desmaoschoenus) form a clade (A-C} with strong support (BS=100, PP=1 00) Three
clades are observed for this group, clades A, B and C.

Clade A is a clade of fsoleprs, which is strongly supported (BS = 100, PP = 1 00) as
being sister to the rest of /sulepis and Ficima This clade has nol yet been described
The clade consists of I incomiuda, 1. hemiuncialis and a new, unnamed [solepis sp.,

all species from this clade are from the Western Cape, South Africa



Clade B is strongly supported (BS = 100, PP = 1 00) as being sister to the rest of the
Isolepis (Clade C). With the rest of the Jsolepis forming a strongly supported (BS =
93, PP = 1 00) monophyletic group. Clade B consists of two clades Clade By 1s made
up of what are currently, the Ficinia and it has strong support as being monophyletic
(BS =98, PP = 1.00). Nested within this clade is Desmoschoenis spiralis. The second
clade (B3), which is strongly supported (BS = 89, PP = 1 00) to being sister 1o the
Ficinta, 15 a clade of fsoleprs. This clade is also strongly supported as being
monophyletic (BS = 100, PP = 1 00) and consists of /. capensis, [ lencoloma,

! margimaia and 1. antarctica.

The rest of Isolepis in(clade C-}BS =03, PP = 1 00) can be broken mnto 4 sub-clades
(Cy to Cy) with the following support values C (BS = 100, PP = 1 00), C; (BS = 65,
PP=100) C:(BS=T72, PP=1.00) and C, (BS <50, PP = 1.00.

Within Clade C is a strongly supported Clade C; (BS = 100, PP = 1 00), which
consists mainly of the previously described subgenus Micramthae excluding /. natans.
[t also contains two species currently included in subgenus lsofepis section Cermua (1.
minuta and 1. pusilla) as well as one species currently included in subgenus fsolepus

section Proliferae (1. tenuissimay).

The rest of Clade C, which has moderate to strong support (BS = 65, PP = 1 00),
consists mainly of species from subgenus [solepis section Cernua Nested within this
clade is a small clade (C3 ), which consists of species from the subgenus fsolepis
section {selepts but also including . caligenis from subgenus [solepis section
Proliferae. Subgenus [solepis section [solepiy does have strong support as being
monophyletic (BS = 76, PP = 1.00) with the inclusion of 1. caligenis. The
phylogenetic positions of . inconspicna, 1. karoica, 1. trachysperma and 1. brevicanlis
have been reported here for the first time,

Clade C has strong support (BS = 72, PP = | (0) and consists of the Afnican
members of the subgenus [witantes with a Cape group (1. striata and 1. rubicutidi)
being sister to a group consisting of other African species with individuals from the
Cape (/. fudwigir) through to Tropical Africa (e.g /. fluitans) and Ethiopia (/1. fMvians

Var mervosa),



Clade C, has strong Bayesian support (PP = 1.00) bul weak Bootstrap support (BS <
50) and consists mainly of Australian taxa, Clade C, is strongly supported (BS =90,
PP = 1,00) as having Australian Miwitantes clade (Cy ) The Fhatantes, [. flnitans var.
flurtans and [. flucians var. lenticwlarrs, from New Zealand are not supported as being
in the same clade as the Australian Flvrtanies and their phylogenetic position within
clade C, is unclear Clade C, also has a weakly supported (BS < 50, PP < 0.85) Clade
Caz containing mainly taxa from the subgenus Isolepis section Proliferae (excluding
I inundata AK285423 from New Zealand) This grouping is most clear in the

Bayesian phylogeny but, the support is weak (PP < () 85).

The two indels present in the /7.5 data define the same taxa. All taxa within clades A
and B as well as all outgroup laxa had a fourteen base sequence inserted al position
401, which has been lost in the common ancestor of Clade C. as well as a five base
sequence deletion at position 581, which has been gained since the common ancestor
of clade C_ Tt is noted that when the data was analysed without the indel matrices, the

same topology was found

The rps/6 data set consisted of five indels, which were coded for The first indel
corresponded 10 a 5 base pair repeal at position 75, which was present in three of the
four Australian Fuitantes (1 crassiusenda (9487), L erassinscula (17478) and /.
producta (9510)) and thus would give support for the monophyletic nature of the
clade The second indel also consisted of a 5 base repeat, which was presemt in all taxa
in clades A and B as well as all outgroup taxa and, like the /7Y indels, was lost in the
common ancestor of clade C. Two separate indels, one at position 537 (10 bases) and
one at position 563 (3 bases) are missing in Schoenoplectus lencanthms and Isolepis
femillima and supports these two taxa being sister to one another, The final rps/6

- !ﬂ', v . i ]
indel was a 5 base insertion found n all of the I, cermma as well as £ venustula and

supports the clade containing these five taxa
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Figure 5: Bootstrap tree of the rps /o6 data from 500 bootstrap replicates with the main clades that are
described m the text labeled with letters. Bootstrap percentages (nuwmbers above branches) are only
shown on branches with support = 50% (C1 = 0.70, RI = 0.79, Nodes marked with a * are collapsed m
the sinct consensus parsimony e, The localitics of the sampled individuals used in the phylogeny are
indicated by the following codes: AUS - Australin: ECU - Ecuador. ETH - Ethiopia, KEN - Kenya. NZ
- New Zealand, RSA - South Afnca, TAN - Tanzania; TDC - Tnstan da Cohoy; UK - United
Kingdom: ZIM - Zimbabwe

£l



g

J© Sirpdeg waetus 5N

g L T e T (=t
D0 iyciopic b o 27 AT
LR T T AT T L ALA
Hpltr o 8 meEri e 3E| FFLA
tnicdamy. Ropmhdy X BIA
m rﬁlqamﬂ mu-ﬁ.n-r'.l fEA
||-:'H- e 5T A
AE A
||."I¢p|-| Earpprsin T FrEs
s Feae aly JEE HEa,
1 Fiorw pquecs 1783 oA
F orwi ¥ ancéps 295 el
iy il e b Sl ErEA
Fommen macunda 20064 PES
Vgt e Pt i U (000 I
R Fowraa webra & Lt ]
Fodey @da n 2O AZA
e g La et AL [t
{1 T Vb gy beuiiome TR A
§ lecim g Capsnig JUE WoA
A rnq:l-l\hp-llll . I'l [
leoimom i) s
IR ‘!?3 RSA
in IcimEs FarpEn ST oA
tiaiges izl XGT RN
Aamiierin bl s AW HER
hezigrin manpaars 111 BZA
I_'ﬁ_: - patim 111 wEh
T Iactepre vyl V10 ‘I‘!:.
Jpi ik s e MY [
[ R [,
ta i b ‘-" [l
I e
RIA
e e 2 T (=1
Bk sy
Tl Lems e e | Ol ) i
|#aimeen coivan s citlec e 1TES A
L8 ek A FeA
I b e, AT RN
Thliatt ok J-I-:'EHII [
e vprai sy 11O 1=
In5p s ke Xid oA
Inplama a1 14 A
(TR L T, Lt
bzt pim ¢ i dh TR WI
iz i 1150 PaA
aimirs LA eR W AT Tan 21
O e D ) Wl
i e e i TR e
i el 4o JOGT i
Vet i L by ¢ N B
et [ b et g TGS RA
e e T ' (et
[imrrap FTOY -|-|-l|1n Hin (L= %
h}l-‘l‘*\-:hL ‘r""'...‘
I il ] l}H pact
L it e WA
ip e o rpacz e W0 FoA
" o] — e T st
lcwin 49 ki i 00 LA
L1l atarin e P19 L8
i Il e aes 15 )
iy i Izl pem i rma T A
ot el naa L Lt
i LU MR L
lasigiva o= aoger v 200 A
|y grwe s etes S iy
[ e N WEM
i s ol iy 1) EFN
Iy # e el it ) WEM
Tgdiraii Bl IR MEMN
- basmingrrss Bl g v mara e ¢ ) FTH
Iyl Beaterm 3195 EN
i o 1020 KER
pre— e LR A ST D Mr
bt ooty PGS s
1l hapmse g e BB 10 Al
[ g < W s 40T R
lvzimn pravsameits 17ATH AlT 41
It [ o v ool A IS [
| g crw vi ule A IOG T MI
! Vo s el 5 A FLERD . T]
L et o = B Bix
taid [ winh e T MI
ligrimpin b WF T
Hgigmin gl s ' IR RSA,
e a1 T
Iy o ) LT
- T e
st shd i | 210 [F51Y
{ae s ol AR B K
b, el s 331 aus e
It [ ol ik B 1] ";2
ul.-n-l-ldtlh lrl kil aLls
s [ [3ET
[T :-?4“" Hi
e e s V) T
[T TS PTESry ,  el ] Wi
Boc e Bty i oila i A DRI | HT
. vy g andey &R 20V 0T HE
PRC . ML i
It s 1 i B R NS
Wertgrin b ey TTATT AL

Figure 6: Bootstrap tree of the combined #ps /6 and 175 data From 500 bootstrap replicates with the
main clades that are described in the leat labeled waih letiers, Bootsitap percentages (numbers above

branches) are only shown an branches with support = 50 (C1 =

(.56, RI = 00,74), Nodes marked wath a

* are collapsed in the strict consensus parsimony (ree: The localities of the sampled mdividuals used in
the phylogeny are indicated by the following codes: AUS - Australia; ECU - Ecuador, ETH - Ethiopia;

KEMN -
« United Kingdom: ZIM - Zimbabwe

kemva, NZ - New Zealand, RSA - South Afnca; TAN -

Tanzania, TDC - Tastan da Cuhna: UK

I




Sezap #ewd B AL s

Fipurce 7: A phylogeny of fsafepls based ona GTR + G + L model Bayesian approach using a
combined /7N and rps]6 data set with the main clades that are described in the text labeled with letters,
All branches with u posterior probability (PP) > 0150 arc shown but only branches wath a (PP) = 0.90
are labeled (label above the bramch). The localitics of the sumpled individuals used in the phylogeny
are indicated by the following codes: AUS - Australia; ECU - Ecuador. ETH - Ethiopia, KEN - Kenya,
MZ - Mew Zealand; RSA - Soumh Afnca, TANM - Tanzania; TDC - Tristan da Cuhna; UK - United
Kingdom; ZIM - Zimbabwe
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Figure 9: Scanning clectron microscope image of the nutlet (nu) of Isolepis antarctica. The arrow
shows the poorly developed gynophore. (From Vrijdaghs et af. 2003)

H - Lhl

¢ of the nutlet of 7. tenuissima showing the

Figure 10: Scanning electron microscope (SEM) imag
surface omamentation

Figure 11: Scanning electron microscope (SEM) images of the nutlet of I Avstrix showing the
munuiely papillose surface ornamentation.



Discussion

Clades were first labelled according to the combined Bootstrap tree (Figure 6) and
then all the clade labels were transferred 1o the other phylogenies (Figures 4, 5 and 7)
s0 that the clades mentioned below, apply to all phylogenies reported in this study

It may be argued that the two different topologies of the nuclear and plastid
phyologenies are evidence of incomplete lineage sorting and that this could cause
difficulties in inferring relationships from the combined phylogeny and that the two
phylogemes cannot be combined. It recently has been shown however, despite
incomplete lineage sorting, gene sequences retain enough signal to accurately
estimate phylogeny as long as the number of individuals sampled is high and that
accuracy is also increased with an increased number of gene regions n spite of

incomplete lineage sorting (Maddison & Lacey Knowles, 2006),

Phylogenetic relationships

The position of . fumillima, being closer to Schoenaplectus | has been previously
discussed (Muasya ef @/, 2001) and this taxonomic study does little to clanfy its
position, It does however confirm its being closer o Schoenoplectus than to the

Seirpoides and not within the rest of Isolepis

The Isolepis (not including /. humillima) are found to be resolved into three clades
(Clades A, B and C) Clade A 1s comprised of [. tncomtula, 1. heminnciafis and one of
the /. sp (3076). Clade B is comprised of both Ficinia and Tselepis (1. capensiy, 1.
merginate, 1. sp (2973), 1. lencoloma and [ amarctica) species while clade C contains
the rest of the [solepis Due to limited taxon sampling, the pattern of clade A being
sister 1o both the /reima and [solepis has not yet been documented. In Muasva er ol
(2000) I, marginata was also found to be more closely related to Ficinia than to the
rest of Isolepis but due to limited taxon sampling, the position of L. marginata was
considered to be ambiguous. This study confirms the position of 1. merginata as well
as other Isolepis species (1. capensis and [ amtarctica) as having strong support (BS =
89, PP = 1.00) as being sister to Ficimia.

14



Clade A is a small clade of Iselepes, which s strongly supported (BS = 100, PP =
1.00) as being sister to a combined clade containing both the Ficima as well as all the
other [solepis. This clade is supported by both the plastid (BS = 100) and nuclear (BS
= 100) markers. There are no obvious morphological characters defining these
species. It was beyond the scope of this study to investigate the morphologies of these
species in detail and more work 1s needed to identify the defining features of this
clade.

Clades B has strong support (BS = 89, PP =1 00) as well as having strong support (BS
= 100, PP = 1 .00) as being sister 1o the rest of [solepis, excluding those already
mentioned in Clade A 1t has been shown that some of the fsolepis within clade B,
share some morphological similarities with ficoua. Both /. marginaia and |
antarctica have been described as having poorly developed gynophores (Figure 9) as
well as cartilaginous glumes (Muasya & Simpson, 2002, Vrijdaghs e al, 2005) both
of which are features, which are used to characterize the Ficinia, This clade also
includes the recemly described /. capenyis and /. leweoloma, vhe phylogenies of which
were previously unclear, Clades By, the Ficinia, and Ba, the above mentioned /solepis
have strong support (BS = 98, PP = 1.00 and BS = 100, PP = 1.00 respectively) us
being separate monophyletic groups. Nested within the Ficinia clade, By, is
Desmuoschoenns spiralis but this was expected as it has been shown to resolve within
the Ficinia in other molecular studies (Muasya ef al, 2001) and it has also been shown
1o have a gynophore (Browning & Gordon-Gray, 1995), Sister to clade B is clade A,
which contains ‘true’ /salepis with no gynophore. Clade B is also sister 1o clade C,
which is comprised of the rest of the ‘true” isolepis, which also have no gynophores
Thus, clade B has evolved from a common ancestor with no gynophore and this
structure has evolved afier the divergence of this clade from the rest of the fsofeprs.,
Interestingly, the annual species in clade B (/solepis) only have a rudimentary
gynophore while most of the perenmial species (/'icimia 'y) are characterised by a well
developed gynophore. Further investigation into the function of the gynophore would
need to be done to test whether there is a real relationship between life form and <= <

presence or absence of the gynophore



Clade C contains two distinet smaller clades, Cy and Cs, with strong (BS = 100, PP =
1.00) and moderate 1o strong (BS = 65, PP = 1 00) suppont respectively. Two (/.
sepuleralis and 1. hvstrix) of the three species in the current subgenus Micranthea
resolve in clade Cs while the third species (/. natans) is found to resolve within the
current subgenus /soleprs section Cernna and sister to section fsoleprs. Clade C; also
contains [. pusilla, 1. tenuissima and 1. mimiia. Since these species, 1o date, have not
yet been included in a molecular phylogeny and that the suppont for this clade is
strong in all of the molecular phylogenies reported here (BS = 92, PP = | 00), it
suggests that this is a natural clade. The nutlet morphology of /. pasilla lends itself to
inclusion within the Micranthea as it has a nutlet, which is also described as being
minutely papillose (Muasya & Simpson, 2002), which is one of the defining feature of
the subgenus, The nutlet of 7, fesmrssima (Figure 10) does not however share the
minutely papillose surface ornamentation, which characterises the subgenus. An
example of a nutlet with minutely papillose surface ornamentation can be seen in
Figure 11. The nutlet surface ornamentation of /. minuta (Figure 2 in Muasva &
Simpson, 2002) also resembles that of the above mentioned taxa i also appears to be
minutely papillose but is not descnbed as such in the monograph of the [sofeps
(Muasya & Simpson, 2002)

The moderate to strong support (BS = 62, PP = 100) for clade C: resembles the
current grouping of the remaining species in the subgenus fsolepis section Cermiu
Nested within this clade however is the moderately to strongly supported clade Cy
which corresponds 1o the subgenus /solepis section Isalepis except that it contains /.
caligenis, which is currently grouped into subgenus Isalepis section proliferae. |.
caligens was previously excluded from the subgenus /solepis section ixolepis due 1o

the nutlet not being striated (Muasya & Simpson, 2002.).

The rest of clade C contains a strongly supported clade Cy (BS =72, PP = 1 .00) and a
weak to strongly supported clade Cy (BS < 50, PP = 1.00), which also contains clades
Cyy and Cy2 The subgenus Flurtantes 1s polyphyletic with taxa in ¢lades Ca, :and L
Cag Clade C, consists of only of African /- fuitanies. This clade (C1) contains two
smaller clades. One weakly supported (BS = 51, PP < 0.85) clade consisting of only /.
rubicunde and L. siriata, which are both endemic to the Western Cape of South

Afica The second clade has moderate 10 strong support (BS < 50, PP = 0.98) and



contains a single Cape endemic, /. ludhwign, which is basal to the rest of the African

Fluitantes.

The rest of the Fluttantes are split into two groups within clade Cy, which is a
predominantly Australian clade of the subgenus fsoleprs section proliferae. Isolepis
Suitans var. fluitans and Isolepis flutians var, fendicudarts from New Zealand are
strongly supported as being sister to each other (BS = 99. PP = | 00) but their position
within clade Cy is uncertain, The second group of Futtantes within clade C, is
strongly supported (BS = 90, PP = | 00) and is made up of /. producta from Australia
and /. crassiusenla from both Australia and New Zealand. 1f one looks at the plastid
marker (rps!6, Figure 5) only, the Australian flwitanites are nested within the African
Fiwtantes with the African taxa being sister to the Australian taxa, The support for
the Australian Fluitarites clade itself is moderate (BS = (0 56) but there 1s strong
support for its inelusion within the African Fluiranies (BS = 0 72). The nuclear
marker (/75, figure 4) on the other hand shows the Australian Mutanies grouped with
the Australian Proliferae. This demonstrates that there may be different maternal and

paternal listories within the Flarantes.

The rest clade Cy (Cy2) contains the rest of the current subgenus fsolepis section
profiferae (excluding the afore mentioned 7. remuissima and 1. caligenis) which is o
section. which has diversified in the Southern Hemisphere (Muasva & Simpson.,
2002).

Evolution of life form

Most of the Iselepis are descnbed as being either mat forming or tufied ‘annual or
short live perennial’ species. Only [volepis digitava is described as being a truly
perennial species of [soleprs (Muasya & Simpson, 2002). Some species are known to
show a more perennial nature (e.g, [ costata, I mmndara and some of the Fluitanies
such as /. fudwigii) but are still considered as long-lived annuals. The Ficinia
however, are characterized as being a clade of usually perenmal plants with woody
rhizomes, 1f the growth habit is reconstructed on the phylogeny the following patterns
can be seen. Clade A consists of only annual species of /solepis so their common
ancestor is reconstructed as also being an annual. Clade B contains a FMicinia clade

(B1), whos common ancestor is reconstructed to be a perenmial while the ancestor of

]
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the sellepns clade (B:) 1s reconstructed 1o be an annual. The growth habit of the
commaon ancestor of clade B s therefore uncertain. The common ancestors of clade O
is found 1o be annuals or short lived perennials even though it contains species, which
may be considered 10 have a more perennial nature. This appears to be a derived
character. which has evolved on separate occasions (e.g. [ digitata, I. costara, 1,
imundena and some of the Flurfemies such as [ lndwigir) but as the majority of the
species are annuals or short live perenmals, the common ancestors of this clade is
reconstructed as being annual or short lived perennial. The common ancestor of clade
B and the rest of the fsofepes (clade C) is somewhat uncertain due to the common
ancestor of ¢lade B being ambiguous. As the common ancestor of clades C is an
annual or short lived perenmial and the common ancestor of clade A, which is sister to
clades B and C is also an annual or short lived perennial, the common ancestor, which
gave rise (o all of the /soleps and the [icima must have been an annual or short live

perennial species

Biogeography of the Isolepis

1t has been suggested that the Isolepis onginated and diversified 1n the winter ramfall
region of South Africa (e.g Muasya & Simpson, 2002, Vrijdaghs er af, 2005) but this
relationship has not been described 1n terms of the phylogenetic relationships between

different species found in different geographical areas

Within clades C, and C;, two separate but similar patterns can be seen Clade C;
contains two clades with individuals from outside of South Africa The setacea clade
(C3,1) has species from tropical East Africa (/. sefacea and 1. kenmiensis) as well as one
species from New Zealand (/. caligenis) The cermig clade contains species from the
UK (1. cernua var. cernna), Tanzania ([ cernua var. meruensis) and from Australia (/.
cernna var. platyearpa), Strongly supported as being sister to both these clades, are
Cape endemic taxa For example, the clade containing the two 1. karcicia samples are
strongly supported (BS = 60, PP = 97) as being sister o the clade containing the
setacea, and [ imconspicwa and 1 levynsioe aln: lstmngi:;r su;}];ortﬁd (BS =065 PP~

| 00) as being sister 1o the cerni clade This creates a strong case for this clade (C;)
enginating in the E"‘Fﬁwf‘laélc IE‘| contains mainly Cape endemics (L pusilla, [ mirmta,
L hystrex and [, temassime) as well as 1, sepulcralis, which is has an African as well

as Austral distribution. With the common ancestor of clade C; reconstructed as being
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of Cape ongin and with the abundance of Cape endemics within clade C), the
common ancestor of clade C; and C; is supported as having onginated and diversified

in the Cape with subsequent dispersal from the Cape to other parts of the world.

he African Fluitanres (clade Cy) provide another example of a clade with Cape
origin and the dispersal out of the Cape 1s clearly illustrated. he clade contaiming the
Cape endemics, 1, rubicunda and 1. striata, is strongly supported (BS = 96, PP = 1 00)
as being sister to the rest of the African /fuirarres. In the clade containing the rest of
the African [ lurtanies, the Cape endemic, 1. ludwigri, is strongly supported (BS = B2,
PP = 0.98) as being sister to all the more Northerly, African /luitanies with 1.
Invangensis being weakly supported (BS < 50, PP < 0.85) as being sister Lo the
Kenyan /. graminoides (and the Kenyan samples of 1. Muitans), which has weak to
strong support (BS < 50, PP < 0.85) as being sister to the Ethiopian . fluifans var
nervosa, 1f one looks at the data trom the _rp_;jgphy logeny, the African I'luitanies are
seen o be sister to the Australian Fluitamtes and, the afore mentioned Cape clade C;,
is sister 10 the fluitanies as a whole. These relationships gives strong support [or an
origin of the Fluitames within the CFR with dispersal North into Africa and also into
Australia/New Zealand.

If one reconstructs the biogeography of clade B, the common ancestor is found to alsy
be of Cape origin. The Ficimie (B;) are known Lo be an African clade with the
majority in the Cape Floristic Region (CFR) (Muasya, 2005) while the presence of
Desmoschoenus spiralis can be explained by a rare, long-distance dispersal event A
similar circumpolar dispersal can be seen in /. nodosa, which has a distribution in
Africa as well as Australia, New Zealand, Chile, St Paul and St Helena (Muasva ¢f al,
2000) The common ancestor of the Isofepis in clade B: is found to also be of Cape

origin even though this clade does contain the cosmopolitan [ marginata

Due to the uncertmnty of the origins of the common ancestor of clade D;, the origin of
clade D cannot be reconstructed with any centainty. In spite of this. the common
ancestor of the fsolepiy as well as the Ficinia is reconstructed to be of ape origin as

all sister clades to clade D (Clades A, B and C) are of Cape origin



The outgroup taxa (Scirpordes diovens, Scirpoides holoschoenns, Schoenopleciny
lewcanthus and Hellmuthia membrapacea) are also all South African taxa. Thus,
clades A, B and C all reconstruct to have an origin in the winter rainfall region of
South Africa with multiple subsequent dispersals North, into Africa as well as into
other parts of the world.

Hybridisation within the Fluitantes

To investigate the polyphyletic nature of the fluitanies, one needs to investigate both
the nuclear, /1Y (Figure 4), and plastid, rps/6 (Figure 5), phylogenies seperately. The
maternally inherited, plastid phylogeny shows the [luianies as being monophyletic
with the African Fluttantes (Cy) having moderate support (BS = 56) as being sister 10
the Australian /luitantes (Cy 1), which has strong support (BS = 72) as being nested
within the African Fluitanies and forming a combined clade of Cy and Cy;, Weakly
supported (BS < 50) as being sister to this clade is clade €, The paternally inherited,
nuclear phylogeny shows the Mluitantes as being polyphyletic with the strongly
supported (BS = 96) African Flutantes (Cq) being sister to a clade containing both the
subgenus [solepis section proliferae (Cy ) as well as the Australian Fluitantes (Cy ),
which form a strongly supported clade (BS = 88) nested within the subgenus [sofepis

section profiferar,

The differing maternal and paternal histories of the Flwitantes may be explained by an
ancient hybridisation event between the common ancestor of subgenus fxolepis
section profiferae (clade C,2) and the common ancestor of the Australian Fluitanres
(clade C4 ). Following the diversification of the [“fuitames in Africa, they were able
to disperse to Australia and New Zealand through al least one, rare, long distance
dispersal event. Once in Australia the evidence suggests that there was at least one
hybridisation event with pollen from an ancestor of the subgenus /salepis section
proliferae before the evolution of, /. crassiuscula, and 1. producta in Australia, and /.
fluticans var. fluttans and 1. fluitans var lenticularis in New Zealand. This would leave
a signal in the nuclear phylogeny due to the gene flow through pollen but not in the
plastid phylogeny as this is only maternally inherited, Even though there has been
gene flow between the Australian Flurlantes and the subgenus Iyolepis section

proliferae, the Australian Fluitantes have kept their typical Fluitantes morphological



charactenistics thus showing that these are most probably also maternally inherited

characteristics.

Proposed classification

The proposed classification can be seen in Figure 8 The plastid phylogeny was used
as this phylogeny corresponds more closely to morphological characteristics than the
nuclear phylogeny This is described above in the section of the hybridisation of the

Ftusanmtes.

The evidence provided in this study supports the recognition of ¢clades A, B and C as
genera, Clade A 1s strongly supponed as being monophyletic and sister to Fiesia and
the rest of Iselepis in all of the phylogenies presented here. Currently there is no
proposed name for this genus as it was beyond the scope of this project 1o investigate
the defining characters of the species within it. Nov derived from the Latin word Nova
meaning “new’ will act as a place holder until the genus has been named There are
however two alternative interpretations of this data. Clades A, B and C could be &
single genus in which case Ficimia would be merged into fyolepis or, the currem
taxonomy could be unaltered and /solepiy could simply be considered as a

paraphyletic genus.

Both molecular and rggrglmlugical data suggest renaming the /solepis in clade B as
belenginu ta Ficima Therefore, clade B would represent the genus /Ficinia and
contain two subgenera. Namely Fiedma subgenus Frenma, which would contain all the
current ficimia, and fricinia subgenus psendossolepry (a proposed generic name)
which would contain all the Isofepis species in clade Ba. Species in Ficinia subgenus
pyeudoisolepis would be characterised as being annuals or short lived perennials
resembling species of the genus /sefepis but having carfilaginous glumes and/or a
poorly developed gynophore (e & I amarciica, Figure 9) This transfer of the above
[solepiy species into Ficima has been previously suggested (Muasya & Simpson,
2002, Vnjdaghs et al. 2005) but was not carried out due to the lack of strong

molecular evidence. which this treatment provides

The remaining clade, C, is supported as comprising of the previously described genus

Isolepis. From the morphological and molecular support described, the subgenus



Micranthea is suggested to be expanded to include all the taxa within clade Cy, while
I matemns is suggested 1o be removed from this subgenus. The morphological character
of an anther apex with no crest does not agree with the currently proposed subgenus
Micranthea but the previously described nutlet characters (ellipsoid, nutlet surface
minutely papillose) described by Muasya & Simpson, 2002, are robust {Except for in

{. tenessimict).

This study does not propose any changes to Jsoleprs subgenus Fhutantes but 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-orgamisation of the subgenus [lanies.

The plastid and nuclear data suggests upgrading [se/epiy subgenus Isalepis section
Proliferae 1o Isolepis subgenus Proliferae, as 1 is in a clade sister to the clade
containing the type species of the genus (/. sefacea) and not imbedded within it. This

clade corresponds to Clade Cy, in the phylogenies,

Finally, the data suggests the removal of /sofepis subgenus [solépis section Cermut
and section /sofeprs and creating a single subgenus [saleprs (corresponding to clade

C:) with no sections

It 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 still necessary 1o be able 1o define these

infrageneric groupings upon any other bases than that described in this study
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Figure &; Bootstrap tree of the rps /6 data from 500 bootstrap replicaies showing the suggested
phylogeny of the Jswlepis. Bootstrap percentages (numbers above branches) are only shown on
branches with support = 50% (C1 = (.56, RI = (1.78). Nodes marked with a * are collapsed in the strict
CONSENSUS parsimony (rec.
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