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ABSTRACT

Previous molecular assessmaritthered algal ordeRhodymeniales have confirméd

monophyly and distinguigidthe six currently recognized famili@gz. Champiaceae,
Faucheaceae, Fryeellaceae, Hymenocladiaceae, Lomentariaceae, and Rlaodgeni

howeyer, relationships among mosthesefamilieshave remained unresolved possibdy a

aresult g substitution saturation aeeper phylogenetic nodes. The objective of the current

study was toimprove rhodymenialean systematiasdrgasingaxonomic representation
and using a more robust multigene dataset of mitochor{@@B, COI/COLI5P), nuclear
(LSU, EE2)and plastid markergsbA rbd.). Additionally, we aimed to prevent
phylogenetic inference problems associated with substitution satufaaidicularlyat the
interfamilial'hodes)y removing fast-evolving sites aadalyzinga series of progressively
more canservative alignmen&he Rhodymenialesvas resolved as two major lineag@ps
the Fryeellaceaas sisteto the Faucheaceae and Lomentariaceae; and (ii) the
Rhodymeniaceae allied to the Champiaceae and Hymenocladi@opaert at the
interfamilialmodes wasighestwhen 20% of variable sites were removed. Inclusion of
Binghamigpsis, Chamaebotrgssd Minium, which wereabsent in previous phylogenetic
investigationsestablished thephylogenetic affinitiesvhile assessment of two genera
consistently polyphyletic in phylogenetic analysesythrymeniaand Lomentariayesulted
in the proposition of the novel genePerbellaand Fushitsunagidlr he taxonomic position
of Drouetiawas reinvestigated with f&xamination oholotype material oD. coalescens
to clarifytetrasporangial development in this genus. In addition, we added three novel
Australian'specie® Drouetiaas a result of ongoing DNA barcoding assessmets—

aggregalap. nov.,D. scutellatap. nov., and. viridescensp. nov.
Key Index.words: Drouetia; Erythrymenia; Fushitsunagia, Lomentaria; Multigene
phylogenetics; Perbella; Rhodymeniales; SiteStripper.

Abbreviations: small subunit ribosomal gene (S8dititionFinder (PF)

INTRODUCTION

This article is protected by copyright. All rights reserved


mailto:gina.filloramo@unb.ca�

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

The Rhodymeniales isveell-studied speciegich florideophycean order of éemely
diverse frond morphologies united by a uniform procarpic female reproductive gystem
the auxiliary cell is produced prior to fertilization and in close proximity to the
carpogonium within a single branch system) and outward carposporophyte development.
Published phylogenetic analyses of florideophycexa regard thRhodymenialessa
monaophyletic analosely related to the Halymeniales and SebdenialgsSaunders &
Hommersand 2004, Withall & Saunders 2006 Gall & Saunders 2007, Verbruggenal.
2010).Historically, subordinal classification of the Rhodymeniales hanbemplicated

by conflicting perspectivesegarding the most usefahatomicafeatures for taxonomic
distinction A brief summaryf rhodymenialean systematissprovided belowthe reader
is referredtorSaunders et @999) and Le Gakt al.(2008) for a more comprehensive
review.

When Schmitz (1889) established the Rhodymenialesicheded six families:
Bonnemaisoniaceae, Ceramiaceae, Delesseriaceae, Rhodomelaceae, Rhodymeniaceae and
Sphaerocaccaceagoon afterall of thosefamilies wereremoved except for the
Rhodymeniacea@ltmanns 1904, Sjostedt 1926). Bliding (1928) subsequadtgdihe
Champiaceaevhich was differentiated frotthe Rhodymeniaceae according taltsa
construction (hollovthalli with longitudinal filament$ordering the cavity present vs. solid
thalli or.hollowthalli but lackinglongitudinalfilamentg, tetrasporangial division patterns
(tetrahedral vs. crucidtenumber of cells in the carpogonial branch (fourthed andthe
degreeto whicleells differentiatd into carposporangiaofily the terminal cells venost of
the gonimeblast). Kylin (1931) maintained Blidingvgo families andurtherdefined them
by assighingssubfamilies to each. Sparling (1957) rejei€tdid’s subclassifications and
emphasized the presence (Champiaceae) or absence (Rhodymeniaceae) of longitudinal
filaments bordering the hollow parts of thddir family-level distinctionLater,Lee (1978)
used a combination of vegetative (thallus septation) and reproductive critenbdr of
cellsinithe carpogonial branch and the position of the tetrasporptmitefine the
Champiaceae, Rhodymeniaceaeda third family, Lomentariacead.ee’s threefamily
classificationsystem was widely accepted; however, some rhodymenialean fesierad

diagnosticcharacters ofnore than one family and, therefore, could not be classified
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confidently (e.qg.Dictyothamnion, Ceratodictyon, Gelidiopsis, Hymenocladia,
Hymenocladiopsiand Semnocarpaee Saundeet al.1999).

The application of molecular techniquesststematicstudiesof the red algabas
enabléd anore objective means of assessivglutionaryrelationships within the
Rhodymeniales. Although rhodymenialg¢ara were represented in some of the earliest red
algalmolecular phylogertee investigations (e.gkreshwater et al994, Ragawet al.1994,
Saunders & Kraft 1994, Saunders & Kraft 1996), these studies only included enough taxa
to establish the order as monophyletic atigd to the HalymenialesSubordinal
relationships remainddrgely unresolved until Saundees al.(1999), using the nuclear
small subunit ribosomal gene (SSEmbarked on the first extensive molecular systematic
study speeifie to the Rhodymenial§hat stualy included 566 of the recognized genera
(Saunderetal. 1999).Challenging Lee’s thretamily systemSaunder®t al.(1999)
resolved the Rhodymeniales as six monophyletic assemblageisuded in two major
lineages-the firstincluded only agduced Rhodymeniaceasile the seconadonsisted of
the Champiaceae, Lomentariacdhejr newly establishe&aucheaceaand two
unassigned-lineagel light oftheir resuls, Saunder®t al.(1999) emphasized
reproductive features, including the number of cells in the carpogonial branch,
tetrasporangial cleavage patterns and tetrasporgragaionfor family-level classification
Although that study wasgnificant for providing a more natural systemaéssification
for the Rhodymeniales, it was limited kg low representation of rhodymenialean taxa
(both the absence of entire genera arahy generitype species) and lack of resolution
amang interfamilial nodes (Saundegsal.1999). Poor resolution was partially disegene
choicesassSlUddisplayed highly variable rat@s some familieswhich increasethe
potential for fongbranch attraction artefacts (Saundetral.1999). In a subsequent study
Le Gallet al.(2008) sought to circumvent potential lobganch attraction artefacts by
increasing taxonomic representation (by ~13%) and basing phylogenetic inference on two
nuclear.genes: elongation factor 2 (EF2) andatgesubunit nuclear ribosomal DNA
(LSU). Le Gall et al(2008) again resolved six fully supported fanigyel lineages
Although treir newly described Fryeellaceaasstrongly allied to the sister families
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Faucheaceae and Lomentariaceae, the relationshisgathe remaining families remained
inconclusive (Le Galét al.2008).

The inability of the previous molecular phylogenetialyses to generate
meaningfulinterfamilial supportwasdue at least in part to the general difficulty of
obtaining strang phylogenetic signal fineages that have divergddepelin evolutionary
time (Verbruggeret al.2009,Pisani et al2012, Zenget al.2014). Although a common
approach for improving phylogenetic inference is to use larger datasets (Holtom& Pisa
2010), increasing the number of taxa and genes does not gudnahtegnal at deeper
epochs offterest will be enhanceahdthis approacimay actually increase the potential
for systematierrors (effroyet al.2006,Sperlinget al.2009,Pick et al.2010). One of the
major challenges for resolving deep evolutionary relationships is overcomieg iss
associateavith substitution saturation at quickly evolving sites (Cocapiydl.2010).
Typically deep phylogenetic nodes are recorded in the historical signalrabtieslowly
evolvingpositionsin an alignment; however, the stochastic noise introduced by quickly
evolving sitexanoverwhelmthis signal,which can leado incorrect or poorly supported
deepgphylogenetic nodes (Ho & Jermiin 2004, Kostikal.2008).Fast site removal (sie
stripping) issongechnique that has been applied to redssees associated with systematic
errors andubstitution saturatioto facilitate resolution of deeper relationshiguiz-Trillo
et al.1999, Morgan-Richardst al.2008, Cocquyet al.2010). By removing quickly
evolving sitesthe signal to noise ratis increased so théte signal of théistorically
informativemoreslowly evolving sitess maximized Brinkmann & Philippe 1999,
Waddellet-al«1999,Delsucet al.2005, RodrigueEzpeletaet al.2007, Kostkaet al.2008).
The eemmand line program SiteStripper (Verbruggen 2012) was originally designed to
better resolve deep nodeghin the Ulvophyceae (Chlorophyte§iteStripper
systematicallyremoves variable sitdsom an alignment, 5%ach time, to create a series of
progressively. more conservative sub-alignments that can be analyzed by phylogenetic
inference technique€ocquytet al.2010). One of thassub-alignments should have
enough of the quickly evolving sites remowelile retainingsufficientsignal to elucidate
deeper relationship€ocquytet al.2010).
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Thegoals of the present stughere 1) toreassess and imprevhodymenialean
systematics bgxpanding taxonomic representation (in conjunction with the Red Algal
Tree of Life progct, http://dblab.rutgers.edu/redtol/home.plamd generating a more robust
multigene dataset of mitochondrial (COB & COI/C&R), nuclear (EF2 & LSU) and
plastid psbA& rbd) markers 2) tominimize phylogenetic inference problems associated

with substitution saturation and improresolutionat interfamilial nodeby assessing this
dataset witha fastsite removaleconstruction techniqué&iteStripper)3) to revisit the
classificationisystem proped by Le Galkt al.(2008) based on our generated topology; 4)
to establisithe phylogenetiaffinities of somegenera Binghamiopsis, Chamaebotrgs)d
Minium) absentfrom previoudarge scale phylogenetistudies 5) to assess genera
consistentlyspolyphyletic ipublishedmolecular analyse@otably Erythrymeniaand
Lomentarig;6) to reinvestigate the taxonomic positiortloé problematic genu®rouvetia
and, 7 to characterize novel taxa includedowr analyses

MATERIALS'AND METHODS

Phylogenetic:AnalyseSpecimens used phylogenetianalysegTableS1)were pressed
on herbarium paper or dried in silica to serve as vouchers with subsamples preserved in
silica for molecular analyses. Genomic DNA was extracted following Sau&ddicDevit
(2012) with amplification of the following markers following Saursd&rMoore (2013):
the mitochondrial cytochrome b gene (COBf mitochondrial cytochromeoxidase
subunit 1 extended fragment or barcode region (COICDIESP, respectively, thenuclear
elongatiensfactor 2 gene (EF2he nucleararge subunit ribosomaRNA gene(LSU); the
plastid-photesystem Il thylakoid membrane protein psb@); and the plastid ribulose-1,
5-biphosphate carboxylase large subunit gemelf (TableS1). Amplicons were
sequenced by the Génome Québec Innovation Centre andtawere=dited in
Sequencher™ 5.0 (Gene Codes Corporation, Ann Arbor, MIl, USA) and aligned in

Geneious R7 version 7.1 .fit{p://www.geneious.conkKearseet al.2012 with additional

sequenceacquired from GenBank (Table S1 in the Supporting Information).
Six singlegene alignments were produd&DB (4% of ingroup taxa, 942 bp);
COI/COI5P (9®%6 of ingroup taxa, 1232 bp); EF2 @aof ingroup taxa, 1641 bp); LSU
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(100% of ingroup taxa, 2588 of 2841bp included in analygesh)A(62% of ingroup taxa,
953 bp) andbcL (89% of ingroup taxa, 1358 bpjTableS1)] and analyzed independently
using Bayesian inference and Maximum likelihood under the GTR+I+G model with
partitioning by codon for protein-coding genBayesian analysewere completed using
MrBayes v.3.2.1 (Ronquist & Huelsenbeck 2003) in Geneious R7 version 7.1.7 with
parameter settings (Tratio, Revmat, Statefreq,®irvhape, Switchrates) unlinkedte
differentiation across the partitioesabled and branch lengths unconstrained tivéth
branch length priors set to exponential (default exponential prior setting: 10.0). émalys
were runin“parallelfor 1,000,000 generations with sampling performed every 100
generations. The buin was determined vén both analyses converged into the stationary
phase. Maximum likelihood analyses were performed using RAXML in Geneious R7
version*7+d%7 with a non-parametric bootstrap of 1/@@licates

All genes resolved congruent phylogenetic relationships and were combined to
generate a multigene alignmégBf714 bp, 78% complete by site) for further phylogenetic
analyses. Percent completeness for each taxon included in this study was recorded in Table
S1.Thermultigenalignmentwas analyzed by Bayesian inferemecel Maximum likelihood
under the GTR+I+G model with parametergisgs as specified above with the exception
of running Bayesian analyses for 3,500,000 generations with sampling performed every
3,500 generations. The impact of partitioning was evaluated by completing analysss first
partitioning data by gene and codon (noPF) and then according to the evolutionary models
and partitioning schemes determined by implemerRiagitionFinder (PF) (Lanfeaat al.
2012)underthe BIC model selection criteria with linked branch length estimatmon.
assesssthesimpact of missing d&ayesian and Maximum likelihoahalyses were
repeatedfterfirst removing taxdess tharb0% (n= 8) complete by site and then removing
taxaless thar¥0% (n= 2% completeby site.

Site Stripping.To assessheimpactof substitition saturation on phylogenetic inference
site-specific rates were calculated for tneltigene alignment using the program HyPhy
(Pondet al.2005) under the JC69 model with a Bayes phylogram as a guide tree.
SiteStripper (Verbruggen 2012) was used to order sites by rataeamtemovejuickly
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evolving sites, 5%t a time, to generatesaries of progressively more conservative-sub
alignmentghatwere analyzedising RAXML version 7.3.5 (Stamatakis 20)h a
command line scripavailable through SiteSpper. Analyses wengartitioned by gene and
then codor{noPF)undera GTR+I+G model and with the partitioning schemes and models
of evolution as determined by PartitionFin@@F). Branch support was estimated by 1,000
nonparametric bootstrap replicates.

To determine if sitestripping biases downstream analyses towards the phylogeny
used as’a guide tree, we recalculated sigsnasing amlternative startindgreetopology
(Supplementary Fig. S1) that was generated using a neighbor-joining analysis under the
HKY genetic distance model in Geneious R7. The resuliitegates were used by
SiteStripperito generate a series ofadigmments, which were analyzbyg RAXML. To
assessthemneighbmining tree against the original starting tree (Bayesian Inference tree
with partitioning by gene and codon), the Shimodaiesegawa test {f'h” option) was

implemented.using RAXML.

Barcoderanalyses

A total of 16-¢collections field identified to the gerlDuetiawere collected from the
subtidal'in Coffs Harbour, New South Wales, Austréliablel) and dried in silica gel

with voucher preservation, DNA extraction, and COI-5P amplification, sequencitigged
and aligning as outlined above. The DNA barcode alignment (664 bp) was analyzed in
BOLD to determine intraspecific variation and neanesghbourdistances.

Morphelogical analyses/egetativeand reproductive features were analyzed by
rehydrating algal tissue in 5% formalin and seawater and preparing sections using a
freezing microtome (Leica CM1850, Leica Microsystems, Wetzlar, Germany)osecti
were stainedswith 1% analine bludwgamn in 6% 5N hydrochloric acidinsed with
distilled.water and permanently mounted in 50% corn syrup with 4% fornRdlotographs
were taken using a Leica digital camera (DFC480) mounted to a Leica microscope
(CTR5000) and plates were made using Adobe Photoshop Elements 11 (2012).
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RESULTS

To resolve subordinal relationships among the Rhodymeniales, a six gene
concat@ated alignment (86pecies representin@ 4generajvas assessed using Bayesian
analysis‘and Maximurikelihood (ML). Analyses wereompleted using the model
GTR+I+Gwith partitioning by gene and codofhen, analyses were performed again
according to the model (GTR+I+G) apdrtitioning scheme (LSUCOB1) (COB2 psbAlL)
(COB3, COI3)(COI1, rbcLl) (COI2 psbA,rbcl2) (EF21) (EF22) (EF23)sbA3) (rbcl.3)
as determinedly PartitionFinderThe phylogram inferred by ML analysis with partitioning
by gene and then codon is presented (Fig. 1) with bootstrap support values@hown
subfamilialbranches. &milial and interfamilial brancBupportarepresentegeparately
(Table2)=The topology in Fig. vas resolved for all analyses of the full alignment except
Bayesianvinference with partitioning by gene and then coaloich failed to resolve
branchC (lacked support in afull alignmentanalysesjTable2). Rosterior probabilities
and bootstrap support values were essentially not chavigettier the alignment was fully
partitioned or used the scheswected by Partitionkder. For bottBayesian and ML
analysesjreesscoresvere slightlybetterwhen data were partitioned by gene and codon
rather tharthe partitioning schemessdefined by PartitionFindeiTable2). Exclusion of
incomplete taxakoththose< 50% and 70% complete by sitd,ableS1) did not change
the tree.topology (Fig. 1) and had little impact on posterior probabilities and bootstrap
support values (data not shown). Maximum likelihood analyses qirtigeessively more
conservative sub-alignmen(sartitionedby gene and¢odon only) poduced the same tree
topology«(Fig: 1)as analyses of the full dataskebwever, mterfamilial branchsupport
increaseatthreekey branchesTable 2, branche®, C & I) with optimal signal gained
when20% of the quicklgvolving sites were eliminated (i80% of the sites were
retained. The results of the ShimodaikHasegawa test indicated that the neighboning
guide tree topology (likelihood -144156.83g. S1) was significantly diffieent (p<0.01)
than the Bayeguide tree topology (likelihood -143596.69). Despite the previmespf
the neighboleining topology as the guide tree for calculating sites rates did not impact
downstream sitstripping analyses as support for interfamiéiatl familial branches was

consistent with SiteStripping analyses that used a Bayes guide tree
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All analysegi.e. full alignment site-stripped alignments, those for which
incomplete taxa were removesblidly resolved the Rhodymenial@sranchA, Fig. 1,
Table2) as compried of six monophyletic families siributed in two major lineagefhe
first lineageranch B, Fig. 1) was strongly resohiecall analysesnd includedhe
Faucheacea® anch G Fig. 1), Fryeellaceaebfanch D, Fig. 1) andomentariaceae
(branch E-Fig. 1). Thesecond lineage (bran&, Fig. 1)included the Champiaceae
(branch'J, Fig. 1), HymenocladiacebeafichK, Fig. 1) and Rhodymeniacedsd&nchH,
Fig. 1) andwvas variably supported in analyses of the full alignimiemvever, support at
branchCincreased (up to 75%able2) as quickly evolving sites were remov&dthin
the first lineagelte sister relationshipf the Faucheaceae to the Lomentariaceae
(interfamiliatbranch EFig. 1) was fully supporte@cross all analysg€3able?2). Within the
secondslineage, thChampiaceawas moderatelyesolved Table2) as sisteto the
Hymenocladiacea@nterfamilial branch |, Fig. 1). Support at branicfFig. 1, Table2)
initially decreased (down to 71%able2) when 5% of the quickly evolving sites were
removed (I.e: 95% of the sites were retained) and continued to fluctuate up andittown
the generation of each sub-alignmdrgwever, support was high€8t% Table2) when
20% of the.sites were eliminated

Analyses resolved phylogenetic relationships faregaincluded inamolecular
contextfor the first time The monaspecific genu8inghamiopsisvas positioned within the
Lomentariaceaandstrongly associated withomentaria hakodatens{§ig. 1). Within the
Rhodymeniacea&hamaebotryg¢represented by the generitypeboergesenandan
unidentifiedsspecieom Australia)wassolidly allied to the sister geneitdalichrysisand
Halopeltis(Fig. 1),while collections assigned to the geridouetiawereresolved as a
fully supported monophyletic lineagkstantly related ta lineage containing species of
ChrysymeniandMaripelta (Fig. 1). The monospecific genusliniumwas fully resolved
within the Eryeellaceae as an unexpelgtetbsesister toFryeella gardneri(Fig. 1).

Inclusion of select generitype species enabled assessment of morfophaylgw
generaWithin the Hymenocladiaceae, specie€ofthrymeniafailed to form a
monophyletic lineage witkrythrymenia minutaister toHymenocladiaspp. rather than the

type of the genugrythrymenia obovatéFig. 1) The genu$erbellawas established
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(below)to accommodatErythrymenia minutand rendeErythrymeniamonophyletic.
Within the Lomentariaceaepscies ol.omentariawere resolved a®ur independent
lineages (i) the generitypé.. articulatajoinedL. clavellosaandL. orcadensigo form a
fully stupported monophyletic lineage;)(L. catenataandCeratodictyorspp.wereallied
with full support; (i) L. divaricataresolved as sistéo Stirnia; and(iv) L. hakodatensis
wasfully resolved as sister ®inghamiopsigFig. 1). The genusushitsunagiavas
establishedo accommodate. catenatawhile the generic assignmentslafdivaricataand
L. hakodatensisould not formally beletermined at this timg@iscussed below

Analyses resolved sonaelditionalgeneraaspolyphyletic (Fig 1). Rather than
resolving with other species Bbtryocladia,the specie8. leptgppodawas more closely
allied withh€hrysymeniawrightii (which failed to resolve with other includ&hrysymenia
spp.; Figel)P The speci&s delicatulawas resolved a®lativelydistinct fromother species
of Rhodymenidincluding the generitype) and wamst closely related tGordylecladia
erecta(Fig. 1).

Sixteen collections from Coffs Harbour, New South Wales, Australia were resolved
as hreegenetic speciegroups and assigned to the geBusuetiaas novetaxa(see
below). Maximum COI-5Pintraspecific divergence for these species was 0.31% (Bable
Thenearest neighbour ©. aggregatavasD. scutellata(7.19% divergent, Table) 3vhile
the closest species i scutellatawasD. viridesceng2.5% divergent, Tablg). The
specied. scutellataandD. viridescensvere includedn multigene analyses where they
wereresolved in the Rhodymeniaceae amtantly related tanunidentified species of
Drouetiafrem South Africa(Fig. 1).

TaxonomicTreatment

Drouetia aggregata Filloramo& G.W. Saunderssp. nov. (Fig. 2)

Description Blades irregular in outlingeltate typically anastomosing whetbeyoverlap
(Fig. 2a), stipe 12-15 mm long x 2 mm wide (Fig);dbades ca. 95(im in transverse

section at miethalluswith 9-13 medullary layers of large axially elongated, non-pigmented
cells (250400 um long x 80-100 um wide) with frequent secondary pit connections (Fig.
2c¢) and distinct aggregations of smaller, round cells (50 pm in digrRegeld);
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medulary cellstypically reducingn size tavard the~2 inner cortical layers of smaller cells
subtending aorsal cortex of 2-3 layers of densely packed, columnar-shaped, darkly
staining cells (~10 um in diameter) amdinglelayeredventral cortex ofargerround cells
(15-18"um'in diarater, Fig. 29; dorsal and ventraluticle, 10 um and 7.5 pthick,
respectively (Fig2c). Reproductive structures not observed.

Holotype GWS032793 collected on December 12, 2atlMutton Bird Island (South),
Coffs Harbour, New Sath Wales, Australia-80.30467, 153.14796), by G.W. Saunders
and K. Dixoniand deposited in the Connell Memorial Herbarium (UNB)efJniversity
of New Brunswick, Fredericton, Canadimages oholotypeFigures 2, a-c.

Holotype COI-5P BarcodeKU707873.

Isotype'GWS032792deposited irUNB, Tablel).

Etymolegy:Named for the aggregates of small cells interspersed througjedatrger cells
of the medulla-this feature beingronouncedvhen compared to other speciedobuetia.
Geographical DistributionThus far only known from the typecation
CommentsDrouetia aggregatas distinguished from the other speciePobuetiain
Australiaowing to its longstipe, thick thallus in cross section, larger medullaryscathd
the aggregation of small roundlls interspersedmong thether medullary cells

Drouetia scutellata Filloramo& G.W. Saunderssp. nov. (Fig. 3)

Description Peltateblades depressed at ctr and borne on short, narrepes 6-L0 mm
long x 0.5 mm wide (Fig. Jabladegypically remainingsaucershaped upon maturitgt
times anastomasy at the margingFig. 3b), bladesca. 250-375umthick in transverse
section-at=miethalluswith (3-) 4-5 medullarylayers of largeslongatectells (90145um

long X 72-87.5umwide) grading tol-2 inner corical layers ofelongated cells subtending 2
dorsal corcallayers of darkly staining cells (126min diameter) an@ ventral layerf
slightly largefroundedcells (17.5umin diameter Fig. 3c8). Plants dioeciousCystocarps
clustered centrally on dorsal (upper) blade surface (Fig. 3b), rounded, ostiolat®@0800-1
umin diameter, nutritie tissue present at base (RAd). Spermatagial sori formed on the
dorsalsurface with spermatangia cut off from elongated spermatangthencells (Fig.

3e). Tetrasporophytes not observed
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356 Holotype Female gametophyte GWS032729 collected on December 11aPdi#on

357 Bird Island (North), Coffs Harbour, New South Wales, Aaig (-30.304706, 153.150959
358 by G.W. Saunders and K. Dixon and deposited in the Connell Memorial Herbarium (UNB)
359 at the"University of New Brunswick, Fredericton, Canada. Images of holbigpes 3, b
360 andd.

361 Holotype COI-5P BarcodekU707880

362 Isotype Male gametophyt&WS032752deposited ilRJNB; Tablel).

363 Etymolegy Named for the plant’s typically saueghaped blades.

364 Representative specimeraminedGWS032664 (deposited in UNBge Tabld. for

365 collection/details).

366 Geographieal DistributionThus far known only from the typecationandnearby South
367 Solitary=lwCoffs Harbour, New South Wales, Australia.

368 CommentsDrouetia scutellatdeatures a thin thallus in cross section with few medullary
369 cell layers rendering it rather distinct when compared to other spedeudtiafrom

370 Australia. Differences in internal anatorase especially useful for distinguishing between
371 D. scutellateandD. viridescenswhich also hs a single peltate blade with a depressed
372 center and.shostipe.Additionally, while some reproductive plants®f scutellatahave
373 beenencountered as single bladeproductive plants dd. viridescen$ave only been

374 observed as anastomosed bladesow).

375

376 Drouetia viridescens Filloramo & G.W. Saunderssp. nov. (Fig. 4)

377 Descriptionduvenile blades peltateth shallow central depressighig. 4a), becoming
378 stellatesoobed with age and typically anastomosing at margins and where blades overlap
379 (Fig. 4b), borne on a short stipes 3-6 mm long x 1 mm widsherseections at mid

380 thallus 310-500 m thick with9-12 medullaryayers of large, axially elongated cel80-
381 140 pum long«x 50-80 (-120) um wide) decreasing in size to 2 doodadal layers of small,
382 densely packed, darkly staining cells (10-15 um in diahand 12 ventral cortical layers
383 of round darklystaining cells (1720 um in diameter)utgrowtrs of the ventral cortical
384 cells presurably involved in secondary attachments to substratum and other (figles
385 cand ¢; dorsal (~7.5 um thick) angentral cuticle (5 um thick) obviou§Fig. 4c).
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386 Tetrasporangial sodonfined to thalorsal surface (Figld), tetrasporangiaraciately

387 divided (30-40 um long x 15-20 um wid€ig. 4€), differentiating fromexistingcortical

388 cells (Fig 4, f-g); all outer cortical cellappearcapable oflifferentiating into sporangibut
389 do not'convert simultaneoustausing undifferentiated cortical cells to become elongated
390 and compressed between developing tetrasporgngrng the appearance of paraphyses
391 (Fig. 4, f-g). Cystocarps and spermatangia not observed.

392 Holotype Tetrasporophyte GWS032612 collected on December 9, 2012 in Split Solitary
393 Island (Northwest) Coffs Harbour, New SbWales, Australia-80.24210, 153.17921), by
394 G.W. Saunders and K. Dixon addposited in the Connell Memorial Herbarium (UNB) at
395 the University of New Brunswick, Fredericton, Canada. Images of holotype Figure 4, b, d-
396 g.

397 Holotype*COI-5P BarcodkKU707855

398 Isotype.GWS032624 (Table)l

399 Etymology The species epithet acknowledges the plant’s green iridescent glow underwater
400 observed at the time of collection.

401 Representative specimens examir@d/S032599, GWS032600, GWS032642,

402 GWS032643;, GWS032665, GWS032672, GWS032682, GWS032740, GWS032790
403 (deposited in UNBsee Tabld for collection details).

404 Geographical DistributionThus far known only from the type locality and nearby sites in
405 Coffs Harbour, New South Wales, Australia.

406 CommentsThis species has the shortest stipe and the ceiniiee blade typically “glows”
407 green whensencountered underwater. AlthoDghiridescensas asimilar number of

408 medullary=cell layerasD. aggregatathe formelis much thinner in cross section with

409 smallermedullary cellsThe upper range of thallus thickness forscutellataoverlaps with
410 the lower range foD. viridescenshowever, the fewer number of medullary cell layers for
411 D. scutellatadistinguishes it from the latter.

412

413 Generitype observations of Drouetia coalescens (Farlow) G. De Toni (Fig5)

414 Holotype material oD. coalescengasprovided on loan from the Farlow Herbarium (FH)

415 (Fig. 59. Blades wereca. 500um thick with8-11medullary cell layers dfypically axially
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elongated cells of varying sizes (Fig. 5bhe dorsal blade surface was ca. 3 cortical layers
thick while the ventral surface was composed of up to 6 layers of small, round, tightly
packed cells subtending a thick cuticle (Fig. Sietrdsporangia were observed as deeply
embedded in onlyhe dorsal cortex (§. 5, bandc), cruciately divided (52-55 um long x
15-18 um wideFig. 5d) with thetetrasporangiahitials arisingfrom the cells of thenner
cortex (Fig. 5e) As the tetrasporangia matured, th&ygthened and swelled causing
neighbaoring cortical cells to become compressed and elongated between the dgvelopin
tetrasparangia, taking on the appearance of paraphyigsssc-e).

CommentsThe generitypespecies shares a similar gross morphology with the novel
specied. aggregataandD. viridescensn thatall threespeciedeature decumbent, peltate
blades,which commonly anastomose at the margins. Compabecdggregatathe
generitypestthinner in cross section and lacks aggregations of small cells within the
medulla. The generitype species features lotegeasporangiaompared to those @f.
viridescensand has never been reportedglow” green underwater as is diagnosticinf
viridescensAlthough the habitat of the type specimerDofcoalescens unknown, Taylor
(1945)-collected material from the lemtertidal hat was observed by Saundetsl.(2006)
who recognized it asiorphologically consistent with. coalescensAccording to the
previous,D. coalescenss distinct in its intertidal habitat relative to the three Australian

Drouetiaspecieswhich have only been collected subtigal

Fushitsunagia Filloramo & G.W. Saundersgen. nov.

Diagnosisizementariaceaealgae with hollow thalli diviedd by multirowed cellular septa.
Spermatangial sori afgorre on specialized fertile ramuli. Tloells of the medullbecome
elongated and stretched appearing almost filamentous as theg fmnspicuous stellate
network surrounding the developing tetrasporangia, which, when mature, are tethahedral
divided.

Etymalegy In recognition of thelapanese namé&tishitsunadi (“fushi”= joint, knot, and

node; “tsunagi’= connection) thatas assigned tbomentaria catenathy Okamura (Lee
1978).
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445 Type and only specieBushitsunagia catenata (Harvey) Filloramo & G.W. Saunders,

446  comb. nov.

447 BasionymLomentaria catenatélarvey 1857 (Algaen: Account of the Botanical

448 specimensGray, A., [Eds.Narrative of the expedition of an American squadron to the
449 China Seas and Japan, performed in the years 1852, 1853 and 1854, under the command of
450 Commaodore M.CPerry, United States Navy. Volume-Wvith illustrations.Anon. [Eds].

451 Senate of the Thirtyhird Congress, Second Session, Executive Document. House of
452 Representative$¥Vashington, USA, pp. 331-332).

453

454  PerbellaFilloramo & G.W. Saundergen. nov.

455 Diagnosis'Hymenocladiaceaen algae with smaller cells intermixed among the larger
456 medullary=cells from which they likely develop. Tetrasporangia are decussately divided.
457  Etymology Latin for “very beautiful”, attributed to the breathtaking appearance oypiee t
458 species when observed underwater or immediately after collection.

459 Type and only specieBerbella minuta (Kylin) Filloramo & G.W. Saunderssomb. nov.

460 BasignymErythrymenia minut&ylin 1931 [Die Florideenordung Rhodymenialésta

461 Universitatis Lundensig7(11):1-48].

462

463 DISCUSSION

464  Interramilial relationship

465 The present studsepresentshe most comprehensive molecular phylogenetic analysis of
466 the Rhodymeniales based on the number of taxa included and markers used.\irther,
467 havesappliedrtechnique to remove the most rapidly evolving sites from our multigene
468 alignmentto enhance resolutiortia interfamilial nodes (Fig. )1 Results werdargely

469 congruent with previously published phylogenetic assessments of the order (Satuaders
470 1999,Le Gallet al.2008)in that allof ouranalysesesolved the Rhodymenialas

471 comprised of six monophyletfamilies (Fig. 1) however,thosepreviousstudies

472  consistentlyresolved only aalliance between the Faucheacaad Lomentariaceae

473 (Saunderet al.1999,Le Gallet al.2008)while the current study resolvedost

474 interfamilial relationshipswith solid suppor{Fig. 1, Table 2)The Faucheaceae and
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Lomentariaceae were resolved as sister groups and allied to the Fryeellaceae while the
Champiaceae and Hymenocladiaceae were resolved together and associated with the
Rhodymeniacea@-ig. 1). Site-Stripping had the greatest impact de short internal
branch'pranchC, Fig. 1)leading to the Champiaceae, Hymenocladiaceak
Rhodymeniaceadt is possible that thisranchrepresents lineage that radiateaver a

short period okvolutionary time. Generally, the limited sigaalsociated with short
branches is masked by more recent substitution ewghish impactsaccurateesolution

of evolutionary relationships occimg over those shotime intervalgPisaniet al.2012).
Removing'the quickly evolving sites (i.e. those prone to substitution saturation) from our
original alignmenteduced thestochasticoise anduincoveedthe historical signal. \&

were ablestorprovide meaningful resolution for previously unresablationshipswithin

the RhogmenialesTheinterfamilial relationshipsasolved hereimereconsistent with the
classification system proposed by Le Galhl.(2008) emphasizing ontogeny of the

tetrasporangia

Taxagincluded in molecular analyses for the first time

Molecular data solidly resodd the monospecific gend&nghamiopsisvithin the
Lomentariaceaérig. 1), whichwas expectediventhat ithas the diagnosticharacteristics
of this family (tetrahedrally divided tetrasporangia, theeled carpogonial branchasd
characteristic lomentariaceous fusion cell in carposporophyte developreent,al. 1988,
Saunder®t al.1999,Le Gall et al2008). The only species, caespitosavasclosely
allied toLementaria hakodatendfsig. 1).While Binghamiopsideatures thalli with a
multilayered=cortex and loosely interwoven medullary filaments in a central cavity(l ee
al. 1988),L. hakodatensis characterized by thalli with cortical and medullary layers
surrounding a central cavity that is articulated at various intervals by-nowitid cellular
septa (Lee 19798As L. hakodatensfsias polyphyletiaelativeto Lomentariasensu stricto,
its proper generitevel assignmentvaaits futureassessments Lomentariasee below);
however, such substantial differences in thallus construction betemespitosand L.
hakodatensmarrant theirecognition as belonging thistinct genera.
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The generitype oiChamaebotrysC. boergesenivas resolveavithin the
Rhodymeniacea@-ig. 1) where it was placed by Huisman (1996) when he estabtisised
genus to accommodatemetaxa originally assigned to another rhodymeniaceaen genus,
Coelarthrum Based on the species included here, his decision to recaGhazerebotrys
was fully supported (Fig. 1). Unfortunately, our analyses did not include the generitype of
Coelarthrum, C. cliffonirand therefore, the distinctiai Coelarthrunand Chamaebotrys
remains.untestely molecular analyses

Attheitime thatMoe (1979) described the only crustose rhodymenialean taxon,
Minium parvumponly two families(Champiaceae and Rhodymeniaceae) were recognized
in the order. The criteria delimiting these families wesatlycontested and poorly
understood-and Moe (1979) struggled to assign the monospecific Afgmniugrto either
groupespecially after observirgvariety of characteristig¢getrasporangial nemathecia,
auxiliary cell branches with their associated sterile cells and the arrangement of the cells in
the threecelled carpogonial branch) that did not al§r/umto either family Moe (1979
determinedhatthe genusvas best placeih the Rhodymeniaceam account of a solid
thallus=eonstruction, cruciately divided tetrasporangia and the overall appeanance
development of the carposporophyte. @ulecular results solidly resolvedin/ium within
the Fryeellaceaas an unexpected close sisteFyeella gardneffig. 1). Analysiof
tetrasparangial collections will confirm ifree of the diagnostifeatures of the Fryeellaceae
the adventitious growth of the cortex in the formation of tetrasporangia and short, 3-4
celled paraphysess alsocharacteristic oMinium. Those observationsill be included in a

future manuscript specific tcthodymenialeadiversity in Canada.

Assessment sklect polyphyletic genera

The present study was consistent wittr@viousmolecular study that failed to resolihee

type of the genukrythrymeniaE. obovatdrom South Africa, andE. minutafrom

Australiaas monophyleti¢Saundert al.2006).To accommodat&. minutawe

established the novelonospecifigenusPerbella which wassolidly resolved as sister to
HymenocladigFig. 1) The latter twagenera are distinguished primarily by tetrasporangial

division patternswhich aretetrahedrain Hymenocladiaandcruciate inPerbella
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respectively Additionally, Perbellais characterized by obovate bladesile
Hymenocladideatures pinnateblades(e.g.H. usnea or complanate, broagalmate,
subdichotomously dividedlades (e.gH. chondricola Womersley 1996 Nonetheless, we
uncoveredinconsistencies and taxonomic confusion ihiténature related to the
identification ofE. minuta(= P. minutg relative tospecies oHymenocladiaSpecimen®f
H. conspersaollected by Harvejrom Garden Island, Western Austrafiiinity College
Dublin Herbarium TCD) included foliosgirregularly divided plarg with abundant laminar
and marginaltootlike proliferations[Harvey 132 TCD, annotated “type” by Womersley
lectotypified by Lewig1994)] and separately mountswhaler obovate plantsHarvey
300-A TCD). Harvey (1862) considered the former to be matureonspersavhile the
latter werguveniles.Additional juvenilespecimens were collectém Port Fairy,
Victoria®(evgiHarvey 300D, TCD). Lewis (1994)and Womersley (1996) concluded that
Harvey’s “juveniles” were actuall. minuta(= P. minutg. Further, theyspeculated that
the juvenileH. conspersapecimengthat they attributed t&. minutg, reportedly from
Western Australiawerelikely collected from Port Fairyictoria (Lewis 1994). Owing to
the previousyLewis (1994) and Womersley (1996) interpridtembnspersaslimited to
Western Australiavith E. minuta(= P. minutg restricted tdvictoria.

As part of an ongoing barcod€OI-5P) survey of southerAustralia(South
Australia, Victoria and Tasmanijdhreegenetic species groupgere resolvedor
HymenocladiancludingH. chondricola,H. conspersandH. usneaThefirst two were
closelyrelated species groufds246 maximum interspecific variatian COI-5P) and are
in need.of-further molecular stud®ur specimensdentified asH. chondricolasensu stricto
(Fig. 6)=wererestricted tdSouth Australia while collectiorettributed taH. conspersavere
more widely distributedrom South AustraliaTasmania and Victoria andcludedmature
lanceolate mormh(Fig. 6b),intermediate morph(Fig. 60 andsmall, obovate juvenile
morphs(Fig..6d)similar to those collected by Harvand superficially reminiscent &f.
minutaspecimens (Fige). As the type oH. conspersas from Western Australia and our
isolates from southern Australia lacked the laminar papillae consideredrogyH1862) to
be characteristic of this speci@sg. 6b), our assignment bf. conspersaemains tentative

pending inclusiorof topotype mateal. If our collections doepresent. conspersawe
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564 provide genetic evidence that this species is indeed found imesnlAustralia and that
565 smallplants resembling. minutashould be consideresith caution as they amgotentially
566 juvenilesof H. conspersa

567 Previousand current phylogenetic assessments have consistently resmved t
568 speciose genusomentariaas polyphyletic (e.gle Gallet al.2008).Our molecular

569 analyses resolved species assignddtoentariaas four independent lineagesthe

570 Lomentariacea€rig. 1). The type of omentaria, L. articulatayas joined byL. clavellosa
571 andL. orcadensigFig. 1). AsL. articulatafeaturesranches with multilayered septa dnd
572 clavellosaandL. orcadensishave multilayered plugs only tite branch baseesults herein
573 do not support previously recommended revisions of this deasesd on thallus

574  construetionrand septation (Irvine & Guiry 1983). THumnentariasensu strictoemains a
575 broadly-defined genus characterizgdvarious modes of thallus constructioetrahedrally
576 divided tetrasporangia invaginated sorand conical cystocarps with prominent pores (Lee
577 1978).

578 Thenovel genug-ushitsunagiavas established to accommodhateatenatawhich
579 was resolved as sister Ceratodictyon(Fig. 1). These genera atestinguished by

580 tetrasporangial division patternvghich are tetrahedral ik. catenatgLee 1978) and

581 cruciate inCeratodictyonPrice & Kraft 1991). The gendushitsunagias unique from
582 other lomentariaceaen taxa in that during tetrasporangial development, nyeckllk&

583 become modified and form a conspicuous filamentous network that surrounds the
584 developing tetrasporangia (Lee 1978).

585 Thesremainind.omentariaspecies included in our multigene analyseslivaricata
586 andLw=hakedatensisvere resolved as sister &irnia andBinghamiopsisrespectively (Fig.
587 1).Lomentaria divaricatas distinguished fronstirniaaccording to thallus structure

588 (hollow in the former and solid in the later) and the respective production ofapegia
589 and tetrasporangia on specialized fertile proliferataescribed only for thiatter genus
590 (Wynne,2001)Lomentaria hakodatensis separateffom Binghamiopsidased oroverall
591 thallus construction (see abov&here are two available nantesaccommodate.

592 divaricataandL. hakodatensiHooperiaJ. Agardh (1896 )which would apply directly to
593 its generitypdaxonL. divaricataand,ChondrosiphorKiitzing (1843) for which the

This article is protected by copyright. All rights reserved



594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623

generitype specieg, firma, was not available for inclusion in our molecular analysed..
firma shares numerous vegetative and reproductive characteristids. Wakodatensis
(flattened thalli, anastomosed intricate branches anddeekloped cortication formed of a
single“layerof pigmented cells andt3nner layers of subcortical celSuriel et al.2006)
it seems likely that these taxa will resolve togethehe resurected genu€hondrosiphon
however,t Is possible thak. firmawill resolve withL. divaricata which would render
Hooperiaa synonym ofhondrosiphomecessitating a new genus forhakodatensis.
Until L. firmais molecularlyassessed,. divaricataandL. hakodatensishouldremain
incertaesedisin the Lomentariacea&hile we have establishésdmentariasensu stricto
as a manophyletic lineage and clarified some of its taxonomic conflicts, there remains
significant*molecular and morphological work until this genus and the many species
attributedstorit are properlgssigned

Recent molecular assessment of Australian species assig@tmdsaccionG.
brownii Harvey (includingG. browniivar.firmumandG. browniivar. coriaceum andG.
pumilumJ. Agardh], in relation to species @hrysymenidincluding the generitype species
C. ventricosgJ.V. Lamouroux) J. Agardh] warranted transfer of the former genus to the
latter (Schmidet al.2016). In that study'G.” brownii var.firmum (collected from South
Australia) was supported as distinct fr@i brownii var. coriaceum(collected from
Western Australia) and the lattearriety was raised to specific rank (Schmidt eRall6).
Our routine barcoding studies in Australia have resolved collections (n= 3la$signed
to “G”. brownii in five genetically distinct morphologically cryptic species groups (data
not shown)=Wo of those groups (one being our concepi@f brownii, whichincluded
specimens:collected from near the type locality, Tasmania) were included in the current
study'(Fig. 1, Table S1YherbcL datafrom our two“G.” brownii genetic groups did not
match the GenBantbcL data representative 6&.” browniior “G.” coriaceafrom the
Schmidt et al(2016) study and further study ‘@3.” brownii from Australiais needed

Consistent with Le Ga#t al.(2008), our analyses resolved the ge@hsysymenia
as polyphyletic with one of the speci€s,wrightii most closely related tBotryocladia
leptopoda(renderingthis genus polyphylectic as welssessment dhat conundrunwas

beyond the scope of this study. Future molecagaessments including the generitype taxa
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624 for Botryocladig ChrysymeniaandCryptarachngpreviously recognized as a subgenus or
625 a section ofChrysymeniaGuiry & Guiry 2015)are needed tolarify the species

626 appropriatelyassigned tohose genera.

627 Formermorphological andnolecularassessmentsf rhodymenialean taxalso

628 identified the close alliance betwe€nrdylecladia erectandspecies oRhodymenia

629 which are gstinguishedprimarily according tdabit (Brodie & Guiry 1988Millar et al.

630 1996, Saunderst al.1999). The addition dR. delicatulahere goes further by resolving as
631 sister toC. erectaand calling into question monophyly RhodymenigFig. 1).While C.

632 erectafeaturedully terete axes, species®hodymeniaretypically compressed or foliose;
633 however, the recent description of the novel Australian spBciesmpressavhich

634 featuresrecompressed and sparsely branched tRiltiramo & Saunders press,

635 challengestthe utility of thallus habit for distinguishiDgere¢a from Rhodymeniapp

636 and mare study is needed.

637

638 Taxonomic reassessmentybuetia

639 Priorgtorthissstudynclusion of the monotypic genuBrouetiain molecular analyses has
640 been uncertain due to frequenisidentificatiors of numerous taxa currently assigned to
641 Asteromeniand Halichrysisasthe reportedly cosmopolitan generitypeloouetia, D.

642 coalescenSaunderet al.2006) A recent studyesolved material from South Africa that
643 was vegetatively representative@fovetiaand identified asD. coalescerisas an

644 independentlineage in the Rhodymeniad&mindergt al.2006) In that study Saunders
645 et al.(2006)wviewed a prepared mica slide of holotype tetrasporangial material for the
646 generitypeP=coalescensand reported what they interpretadadventitious growth of the
647 cortex to form nemathecia of paraphyseal filaments and tetraspocemiiia dorsal surface
648 only. Those obervations were inconsistent witgports of tetrasporangial development for
649 the SouthAfriean sampleqterminal tetrasporangion both surfaces, Norris 1991) which,
650 as a result, were not regarded as representatbeaafalescengSaunder®t al.2006) The
651 present study resolveldree novel species from Australia as morphologically assignable to
652 the genuDrouetia(none were consistent will. coalescensand two of thesevere

653 included in multigene phylogenetic analyses where they were resoltresl
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654 Rhodymeniacaesisterto the previouslyliscussedouth African collectiorfFig. 1).Our

655 observation of tetrasporangial development for the novel sgeciesdescenslid not

656 suggest adventitious cortical growth in the formation of étrasporangial nemathecia (j.e.
657 true paraphyses were &ns)as reported by Saundessal.(2006) for the generitype, which
658 prompted re-examination of holotype matedfD. coalescenso clarify tetrasporangial
659 development for this genuhat material waprovided on loan from the Farlow

660 Herbarium (FH)and feshly prepared sections were examinde observedruciately

661 dividedgetrasporangia deeply embedded in the dorsal cortex only (Bign8 c).

662 Tetrasporangial initials developed from the cells of the inner cortex ambduaturation,
663 became elogated and swollen, which resulted in neighiraucortical celldbecoming

664 compressedrand elongated between the developing tetrasporangia, taking on the appearance
665 of paraphyses (Fig. 5, c-e). This mode of development was more consistethiavith

666 observedn D. viridescenand other rhodymeniaceatsxa which aretypically

667 characterized by teasporangia that differentiate from pgristing cortical cells and lack
668 true adventitious filaments (paraphyses Gallet al.2008, Saunders & McDonald 2010).
669 Moresstudy-of tetrasporangial development for the South African collectioe®ded to
670 determine.if-previous reportd tetrasporangial sori occurring on both sides of the blade
671 (Norris 1991)areincorrect and confounded by taxonomic misidentification$ tbrat

672 species.has an atypical mode of developnisgttier way, the South African species

673 represents a fifth species best assignddrtaietia a conclusion thatltiimately awaits

674 inclusion ofD. coalescens phylogenetic analysde provide molecular confirmation, as
675 well as aurdecision tassignthe three Australian speciBs aggregata, D. scutellatand
676 D. viridesecendo Drouetiaas distinct from thgeneritype

677

678 CONCLUSIONS

679 The intention,of this study was to enhance understanding of evolutionary relatianships
680 the Rhodymeniales. Fast-site removal successfully improved resolution at a keypdode a
681 provided clarification of interfamilial relationships. By expandingdtaomic representation
682 we have addissed the phylogenetic iafties of rhodymenialean genera abseom

683 previous molecular assessments and have clarifieddwsistently polyphyletic genera.
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Additionally, re-examination of holotype materitdr Drouetia coalescenslarified
rhodymeniaceatetrasporangial developmeior thegenus and provideeMidence thathe
three novel Australian speciage correctly assigned to this genus, and that this genus is

correctly“assigned to the Rhodymeniaceae
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FIGURE LEGENDS

Figure 1. RAXML phylogeny for full muligene alignment partitioned by gene and then
codon with subfamilial bootstrap support values appended. Bratiels torrespond to the
support values iffable2. Taxa in bold represent generitype species. Asterisks denote fully
supportedranchesSpecies transferred to new genera havetaeous genus nanme
brackets@utgroup species of the Halymeniales and Sebdeniales were compressed to

ordinallevelto facilitate presentation.

Figure 2. DrouetiaaggregataFilloramo & G.W. Saunders sp. nov.

a. Top view.of vegetative holotype (GWS032793). Scale bar = 8.75 mm.

b. Side,view of vegetative holotype with distinct stipes subteralagtomosed blades
(GWS032793). Scale bar = 8 mm.

c. Transverse section at ridallus showing medulla and dorsiventral aspect
(GWS032793). Scale bar = 200 um.
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949 d. Transverse section at mildallus showing ventral surface and aggregates of small cells
950 interspersed among the larger cells of the medulla (GWS032792). Scale bar =.100 um
951

952 Figure3:Drouetia scutellateFilloramo & G.W. Saunders sp. nov.

953 a. Habit ofsingle peltate blades showing distinct stipes and central depressions, lighter
954 patches indicate spermatangial sori (arrousjtype, GWS032752). Scale bar =1 cm.

955 b. Habit of cystocarpic holotype (GWS032729). Scale bar =1 cm.

956 c. Trangverse section atiagrthallus showing medulla and dorsiventral aspect

957 (GWS032729). Scale bar = 1Q0n.

958 d. Transverse section through mature cystocarp (GWS032729). Scale bgim.250

959 e. Transverse section of male plant showing spermatangial development on the dorsal
960 surfae (GWS032752). Scale bar = 10 um.

961

962 Figure4. Drouetia viridescengilloramo & G.W. Saunders sp. nov.

963 a. Habit of single peltate blades attached to substratum by single stipe (not pictured
964 (GWS032740). Scale bar =1 cm.

965 b. Habit of tetrasporic holotype showing anastomosed blades that form an irregular outline
966 (GWS032612). Scale bar =1 cm.

967 c. Transverse section at rridallus of vegetative plant (GWS032682). Scale bar = 93 um.
968 d. Transverse section at rvildallus of tetraporic holotype (GWS032612). Scale bar = 108
969 pum.

970 e. Matureseruciately divided tetrasporangium (GWS032612). Scale bar = 33 um.

971 f. Transverse section at millallus of tetraspac holotype showing cortical cefarrow)

972 compressed between developing andumgatetrasporangia creating the appearance of
973 paraphyses. Tetrasporangial initials pit connected (arrowheads)etortical cell

974 (GWS032612). Scale bar = 25 um.

975 g.Intercalary étrasporangial initial pit connected (arrowheadsjvimneighboring cortal

976 cells(GWS032612). Scale bar =20 um.

977
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978 Figureb. Tetrasporangiaholotypeof Drouetia coalescend-arlow) G. De Toni (Harvard
979 University Herbaria & Libraried\o. 00777108).
980 a.Herbarium label andrgss morphology of holotype. Scale bar =n@r.
981 b. Transverse section of tetrasporangial thallus showing dorsal tetrasporangial sorus. Scale
982 bar =91um.
983 c. Developing tetrasporangia deeply embedded in the dorsal cortex. Scale han= 47
984 d. Cruciately divided tetrasporangia (arrows). Scale 28 Em.
985 e. Pit cannection (arrow) between two cortical cells modified into feirasgia
986 surrounded by compressed cortical cells creating the appearance of paraphyses. Scale bar =
987 18um.
988
989 Figure6rHymenocladia chondricoléSonder) J. LewiHymenocladia congrsa(Harvey)
990 J. AgardhandPerbella minutgKylin) Filloramo & G.W. Saunders comb. nov.
991 a. Gross morphology @fvegetativespecimen oH. chondricolafrom South Australia
992 (GWS029560). Scale bar = 25 mm.
993 b. Maturesmorphology of eegetative specimenf H. conspersdrom Victoria
994 (GWSO017300). Scale bar = 25 mm.
995 c. Intermediate morphology of vegetative specimild. conspersdrom Tasmania
996 (GWS015238). Scale bar =19 mm.
997 d. Juvenile morphology of vegetative specimé&hl. conspersdrom Tasmania
998 (GWSO016539). Scale bar = 13 mm.
999 e. Grosssmorphology @fvegetative speciment Perbella minutdérom Tasmania
1000 (GWS015206). Scale bar = 25 mm.
1001
1002 Table 1. Collection details and C&P GenBank accession numbers for Australian
1003 Drouetiasamples used in molecular and morphological analyses. All samples were
1004 collected from Coffs Harbour, New South Wales, Austrédliadata was generated for the
1005 present study.
1006
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1008
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1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020

1021
1022
1023
1024
1025

Table 2. Bayesian posterior probabilities, RAXML bootstrap values and likelihood scores
for the full multigenealignment with partitioning by gene and then codon (noPF) and with
partitioning as determined by PartitionFinder (PF). RAXML bootstrap values atiddibae
scoresforthe sitstripper subalignments with partitioning by gene and then codon (noPF).
Dasheq-) indicate branclsupport below 50% and n/a indicatdsranchthat was not

resolved.

Table 3¢Intraspecifc COF5P divergence and distance to nearest neighbodustralian
species oDrouetiaincluded in this study.
SUPPLEMENTARY MATERIAL

Figure. Sk»An alternative topology produced by neighbor-joinamglysiswith the HKY
modeltg assess the impact of the starting treSibeStripperanalyses.

Table S1. List of species and voucher numbers used in this study. GenBank sequences in
bold were"gearated for this study. Generitype species are noted with an asterisk. ND
indicates.data not generated for this study. Percent (%) complete is based on threohumbe
included sites out of the 8714 bp alignment. Collection details for all specingens ar
availableronsthe BOLD website in the public datasetRFDYPHY.
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Table 1. Collection details and COI-5P GenBank accession numbers for Australian Drouetia samples used in molecular and

morphological analyses. All samples were collected from Coffs Harbour, New South Wales, Australia. All data was generated for the

present study

Voucher COI-5P GenBank
Species Number Habitat Geography Accession
Drouetiaaggregata GWS032792 4 m on rock Mutton Bird Island (South) KU707859
Filloramo & G.W. Saunders

GWS032793 4 m on rock Mutton Bird Island (South) KU707873
Drouetiarscutellata GWS032664 6 m on invert South Solitary Island (Southeast KU707850
Filloramo & ,G.W. Saunders

GWS032729 5 m onrock Mutton Bird Island (North) KU707846

GWS032752 5 moninvert Mutton Bird Island (North) KU707880
Drouetiaviridescens GWS032599 5 m on rock Korora Beach KU707869
Filloramo & G.W. Saunders

GWS032600 5 m on rock Korora Beach KU707868

GWS032612 8 m on rock Split Solitary Island (Northwest) KU707855

GWS032624 8 m on rock Split Solitary Island (Northwest) KU707881

GWS032642 10 m on invert Split Solitary Island (Eakt KU707878

GWS032643 10 m on coral rubble South Solitary Island @&s) KU707874

GWS032665 6 m oninvert South Solitary Island (Southeast KU707863

GWS032672 10 m on invert Black Rock KU707870
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Table 1. Collection details and COI-5P GenBank accession numbers for Australian Drouetia samples used in molecular and

morphological analyses. All samples were collected from Coffs Harbour, New South Wales, Australia. All data was generated for the

present study
Voucher COI-5P GenBank
Species Number Habitat Geography Accession
GWS032682 6 moninvert Black Rock KU707847
GWS032740 5 moninvert Mutton Bird Island (North) KU707852
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Table 2. Bayesian posterior probabilities, RAXML bootstrap values and likelihood scores for the full multigene alignment with
partitioning by gene and then codon (noPF) and with partitioning as determined by PartitionFinder (PF). RAXML bootstrap values and
likelihood scores for the site-stripper subalignments with partitioning by gene and then codon (noPF). Dashes (-) indicate branch

support belew 50% and n/a indicates a branch that was not resolved.

Bayes RAXML RAXML
% (of Sites
. 100% 95% 90% 85% 80% 75% 70%
noPF PF noPF PF noPF
-143267  -143395 -143595  -143787 ||| -112089 -86686  -65296  -47116  -32139  -20852

A 1 1 100 100 100 100 100 100 100 100

B 1 1 95 95 93 95 97 99 98 79

B C n/a - - 50 n/a 51 68 75 65 62
R D 1 1 100 100 100 100 100 100 100 100
A E 1 1 100 100 100 100 100 100 100 100
N F 1 1 100 100 100 100 100 100 100 100

C G 1 1 100 100 100 100 100 100 100 98
H H 1 1 100 100 100 100 100 100 100 100

E | 1 1 79 80 71 78 71 81 71 80
S J 1 1 100 100 100 100 100 100 100 100
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Table 3. Intraspecific COI-5P divergence and distance to nearest neighbour for Australian

species of Drouetia included in this study.

Max intraspecific Near est

Distance to near est

Species divergence (%) species neighbour (%)
D. aggregata (n= 2) 0 D. scutellata  7.19

D. scutellata (n= 3) 0.15 D. viridescens 2.5

D. viridesecens (n=11) 0.31 D. scutellata 2.5
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