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Abstract

Nine species of crustose brown algae are descfibedNew Zealand’s coast. Three species
are microthalli of species of Scytosiphonacézmpomenia bullosa Yamada Scytosiphon
lomentaria (Lyngbye) Link andPetalonia binghamiae (J. Agardh) Vinogradova. One species
of Lithodermatacead>seudolithoder ma roscoffense Loiseaux is described from Northland.
Four species are RalfsiaceRalfsia expansa (J. Agardh) J. AgardiRalfsia confusa
Hollenberg, a new specidgalfisa sp. “smooth”, andHapal ospongidion gelatinosum
SaundersH. saxigenum Lindauer is identical télapal ospongidion gelatinosum Saunders.

One new species @fiplura, currently placed in the Ralfsiaceae, is descriBetfsia

verrucosa (Areschoug) Areschoug, previously reported from NEaland, was not found.

ITS-2 sequences show thzdlfsia expansa, Ralfsia confusa andRalfsia sp. “smooth” are
closely relatedRalfsia expansa is more distantly related. These relationshipscaresistent

with morphological differences.

LSU nrDNA sequences shadiplura sp. andPseudolithoderma roscoffense are not closely
related to other Ralfsiaceae. These algae formakiywsupported group with members of the
Sphacelarialeddapal ospongidion and thredRalfsia species form a well supported group, but
this group’s relationship to other phaeophyceariads not resolved. These results are

discussed in relation to plastid number and theistaf the order Ralfsiales.
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Chapter One:
General introduction

1.0 The crustose brown algae

THE brown algae form the morphologically diverse clebaeophyceae of the
Heterokontophyta. Phaeophycean thalli range franpks filaments, such dsctocarpus,
through relatively undifferentiated tubes, blad#ssacs, to species with complex thalli with
differentiated blades, stipes, pneumatocysts, padialized tissues for translocation
(Macrocystisand other Laminariales). Most species are bemtiicmarine, a few are
freshwater and some, such@ergassum natar(kinnaeus) Gaillon, are pelagic. The class

Phaeophyceae contains over 250 genera and overspgoi®s (Lee & Wilcox 2000).

All macroalgal groups contain crustose speciesallysoonsidered to be prostrate thalli
firmly attached to the substrate and composedasfety appressed assurgent or vertical
filaments. A few parenchymatous brown algae hawestpate thalli resembling crusts
(Sphacelaria mirabiligReinkeex Batters) Prud’homme van Reine, thigtaozonia”’phase
of some Cutleriacaeae) but these are usually egdlédm a strict definition of crustose
algae, which only includes pseudoparenchymatousesp@-letcher 1978, Dethier 1987).

There are a few species of crustose Chlorophygia, Rseudulvella consociataetchell et



Gardner) (Boney 1982, Abbott & Hollenberg 1976) nmarustose Rhodophytes, including
fleshy speciesHildenbrandig Peyssonneliathe ‘Petroceli$ phase oMastocarpugDethier
1987, Sussman & DeWreede 2001), and the calcifiedgeniculate coralline algae (Harvey
et al. 2005). Some Cyanobacteria, sucl©asillatoria, also have crustose thalli, as do some
marine lichens, such &&rrucaria,usually with a green algal photobiont and the Iligked

form of Petroderma maculiformevith a brown algal photobiont (Sandetsal 2004).

The crustose brown algae are a polyphyletic grdu@rgely marine Phaeophyta. The

crustose thallus consists of a basal disc of mtestilaments that give rise to either loosely or
firmly adherent erect filaments that are relativaiprt and close packed, forming a crust
spreading over the substrate, usually less thamriifitheters thick (Fletcher 1978). These
algae are little studied, especially in the Southidemisphere, and New Zealand species have
not been systematically investigated (Hatdl. 2004). Species are difficult to identify, the
thalli are not especially attractive and they hageobvious utilitarian value. Apart from a
series of studies by Dethier in the North-West ebhitates (Dethier 1981, 1984, 1987, 1994,
Dethier & Steneck 2001) their ecological functisrdargely unstudied, despite some species

being the dominant flora of some habitats.

The paucity of reliable morphological charactersyphological plasticity, and conflicting
studies of their life histories have confounded@arclassification schemes for the crustose
brown algae. The majority of species have beeregdlatthe Ralfsiaceae, Lithodermataceae
or the Scytosiphonaceae. The Ralfsiaceae and lathwataceae are often combined, and
these algae are morphologically similar to crus®sgosiphonacean thalli, but have different
life histories and phylogenies (Wynne 1969). Twiseotfamilies have been established for
crustose genera, the Nemodermataceaddonodermay Feldmann (1937), and the
Mesosporaceae fdlesosporaHapalospongidiorandBasisporaby Tanaka & Chihara

(1982), but neither family has been widely accepted

The Ralfsiaceae and Lithodermataceae have isonwlifghhistories, whereas several species
of the Scytosiphonaceae have a crustose microshaliione phase of a heteromorphic life
history, with the other phase a bladed, saccatebodar macrothallus. Culture experiments
have shown that several algae originally placatiénRalfsiaceae are actually crustose

microthalli of scytosiphonacean species (Wynne 1969

! The microthalli of heteromorphic species are refétto by different workers as the adelophyceanstpate or
sporangiophytic stage. | use the terms microthahgs macrothallus following Christensen (1980),idggtishing
the two by the organisation of the thallus, withcnaghallus referring to the more differentiatedlliia



The Scytosiphonaceae are currently placed in a gitdamscription of the Ectocarpales, a
large order of simple brown algae recently revisgdnolecular phylogenetic studies (Siemer
et al. 1998). The family appears to be monophyleti©i@algh many genera are not, and the
relationships between species and between theyfamil other Ectocarpalean families are
becoming increasingly well resolved (Rousseau &deiers 1999, Kogamet al. 1999, Cho

et al 2005). In contrast, there have been few moleqligtogenetic studies of the
Ralfsiaceae and Lithodermataceae, monophyly oetgesups has not been established and

the ordinal placement and relationships with offtezeophycean families is unclear.

1.1 Ordinal and Familial relationships

The Lithodermataceae and the Ralfsiaceae haverbéened to several different orders

(Table 1.1). Most workers have followed some vasiabf five main schemes:

1. Family(ies)of the EctocarpaleBritsch (1945) and Parke (1953) placed both the
Lithodermataceae and the Ralfsiaceae in the Eqialeey based on the alga possessing simple
pseudoparenchymatous thalli and having “ectocaapalée histories (that is, an alternation

of generations between isomorphic sporophyte anmegaphyte). Other workers followed

this scheme but merged the Lithodermataceae iptR#ifsiaceae (Parke & Dixon 1976,
Wynne 1982, Bold & Wynne 1985)

2. Family(ies) of the Chordariale€arly studies placedalfsiain the Chordariales (e.qg.,
Agardh 1848 as Chordarieae). Some workers have anaduat this scheme. Kylin (1947)
placed the Lithodermataceae and the Ralfsiacethe i@hordariales. Lindauet al. (1961),
Abbott & Hollenberg (1976) and Womersley (1987)dualed this scheme but merged the

Lithodermataceae into the Ralfsiaceae.

3. PlacingRalfsiaand other genera in the Scytosiphonacd@sersen (1976) retained the
Lithodermataceae in the Ectocarpales, but mé&r@isiainto the Scytosiphonaceae of the
Scytosiphonales, based on life history studiesdbatonstrate a “ralfsioid” microthallus in
ScytosiphorandPetalonia This placement has been questioned as diagrbstiacters for
the Scytosiphonales include a plastid with a pyieaad a life history stage without unangia
(Feldmann 1949). These characters are absentandistent in the Ralfsiaceae (Nelson
1982). None-the-less, this scheme was followed lmys@&nsen (1980) who included
NemodermandHeribaudiellain the Lithodermataceae aAdalipusin the
Scytosiphonaceae, and by Fletcher (1987) who atdodedStragulariain the

Scytosiphonaceae (includii®y spongiocarpaa species with an isomorphic life history).



4. Placing in the Myrionematacea8kottsberg (1921) placed some crustose brown alga
genera in the Myrionemataceae, a family of smatfdly epiphytic algae with a direct life
cycle and thalli of prostrate radiating filament&lahort erect filaments (although usually
with less coherent filaments th&alfsig. Hamel (1931-39) considered the Ralfsiées a

“tribe” of the Myrionemataceae. This scheme wakbfeeéd by Loiseaux (1967, 1968).

None of the above schemes has been supported leguhan studies, which do not show a
close relationship between the Scytosiphonace&etocarpales anRalfsia(Tan & Druehl
1994) orAnalipus(Tan & Druehl 1994, Chet al. 2003) orNemodermgRousseaet al.
2001).

5. As a separate ordeNakamura (1972) proposed a new order, the Ridfsiaith three
diagnostic characters. (1) an isomorphic life mgt@) a single parietal plate-shaped
chloroplast without a pyrenoid and (3) a discaletgarly development of the thalli.
Nakamura distinguished the Ralfsiales from therféatous Ectocarpales, with a branched,
prostrate prothallus, and the Scytosiphonales dmtdariales with heteromorphic life
histories. This proposed order contained threelfesnithe Ralfsiaceae, the Lithodermataceae
and the Nemodermataceae. The Ralfsiaceae are tvarad by thalli of curved assurgent
filaments and laterally attached sporangia; theddermataceae by filaments emerging
vertically from the basal layer and terminal plugi@n The Nemodermataceae is monotypic,
containing the genudemodermand characterized by intercalary unangia anddhter
plurangia. Nakamura did not include a Latin desmipand the order Ralfsiales is regarded
as invalid by some authors, but valid by commorgaday others (Silva & de Reviers 2000).
The order has not been generally accepted butallas/ed by Tanaka & Chihara (1980a),
who later added a fourth family, the MesosporaceartainingHapalospongidion
MesosporaandBasispora Tanaka & Chihara do not regard plastid numbexr disignostic
character for the Ralfsiales and includ&iglura andEndoplurg genera with several plastids
per cell, in the Ralfsiaceae (Tanaka & Chihara b38Ihey also includBasisporain the
proposed Mesosporaceae, a genus described by Jbawsbn (1974) as possessing several
discoid plastids per cell. Hardy & Guiry (2003) epted the Ralfsiales, but placdrapion,
Stragulariaand Symphyocarpu the Scytosiphonaceae of the Ectocarpales. (Bosteal.
(2004) placed the Lithodermataceae in the Ectotes@and accepted the Ralfsiales as a
separate order, but placBémodermandSymphyocarpuim the Scytosiphonaceae. Phillips
& Price (1997) recognised the Mesosporaceae bueglthis family and the Ralfsiaceae in

the Chordariales.



Wynne & Loiseaux (1976) questioned the reliabitifithe three diagnostic characters
proposed by Nakamura. Nelson (1982b) found quatifims or exceptions to all three
characters. She concluded that the order was uamtad and referred the Ralfsiaceae to the
Ectocarpales. However a molecular study by Tan &ubt (1994) determined that the order
Ectocarpales is polyphyletic and the RalfsiaessuNakamura are not closely related to
other Ectocarpales or any existing Phaeophyceaar.oftieir study only includeRalfsia
fungiformis(Gunnerus) Setchell & Gardner (the type specidsatiisig andAnalipus
japonicus(Harvey) Wynne as representatives of the Ralfsidlaeir data, based on 18S
nrDNA sequences, did not resolve the relationskiprbenAnalipusandRalfsiaand they did

not propose a new order.

In this study | will treat the heteromorphic Scypd®naceae and the isomorphic Ralfsiaceae
as separate families. The relationship betweeRisiaceasensu strictand the
Lithodermataceae has not been resolved and thapepsevious molecular data for the
Lithodermataceae. For the present | will treatéhees separate families, but with the caveat
that the position of several geneRefroderma, Porterinema, Jonsonnia, Sorapion,

Symphyocarpygemains unclear.



Table 1.1.Familial and ordinal placement of genera of crsistorown algae. Genera that are unambiguous madliaththe Scytosiphonaceae are not

included.
Author Hamel 1931-39 Fritsch 1945 Kylin 1947 Papenfs 1951 Pedersen 1976
Order Ectocarpales Ectocarpales Chordariales Ectocarpales Ectocarpales Scytosiphonales
Family MYRIONEMATACEES ~ MYRIONEMATACEAE ~ MESOGLOACEAE RALFSIACEAE ~ LITHODERMATACEAE  RALFSIACEAE LITHODERMATACEAE ~ SCYTOSIPHONACEAE
(including “Tribu
de Ralfsiées”)
Genera  Heribaudiella Heribaudiella Analipus Ralfsia Lithoderma Acrospongium Petroderma Ralfsia
Lithoderma Lithoderma Heterochordaria Hapalospongidion Porterinema
Mesospora Mesospora Heribaudiella Pseudolithoderma
Nemoderma Nemoderma Lithoderma Symphyocarpus
Ralfsia Petroderma (including Sorapion
Sorapion Ralfsia Pseudolithodermia
Symphyocarpus Stragularia Mesospora
Symphyocarpus Nemoderma
Petroderma

Pseudolithoderma
Ralfsia(including
Stragularig
Sorapion
Symphyocarpus




Table 1.1. (Continued)

Author Wynne 1982 Womersley 1987 Fletcher 1987 Cadlo et al. 2004
Order Ectocarpales Chordariales Ectocarpales Scytosipd®na Ralfsiales Ectocarpales Ectocarpales
Family RALFSIACEAE RALFSIACEAE LITHODERMATACEAE  SCYTOSIPHONACEAE RALFSIACEAE SCYTOSIPHONACEAE LITHODERMATACEAE
Genera  Acrospongium Hapalospongidion Petroderma Ralfsia Hapalospongidion Nemoderma Jonsonnia
Analipus Pseudolithoderma Pseudolithoderma Stragularia Lithoderma Symphyocarpus Sorapion
Basispora Ralfsia Sorapion Porterinema Petroderma
Diplura Symphyocarpus Pseudolithoderma
Endoplura Stragularia
Hapalospongidion Ralfsia
Hapterophycus
Jonsonnia
Lithoderma
Mesospora
Nemoderma
Petroderma

Porterinema
Pseudolithoderma
Ralfsia

Sorapion
Symphyocarpus




1.2 The Ralfsiaceae Farlow 1881

The family Ralfsiaceae was established by Farld®881{] as Ralfsieae) based Ralfsia
Berkeley, for crustose brown algae with discretengial sori and multicellular, clavate
paraphyses. Later treatments regarded a singledotasl intercalary plurangia as diagnostic

characters for the Ralfsiaceae (e.g., Nakamura)1972

Most species have been placed in one of five geRatésig HapalospongidionLithoderma
Pseudolithodermar Stragularia One subtidal genugeacarpa(Andersoret al1988) and

one freshwater genudgeribaudiella(recently discussed by Wehr 2002), have been itbestr

Detailed studies of the Ralfsiaceae are limited Hawe been carried out in Great Britain
(Fletcher 1978), the west coast of the North Anzefldollenberg 1969), Japan (Tanaka &
Chihara 1980a—c, 1981a—c) and the west coast ofchl¢éon-Alvarez & Gonzalez-
Gonzalez 1993).

The Ralfsiaceae are generally considered to haweaphic or direct life histories. Kuckuck
reported anisogamy and sexuality in the life histmrNemodermdFritsch 1949, pp. 124-5),
and Loiseaux (1968) reported sexual fusion of isqimic zoospores from unangiaRalfsia
clavata(Harvey) Crouan. Other studies of the Ralfsiacea® meported neither isogamy nor
sexuality (e.g., Wynne 1969). Loiseaux (1968) shibaelirect life cycle ifRalfsia verrucosa
(Areschoug) J. Agardh, with spores from unangiaeting into thalli with unangia and

spores from plurangia producing plurangia-bearadit

1.2.1 Ralfsia Berkeley

The genuRalfsiawas established by Berkeley in 1843 baseRailfsia deustdcurrently
Ralfsia fungiformigGunnerus) Setchell & N. L. Gardner). Systemagatments of the genus
have been confused by the morphological congruketeeerRalfsiaand the microthalli of

the Scytosiphonaceae.

Before the role of microthalli in the life histoof the Scytosiphonaceae was understood,
Batters (1890) divideRalfsiainto two sub-generd&u-Ralfsiafor species with laterally
adherent filaments that curved assurgently tocadrind discrete unangial sori, and
Stragularia,a genus established by Stromfelt (1886), basesti@myularia adhaerensyith

strictly vertical erect filaments and expansiveonfluent unangial sori. These sub-genera



were formally named by De Toni (1895). Some workerw regardstragulariaas a separate
genus that represents Scytosiphonacean microfidgjiine 1969, Fletcher 1987), while
others maintain these speciefialfsiaand regard them as independent of the

Scytosiphonaceae (Loiseaux 1968, Hollenberg 1969).

Batters (1890) placelalfsia verrucosgAreschoug) Areschoug tBu-Ralfsiaand transferred
Ralfsia clavatgHarvey) Crouan anRalfsia spongiocarp®atters tdStragularia In culture
experiments, Loiseaux (1968) showed an isomorphecdife history forRalfsiaclavata
(Harvey) Crouan from France. Similar results wdstamed by Kristiansen & Pedersen (1979)
culturing Danish material. Conversely, Fletcher7@Q Edelsteiret al. (1970a) and
Yoneshigue-Valentin & Pupo (1994) culturing Britigastern Canadian and Brazilian
material respectively, fourildalfsia clavataHarvey) Crouan was the microthalli Bétalonia

fascia(O.F. Mller) Kuntze.

With the removal of the Ralfsiaceae from the Eatpakes (Tan & Druehl 1994) and the
proposal of a separate order the Ralfsiales (Nakart®i72) Ralfsia clavatacan be placed in
either of two orders: the Ectocarpales where iteggnts a stage in the life cycle of a member
of the Scytosiphonaceae; or the Ralfsiales wheasgestiown to have an isomorphic life history.
Obviously this is unsatisfactory and molecular &aaould show whether more than one

species is present or whether differences represeiable life history pathways.

To add to the confusion, Wynne (1969) folrRalfsia californicaSetchell et Gardner, an alga
that is morphologically distinct froiRalfsia clavatawas also a stage of the life history of
Petalonia fasciaHe referred to the microthalli of the Scytosipaoeae as theStragularid
stage and stated that “anatomical features sedmisnf to distinguish species Balfsia

from Stragularia” but acknowledged that Loiseaux’s (1968) workwhd that “even
Stragulariamay be a heterogenous group of species.” Morpebgeparation oRalfsia

and scytosiphonacean microthalli was further btlitrg Hollenberg’s (1969) descriptions of
two speciesRalfsiaconfusaHollenberg, which resembl&tragulariain having strictly
vertical filaments and expansive unangial sori; Ratfsia pacificaHollenberg (n Smith

1944), with curved, assurgent filaments but witpansive unangial sori. Both species have

plurangia typical oRalfsiawith uniseriate or biseriate locules terminatedaltsterile cap cell.

The continued usage of the epitB¢tagulariais confusing. Fletcher (1987) recognized
Stragulariaas a separate genus, with two British speSiadavataHarveyin Hooker)
Hamel andS. spongiocarpéBatters) Hamel. He regarded the former as theattiallus of

Petalonia fasciaand the latter as an isomorphic species, but gldwse two genera and
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Ralfsiain the Scytosiphonaceae. Rueneisal. (2001) listed two species 8tragularia
(apparently misspelt) from Euroggtrangularia(sic) clavata(Harvey) Hamel (wittRalfsia
tenuisandRalfsia bornetiias synonyms) an@trangularia pusillaStromfelt whereas Wynne
(1998) maintainedRalfsia bornetiiKuckuck as a separate species. The relationships o
species withirRalfsiaand the circumscription of the Ralfsiaceae andd&iyhonaceae could

be resolved through molecular studies, but thiskwas not been undertaken.

Circumscription of species withiRalfsiahas been confounded by the paucity of
morphological variation and by morphological pleisyi. Over thirty species dRalfsia,the
most speciose genusave been described, but many of these are syroaywf uncertain
statusRalfsia verrucosdgAreschoug) J. Agardh arRblfsia expansé). Agardh) J. Agardh
are widely reported, the former from temperate seésth the northern and southern
hemispheres, and the latter from the tropics andwemperate regions (Fig. 1.1). However
many of these reports lack taxonomic detail anditsibution of these species is uncertain.
Thorough studies by Léon-Alvarez & Gonzélez-Gonzfl®95, 2003) on environmental
variation inRalfsia hancockiDawson and on the separation of this species Ralfsia

expansgJ. Agardh) J. Agardh show how progress can beeritathis area.
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@ Ralfsia expansa
O Ralfsia verrucosa

Fig. 1.1 Selected reports dtalfsia expansél. Agardh) J. Agardh arRRialfsia verrucosdAreschoug) J. Agardh.

Sourcesl. Athanasiadis 199&, Abbott & Huisman 2004; 3. Agardh 1848; 4. Baislman & Kinkar 1981; 5. Barton 1903; 6. Battei®9@; 7. Benhissounet al.2002; 8. Bgrgesen 1914; 9. Bgrgesen 1924;
10. Britoet al.2002; 11. Dangeard 1949; 12. Dawson 1956; 13eH&69; 14. Feldmann 1937; 15. Fletcher 1987; d&suhd 1964; 17. Joleh al 2004; 18. Kornmann & Sahling 1977; 19. Lindaeal 1961;
20. Littler & Littler 2003; 21. Loiseaux 1968; 2@lorton 1994; 23. N'Yeuret al. 1996; 24. Noda 1987; 25. Pedersen 1976; 26. phifliPrice 1997; 27. Pricet al. 1978; 28. Riberat al 1992;

29. Ruenesst al 2001; 30. Rull Lluch 2002; 31. Sartoni & BoddigB9 32. Setchell 1926; 33. Siled al. 1996; 34. South & Tittley 1986; 35. Sowthal. 2001; 36. Stegenggt al. 1997;

37. Tanaka & Chihara 1980b; 38. Taylor 1957; 391dral960; 40. Térgo 1963; 41. Trono 1969; 42. Welan Bosse 1913; 43. Womersley & Bailey 1970;\Wémersley 1987; 45. Wynne 1995.



1.3 The Lithodermataceae Hauck 1883—85

Genera placed in the Lithodermataceae are mosatualy small, thin crusts, often with
loosely adherent filaments. The genera are ussafparated from the Ralfsiaceae on the basis
of possessing several plastids per cell and haeimgyinal unangia and plurangia. However,
PetrodermaandPorterinema genera often placed in the Lithodermataceae, aaiegle

plastid in each cell (Wilcet al. 1970), and.ithoderma the type genus of the family, is based
on Lithoderma fatiscen8reschoug, a species with laterally attached sgpsahund (1959)
transferred species with terminal sporangia tova geenus PseudolithodermaOther genera

are partly filamentoudRorterinema or parenchymatougdgnsonniaaccording to Lund 1959).

Papenfuss (1951) transferred all species of Lithadé&aceae to the Ralfsiaceae. Fletcher
(1987) transferre®alfsiato the Scytosiphonaceae, and retained the Litinoakaiceae with
four British generaPseudolithodermaPetrodermaSorapionandSymphyocarpuddardy &
Guiry (2003) split the family, placingetrodermaandPseudolithodermaalong withRalfsia
in the Ralfsiaceae of the Ralfsiales &atapionandSymphyocarpyslong withStragularig
in the Scytosiphonaceae of the Ectocarpales. Hmsfier ofSorapionandSymphyocarpu
the Scytosiphonaceae is presumably based on tlygge@ossessing a single plastid with a
pyrenoid in each cell (Sears 2002), a diagnosticastier of the Scytosiphonales, but | am
unaware of studies showing a heteromorphic lifeohysin these species. Costedibal. (2004)
placedLithoderma, PorterinemandPseudolithodermin the Ralfsiacae, withonsonnia,
SorapionandPetroderman the Lithodermataceae aBgmphyocarpui the

Scytosiphonaceae.

The problems of morphological plasticity and theklaf useful taxonomic characters in these
algae are demonstrated by a study by Ravanko (1Bv6)ilture experiments with Finnish
crustose species she found characters previougdyded as diagnostic for species and genera
(including plastid number, cohesion of filaments @osition of the reproductive structures)
varied with the age and growth environment of tiga.aShe considerddthoderma fatiscens
Areschougl. rosenvingiiWaern L. subextensutwaern,Pseudolithoderma extensum
(Crouanet Crouan) S. LundSorapion kjellman{Wille) RosenvingeS. simulansuckuck,
Ralfsia ovataRosenvinge anBetroderma maculiform@Nollny) Kuckuck to be a single
species, probably conspecific with the freshwapecesHeribaudiella fluvatilis(Areschoug)
Svedelius. In a second study Ravanko (1975) alzardedPorterinema fluviatilgPorter)
Waern as conspecific with these algae. This réspitoblematic and again shows the need

for molecular studies to resolve species circumpsons.
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1.4 The Scytosiphonaceae Farlow 1881 emend. G. Y. Cho et Boo in Cho et al.
2003

The Scytosiphonaceae develop as either parenchymétaccate, tubular or bladed)
macrothalli or as pseudoparenchymatous or filamentoicrothalli. The crustose microthalli
of the Scytosiphonaceae were unknown until the 18i80s. Prior to this the genera were
placed in various families, usually within the Ezdgpales, with their life history assumed to
be isomorphic. Kjellmann (1893) placed most gemethe Encoeliaceae, Kylin (1947)
placed the same genera in the Punctariaceae.lF(it845) placedetaloniaandScytosiphon
in the Asperococcaceae of the EctocarpalesCahpgomeniaandHydroclathrusin the
Encoeliaceae of the same order. Feldmann (194¢ateld the family to ordinal status for
phaeophytes with a single plastid with a pyrenoidach cell, plurangia on the macrothallus

and unangia absent.

The order Scytosiphonales was considered to contaéngenera and in two families
(Kogameet al1999). The Scytosiphonales have since been redacethmily of the
Ectocarpalesensu latpbased on molecular data (Peters & Ramirez 200 demarcation
of some genera is unclear, and molecular phylogesetdies (Kogamet al. 1999, Chcet al.
2003) show a revision of the family is needed. Kngat al. showed species @olpomenia
ScytosiphorandPetaloniaare intermixed over several clades, and divided th
Scytosiphonaceae into a warm temperate group anttlaemperate group, along lines that

do not reflect previous taxonomic divisions of treup.

Prior to culture studies, macrothalli and microlihall Scytosiphonaceae were often identified
as separate species. The microthallboytosiphon graciliandPetalonia zosterifoliavas
identified as the filamentouBompsonema saxicolufiduckuck) Kuckuck.Scytosiphon
lomentariamicrothalli were identified as the crustdde&rospongium gelatinosuiReinke,
andPetalonia fasciamicrothalli were identified aStragularia clavatgHarvey in Hooker)
Hamel (Kogameet al. 1999). Some authors retain these names, or usetthéescribe types
of microthalli, as in Microspongium gelatinosuhase” or Microspongium gelatinosum

type microthalli” (e.g., Fletcher 1987).

In the 1960s, culture experiments began to elueitta relationships between microthalli and
macrothalli. Dangeard (1963) found microthalli withangia in cultures d?etalonia
zosterifolig and Nakamura (1965) cultured macrothallSef/tosiphon lomentariand
Petalonia fascidrom zoospores from unangia of crustose algaedl(66) and Tatewaki

(1966) separately reported microthalli in the history of Scytosiphon lomentaritom
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Scandinavia and Japan respectively, Tatewaki camgléhe entire life history in culture.
Since then culture studies have attempted to déaterthe relationship between microthalli
and macrothalli for different species of Scytosipdles, in the United States by Wynne
(1969), in Australia by Clayton (1976, 1978, 198388), and in Japan by Nakamura &
Tatewaki (1975) and Kogame and co-workers (19987491997b, 1998).

While earlier workers (Nakamura 1965, Tatewaki )9@garded the scytosiphonacean life
history as an alternation between a crustose shgteand an erect gametophyte, later work
showed sexual fusion was rare and there was ngatelalternation of generations. Rather,
the type of thallus produced varies with environtakoonditions (Wynne 1969, Liining &
Dring 1973).

Confusion has arisen as some studies have assboiatrothalli of different species of
scytosiphonacean algae with morphologically simérothalli while other studies have
associated similar macrothalli with different typdgnicrothalli. A number of explanations
exist: (1) Variations in microthalli might be agits of culture conditions; (2) field collected
microthalli have been poorly and inconsistentlyadiggd, resulting in misidentifications; (3)
macrothalli might have been separated or lumpetth®tasis of morphological characters
that are environmentally variable. A number of éastcan alter morphological expression in
the Scytosiphonaceae. Lining & Dring (1973) showaatdation in morphology based on light
conditions inScytosiphorand Hsaio (1969) showed variation based on ioglirigtion in
Petalonia Molecular identification of field collected midialli is a useful tool for
overcoming some of these problems (e.g., Kogamea&uda (2001) fo€olpomenia

bullosg.

Studies by Kogame (1996, 1997a, 1997b, 1998) amghkeet al. (1999) and by Cho and
co-workers (2002, 2003, 2005) have begun to resuwee of the relationships within the
Scytosiphonaceae, and to correlate them with thpinadogy of the microthalli, by

combining culture experiments with molecular phgogtics. A molecular phylogeny of the
family by Kogameet al. (1999) based orbcL, rbcS and LSU rDNA showed that several
genera of the Scytosiphonaceae are not monophydeticidentified morphological
characters of the microthalli that are congruenihwhe molecular phylogeny. For example
Scytosiphon lomentarigLyngbye) Link andScytosiphon canaliculaty$etchell & Gardner)
Kogame, despite having very similar macrothallg aot closely related. These species have
very different microthalli and form clades with sfs with similar microthalli. Conversely

Petalonia fascidO.F. Muller) KuntzeP. binghamiadJ. Agardh) Vinogradovand
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Scytosiphon tenellusogame form a clade of species witBtfagulariatype” microthalli (i.e.,

relatively coherent crusts).

1.5 Molecular systematics and phylogeny of the Phaeophyta

Draismaet al. (2001) wrote: “the perennial reshuffling of taxahin and among brown algal
orders signal the difficulties of circumscriptionadto morphological convergence.” The
difficulties in ordinal placement of the crustosewn algae are a part of this larger problem

which is beginning to be resolved by molecular &tsid

Early schemes for ordinal division of the Phaeopltaye reviewed by Scagel (1966), Clayton
(1984) and de Reviers & Rousseau (1999). Moleqiigifogenies have overturned previous
concepts of evolution of the Phaeophyta with the&rpales, characterised by simple
thallus construction and regarded as ancestrdl ticeaPhaeophyceae except the Fucales

(Fritsch 1945, Papenfuss 1953), now regarded asfaine most derived groups.

In the 1990s lan Tan and Louis Druehl undertoo&rees of molecular phylogenetic studies

of the brown algae based on nuclear ribosomal Débuences. Their first study (Tan &
Druehl 1993) produced a preliminary phylogeny & Bhaeophyta based on 18S (Small Sub-
Unit, SSU nrDNA) sequences from species represgmiime phaeophycean orders from the
North-east Pacific. The second study (Tan & Druelti4) investigated the relationship of

two Ralfsiaceae with the Ectocarpales, and the {flian & Druehl 1996) investigated the

relationship between the Sporochnales, Desmarestald Laminariales.

Tan & Druehl’s first (1993) phylogeny of the Phabgia grouped the Ectocarpales,
Chordariales, Dictyosiphonales and Scytosiphorialasvell supported clade, with other
orders in a separate poorly resolved group. Thigltrsupported the scheme of Fritsch (1945)
who regarded these taxa as families in a larger ottoke Ectocarpales, containing a number of

families that have been raised to ordinal statusthgr workers.

In a further analysis Tan & Druehl (1994) added $SBNA sequences frorAnalipus
japonicus(Harvey) Wynne an®alfsia fungiformigGunnerus) Setchell et Gardner.
Nakamura (1972) includefnalipus japonicusn his proposed order Ralfsiales. However this
placement oAnalipusis uncertain. Nelson (1982b) found several anatahdifferences
betweemAnalipusand the Ralfsiaceae, and pladedhlipusin the Heterochordariaceae of the
EctocarpalesAnalipushas also been placed in the Scytosiphonales (€hsisn 1980). Tan

& Druehl’s study placednalipus japonicusutside the Ectocarpales but did not show a close



16

relationship withRalfsia fungiformisTheir analysis supported the division of the Riphgta
into two major clades, adding the Punctariaceaathssiaceae and Elachistaceae to a broad

circumscription of the Ectocarpales.

Other studies also used SSU nrDNA sequences tetigate relationships among the
Laminariales (Saunders & Druehl 1992, Druehl & Shars 1992) and Fucales (Saunders &
Kraft 1995). They concluded that the 18S geneasctinserved to resolve more than the
major branches among the Phaeophyta. Adding SSlikeeqgs from other taxa to alignments
did not improve resolution (Peters 1998). Furtlesiolution of relationships within the

Phaeophyta required other sources of information.

A number of workers combined information from 1&%$sences with information from the
more conserved regions of the Internal Transcri®eakcer regions of the nrDNA.
Phaeophycean ITS regions vary greatly in lengthssggiences are conserved between taxa
in some groups and are very variable in otherskigandt & Peters (1998) reported the length
of the ITS-1 region from various Phaeophyta asingripetween 206 and 789 nucleotides.
ITS-2 is generally less variable. Alignment of thieole spacer regions is only possible with
closely related species (Burkhardt & Peters 1998)aviet al. 1998, Peters & Clayton 1998).

Burkhardt & Peters (1998) investigated relationstipthe Ectocarpalean kelp endophyte
genusLaminariocolaxusing combined SSU alignments and alignmentsafserved ITS
motifs” which made up 293 positions of 1640 tofiebIpositions, and could be aligned over a
wide range of phaeophycean species. Peters alddS&é and ITS data to resolve
relationships among the Laminariales (Peters 1888)as evidence for establishing the order
Scytothamnales (Peters & Clayton 1998).

Other studies combined SSU and 2@%rge Sub-Unit or LSU) nrDNA. Several studiesdise
600—1000 positions from thé é&nd of the LSU gene. This area includes two vagiadyions,
the D1 and D2 regions, which provide phylogenelyaaseful information. Milleet al.

(1998) used these regions of the LSU gene and $&Uad evidence thAsterocladordoes
not belong to either the Ectocarpales or Scytotlzasn

Draismaet al.(2001) compared phylogenetic information from gbmal DNA with those
from plastid encoderbcL sequences. Their extensive analysis included geguences from

58 species and nrDNA sequences from 59 specieg.Wée able to align 95% of the rbcL

2 This gene is referred to as 28S or 26S by diffemetthors. For consistency | refer to it as the Lggéide or LSU
nrDNA.
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gene and ribosomal DNA including partial SSU andwal25% of the LSU gene (552—
600bp). The latter included the D1 and D2 regidrts® LSU, source of most of the
phylogenetically useful information. The two dagdissproduced trees that were broadly in
agreement, bubcL data produced better resolved trees. Draistra. suggest there may be
problems in aligning the D1 and D2 regions of LSDNA over widely diverged species as
Partition Homogeneity Testing showed LSU alignmehéd excluded the D1 and D2 regions
were incongruent with LSU alignments that inclutleese regions, a result the authors find
difficult to interpret. Rousseagt al. (2001) produced another broad phylogeny of the
Phaeophyta, using SSU and LSU data from 67 specieset al. (2004) produced a
comprehensive phylogeny of the Phaeophyta by canmbibcL data with a new set of
sequences qisaA andpsaB genes. These three studies have produced thecomoglete
overall phylogenies of the Phaeophyta. Unfortuyatetaismaet al.did not include any
representatives of the Ralfsiales, and Roussealionly includedNemoderma tingitanuna
species limited to southern Europe and the Meditexan and the sole member of the
Nemodermataceae Feldmaiemoderma tingitanuis also morphologically distinct from
most Ralfsiaceae, in having intercalary sporangthdeveloping erect axes (Pareatel.
2000). The Nemodermataceae were placed in theifdady Nakamura (1972), but
Nemodermadnas also been placed in the Scytosiphonaceaeg(loastal. 2004). The only

representative of the Ralfsiales included in thelgty Choet al. wasAnalipus japonicus

Rousseaet al. (2001) found no clear affinity betwed&lemodermany other group (their
phylogeny showdlemodermaas a sister taxon to the Fucales). €hal. (2004) resolved
Analipus japonicuss a sister taxon to a clade containing the Fac@letleriales and
Phyllariaceae. Only Tan & Dreuhl’'s early (1994) pwllar study used an unambiguous
member of the Ralfsiacedealfsia fungiformisThis study place®alfsia fungiformiutside
the Ectocarpales and among a number of morpholbgmamplex phaeophycean orders, but

with no clear affinity to any particular group, rforAnalipus japonicus.

1.6 ITS sequences in the Phaeophyta

The Internal Transcribed Spacer Regions (ITS) efriliclear ribosomal DNA separate the
short sub-unit, the 5.8S gene and the large sulfeigi1.1). This whole region is highly
repeated and separated by the Inter-Genic Spde8) (Hillis & Dixon 1991). ITS sequences

have been employed to separate groups at thedéfaehilies, genera and subpopulations.

Variation between ITS regions is not consisterthenPhaeophyta. Saunders & Druehl

(1993a) compared the ITS sequences from two moogfeally divergent Laminariales,
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Alaria andPostelsia palmaeformiand found most regions of both ITS-1 and ITS-2ewver
conserved. In their study ITS-1 and ITS-2 eachthadshort variable regions, varying

between 17 and 55 nucleotides, separating longéesre that were between 78% and 94%

5.8S
ETS SSU (18S)ITS-1 ITS-2 LSU (28S)

Fig. 1.2.Regions of the nuclear ribosomal DNA.

conserved. Van Oppegt al (1993) found ITS sequences@ésmarestia viridis/confervoides
from the northern and southern hemisphere populaticere nearly identical. In contrast,
Burkhardt & Peters (1998) found large parts ofl#ffe regions were too variable to be
phylogenetically useful above the generic leved study of the phylogenetic relationships of
Laminariocolox,a genus of endophytic brown algae found in Lamadesi Serracet al.

(1999) found a high degree of variability of ITSjgences ifFucus but were able to align
sequences from the Fucaceae, again with numerqss Bairwise divergences varied greatly

between different genera, different species andiwindividuals.

Stigeret al. (2000) used ITS-2 sequences fr@argassunand were able to align sequences
with the insertion of numerous gaps. Lecletal. (1998) used ITS sequences to investigate
relationships within the northern hemisphere gdrucisand Saunders & Druehl (1993b)

and a further analysis by Druedtlal. (1997) used ITS sequences to investigate taxonomic

division within theAlariaceae-Laminariaceae-Lessoniaceaemplex of the Laminariales.

1.7 Outline and scope of this study

The crustose brown algae of New Zealand have reddittle attention (Huret al. 2004). In
this study | have attempted to describe the Newadesspecies of the Ralfsiaceae, and the
more prominent microthalli of the Scytosiphonacdgmphytic species have not been
investigated. | have attempted to overcome sontieeoproblems presented by morphological
convergence by using ITS nrDNA sequences to sepapecies and infer relationships
between them. | also attempt to elucidate the afd@lationships of the Ralfsiaceae by
comparing LSU nrDNA sequences from New Zealandispewith published sequences for

Nemoderma tingitanurand other Phaeophyta.
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This study supports the requirement under Obje&itgImproving our knowledge of coastal
and marine ecosystems) of the New Zealand BiodiyeS¢rategy (New Zealand Department
of Conservation/Ministry for the Environment 1998)‘improve our knowledge of marine

species, including taxonomy, distribution, habitguirements, and the threats to species.”
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Chapter Two:
Materials and methods

2.1 Morphological descriptions

Algae were collected from various locations arotirelNorth and South islands of New
Zealand (Fig. 2.1) between September 2003 and20t®e Specimens were returned to the
laboratory in chillers or fixed in 4% formaldehysleawater buffered with sodium
bicarbonate. Specimens were examined under a tiigg@tcroscope and radial longitudinal
sections cut by hand and mounted in seawater oegdy. Drawings were made using a
camera lucideon a Carl Zeiss light microscope and measurenveaits made using an
eyepiece micrometer. Micrographs were taken onlgmg@us Provis AX70 microscope with

an Olympus DP70 digital imaging system.

Morphological characters were recorded following thrminology used by Hollenberg
(1969), Tanaka & Chihara (1980a-c, 1981a—c) anahl&dvarez & Norris (2005).
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New Plymouth

Punakaiki
Kaikoura

Okarito

Bruces Bay Taylors Mistake Paekakariki

Titahi Bay

) Makara
Brighton

Point Halswell
Kau Bay

~—~{Houghton Bay
. Island Bay point Elsdon

Fig.2.1. Collection sites.



22

2.2 DNA Extraction

Algal thalli were collected from the field and bhesl with a stiff nylon stencil brush to
remove diatoms and any fragile epiphytes. Scrapifigeung parts of the thallus were
obtained with a small wood-carving gouge, eithahinfield where substrata were not easily
removable, or from field collected thalli underiasgcting microscope. Samples were air
dried or dried with silica gel. Thalli dlapalospongidiorbreak down into slime soon after
removal from rock so samples were taken from thiadit were air dried while still attached to

pieces of rock.

Dried samples were frozen in liquid nitrogen anolugd to a fine powder. DNA was
extracted using a slightly modified version of gfrecedure of Phillipgt al (2001). 20-50
mg of powdered tissue was incubated in BDCTAB-PVPP extraction buffer for 60-120
mins at 55°C. The extraction buffer contained 1{002% hexadecyltrimethylammonium
bromide (CTAB) w/vol, 1Qul 10% wi/vol sodium dodecyl sulfate (SDS), 5 mg
polyvinylpolypyrrolidone (PVPP), 10l B-mercaptoethanol, and 40 EDTA. Following
incubation, 40Qul SEVAG (chloroform:isoamyl alcohol 24:1 vol/vol)as added to each

sample, mixed by inversion and incubated at roanp&rature for 10 minutes.

Samples were centrifuged at 13000 rpm for 30 mid8@ for 30 mins. The supernatant was
transferred to a clean tube and polysaccharides precipitated following the procedure of
Kraan & Guiry (1998). 0.1 volumes NaOAc and 0.2%mees EtOH were added to each
sample. One volume SEVAG was added and the sanmgléisated for a further 10 minutes.
Samples were centrifuged for 10 mins at 13 000apchthe supernatant transferred to a
clean tube. A second precipitation step was caoigdvhere samples contained large

amounts of polysaccharide.

Samples were incubated for 30 minutes witli RNase at 37°C. 0.1 volume NaOAc and one
volume isopropanol was added and the samples itexiba -20°C overnight to precipitate
DNA. DNA was pelleted by centrifuging and the peliashed with 1 ml 70% EtOH, dried
and resuspended in #40ddH0.

Material recovered was often stained with phenmimpounds and/or retained significant
amounts of polysaccharides. DNA was further putifig gel electrophoresis (Saunders
1993).
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DNA was separated by running for 1-2 hours thraaud®o low melting point agarose gel and
stained with ethidium bromide. Bands with intact ®iNere excised and DNA recovered
using a Quiagen Gel Extraction kit following themagacturer’s instructions. In some
samples DNA was still bound in large amounts ofygatcharide which prevented DNA from
separating under electrophoresis. Good purificatias obtained by resuspending DNA in
ddH,O overnight at 4 °C then removing the aqueous phiasethe sample and purifying this

by gel electrophoresis.

2.3 PCR amplification

DNA amplifications were performed in a GeneAmp P&Rtem 2700 thermocycler (Applied
Biosystems). Each 50 reaction volume contained| 2 template, either undiluted or diluted
to 10% or 2% with distilled water,|d dNTP, 4pul each primer (10 uM), gl PCR buffer

(2100 mM Tris-HCI, 500 mM KCI (Roche Diagnostics)ll 25 mM MgCl, 0.2ul Tag DNA
polymerase (5 000 U/mol New England Biolabs), atdi2DMSO. An initial denaturation
step of 94° for 2 mins was followed by 20 cyclea &igher annealing temperature (1 min at
94° C, 1 min at 55° C, and 2 mins at 72° C), folkaly 15 cycles at a lower annealing
temperature (1 min 94° C, 1 min at 45° C, 2 ming2a), with a final extension step of 15

mins at 72° C.

PCR products were checked for length and yield%rafjarose gels. Bands were excised and
DNA extracted using a Qiagen Gel Extraction kitq&ncing reactions were performed with
the ABI Prism BigDye Terminator v 3.1 Cycle SequagdReady Reaction Kit (PE Applied
Biosystems), and forward and reverse sequencesl fiaixa used in the analysis were
determined by capillary sequencing using an ABI3G&hetic Analyzer by the Allan Wilson

Centre Genome Service, Massey University.

2.4 Primers

The internal transcribed spacer (ITS) regions efrttDNA were amplified with primer pairs
ITS2 and ITS5 (ITS-1) and ITS3 and ITS28 (ITS-Z)SIprimers are shown in Table 2.1.
Attempts to amplify the entire ITS-1-5.8S—ITS-2ioggfailed repeatedly so ITS-1 and ITS-2

regions were amplified separately.
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Table2.1. ITSprimers

Primer Sequence '(83) Reference

ITS5 (F) GGAAGTAAAAGT CGTAACAAGG White et al. 1990
ITS2 (R) GCTGCGTTCTTCATCGATGC White et al. 1990
ITS3 (F) GCATCGATGAAGAACGCAGC White et al. 1990

ITS28cc (R) CGCCGTTACTAGGGGAATCCTTGTAAG Hillis & Dixon 1991

The 5 end of the LSU nrDNA region was amplified withmer pair LSU-16 and LSU1046.
Three additional internal primers were used fouseging. LSU primers are shown in Table
2.2. LSU 410F is complementary to the primer pliglisas LSU 410(F) in Milleat al.

(1998) as a primer based on the published sequeséound to amplify in the'-36

direction.

Table2.2. LSU primers

Primer Sequence '(s3) Reference

LSU-16 (F) COGATCAAGCAAGAGGACC Muiller et al. 1998
LSU-1046 (R) TGGCCCACTAGCAACCTTC Muller et al. 1998
LSU602 (R) ACTCCTTGGTCCGIGITTCA Muller et al. 1998
LSU410 (R TCCTTCGCTTCCCTTTCAG Mdller et al. 1998
LSU410F (F) GCCTGAAAGGGAAGCGAAGG Mdller et al. 1998

2.5 Sequence alignment and phylogenetic analysis

Electropherogram outputs for each sample were @tegking SeqMan 5.08 (DNA Star Inc.).
Consensus sequences were aligned in MEGA 3.0 (Katrar2004). The ITS-2 data set was
aligned using the ClustalX algorithm. Sources ofugmces obtained in this study that were

included in the analysis are shown in Table 2.3.

Alignments of LSU DNA were based on the alignmafiiRousseaet al. (2001), which
included 66 other phaeophycean taxa @rnldonema aequalé<anthophyceae) as an

outgroup. Taxa are shown in Table 2.4.
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Distance, parsimony and likelihood analyses of #ahe LSU data sets was carried out
in PAUP* (version 4, Swofford 2002). For the maxmmiikelihood analysis the
nucleotide substitution model was first determinsthg MODELTEST version 3.7
(Posada & Crandall 1998). The model and paramsttested are shown in Table
2.5.

Bootstrapping (Felsenstein 1985) was performedddP* using 10 random
sequence additions and 1000 resamplings. In thenmuax likelihood analysis of the
LSU data set the maximum number of trees sampleddcit step was limited to
100000 trees and bootstrapping of this analysisneapossible. Bayesian posterior
probabilities for the ITS data set were estimateiliBayes (Huelsenbeck &
Ronquist 2001) from 1 million generations sampleerg 100 generations, with a

1000 generation burn-in.
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Table 2.3. Location of specimens sequenced in this studyirmeidded in phylogenetic

analyses
Species L ocation Latitude, Field Sequences
Longitude Number analysed

Diplura sp. Pt Elsdon, 41° 20 30'S RV16 LSU
Wellington 174° 4700'E

Hapalospongidion Pt Elsdon, 41°2030'S HP4 LSU

gelatinosunmSaunders Wellington 174° 4700'E

Pseudolithoderma roscoffenseMatheson Bay, 36° 17 30'S PS5 LSU

Loiseaux Northland 174° 48 30'E

Ralfsia confusddollenberg Whananaki, 35°3030'S TH12 ITS 2
Northland 174° 28 30'E

Ralfsia confusédlollenberg Kau Bay, 41°1700'S  TH7 ITS 2
Wellington 174° 5000'E

Ralfsia confusddollenberg Pt Halswell, 41°1645'S TH16 ITS 2
Wellington 174° 4945'E

Ralfsia confusddollenberg Russell, 35°1630'S TH11 ITS 2
Northland 174° 08 30'E

Ralfsia confus#lollenberg Island Bay, 41°2015'S TH21 LSU
Wellington 174° 46 30'E

Ralfsia expansél. Agardh) Pt Elsdon, 41°2030'S CcCB21 ITs2

J.Agardh Wellington 174° 4700'E

Ralfsia expans@). Agardh)  Otamure Bay, 35°2930'S PS6 ITS 2,

J.Agardh Northland 174° 27 45'E LSU

Ralfsia sp “smooth” Pt Halswell, 41° 16 45'S SR1 ITS 2
Wellington 174° 4945'E

Ralfsia sp “smooth” Island Bay, 41° 20 15'S SR10c ITS 2
Wellington 174° 46 30'E

Ralfsia sp “smooth” Pt Elsdon, 41° 20 30'S SR6 ITS 2,
Wellington 174° 47 00'E LSU

! These samples are being deposited in the MuseiewfZealand herbarium (WELT).
2 |dentical sequences were obtained from Kaikouezispens.
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Order, Species, Taxonomic Authority GenBank
Accession
Number for
L SU sequence
Xanthophyceae
Tribonema aequalPascher [YO7979]
Phaeophyceae
Ascoseirales
Ascoseira mirabilisSkottsberg [AJ229141]
Cutleriales
Cutleria multifida(J. E. Smith) Greville [AF053119]
Desmarestiales
Arthrocladia villosa(Hudson) Duby [AJ229142]
Desmarestia aculeat@ innaeus) Lamaroux [AJ229143]
Desmarestia ligulatdLightfoot) Lamaroux [AJ229144]
Himantothallus grandifoliugA. & E. S. Gepp) Zinova [AJ229145]
Phaeurus antarcticuSkottsberg [AJ229146]
Dictyotales
Dictyopteris polypodioidegDe Candolle) Lamaroux [AF130716]
Dictyota dichotomgHudson) Lamaroux [AF130715]
Taonia atomarigWoodward) J. Agardh [AF130714]
Ectocar pales
Adenocystis utriculariéBory) Skottsberg [AFO71778]
Chordaria flagelliformis(Mdller) C. Agardh [AJ229129]
Dictyosiphon foeniculaceysiudson) Greville [AJ229137]
Hincksia granulosgJ. E. Smith) P. C. Silvea P. C. Silvaet al1987 [AF071783]
Myriotrichia clavaeformidHarveyin Hooker [AJ229138]
Petalonia fascigO. F. Miller) Kuntze [AF071158]
Punctaria latifoliaGreville [AF115429]
Pylaiella littoralis (Linnaeus) Kjellman [AFQ71782]
Scytosiphon lomentarid.yngbye) Link [AF071159]
Streblonema maculanfHamel) South & Tittley [AF071784]
Striaria attenuatgC. Agardh) Greville [AJ229139]
Utriculidium durvillei (Bory) Skottsberg [AFO71157]
Fucales
Anthophycus longifoliu€Turner) Kitzing [AF091273]
Ascophyllum nodosufhinnaeus) Le Jolis [AF053106]
Axillariella constricta(J. Agardh) Silva [AF091273]
Bifurcaria bifurcataRoss [AF053113]
Bifurcaria brassicaeformi¢Kitzing) Barton [AF091280]
Bifurcariopsis capensiéAreschoug) Papenfuss [AF130717]
Caulocystis cephalornithg&abillardiere) Areschoug [AF091279]
Cystoseira nodicauli@Vithering) M. Roberts [AF053111]
Cystosphaerae jacquino(iMontagne) Skottsberg [AF130718]
Durvillaea antarctica(Chamisso) Hariot [AF130719]
Durvillaea potatorum(Labillardiére) Areschoug [AF091283]

Fucus vesiculosusinnaeus

[AF053105]



Himanthallia elongatgLinnaeus) S. F. Gray
Hormosira banksi(Turner) Descaisne

Pelvetia canaliculatgLinnaeus) Descaisne & Thuret
Phyllospora comosé_abillardiére) C. Agardh
Sargassum muticu@Yendo) Fensholt

Seirococcus axillarigR. Brownex Turner) Greville
Turbinaria turbinata(Linnaeus) O. Kuntze

Xiphophora chondrophylléR. Brown ex Turner) Montagrex Harvey

Notheia anomalddarvey & Bailey

Laminariales

Alaria esculenta(Linnaeus) Greville
Chorda filum(Linnaeus) Stackhouse
Halosiphon tomentosysyngbye) Jassund
Laminaria digitata(Linnaeus) Lamaroux
Laminaria ochroleucd@achelot de La Pylaie
Macrocystis pyrifergLinnaeus) C. Agardh
Saccorhiza polyschid€kightfoot) Batters

Ralfsiales?
Nemoderma tingitanur8chousboé Bornet

Scytothamnales

Scytothamnus austral{d. Agardh) Hooker & Harvey
Splachnidium rugosurfiinnaeus) Greville
Stereocladon rugulosy8ory de Saint-Vincent) Hariot

Sporochnales
Sporochnus pedunculat@idudson) C. Agardh

Sphacelariales

Cladostephus spongios(ldudson) C. Agardh
Halopteris scoparigLinnaeus ) Sauvageau
Sphacelaria cirrosgRoth) C. Agardh

Syringoder matales
Syringoderma phinneyienry & Mller

Tilopteridales

Haplospora globos&jellman

Phaeosiphoniella cryophilelooper, Henry & Kuhlenkamp
Tilopteris mertensi{Turnerin Smith) Kitzing

Incertae sedis

Asteronema ferrugine@arvey) Delépine & Asensi
Asterocladon lobatur®.G. Miller, E.R. Parodi & A.F. Peters
Asteronema rhodochortonoidé8grgeson) Miller & Parodi
Bachelotia antillarum(Grunow) Gerloff
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[AF053108]
[AF091270]
[AF053107]
[AF130720]
[AF053109]
[AF091284]
[AF091272]
[AF091271]
[AF091270]

[AF071151]
[AF053117]
[AF071156]
[AF071153]
[AF071154]
[AF053116]
[AF053118]

[AF130722]

[AF071780]
[AF071781]
[AJ229132]

[AF130723]

[AF053115]
[AF091285]
[AF071150]

[AJ243782]

[AF130724]
[AF130725]
[AF130726]

[AJ229134]
[AJ229136]
[AJ229135]
[AF130721]
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Table2.5. Model and parameters selected by MODEL TEST for Maximum Likelihood analysis of ITS and L SU data sets.

Data Mode -In Base Frequencies Substitution mode! Proportion of Variablesites
Set selected  likelihood invariable
A C G T A-C A-G AT C-G C-T G-T dites
LSU GTR+1I1 8159.1030 0.1909 0.2542 0.3327 0.2222 0.6074 1.4888272 0.5450 3.2969 1.0000 0.3049 Gamma
+I° distribution

shape parameter:
0.5121

ITS F8T 1066.2351 0.1877 0.2971 0.2902 0.2249 All rateseq 0 Equal rates for
all sites

3 Tavaré 1986
4 Felsenstein 1981
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Chapter Three:
Crustose brown algae in
New Zealand

THE crustose brown algae were not represented inaithg &gal collections made in New
Zealand (e.g. Laing 1926). Most of these colletioonsisted of herbarium specimens
mounted on paper and identified by taxonomistsadhrand many crusts are not easily
separated from substrata and attached specimehsarg. Although some species are
widely distributed and locally abundant, the firstlections were made by Lindauer in the
1940s. In 1947, Lindauer wrote:

“Numerous species belonging to the subgeB#érangularia[sic] andEuralfsiaare
abundant along the coasts, but have, so far, @t fgstematically investigated. They
appear as yellowish to dark brown and almost bleic&ular or irregular, smooth soft
and lubricious, or hard, corrugated crusts on stdmé¢he intertidal belt and beyond.”

(Lindauer 1947)

Ralfsia verrucosavas included in Lindauer'’dlgae Nova-Zelandicae Exsiccat@eascicle 13,
issued October 1948, species number 310 (NelsohildpB 1996)) and Lindauer (1949)
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published a description éfapalospongidion saxigenurBoth species were included in
Lindaueret al Marine Algae of New Zealand961). Since then no further crustose algae
have been identified to species level in New Zehlaithough two unnamed species of
Ralfsiawere reported from Kaikoura in South & Adams (19d6 well afkalfsia verrucosa
and Adams (1994) noted that several species obSigytonales probably had alternate
crustose forms. A crustose alga identified to theugPseudolithoderméas been the subject
of ecological studies in the northern North Islddelffs 1985, Williamson 1992).

No descriptions of microthalli of the Scytosiphoeae from New Zealand have been
published. Parsons (1982) studied the New Zealpedies ofColpomeniabut did not include
descriptions of microthalli.

3.1 Morphological characters of crustose brown alga e

Thallus organisation and construction

All of the crustose brown algae considered hergaeeidoparenchymatous. The thallus is
constructed of one or more layers of branchedatiugj filaments that form a basal layer.
From this layer filaments branch off, either ahtigngles, or at acute angles and curving to
vertical. The vertical filaments are variously reégl to as assimilatory filaments, dorsal
filaments, perithallial filaments, or upright filants. Following terminology devised for non-
geniculate coralline rhodophytes (WoelkerlingVomersley 1996) thalli with vertical
filaments at right angles to the basal layer ama¢el dimerous, while those with filaments

curving to vertical are termed monomerous.

J 13 =

o

|

Fig. 3.1.Thallus structuré\. Dimerous thallus. B. Monomerous thallus.
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In some crusts the basal layer is not clearlymistished. Instead a central region of several
layers of horizontal filaments forms what Woelkeglirefers to as a central core, with
filaments curving both upward and downward. Thisstouction is termed bilateral. Sartoni
& Boddi (1989) refer to a multiaxial growing regionRalfsia expansavhere the edge of the
thallus has a bilateral construction, with the cargore also giving rise to filaments that

extend the thallus laterally.

The erect filaments show varying degrees of la@dakerence. In some species the filaments
are tightly adherent, and will not separate withmarsiderable pressure, in others the
filaments are free from one another and only lgokeld together by a gelatinous matrix, in
an intermediate form the filaments are weakly aelieand readily separate under slight

pressure.

| also follow Woelkerling in referring to a verticsection through the radius of an orbicular

thallus as a longitudinal radial section. Other keos have termed this a transverse section.

Reproductive anatomy

Ledn-Alvarez & Norris (2005) attempted to clarifyetterminology used to describe
reproductive structures, especially unangia, inrRhaeophyta. Firstly they distinguish the
origin of reproductive structures from the posit@rthe structure, as terminology for these
characters has been used interchangeably andtteadsfusion. They reserve the term
position to describe the relationship of reprodigstructures relative to the surrounding
filaments or to the whole thallus. In the first easther basal, mid-level, sub-superficial or
superficial, in the second case central, intermediarginal or irregular. Origin refers to the
attachment of the structure to the thallus: teriniageral or intercalary. Secondly they point
out that different definitions have been appliethi terms “paraphyses” and “stalks.” They
do not attempt to define these terms but suggestigéions state whether or not these

structures are morphologically differentiated frother filaments.

Following Ledn-Alvarez & Norris the term lateralasly applied to a reproductive structure
that is sessile (i.e. lacking a stalk or pedicalpaeproductive filament (Fig 3.2B), whether or
not this filament is differentiated into an erectssimilatory filament and a paraphysis. All
other structures are either intercalary (Fig. 3.8D0erminal on a filament (Fig.3.2A), even if
that filament is only one-cell long (Fig. 3.2B).sfngle celled filament is termed a pedicel by
Tanaka & Chihara 1980a).
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Fig. 3.2.0rigin of unangia, based on Leon-Alvarez & No(2605):A. Terminal.B. Lateral

and sessileC. Terminal.D. Intercalary.

| concur with Tanaka & Chihara’s (1980a—c and 19®)aise of the arrangement of the
plurangia as a diagnostic character for specidsadglon in the Ralfsiaceae. Their use of
presence and number of pedicels or stalk cellbefihangia as diagnostic characters is
problematic as these characters are variable wsthime species, includirRplfsia verrucosa
(Fletcher 1987) anRalfsia expanséBgrgeson 1924).

Typical vegetative thalli can be identified to #pecies level by the practiced eye by
vegetative habit alone, but identification of oldemoded or very young thalli requires
microscopic examination, preferably of fertile tissMost Scytosiphonaceae microthalli are
smaller and distinct from the Ralfsiaceae, butntiierothallus ofColpomenia bullosés

similar in outward appearanceRalfsiaandDiplura, but has thin-walled, elongate cells.
Older thalli ofC. bullosaalso develop overlapping lobes that are not faorahy New
Zealand Ralfsiaceae.
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3.2 Key to families of crustose brown algae in New Zeal  and

1. Plurangia absent; single discoid plastid pdr.cel.......................... Scytosiphonaceae

1. Plurangia terminal or intercalary; plastid senghrietal or several discoid................ 2

2. Several discoid plastids per cell; plurangiaiieal; thallus dimerous.....Lithodermataceae
2. Single plastid per cell; plurangia intercalahallus monomerous or

(0 110 0 1=] (01U 1 Ralfsiaceae

3.3 Scytosiphonaceae Farlow 1881 emend. G. Y. Cho & Boo in Cho et al. 2003

The family Scytosiphonaceae was established bpW®wg11881), and elevated to ordinal status
by Feldmann (1949) for Phaeophyta with simple umtinad thalli, only plurangial
reproductive structures and cells with a singletpdlawith a pyrenoid. Microthalli as part of a
heteromorphic life history were discovered in t8&0s (Dangeard 1963, Tatewaki 1966,
Lund 1966). The order was reduced to a familjhefEctocarpales by Peters & Ramirez
(2001). The diagnosis of the family was emende&by. Cho et Boo (Chet al.2003) to
includeMyelophycusa genera with an isomorphic life history, aftéro@t al. foundrbcL

and Rubisco spacer sequences indicktgelophycusind the Scytosiphonaceae were

monophyletic.

The microthalli of the Scytosiphonales vary in stawe, from simple filamentous thalli
(*Compsonema saxicolutype”), through gelatinous, loosely adherent toftgrusts
(“Microspongium gelatinoswtype”) to pseudoparenchymatous crusts with lateeaherent
filaments (“Ralfsioid” or ‘Stragulariaclavatatype”). Kogameet al (1999) found that
differences in morphology of the microthallus weegrelated with phylogenetic distance and
in some cases the morphology of the microthallus avenore useful taxonomic character than
that of the macrothallus. Unfortunately descripsiah the microthalli are inconsistent, usually
from culture and microthallus morphology is knowrvary with culture conditions (Lining

& Dring 1973).

Four genera are found in New ZealaHgdroclathrusBory, PetaloniaDerbés et Solier
(includingEndarachngJ. Agardh) VinogradovagcytosiphorC. Agardh, andolpomenia
(Endlicher) Derbés et Solier. This study reportemthalli of three species. Other microthalli

are no doubt present, but are probably small, gfigpbr cryptic.
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3.4 Scytosiphon C. Agardh 1820

Scytosiphoris a genus characterised by a simple erect thalltisoular or flattened axes
arising from a common base. The upright phasenaites with a prostrate microthallus,

usually considered the sporophyte, which may bstose or filamentous.

Only Scytosiphon lomentarigLyngbye) Link has been reported from New Zeal@hdiams
1994), but macrothalli vary considerably in sizé ather species might be present.
According to Womersley (1987) on8cytosiphon lomentaria found in Australia, but in two
forms. The first form has hollow tubular axes, witinstrictions, the second has flattened
axes with the sides adjacent but not united. Téi®id form includes Australian specimens

previously identified aPetalonia zosterifoligReinke) Hamel.

3.4.1 Scytosiphon lomentaria  (Lyngbye) Link
Microthallus (="Microspongium gelatinosum” phase)
Plate 1; Fig. 3.3

A thin, fragile crust on rock or shells, firmly athed to substrate without rhizoids. Crust up
to 15 mm diameter, but confluent crusts indistisgable and individual thalli probably

smaller. Colour mid—dark brown, surface soft anaohgyy..

Thallus Outline irregular, 250—-450m thick. Structure pseudoparenchymatous, organisati
dorsiventral, construction dimerous. Basal laydbraihnched radiating filaments, 2—4 cells
thick, giving rise to erect filaments branchingight angles to the basal filaments. Erect
filaments of 4-16 laterally adherent cells, thdanfients becoming free from one another.

Rhizoids absent.

Basal cells elongate, rectangular, 446 in diameter, 1.5—-3 diameters long. Cells of Iqwer
laterally adherent, part of erect filaments rectdag 6—9um diameter, and 0.75-1.7

diameters long. Cells with single, parietal plagtidipper part of cell.

Multicellular hyaline hairs single or in groupsugsy from the mid thallus and extending

150-175um above the surface of the paraphyses. Hair cesurh diameter, 22—-3fm long.

ReproductionUnangia terminal on filaments, sessile on celirfrwhich issues a single

paraphysis. Unangia clavate, or elongate obovat&-25um diameter, 75-10fm long.



36

Paraphyses clavate, 90-11f long, of 8-12 cells: lower cells elongate, 4B diameter,
12—-26um long; upper cells becoming shorter and widenamigal cells dome-shaped and

slightly swollen, 8-1@m diameter, 10-1fm long.

A similar crust growing on limpets from Raoul Isthim the Kermadec group is in the
Museum of New Zealand herbarium (WELT A12662).

Discussion

Microsporangium gelatinosumvith unangia was described by Reinke (1889) froenRaltic,
this alga is now recognized as a different spefctes an alga bearing plurangia that was
described by under the same name by Reinke in M8gelatinosunwas later recognized as
the microthallus oScytosiphon lomentari®llowing culture experiments (Lund 1966,
Tatewaki 1966, McLachlaet al 1971).

Other culture experiments have identified variquscges of crustose brown algae as the
microthalli of Scytosiphon lomentariancludingRalfsia californica(Wynne 1969and

StreblonemgDangeard 1963). Microthalli do not develop coreisimorphologies in culture.

Fletcher (1987) acknowledges the wide variety ofphologies reported from culture and
field studies of the crustose stagesaf/tosiphon lomentarjavith Ralfsialike crusts and
Microspongium gelatinosutike crusts reported. He favours the view thatdhestose stage

is identifiable withMicrospongium gelatinosuiReinke, and that crustose stages reported as
“Ralfsialike” are often more similar tM. gelatinosumWomersley (1987) describes the
crustose stage as being “ralfsioid”, with erearfients monostromatic at the edges of the

thallus. His illustration (Fig. 108D, p.299) showsangia with a two or three-celled stalk.

According to Fletcher (1987), only Wynne’s (196&8)dy shows cultures of crustose,
unangia-bearing sporophytes®dytosiphon lomentaridnat are truly ralfsioid (i.e. with
assurgent, coherent filaments). Other studies sither filaments or crusts with non-

coherent erect filaments similar Microsporangium gelatinosum

According to Kogame (1996, 1998) and Kogaeheal.(1999), the macrothallus of
Scytosiphon lomentaridLyngbye) Link has tubular, constricted axes, gploosely

arranged plurilocular sori (the plurangia sepauaiger gentle pressure), without a cuticle, and
with a microthallus of th#licrospongium gelatinosutype. The macrothallus &cytosiphon

gracilis Kogame has coherent plurangial sori without asstscfglobose, single-celled
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paraphyses) and@mpsonemiike microthallus of loosely arranged filamergytosiphon
tenellusKkogame has a macrothallus with coherent plurarsgialwith ascocysts and a
Stragulariatype microthallus. A fourth Japanese specseytosiphon canaliculatubas a

crustose microthallus previously identifiedHapterophycus canaliculatus

| was unable to amplify DNA extracted from this sies, despite several attempts. The
morphology of the alga is identical to thditrospongium gelatinosuhphase ofScytosiphon
lomentariadescribed by Fletcher (1987) and Fletottesl. (1988).
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Fig. 3.3.Scytosiphon lomentarjaipper part of crustose microthallus with unangia.
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3.5 Colpomenia (Endlicher) Derbes et Solier

According to Parsons (1982) there are four spatfi@olpomenian New Zealand.
Colpomenia sinuoséF. C. Mertens ex Roth) Derbés et Solier, an thilispecieSfound in
warmer watersColpomenigoeregrina(Sauvageau) Hamel, which is epilithic or epiphytic
and found in cooler waters aflpomenia ecuticulatRarsons, an epiphytic species known
only from the Three Kings Islands and Northlande Tourth specie€olpomenia bullosa
(Saunders) Yamada was first collected from LeighdB80. This alga has since been found on
East Cape in the North Island and Wellington harlbielson & Adams 1991, Adams 1994).

According to Kogamet al.(1999),C. peregrinaC. sinuosaandC. bullosahave crustose life
history stages, but as far as | am aware only €f<E. bullosaandC. peregrinahave been
described from field material (by Kogame & Masu@®2 and Kogame & Yamagishi 1997
respectively) Colpomenia sinuoserusts are only known from culture (Kogame 199tiste
et al. 2003).

3.5.1 Colpomenia bullosa (Saunders) Yamada 1948
Microthallus
Plates 2 & 3; Fig. 3.4

Microthallus crustose, on rock and shells, youradlitban often be peeled from substrate
intact, older thalli loosely attached with numeréwusy rhizoids. Often covering large areas in
rock pools. Older thalli easily recognized by distive imbricate lobes. 3—-40 mm diameter,
often becoming confluent and overgrowing other pecfic individuals oIR. confusa

Colour dark brown, edges pale. Young thalli smawmtivith some low concentric and radial
ridges; older lobed thalli with many pale edgesittéyy in a golden-brown appearance.

Drying dark brown.

Thallus Outline orbicular in young thalli; irregular inder thalli. Up to 50Qum thick or
thicker when multistratose. Structure pseudopargnelous, organisation dorsiventral or
bilateral, construction monomerous. Basal laydsrahched radiating filaments firmly
laterally adherent, branching at acute angles andgrise to laterally adherent assurgent
filaments slowly curving to vertical or running lnmyntal and forming a central core then

curving upward and downward to form a bilateralltitsa Downward curving filaments

! Adams (1994) describes this as an epiphytic spebigt Parsons says that the species is not krmbva t
epiphytic.
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giving rise to numerous straight or sinuous rhigpigp to 45Qum long and 5-7.5(—1%m

diameter.

Cells of basal layer elongate rectangles or polydresi10-35%um diameter and 0.9-4(-7)
diameters long. Medullary cells thin-walled, regalar, elongate 7.5-14(-1in diameter
and 1.2-5 diameters long, Epithallial cells domepsld 6—12.5(-15)m diameter and 0.6—4
diameters long covered by a thin cuticle. Celldwaitsingle usually discoid plastid 4gih

diameter.

Thallus with few to many multicellular hyaline hajsingle or in tufts arising from medulla,

5-7.5 um diameter and up to 3@ long. Hair cells elongate 20—g5n long.

ReproductionUnangia usually in young thalli, in irregular gpsuaccompanied by loose
filaments or paraphyses little differentiated freegetative filaments but extending above
surrounding thallus surface, not laterally adheesmt without a cuticle. Unangia clavate, 9—
17.5um diameter at widest part and 25-160 long, attached laterally to filaments (Plate 3C,
Fig. 3.4B).

In warm rock pools, low intertidal and shallow gidal. Small crusts appearing late summer
and dying off over following summer. Dominant ims®rock pools, growing quickly to
cover large areas. In the figtblpomenia bullosaan be distinguished from other crustose
algae by the combination of dark thallus which barpeeled from the substrate, numerous

rhizoids and by the lobed appearance of olderithall

Discussion

Parsons (1982) describ€s bullosaas arising from a crustose base, but this is [mgba
confusion resulting from macrothalli settling oncnaithalli. Specimens of the upright
macrothallus clearly have a saccate base sessitecknwithout an adherent crust. The
monomerous construction of the crust resemble®Ba(tl890)Eu-Ralfsiarather than
Stragularia Fletcher (1987) regarded monomerous thalli aagndstic character that
distinguishedRalfsiafrom microthalli of the Scytosiphonaceae. Thisralsger might be

reliable inScytosiphonbut does not appear to be consistent acrossciftesfphonaceae.

It might be possible to distinguigtolpomenia bullosanacrothalli in the field by vegetative
morphology alone: the thallus develops uprightgdinlike saccate projections that emerge

from a common base. However three names have Ipplircito species dfolpomeniahat
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share this characte€olpomenia bulloséSaunders) Yamad&olpomenia phaeodactyla
Wynne & Norris, andColpomenia durvilléi (Bory) Ramirez. The circumscription of these

species is unclear (Table 3.1).

Colpomenia bullosavas first collected by Saunders from Pacific Gya@valifornia in 1896

and described under the naBeytosiphon bullosu$Saunders 1898). Yamada (1948)
described the same species from Japan and tratsfetoColpomeniadbecause of the lack of

a basal meristematic zone characteristi8oftosiphonWynne (1972) maintained that this
alga cannot be separated fr@mperegrina(Sauvageau) Hamel, a species first described from
France, but Parsons (1982) separated the two spatigne basis of differences in the
plurilocular tissue. Setchell & Gardner (1925) adesedC. bullosaa form ofC. sinuosa: C.

sinuosdaf. deformansSetchell & Gardner.

Vandermueleret al. (1984) reviewed the type material©f sinuosgF. C. Mertens ex Roth)
Derbes et SolielC. peregrina(Sauvageau) Hamel a@ bullosa(Saunders) Yamada. They
found Colpomenia sinuoshas punctate sori with a cuticle covering the aotigia — a
structure that is absent in the two other spe@eperegrinaandC. bullosacan be separated
by the morphology of the plurangia: @ bullosathese are long and thin, and frequently

uniseriate, whereds. peregrinahas shorter plurangia with locules in multiseriaes.

Wynne & Norris (1976) described a new spedizspomenia phaeodactyfaom the Gulf of
California. This species has clusters of long (Ug®-15cm) hollow sacs and extensive
plurilocular sori with long uniseriate or biserigdirangia. Paraphyses and hairs are rare.
They regard this species as synonymous @iteinuosd. deformansSetchell & Gardner and
Colpomenia bullosaf Norris (1972) but no€. bullosa(Saunders) Yamada 1948. The latter
species is firmer and usually has only single ¢s@s also Wynne 1972). Probably two
species are found in Japanese waters. Accordivytme & Norris, the alga described by
Okamura (1936) i€. bullosabut the species recorded by Chihara (1970) isechwsC.
phaeodactylaThey refer to a communication from Mitsuo Chihetzo thinks thaC. bullosa
is found in northern Japan — Hokkaido, Sanriku @wedKurile islands, whil€. phaeodactyla

is found in central Japan.

Ramirez & Rojas (1991) published the new combimafiolpomenia durvillebased on

material from Chile and Peru that had previouslscdibed as eitheColpomenia bullosa

2 Wynne (1999) employs the spelli@plpomenia durvilleiwhile Ramirez & Rojas (1991) and Adams (1994) use
“durvillaei.” | follow Wynne in using Hurvillei”, the correct termination according to Garnocke®{n Connor
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(Saunders) Yamad&olpomenia phaeodactyynne & Norris, oUtriculidium durvillei
(Bory) Skottsberg. The name is derived frésperococcus durvillapplied by Bory to the
original material collected from Concepcion, Perd826 by D’Urville. Ramirez & Rojas
recognise the similarity betweéh phaeodactylgC. bullosaandC. durvillei all of which can
have erect finger-like axes. They distinguisedlurvilleifrom C. phaeodactyldy the
absence of hairs and paraphyses in the plurilosaiain C. durvillei, and agreed that some

forms of C. durvillei were indistinguishable frod. bullosa(Saunders) Yamada.

Kogameet al (1999) published a molecular phylogenetic stuidyapanese Scytosiphonales,
usingrbcL, partialrbcS and partial large sub-unit nrDNA. The taxa forrhed major clades.

In the first cladeColpomenia sinuosgrouped withChnoospora implexadydroclathrus
clathratusandRosenvingea intricatdn the second major clad®lpomenia bullosand
Colpomenia phaeodactyfarmed a sub-clade, which grouped with specieRetéloniaand
ScytosiphonThe position ofColpomenia peregrinavas not resolved within either major
clade. These results suggest thatGajpomenias polyphyletic, and (2) vegetative
morphology and growth patterns of the macrothallndt distinguish genera within the
Scytosiphonales. However some morphological charadf the prostrate phase did correlate
with the molecular data. Unfortunately this studyyaused Japanese material so did not

clarify the relationship o€. durvillei (Bory) Ramirez witiC. bullosa(Saunders) Yamada.

ITS-2 sequences from crustose stages from the soast of Wellington and Matheson Bay,
Northland are identical to those ©f bullosacollected from Muroran in southern Hokkaido
(Kogame & Masuda 2001). This suggests that the Realand species is synonymous with
C. bullosa(Saunders) Yamada, in agreement with Parsons Y1882 described an alga from
Leigh in northern New Zealand &s bullosa Parsons illustrated a section through a
plurilocular sorus with several paraphyses, wheRsgirez & Rojas found paraphyses only
occasionally on South American material, but fredlyen the type material of.
phaeodactylaWhile the name&. bullosa(Saunders) Yamada has been applied to Chilean
specimens, it is not clear whett@rdurvillei (Bory) Ramirez an€. bullosa(Saunders)
Yamada are a single species (@hal.2005). Kogame & Masuda (2001) retain the n&ne
bullosa(Saunders) Yamada for the northern Japanese spadasis (1994) uses the name
C. durvillaeibut illustrates an alga with a single erect sad¢s ©hcloser to Wynne’s (1972)
conception ofC. bullosa but not to Ramirez & Rojas’ (1991) descriptioradhallus of “1-22

proyecciones erectas en forma de finos dedos sat&mirez & Rojas state that the three

& Edgar 1987). According to the Article 60 of thedrnational Code of Botanical Nomenclature (Greetexl.
2000) such an incorrect termination is treatednasréhographic error to be corrected.
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species may be synonymous but in the absence afa study they prefer to maintain the

taxa as independent species.

The crustose microthallus @folpomenia bullosavas first reported by Nakamura & Tatewaki
(1966). It has only been described from Japaneseriaka Kogame & Masuda (2001)
described microthalli from cultured material andaimrusts (up to 10 mm diameter) found in
the field. The crustose phase in New Zealand gelaand distinctive, with older crusts
developing small ridges on the surface that deveitiplarge overlapping lobes (Plate 3A,
3B). In section the microthalli cells (Fig. 3.4Aake 2A-B) resemble those 8tytosiphon
canaliculatus(Kogame 1996, Fig.20, p.89), which has a micrdtisahat develops lobed

branches and resembles the haptera of some phaesphy

Table 3.1:Characters from descriptions @blpomeniaspecies (n.s=not specified).

Author
Santelicegtal. Wynne & Norris Ramirez & Rojas Parsons 1982
1989 1976 1991
Name Colpomenia Colpomenia Colpomenia Colpomenia
phaeodactyla  phaeodactyla durvillei bullosa
Location Central Chile Gulf of California  Chile lgki, New
Zealand
Plurangia Length 25m 28-38um 30-35-4Qum 60um
Width 4-5um n.s. 4-51m 4um
Locules 5-8&m 9-12 (in Fig. 5b, 14-18 (in Fig. 9, 11-16 (Fig. 5,
p.7) p.18) p.294)
Arrangement  n.s. Uni or biseriate Uni or biseriate Uni or biseriate
Paraphyses n.s. Rare Rare common
Hairs n.s. Rare Rare common
Thallus Up to 60 digitate 6-12—(30) long  1-22 erect 1-3 hollow

projections, 3-5 hollow sacs, 80— projections, 20— sacs, 120 mm
mm long, a few 150 mm long, 8— 130 mm long, 10 long, 35 mm
(uptoB)upto 15 mm wide, mm diameter wide
50 mm long rarely up to 55

mm wide
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Fig. 34. Colpomenia bullosamicrothallus A. Radial longitudinal section of edge of
thallus, plastids shown in selected cells oBlyUnangia among paraphyses.
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3.6 Petalonia Derbeés et Solier

A genus with four species?etalonia binghamiagvas previously placed in a monotypic
genusEndarachnel) Agardh. Vinogradova (197le Silvaet al. 1996) merge@&ndarachne
with Petalonig and the combinatioRetalonia binghamiaél. Agardh) Vinogradova is used
by some authors (e.g. Kogameal. 1999), buE. binghamiag). Agardh is retained by others
(e.g. Parentet al 2003). Feldmann (1949) includ&tsidarachnean his newly erected order
Scytosiphonales, while Papenfuss (1951) placetdtiieé Punctariaceae. In the molecular
phylogeny of Kogamet al (1999),Petalonia binghamiaéormed a clade witRPetalonia
fasciaandScytosiphon tenellusind Cheet al. (2002) confirmed the close relationship and
distinctness oP. binghamiaendP. fasciausing ITS sequences from Korean material.
Petalonia fascichas been reported from New Zealand (Adams 19%miwothalli were not

found in this study.

3.6.1 Petalonia binghamiae (J. Agardh) Vinogradova

Crustose thallus
Fig. 3.5

Crustose thalli thin and soft, up to 10 mm diame@er rock, adhering tightly to substrate
without rhizoids. Confluent crusts are indistinduzible from one another. Colour mid brown,

drying dark brown. On intertidal rocks and in rqubols, usually on exposed beaches.

Thallus Outline orbicular or irregular, up to 144n thick, becoming thicker when forming
the basal part of upright thalli. Structure psewdepchymatous, organisation dorsiventral,
construction dimerous. Distromatic basal layerraiiched radiating filaments, laterally
adherent, giving rise to straight or slightly cudweertical filaments of 6-10 cells. Vertical

filaments loosely adherent and separate easilyrysrdssure.

Cells of basal layer elongate, rectangular or pedyhl 8—12.5um diameter and 1-2
diameters long. Cells of vertical filaments rectalag 8—12um diameter and 0.6-1.5
diameters long. Epithallial cells domed, sometiswsllen, 8—12um long and 1-2 diameters
long. Thallus with multicellular hyaline hairs, gig or in groups of 2—4, up to 6Q0n long,
cells 6—7.5 diameter and 30—t long.

Upright blades develop directly from crustose thallsmall discoid holdfasts, the crust then
thickening and forming a holdfast. The crust redembterile thalli oRalfsia confusabut

can be separated by the soft thalli and easilyraggzhvertical filaments. Crustose thalli were



46

usually found alongside other thalli with uprigh&dbes, often on rocks on exposed beaches

near sand.

Type material from Santa Barbara, California.

Discussion

The erect thallus dPetalonia binghamia€l. Agardh) Vinogradova consists one or several
unbranched blades, narrowing to a stipe and coedd¢cota common base. The species is
reasonably common on exposed coasts of New Zediades ofP. binghamiaéhave a
medulla of intertwining filaments, and this chaeads used to separate the species firom
fascig which has a medulla of isodiametric cells (Adar@84). However according to
Vinogradova (1973 de Silva, Basson & Moe 1996) intermediate forms earsd some

specimens of. fasciacan have medullary cells that are elongate or Blatous.

The erect thallus was described in detail by Nizdainu & Farooqui (1968) from material

from the Karachi Coast and Arabian Sea.

| observed crustose thalli over several monthsiallew pools at Island Bay, Wellington. In
some cases erect blades grew from small holdfagtgyut the formation of an expansive
crust. In other cases blades developed from csastsral millimetres across. These
observations are consistent with studie®efalonidEndarachne binghamiaay Parentet al.
(2003) from the Azores and Brophy & Murray (19883aVynne (1969) from California, in
that the crustose phase is not separate from ¢oe @naselTS-2 sequences obtained from
material from the south coast of Wellington arenigtsl to those published by Cled al
(2002) from Korea.



Fig.3.5.Endarachne binghamiadwo radial longitudinal sections of crustose lihal
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3.7 Lithodermataceae Hauck 1883-85 (as Lithodermaceae)

Thallus: Crustose, relatively thin, firm or soft, surfaceaoth. On rock, basal layer adhering
tightly to the substrate with or without rhizoid®ructure pseudoparenchymatous,
organization dorsiventral, construction dimerouas& layer monostromatic or distromatic of
laterally adherent, branched, radiating filamegtang rise to vertical or slightly curved erect
filaments branching at right angles from basahfigats. Hairs present or absent. Plastids one

plate-like or several discoid per cell, with or haut pyrenoids.

ReproductionPlurangia and unangia lateral or terminal on ditechents. Plurangia
uniseriate to multiseriate with transverse or a@igross walls. With or without ascocyst-like

paraphyses.

Early treatments of the crustose brown algae iredutie Lithodermataceae for crustose
brown algae with relatively thin thalli, usuallyteinal plurangia and unangia and several
plastids per cell. Later authors (e.g. Hollenbe9§9, Parke & Dixon 1976) included the
Lithodermataceae within the Ralfsiaceae. Fletch@8T7) followed Pedersen (1976) in
placing the genuRalfsiawithin the Scytosiphonaceae, and placed crustaserbalgae with
terminal unangia and plurangia in the Lithodermea&c He included the gendtatroderma

PseudolithodermgSorapionandSymphocarpusi the family.

Molecular studies (Tan & Druehl 1993, this studg)rbt show a close relationship between
Ralfsiaand the Scytosiphonaceae, and the separatioe &dtisiaceae and the

Lithodermataceae appears to be warranted (see &€ iagir).

Pseudolithoderma Svedelius ex Kjellman & Svedelius, 1910: 175

Thallus: Crustose, often confluent, relatively thin, sugatnooth, gelatinous or not. Structure
pseudoparenchymatous, organization dorsiventraktoaction dimerous. Basal layer
monostromatic or distromatic of laterally adherdmgnched, radiating filaments, giving rise
to lateral coherent vertical or slightly curvedari@aments branching at right angles from
basal filaments. Basal layer adhering tightly te skibstrate without rhizoids. Hairs present or

absent. Plastids discoid, several per cell, witipyuenoids.

ReproductionPlurangia and unangia terminal on erect filamepiisrangia uniseriate to

multiseriate with transverse or oblique cross wallgh or without ascosyst-like paraphyses.



49

Type speciesPseudolithoderma extensy@rouanfrat.) S. Lund 1959

Pseudolithodermavas established by Kjellman & Svedelius (1910)easnLithoderma
fatiscenssensuKuckuck (1894). Areschoug (1875) had describ#gldoderma fatiscensa
species with laterally attached plurangia, whekaaskuck’s alga had terminal plurangia.
Lund (1959) retained this specied.ithoderma while Waern (1949) regards this alga as a
species oBSorapion Several species afthodermaor Pseudolithodermarow on the
Swedish coast and there has been a great dealoofot@ic confusion. Ravanko (1970)
merged several species on the basis of culturéestunlt other authors have continued to

recognize these algae as separate species (see3T2)bl

This genus has seldom been reported outside dddhd Atlantic and Mediterranean. Tanaka
& Chihara (1981c) reporteéseudolithoderma subextenstnom Japan and Hollenberg
(1969) describe®seudolithoderma nigrcom California. In the southern hemisphere
Womersley (1987) describé&tseudolithoderma australisom southern Australia and
Skottsberg (1921) described a new spetigspderma piliferumfrom the Falkland Islands.

This species has terminal plurangia and is comgigigh Pseudolithoderma

Within the genus species have been separatedfeyatites in the structure of the plurangia
and unangia and by different degrees of lateradgaite of the erect filaments. These

characters are summarized in Table 3.3.

One species in New Zealand.

3.7.1 Pseudolithoderma roscoffense  Loiseaux 1968
Plate 4; Fig. 3.6

A relatively localized species forming dark patcbéshin, confluent crusts among barnacles

on the east coast of Northland.

Thallus: Outline irregular, usually confluent. On rock, adhg firmly to substrate without
rhizoids. Vegetative crust up to 1@t thick; soral areas slightly raised up to 140 thick.
Colour dark brown or nearly black, drying mid-brav@urface smooth or undulating.
structure pseudoparenchymatous, organisation amisal, construction dimerous. Basal
layer monostromatic or distromatic of branchediatin filaments, giving rise to lateral
coherent vertical or slightly curved erect filanmsehtanching at right angles from basal

filaments. Erect filaments of 6-20 cells.
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Basal cells isodiametric or elongate, 5—-M5bdiameter and 0.7—-2.4 diameters long. Cells of
vertical filaments isodiametric or flattened, 54l diameter and 0.5-1.7 diameters long.

Epithallial cells covered by a comparatively thazkicle, 5—-1Qum thick.

Hairs absent in specimens examined.

ReproductionPlurangia grouped in superficial sori without gergses, terminal on erect
filaments, 6-1@Qm diameter and 28—-37(-5@)n long, composed of 8-10 locules arranged in

2—4 tiers per filament. Unangia not seen.

Discussion

This alga forms dark patches among barnacles itothéntertidal on low rocky flats in
Northland. The species was reportedPasudolithoderma sy Williamson (1994) and as
Ralfsia verrucosdy Jeffs (1985) in ecological studies carriedatutlatheson Bay and
Echinoderm Reef near Leigh. Williamson (1994) anitligvhson & Creese (1996a and
1996b) described the nutritional relationships leemthe alga and barnacles, the growth of

patches of the alga, and the invertebrate fauraceas¢ed with the alga.

Williamson (1992) identified the alga Bseudolithoderma sppossibly an undescribed
species, with its closest affinities Rseudolithoderma austral/omersley 1987. Williamson
described phaeophycean hairs originating from gsablayer, but singly rather than in
clusters as described by Womersley, and notedhbagrect filaments were longer than those

of P. australiswWomersley.

Jeffs (1985) studied the grazingSiphonaria a pulmonate limpet, on algae in the same area,
which he identifies aRalfsia verrucosaHe found thaSiphonariaingested large amounts of
the alga, but did not digest them and filamentstgebySiphonariaregrew in culture.
Siphonariaavoided areas of high barnacle density, which iecafugia for the alga. In the
absence obiphonariathe alga was overgrown by diator@scillatoria and other

cyanobacteria.

Jeffs’ description of the alga is not consisterthAseudolithodermaHe describes a thallus
up to 2 mm thick, with a monomerous structure. idisrograph of a section of the alga (Plate
4i) also shows a monomerous thallus, with filamentsing from horizontal to vertical with

a wide radius.
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| visited Matheson Bay in July 2004. | found patelog brown crustose algae growing among
barnacles on low intertidal mudstone flats, as iilesd in studies by Jeffs and Williamson.
These patches were composed of two species, &thiokst consistent witRalfsiaexpansa
described above, and a thinner crust consistehtRei¢udolithodermaPatches of the
filamentous cyanobacteriu@scillatoriawere also interspersed among the ciilatfsia
expansawas distinguishable by the thicker thallus, by@omerous structure and, in a few
specimens, by plurangia with a prominent steriiealcell. This species appeared to be more
common on or among barnacles, wheiessudolithodermavas usually on mudstone
between patches of barnaclBseudolithodermavas identified by its thin, dimerous thallus

and in some areas, by terminal plurangia whichddck sterile apical cell.

Confusion has arisen due to the intermixing oféhi®g species. It is not easy to distinguish
thalli of the two species in the field. Crusts otibspecies are irregular, patchy and subject to
heavy grazing. The basal structures of the cruste wifficult to section from samples taken
from the soft mudstone due to overgrowing of défarindividuals and because of
intermeshing of filaments with sand grains. Pldteia Jeffs (1985) iRRalfsia expansaand
references to long erect filaments in Williamsofi92) are probably aldRalfsia expansa

The presence of hairs is variableRnexpansand hairs reported by Williamson could belong

to either species.

The New Zealand species differs frémparadoxunBears & WilceP. rosenvingii(\Waern)
Lund andP. australiswomersley, in having firmly adjoined erect filantent resemblep.
subextensuras described by Tanaka & Chihara (1981c) but tieegot state how locules are
arranged in the plurangia of their alga. Theirsitation (Fig. 2A p. 14) shows plurangia with

transverse walls, whilB. subextensuWaern (1949) has oblique walls.

Pseudolithoderma nigrBlollenbergP. adriaticum(Hauck) Verlague, anB. roscoffense
Loiseaux have four tiered plurangia and firmly adgal filaments, as does the New Zealand
species (Fig. 3.6, Plate 4B). The current algaediffromP. nigrain having a thinner thallus
and lacking ascocysts among the plurangia. | gahrio morphological differences between
the current alga anl. roscoffenséoiseaux, so | refer the alga to this specieschir (1987)

regardsP. roscoffensas possibly conspecific with. adriaticum
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Species Author Location Thallus size and Gelatinous  Filament Unangia Plurangia Paraphyses
appearance cuticle adherence
Pseudolithoderma Tanaka &  Japan Chestnut brown, oftenPresent Firmly 10x 20-33um Terminal, 10-14&  Ascocyst-
subextensum Chihara growing amongst adjoined Cvlindrical 20—-40um like among
(Waern) S Lund  1981c species oRalfsiaup ylindrica unangia
to 250um thick
Lithoderma Waern 1949 Oregrund, Chestnut brown, Present Firmly Cylindrical, Oblique walled,
subextensum Sweden nodulated, probably adjoined elongated or with a often with side
Waern less than 1 cm waist. 20-3k 8-  branches
diameter, about 100 14 um
um thick
P. paradoxum Sears & Cape Cod, Irregular to orbicular  Absent Separable with Elongated Unknown absent
Sears et Wilce Wilce 1973 Massachusetts dark brown patches, slight pressure cylinders, 1x 30
5-150 mm diameter, um, terminal
hairs absent
L. rosenvingii Waern 1949 Uppland, Gulf Light yellow brown, Present Separating Elongate, terminal
Waern of Bothnia several centimetres under light in groups of four
diameter, up to 100 pressure surrounded by
um thick gelatinous outer
wall
P. nigra Hollenberg Cape Cod, 2-10 cm diameter, Absent Firmly unknown Terminal, 30-50(— Numerous,
Hollenberg 1969 Massachusetts 300—-500(—800)}m adjoined 70)um x 8-14um.  scattered
thick, margins dark In tiers of four cells among
brown, mature thalli plurangia
nearly black
L. extensum Hamel France Blackish brown, hairs Present Nearly spherical, Terminal,
(Crouan) Hamel  1931-39 absent terminal on cylindrical, with 8
filaments locules and oblique

walls
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Species Author Location Thallus size and Gelatinous Filament Unangia Plurangia Paraphyses
appearance cuticle adherence
P. australis Womersley South Medium-dark brown Absent Separating  Cylindrical to Uniseriate, 5-8 none
Womersley 1987 Australia moderately clavate 10-16 loculi, oblong
readily under ~ 30-50um ovoid, 12-16x 22—
pressure 30um
P. roscoffensis Loiseaux Roscoff, 1-3 cm diameter, Present Firmly unknown Terminal, 20—-4&
(=roscoffense) 1968 Finistére, yellow brown, clusters adjoined 12-15um in four
France of hairs in pits tiers of 3—-10
locules
P. roscoffensis Fletcher Great Britain 20Qum thick, thin and Present Firmly Not seen 11-18x 28—45um,
1987 light brown to adjoined transverse walled,
moderately thick and usually four tiered
black
P. adriaticum Verlaque Corsica Present Firmly 12-16.5 (-18)m
(Hauck) Verlague 1988 (Fig. 22, p. adjoined diameter, 20-40
190) um long, locules in

tiers of four,
divided
transversely
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3.8 Diplura Hollenberg 1969 incertae sedis

Thallus Crustose, outline orbicular or irregular. Youhglti firmly attached to substrate
without rhizoids. Structure pseudoparenchymatorgarasation dorsiventral, construction
monomerous or dimerous. Basal layer of laterallyeaeint branched radiating filaments
giving rise to erect filaments. Erect flamentsrspty branched, more or less laterally
adherent, gelatinous or not. Basal layer two orenoedls thick. Cells with several small

discoid plastids without obvious pyrenoids. Hairegent or absent.

ReproductionPlurangia in expansive sori. Plurangia cylindticaually uniseriate in pairs
terminal on erect filaments without paraphyseshwisingle sterile terminal cell. Unangia

unknown and probably lacking.

Type specieDiplura simulansrom Orange County, California.

The genus was created by Hollenberg (1969) bas@ipdara simuland. A second species,

D. simplexwas described from Japan by Tanaka & Chihara (1981

Diplura andEndopluraHollenberg (1969) differ from other Ralfsiaceadnaving several
discoid plastids per cell. Hollenberg plad@iglura in the Ralfsiaceae based on the structure
of the plurangia but rDNA sequences from this stddyot support this relationship (see
Chapter Four). The genus should possibly be placte Lithodermataceae, giving more

weight to plastid number in the circumscriptiorfarhilies of crustose brown algae.

One species in New Zealand.

3.8.1 Diplura sp. “australis”
Plates 5 & 6; Fig. 3.7

A common species forming large confluent patcheakerlow to mid intertidal. Thalli usually
20-50 mm or more in diameter, individual thallifatifilt to distinguish where confluent or
overgrowing one another. Young thalli firmly attadto substrate without rhizoids, older
thalli often loose, crumbly and detaching from dtdie. Colour mid-brown to olive-brown or

chestnut-brown, edges and young areas pale. Egalreddish to rust coloured. Drying to

® Hollenberg (1969) published his description urtiernameDiplura similans This appears to be an orthographic
error as he referred to the specie®gura simulansn his captions and abstract. The epittsétitlans is used
by Abbott & Hollenberg (1976) and Tanaka & Chihat@§1b).
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dark brown or reddish brown. Young thalli coriacemith low radial or concentric ridges,

older thalli wrinkled, verrucose and brittle.

Thallus outline orbicular or irregular, 300—400(—8@0) thick, sori slightly raised. Structure
pseudoparenchymatous, organization dorsiventraktoaction monomerous. Basal layer of
laterally adherent branched radiating filamentsibineng acutely to give rise to erect
filaments. Erect filaments of 15-30(—36) cells,voug assurgently to vertical, laterally

coherent, occasionally branching.

Basal layer of two or more filaments, cells eithkmgate and rectangular or irregular
polyhedrons, 7-15m diameter and 1-3(-5.5) diameters long. Ereangiats of rectangular
cells, 7-15(—-18um diameter and 0.7-3 diameters long. Epithallidé@ome shaped 5-13
pm wide and 0.75-2 diameters long, with thin cuti@ells with refractive bodies, lower
cells often filled with reddish substance. Sevenaall discoid plastids without obvious
pyrenoids. Plastids crowded in upper part of ugedis of erect filaments and obscured by

physodes, scattered in lower cells. Hairs absent.

ReproductionPlurangia in expansive sori in winter. Sori palean underlying crust and
extending over most of the thallus. Plurangia diical, in pairs, terminal on erect filaments
without paraphyses, 5-7n diameter and 25-50m long, without paraphyses.
Arrangement of locules usually uniseriate, with &&iles in each plurangium, and a single
pale coloured, domed cap cell 10+ long. Plurangia covered by a thin cuticle thalpe

away with cap cells during spore release. Unanlgsaat.

On rock in intertidal, usually on firmly attacheatk, rarely on cobbles, on sheltered and
moderately exposed coasts. North Island, Southdsleovering large areas on the south coast
of Wellington and at Kaikoura. Often with endophtfc@scomycete forming voids in upper
thallus surrounded by thick walled cells filled lvé reddish substance, visible as dark spots

in the thallus.

Discussion

The New Zealand species is very similar in appesraoRalfsia verrucosgAreschoug)
Agardh, a species described from New Zealand bgidirret al. (1961).Diplura differs
from Ralfsiain having several discoid plastids in each cdht@5B) and in the absence of

unangia, wheredRalfsiacells have a single plastid and bear unangia.
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Diplura sp.“australis” resembles other speciegblura in having paired plurangia terminal
on each vegetative filament in expansive sori, Ihiscoid plastids in each cell and lacking
unangia (Fig. 3.7, Plate 6B). It differs in havimgright filaments that are strongly laterally

adherent, in lacking hair pits and in being ledatg®ous.

Filaments oDiplura sp. “australis” separate only with considerable pressure, whédeas
simulanshas filaments that are easily separated argimplexhas filaments that are “less
easily separated” (Tanaka & Chihara 1981b). Tagakdihara amended Hollenberg’'s
generic description to include species with latgratiherent filaments. Lateral coherence of
filaments is variable in other genera of crustasevi algae, includingseudolithodermand
Ralfsiaand in microthalli of some genera of the Scytosigteae, so this character should

not preclude placing the New Zealand alg®iplura.

The New Zealand species shares some characterRalftha australisdescribed by
Skottsberg (1921) from the Falkland Islands. Skeittg rather tentatively distinguished the
species fronRalfsia verrucosdy the lack of hairs. He was unable to find unaragid did not
describe the plastids. It is not clear if this spedias paired plurangia; Skottsberg did not
describe the arrangement of plurangia on the fifdmédut provided a small illustration of
plurangia ofR. australis showing some filaments bearing single plurargmal others with
paired plurangiaR. australisis usually regarded as a morphRofverrucosabut the name has
recently been applied to specimens from Macqualantl by Ricker (1987) and from
Antarctica by Wiencke & Clayton (2002). Ricker sutious in placing his alga Ralfsia

His alga is infertile with a thin thallus (up to@@m), pale brown or orange-brown with
sometimes overlapping lobes and a mostly coloublasal layer. His micrographs show
filaments of rather loosely packed, rounded ceiltdike those oRalfsiaor Diplura. Wiencke
& Clayton reported this species from McMurdo Soand the Antarctic Peninsula, but

without descriptions.

This is the first description diplura from the southern hemisphere although Womersley

(1987 p. 65) collected one specimen from South raliatthat “may be referable @iplura.”
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Fig. 3.7 Diplura sp.A. Radial longitudinal section of edge of thallusggtids shown in

some cells onlyB. Radial longitudinal section of older thall@s. Plurangia.
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3.9 Ralfsiaceae Farlow 1881

Thallus Crustose, orbicular when young, becoming irregafteconfluent, surface smooth,
bullate, verrucose or with concentric or radiaed. Basal layer pseudoparenchymatous,
erect filaments pseudoparenchymatous or free, beshor unbranched, organization
dorsiventral or bilateral, construction monomerouslimerous. Basal layer of branched
radiating filaments. Attached to substrate witlwithout rhizoids. Plastids one per cell, plate-

like without obvious pyrenoid. Hairs absent, singten tufts.

ReproductionUnangia and plurangia on the same or differegititiUnangia in discrete or
expansive sori. Unangia sessile and lateral toppgsas or terminal on a stalk. Paraphysis
differentiated from the vegetative filaments, muétiular, clavate. Plurangia terminal or

intercalary with one or more sterile terminal cells

3.10 Ralfsia Berkeley in Smith & Sowerby 1843 Suppl. IlI.

Type speciesRalfsia deustdC. Agardh) Berkeley (Ralfsia fungiformigGunnerus) Setchell
& Gardner 1924)

Thallus Outline orbicular when young, becoming irregwdad confluent. Encrusting, surface
smooth, bullate, verrucose or radial or concemitiges. Structure pseudoparenchymatous,
organisation dorsiventral, edges of thallus someitnlateral, construction monomerous.
Basal layer of branched radiating filaments. Eféatents branching from basal layer and
either curving immediately to vertical or radialgsurgent or forming a central core of
horizontal filaments, occasionally branched, ldig@dherent. Attached to substrate with or
without rhizoids. Plastids one per cell, plate-Mathout obvious pyrenoid. Hairs absent,

single or in tufts.

ReproductionUnangia and plurangia on the same or differegititiUnangia in discrete or
expansive, slightly raised and gelatinous sori.ngma sessile and lateral to paraphysis or
terminal on a short stalk. Paraphysis differentidtem the vegetative filaments, multicellular,
clavate. Plurangia superficial in slightly raisedajinous sori, cylindrical uniseriate to
biseriate with one or more sterile terminal cdflrangia closely packed without paraphyses,

covered by a cuticle.

For reasons outlined in the introduction, | havefotlowed Batters (1890, 1893) division of
Ralfsiainto sub-gener&tragulariaandEu-Ralfsia.The nearly dimerous thallus and

expansive sori oR. confusalollenberg would place it iBtragulariaif this designation is not
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taken to imply a close relationship with the Scygbenacae, but as recent workers have
linked Stragulariawith microthalli of the Scytosiphonaceae (Wynn&34,9letcher 1987),
and molecular information do not show a close i@tship between the Ralfsiaceae and
Scytosiphonaceae (Tan & Druehl 1994, Chapter Fbthi® study) this epithet is best

avoided.

The arrangement of the locules of the plurangthesmost definitive character for
distinguishing species of the New Zealand spedi€tatisiawith the exception oRalfsia
expansandRalfsia confusawhich have very similar plurangia. However, the species

can be distinguished by the unangial sori, whiehsanall and discrete Ralfsia expansand
cover most of the thallus iRalfsia confusaand by the vegetative morphology of the thallus:
Ralfsia expans&as a larger, thicker pale thallus wHielfsia confusdnas a small, thin dark

thallus.

Key to the New Zealand speciesRidlfsia

1. Plurangia and unangia in diSCrete SOri.............ucvreiieeeiieininennns R. expansa

1. Plurangia and unangia in @Xpansive SOOI ..........covvieiieinswemenenenn. 2

2. Plurangia biseriate with colourless sterile temhirell; thallus smooth more than 2@,
L0 0] R. sp.“smooth”
2. Plurangia uniseriate or partially biseriate, isteapical cell dark;

thallus less than 250m thick...........oo R. confusa

3.10.1 Ralfsia expansa (J. Agardh) J. Agardh
Plate 7 (A—C) & 8; Figs. 3.8-3.9.

A distinctive pale crust, usually 15-30 mm in diaemdout at times 40 mm or more. Solitary
or in groups, confluent adjoining thalli form agi& occasionally overgrowing one another.
Orbicular crusts are identifiable in the field tetpale coloured outer thallus and reddish
eroded centre. | have also found populations sfgpecies that form a dark, irregular
confluent crust among barnacles at PaekakarikherKapiti Coast and at Matheson Bay in
Northland, the latter growing intermixed wiseudolithodermandividual thalli cannot be

distinguished in these populations, which probabsult from grazing and regrowth.

Colour light brown or olive brown to fawn with vepale edges and pale yellow radial ridges,
center often abraded to reveal the reddish tocalsured basal layer, resulting in concentric

bands of colour. Drying dark brown or reddish bro®arface with pronounced radial ridges
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even in very young crusts. Young crusts can beegeatact from rock, older crusts are

crumbly with the centre often detaching from thbsdtate

Thallus: Outline orbicular, 300—400(—1000n thick. Young thalli attached to substrate
without rhizoids, rhizoids prolific in older thaklispecially where detaching from substrate.
Structure pseudoparenchymatous, organisation @orisal, edges of crust sometimes
bilateral, construction monomerous. Basal laydsrahched radiating filaments. Erect
filaments of 15-35 cells, branching acutely frorsdddayer and curving assurgently to
vertical, occasionally branched, laterally adheréniter parts of some thalli with a medullary
layer of several horizontal filaments curving bagward and downward forming a bilaterally

symmetrical thallus. Rhizoids straight or sinuopg@600um long and 10-1H5m diameter.

Basal cells irregular polyhedrals, 615 diameter and 1.5-3(—6) diameters long. Cells of
erect filaments 5-1@m diameter and 1-3 diameters long; lower cellsaragilar, upper cells
rounded. Epithallial cells 5-10(-12 5 wide and 1-2.5 diameters long. Cells with
refractive bodies; lower cells often filled withddish substance. Single parietal plastid in

upper part of each cell without obvious pyrenoid.

Multicellular hyaline hairs absent to frequent,tsoy or in tufts from scattered pits. Where
present hairs up to 3@0n long with cells 4—-6.5m diameter and 10-45(-5fin long.

ReproductionUnangia and plurangia on the same or differegititiJnangia in slightly
raised sori, gelatinous to pale yellow, drying mslightly raised in radial ridges or irregular
patches with numerous clavate paraphyses. Sorilyi$ess than 1 mm in diameter, but
sometimes up to 3 mm. Unangia usually sessiletemainal vegetative cell and lateral to a
single paraphysis; rarely terminal on a singleetkitalk, the stalk arising lateral to a
paraphysis. Unangia pyriform to ovoid 22.5488 diameter and 55-90(—10%n long.
Paraphyses clavate, 100-180 long, of 8-12 cells; apical cell swollen or redalar, 7.5—
12 um diameter and 9—20m long; lower cells rectangular or barrel shaped, | 8n diameter
and 10-2%um long; basal cells 346m diameter and 6—125m long.

Plurangia cylindrical, in small scattered sori witlh paraphyses, locules usually uniseriate,
sometimes partially biseriate, 40—100(—1f18) long and 5—7um in diameter, with 8—-10(—
14) locules and a single dark coloured, slightlpken, elongate domed cap cell 10+ir&

long. Covered by a cuticle.



62

This species is often found on soft substrated) ascshells of urbo(Plate 7B), mussels and
limpets, and also on concrete and PVC pipe. Whewigg on rock, it is often attached to
and overgrowing other crusts. An epiphytic filanwerg rhodophyte, probabBrythrotrichia,

is common on all but very young thalli, often akted in hair pits and sometimes sufficiently
abundant to give a reddish colour to the crigsifsia expansas usually found in low
intertidal rock pools, on low intertidal rocks dredls or in the shallow subtidal, but | have
found crusts growing in the upper intertidal onkraad on barnacles on very exposed rocks

at Punakaiki on the West Coast of the South Island.

Distribution: North Island, South Island, Chathastahds. This species is found on most
coasts of New Zealand, although never in as larggses as iDiplura. The species is also
found on the Chatham Islands (WELT A026471).

Discussion

This alga is consistent withu-RalfsiaBatters in having a crustose, monomerous thalltis w
unangia and plurangia in small discrete sori. # tlzaracters in common wiRalfsia
pacificaandRalfsia expansaand one herbarium specimen has been identifi&hHsia
clavata The most distinctive character — the pale cotdwrbicular crusts — has not been
reported in other species R&lfsig but as some older or grazed and irregular casstdbe
quite dark brown, this character should be consmllgariable. | have tentatively referred this
alga toRalfsia expansé&l. Agardh) J. Agardh largely due to the close @gent of New
Zealand material with Sartoni & Boddi’'s (1989) dasiion of Ralfsia expans&rom the
Mediterranean material. Descriptions of this widegorted species vary and different
authors have employed different diagnostic charadteseparatingR. expansdrom related
species, especialR. verrucosandR. hancockiso | will discuss these characters in some

detail.

A herbarium specimen of this species from Islang @®ELT A18821) was identified by M.

N. Clayton asRalfsia clavatapresumably on the basis of the strongly clavateghyses.
Ralfsia clavataHarvey) P.L. Crouan & H.M. Crouan 1852 is based/yrionema clavata
described by Harvey in Hooker (1833) from Britishtarial. Fletcher (1987) transferred the
species to the gen®&ragularia. Stragularia clavathas been identified as the crustose phase
of Petalonia fascige.g. Wynne 1969, Edelste@t al 1970a, Yoneshigue-Valentin & Pupo
1994).

Fletcher’s (1987) description &tragularia clavatadiffers from the current species in three

respects: (1) Fletcher describes a thin (up tod80thallus of erect filaments arising at right
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angles from the basal layer and with a single teahapical cell at the periphery of the
thallus. The New Zealand alga has erect filameraadtning from the basal layer, at first
nearly prostrate and curving assurgently to vdrtioaming a relatively thick thallus (up to
1mm); (2) Fletcher describes short plurilocularrgpgia, up to 2@m long with up to 7
locules and no terminal sterile cell. The New Zgdlalga has long plurilocular sporangia, of
up to 14 locules with a distinctive dark-colourethngate cap cell (Plate 8A, Fig. 3.9A); (3)
The New Zealand alga has unilocular sori with gitpiclavate paraphyses with very broad
upper cells and thinner, elongate lower cells P8R8, Fig. 3.9B). Fletcher describes and
illustrates “elongate-clavate to elongate cylindfiparaphyses with elongate lower cells but
not markedly broadening at the tips, although t@physes on the New Zealand specimens
do resemble paraphyses photographed from cultutstiscofR. clavataby Edelsteiret al
(1970, Fig.7, Plate Il). Morphological informatiasuspect, aStragulariacrusts have often
been described from culture and may differ fromcgpens from nature, but | have examined
many specimens of this alga, including very smaists, presumably at an early stage of

growth, and the differences from descriptionSotlavataare consistent.

Aside from the pale colour, this alga is similaRalfsia pacificaHollenberg in Smith 1944).
Both entities have large, monomerous thalli, ugusdlssile unangia and similar sized unangia
and paraphyses. Hollenberg (1969) describes tangia ofR. pacificaas regularly

uniseriate, and regards this as a diagnostic ctemreicseparate the species frBmverrucosa
However his illustration (Hollenberg 1969, Fig.p7294) shows several plurangia, some that
are partly biseriate. Hollenberg also descriBepacificaas having “prominent radial or
concentric growth lines or ridges,” a characterstiavith the New Zealand species. However
photographs oR. pacificapublished on the “Algaebase” website (www.algaelmage Guiry

et al. 2005) show smooth, dark orbicular thalli, quitdikenthe local species. Hollenberg also
notes that thin specimens®f pacificaresembleR. confusadollenberg. The New Zealand
alga does not resemide confusand the two entities are easily distinguishablenWisley
(1987) considerR. pacificaas probably not distinct froiRalfsia verrucosas the regularly

uniseriate state of the plurangia is doubtful.

Characters of the New Zealand species are conswinSartoni & Boddi's (1989)
description oRalfsia expans@l. Agardh) J. Agardh. Both entities have pastiblseriate
plurilocular sporangia with a single, prominent aaak coloured cap cell (Fig. 3.9A) and, at
least in some specimens, a thallus with a cortagar of smaller cells above a medullary
region of large cellRalfsia expansaas been widely reported from warmer seas (e>gt Di
1970, Littler & Littler 2000, Setchell 1926, Stepisen 1944, Wynne 1995, Prietal. 1978).

However, few reports include detailed descriptiand many reports may be based on



64

misidentifications oR. verrucosgStegengat al 1997),R. hancocki(Leon-Alvarez &
Gonzélez-Gonzéalez 2003) or other species. It isiplesthat a number of species exist within

theR. expansagroup.

The type specimen ®alfsia expansél. Agardh) J. Agardh was collected by Liebman at
Veracruz on the Mexican Atlantic coast. It was diégd by Agardh, first aslyrionema
expansunfAgardh 1847) then renam&alfsia expanséAgardh 1848). This specimen is not
fertile and Agardh’s descriptions are brief. Weban-Bosse (1913) illustrated a specimen
from the former Dutch East Indies and Bgrgeson4)@tovided a thorough description
based on material from around St. Thomas in thed¢oDanish West Indies. More recently
Sartoni & Boddi (1989) published a description lobage Mediterranean material, Rull Lluch
(2002) described Namibian material and Leon-Alva&eaonzalez-Gonzalez (2003)
published a description based on material collefrted the same area of Mexico as the type
specimen. These descriptions are summarised ire Bab) along with descriptions of similar

algae from Japan, Brazil and India.

Bargeson’s (1914) description is based on matgoal the same general area as the type
material. He describes the sterile thallus as ambdRalfsia verrucosand agreed with
Weber-van Bosse (1913) tHaalfsia expansaas a tendency to develop a bilaterally
symmetrical thallus. Both authors regard this cti@raas somewhat variable but Weber van
Bosse used it to distinguish the species fRatfsia verrucosawhile Bgrgeson regarded the
longer, nearly clavate unangia and differencebénsterile terminal cell of the plurangia as

diagnostic characters f&talfsia expansa

Some authors continued to use the bilaterally sytmoaéthallus to distinguisRalfsia
expansaTanaka & Chihara (1980b) referred Japanese rmahteiRRalfsia expansasing the
symmetry of the thallus, the stalk cells of thengia and the arrangement of plurangia as
diagnostic characters. On the other hand Hollenfi¥68) and Ledn-Alvarez & Gonzalez-
Gonzélez (2003) place little value on the symmefrthe thallus, finding it variable in this
and other species &alfsia Sartoni & Boddi (1989) agree that bilateral thatke present in
Ralfsia verrucosgbut only where thalli are overgrowing irregulaastin the substrate. They
state that filaments d&®. verrucosare not “organised into a multiaxial growing regem

seen in the marginal zone R&lfsia expansa

A second vegetative character used to distingRedfsia expansés the presence of a cortical
layer of small cells that are distinct from the mial of larger, elongate cells. Ledn-Alvarez

& Gonzélez-Gonzalez (2003) descrifedexpansdased on material from Veracruz in



65

Mexico, the same area as the type specimen. Theglfthis character was shared with
Ralfsia hancockiDawson. A distinct cortical layer is present imgospecimens of the New
Zealand algae, while in others the cells grade fiamge to small, a character regarded by
Sartoni & Boddi (1989) as typical &. verrucosaThere may be a seasonal variation in this
character. New Zealand material agrees in thisrdetgadrawings of thalli in Sartoni & Boddi
(1989, Fig. 5, p. 153 and Fig. 6, p. 154).

Rhizoids are prolific on some specimens from Newl@ed. Rhizoids are also present in
drawings ofR. expans#&y Bgrgeson (1914) and Weber-van Bosse (1913jradescriptions
by other authors (see Table 3.1), whefRalisia verrucosas “usually without rhizoids”

according to Fletcher (1987) and lacks rhizoidé/iomersley’s (1987) description.

Bagrgesen (1914, 1924), Sartoni & Boddi (1989) aathBrishnan & Kinkar (1981, Figs.
130-131) describRalfsia expansas having unangia either sessile on the vegetative
filaments or with a single pedicel between the gmaand the vegetative cell that bears the
paraphysis. Bgrgesen considered the single peufiteé unangia a diagnostic character for
the species in his original description, but redibes opinion in his account of Easter Island
material (1924) in which he regards the presen@ep#dicel as a variable character in the
genusRalfsia He points out that a pedicel is present on uraaffR. verrucosan

descriptions of Harvey (1846), but not in thos&atkuck (1894) or by Reinke (1889). Other
authors describRalfsia verrucosas having sessile unangia (Womersley 1987, Tafaka
Chihara 1980Db) or up to three stalk cells (0—2leidher 1987). The New Zealand alga
usually has sessile unangia, but occasionally uaeaarg borne on a single pedicel (Fig. 3.9A).
Leon-Alvarez & Gonzalez-Gonzélez (2003) regard kan&a Chihara’s algae d@. hancockii
based on the presence of several (usually threevien) stalk cells supporting each unangium
(the Hawaiian crust reported Rsalfsia expanséy Abbott & Huisman (2004) also has 2—4

stalk cells and is probabR. hancockii).

Sartoni & Boddi (1989) and Bgrgeson (1914) desdRbexpansas having more elongate
unangia thaR. verrucosgsee Table 3.2). The range of reported lengthighktly higher

than those reported f&talfsia verrucosgsee Table 3.1). Unangia from New Zealand
material, 55-10%m long and 22.5-3(dm diameter (Fig. 3.9B), are within the range regart

for either species.
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Table 3.3.Dimensions of unangia reported falfsia verrucosa

Author Location Unangia dimensions
Length Width
Feldmann 1937 France 45-55 (or 80290  30-37 (or 30um
Hamel 1931-39 France 60-10 20-35um
Loiseaux 1968 France 60106 20-35um
Fletcher 1987 Britain 60-1Q%m 15-37um
Tanaka & Chihara 1980b Japan 50-60 (-8) 20-35um
Womersley 1987 South Australia 7090 18-26um

Bagrgeson regarded the sterile terminal cell ingllneangia ofR. expansas differing from

that ofR. verrucosaHis illustration does not show a prominent terahiplurangial cell. He
refers to Kuckuck’s (1894) description of plurangf&alfsia verrucosavith a colourless,

sterile terminal cell. This is problematic as othathors (e.g. Hamel 1931-39, Loiseaux 1968,
Fletcher 1987) describe plurangiaRdlfsia verrucosas having a dark or coloured terminal
cell, and other authors (e.g. Sartoni & Boddi 198®)e describeRalfsia expansas having

a prominent dark-coloured terminal plurangial cellNew Zealand material (Plate 8A) the
terminal cell is elongated, dark-coloured and mayaminent than cells in micrographs of
Ralfsia verrucosan Fletcher (1978, Fig. 24, p. 388) and drawinggd&asund (1964) from

Norwegian material.

The plurangia of New Zealand specimens are nedelytical to those illustrated by Sartoni &
Boddi (1989), who regard the prominence of thelstezrminal cell and the partially biseriate
arrangement of the locules as characters whicindisshRalfsia expans&rom Ralfsia
verrucosawith plurangia of the latter only rarely bisedaHowever, Hollenberg separated
Ralfsia pacificafrom Ralfsia verrucosgartly on the basis d?. pacificahaving regularly
uniseriate plurangia. Loiseaux (1968) descriBeffsia verrucosas usually having two
plurangia terminal on each vegetative cell, bug tiaracter has not been reported by other
authors. The New Zealand species has a singlengluma (Fig. 3.9A) on each terminal cell
of the vegetative filament, rather than 1-2 in ndesicriptions, but it is not clear whether
these descriptions refer to two separate pluramgia single terminal vegetative cell or to a

single biseriate plurangium.

4 Feldmann reported two forms of this species, oitle short unangia, and the other with unangia 80%30 pm.
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In New Zealand specimens, orbicular crusts carab#yadentified in the field by the colour
and the presence of radial ridges (Plate 7A—C)¢clvhre evident even in young specimens.
Ralfsia expansé usually described as dark or chocolate browayiGn & King, 1981).
Ralfsia expansé reported to coexist witRalfsia verrucosan South Africa by Kaehler &
Froneman (1999) who state thlatexpans@an be distinguished froR. verrucosan the

field by its darker colour.

Ralfsia expansaas been previously reported from the Pacifigijnby Garbaryet al.

(1991), Tahiti by Setchell (1926), Samoa by Ske&oBouth (2002), the Marshall Islands by
Dawson (1956), the Caroline Islands by Trono (1968nch Polynesia by Payri & Meinesz,
(1985), and Queensland, Australia by Cribb (1996 species has not been previously
reported from New Zealand. Referring this alg&#dfsia expansavould give this species a
very wide distribution, from the Mediterranean &wafibbean, through the South Atlantic
(Johnet al.2004), India, and the South Pacific, with repémsn the North Pacific probably

Ralfsia hancockii

Referring this species ®alfsia expansaather therR. verrucosaemovesk. verrucosdrom
the New Zealand flora, as no other species reseifabRalfsia Lindauer (1947) reported that
Ralfsia verrucosavas “very common in several forms on smooth baslde the coast of S.
Taranaki.” It is possible that this observation #mel description in Lindauet al. (1961) is
based on more than one species as several digp@cies of crustose brown algae are present
in South Taranaki. Lindauet al report characters consistent wiRhverrucosaut also with
other Ralfsiaceae. Their figures appear to be vaadfeom previously published descriptions
of Ralfsia verrucosdrom the northern hemisphere (Fig. 38 2 & 3 frogliK 1947, Fig.
38A-B, p. 44 and Fig. 38 4 & 5 from Hamel 1931-8@. 26A-B, p. 109) and not drawn
from New Zealand material. Other reportRaifsia verrucosdrom New Zealand (e.g.
Dellow & Cassie (1955), South & Adams (1976)) do mention diagnostic characters. They

are probably misidentifications @fiplura or otherRalfsiaspecies.
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Author Ledn-Alvarez & Tobrgo 1963 Sartoni & Boddi Bgrgesen 1914  Tanaka & Rull Lluch 2002  Balakrishnan &
Gonzalez- 1989 Chihara 1980b Kinkar 1981
Gonzalez 2003

Location Veracruz, Sao Paulo State, Alboran Sea, Danish West Japan Namibia Visakhapatnam,
Mexican Atlantic Brazil Mediterranean Spain Indies India
Coast

Appearence  Colour Dark brown Yellow brown to  Dark brown Dark brown Light brown- Dark brown Dark brown

dark brown reddish brown
Surface Rugose, Irregular Smooth when young, Even and Smooth when  n.i. Irregular, older
coriaceous, no later uneven or smooth when young, later thalli folded with
growth lines bullate young, older uneven concentric
thalli uneven, striations
bullate, folded

Thallus diameter n.i. 30 mm 30-40 mm n.i. 40 mm or more n.i. n.i.

Thallus thickeness 180-252um Variable 300-70@m n.i. 200-800 (1100) Up to 1400um n.i.
(315-45Qum at 4m
sori)

Rhizoids Irregularly Large number abundant few, short (Fig. yes Lower medullary Well developed
distributed in 147, p .190) filaments free
isolated areas sinuous like

rhizoids

Thallus construction Unilateral, Bilateral More or less bilateral  Often bilateral ilaBeral Bilateral Upwardly
bilateral in areas curving
of irregular filaments
substrate

Hairs Single hyaline n.i. Hairs in infrequent  Abundant Hairs in tufts, n.i. Abundant, in
hairs in pits tufts groups of hairs  frequent groups

Cortical layer

Upper layer of
3-5 small cells

Upper layer of
4-5 small cells

Layer of small cells,
40-120um deep

5 According to Ledn -Alvarez & Gonzalez-Gonzélez 2@0is is probablyRalfsia hancockii.

Upper layer of
small cells (Fig.
146-7, p. 190)

Upper layer of
small cells 50—
70um deep

Upper cells 4-8
um diameter,
thicker in below

Upper layer of
8-14 small cells
(Fig. 127, p. 57)
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Author Ledn-Alvarez & Toérgo 1963 Sartoni & Boddi Bagrgesen 1914 Tanaka & Rull Lluch 2002 Balakrishnan &
Gonzélez- 1989 Chihara 1980b Kinkar 1981
Gonzalez 2003
Cortical cells Length 4.2-5.1im 22-27um 5-8um 4—6um n.i. n.i.
Length- 0.7-1.2 n.i. subcuboid n.i. 1-1.2 Oblong or
diameter ratio squarish
(medullary cells
rectangular)
Sub-cortical  Length 17.8-42m 22-27um 10-20um n.i. 15-25um
cells Length- 1.4-3.3 Approx 4-5 (Fig. 3-4 n.i. 2.5-4 thicker
diameter ratio 2,p.9)
Unangia Shape Absent Oblong and Oblong—pyriform Oblong Ellipsoidal, or  Not seen Oblong-
pyriform pyriform but clavate or pyriform or
varable obovate ovoid—pyriform
Length Absent 35-7Am 75-110 (130xm 75-12Qum 75-95um 75—-85um
Diameter Absent n.i. 25-40um 30um 23-35um 15-19%um
Stalk cells Absent Single cell (but  None (sessile) or Single, Pedicellate, 3—6 “nearly always
Fig. 4, p. 9 one occasionally stalk cells stalked.” (Figs.
shows 2-3 stalk absent 130-131, p. 57
cellsf show one pedicel
Paraphyses  Shape Absent Clavate (Fig. 3 & Clavate Clavate Long, clavate Clavate
5 p.9 slender
Length Absent 111-13@m Up to 170um (10-16 100-17Qum (8— 100-190(220) 100-12Qum
(-21) cells) 14 cells) um (12-16cells)
Diameter Absent n.i. Upper cells 8-1@m, Lower cells 3 Lower cells 7-8um
lower cells 3—4m um wide, 2.5-3um 4-"k
elongate, apical long, apical
cells thicker, cells 5—6um,
shorter 0.8-1.4 long

5 Térgo’s figures oR. expans§1963, Fig. 4, p. 9) show unangia with 2—3 stallsctypical ofR. hancockii sensedn-Alvarez & Gonzéalez-Gonzalez Rr verrucosaensu Fletcher.
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Author Lebén-Alvarez  Torgo 1963 Sartoni & Boddi Bgrgesen 1914  Tanaka & Rull Lluch 2002  Balakrishnan &
3 1989 Chihara 1980b Kinkar 1981
& Gonzalez-
Gonzalez 2003
Plurangia Arrangement 1-2 per filament  One per filamen®ne per filament 1-2 per filament One per filament n.i. 1-2 per filament
(Fig7,p.9) (Fig. 6B, p.154) (Fig. 148) (Fig.2d) (Fig. 132, p. 57)
Length 25.2-87.am ~50um (Fig. 8, 40-80um n.i. 40—-65um 30—40Qum Less than 2pm
p. 9)
Diameter 4.2-7.am n.i. ni 5-6um ni 2-3um 5-6um
Locule n.i. Uniseriate- Uniseriate, later Uniseriate- Uniseriate, later Uniseriate, Uniseriate
arrangement biseriate partly biseriate biseriate (Fig. biseriate exceptionally
148, p. 191) pluriseriate
Locule number n.i. n.i.8-18 (Fig 8, 10-16 15-16 (Fig. 148, 6-11 &2) (Fig. 7-9
p.9) p.191) 2,p. 6)
Sterile 5.7-8.4um x swollen (Fig. 8, one 8-1%m long uncledr one 5—Gqum One 6-& 2-4 Absent
terminal cell 4.2-6.3um p.9) 1.2-2.% long um

" Fig 148C shows a slightly swollen terminal cellacule, usually with diagonal divisions.
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Fig. 3.8.Radial longitudinal section d&alfsia expansavith hair pit.
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Fig. 39. Ralfsia expans@. Plurangia, arrow indicates prominent sterile apica

cell. B. Unangia with paraphyses, one figure with a ped@ebw).
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3.10.2 Ralfsia sp. “smooth”
Plates 9 & 10; Fig. 3.10.

A locally common species, closely relatedRkoconfusgsee Chapter 4), with a thick, smooth
thallus (Plate 9B). On rock and shells, in tidablsand in the lower intertidal and upper sub-
tidal, often growing on non-geniculate corallinga#. Specimens growing over rough
substrates, such as crustose coralline algae, maydverrucose surface and resemble

Diplura.

Thallus Outline orbicular in young thalli or irregular wh older or confluent. 10—-30 mm
diameter or larger. Thalli adhering tightly to thébstrate without rhizoids. Confluent thalli
indistinguishable from one another. Colour mid éokdorown with centre paler and often
reddish, sometimes with paler radial stripes, e¢géds. Surface smooth and glossy when dry,
slight radial or concentric undulations but cemtféhalli without pronounced ridges;

sometimes with short raised radial ridges closedige.

Infertile crusts up to 600m thick, slightly thicker when fertile. Thallus afmonostromatic

or distromatic base of firmly united branched rédmfilaments, giving rise to closely

packed curved erect filaments of 20-35 cells. Unriaments firmly united and do not
separate easily under pressure. Basal cells cidaddrlongated or irregular polyhedrons 5-11
wm diameter and 0.8 to 3.85 diameters in lengthctHilements branching from basal layer
and curving to vertical. Filaments sometimes brargicells (5-)8-1xm wide and 0.9-3
diameters long. Sometimes with a distinct layesrohll cortical cells. Epithallial cells domed,
5-13um diameter and 0.67-1.6 diameters long. Cells awgingle, somewhat indefinite
plastid, usually in upper part of cell, without adays pyrenoid and often obscured by

physodes.

Multicellular hyaline hairs in tufts, especiallyoand edges of crust, visible as raised dots
when dry. Hairs arising as thin filaments from thedulla, cells 4—-am diameter, 7.5-27.5

um long.

Reproduction: Unilocular sporangia in summer int@ror concentric sori, gelatinous and
paler than surrounding crust, peeling off as sitayer, drying matt. Unangia lateral to
paraphyses and surrounded by many clavate paraphysangia 70-9sm long and 25-35
um diameter. Paraphyses up to 12®long, of 5-7 cells, apical cell swollen, 8—i#
diameter, lower cells thinner and elongated. Plgisfate autumn or winter, one plurangium

terminal on each erect filament, in expansive sithout paraphyses. Plurangia cylindrical
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6—10um diameter, 50-82 &m long usually biseriate with 10-16 locules and onmore

colourless cap cells, 9—2n long.

Discussion

This species is similar in appearanc&#ifsia confusdut has a thicker, monomerous,
thallus and distinctive plurangia. PlurangiaRofconfusanave a dark coloured cap cell and
are uniseriate or partially biseriate, whereasaha®Ralfsia sp “smooth” are usually fully

biseriate at maturity and have clear cap cells.&®0C, Plate 10A).

Hollenberg (1969) described “Certain thicker spesisiwith assurgent thalli” from
California, which were “at first believed to repees somewhat thicker specimend=of
confusabut... are merely thinner specimensfpacifica’ Dethier (1987) and Dethier &
Steneck (2001) also reported difficulty in distilgjung some specimens Bf pacificafrom

R. confusaThe New Zealand species also resembles a tHitkesnfusaand is similar in
outward appearance to the thalluRofpacificaHollenberg illustrated on the algaebase
website (Guiryet al. 2005) and to micrographs of sections of thalignne (1969; Plate
13e—g) but differs fronRalfsia pacificaHollenberg in having biseriate plurangia in large
expansive sori. Hollenberg described the plurangR. pacificaas “regularly uniseriate” but
his illustration (Hollenberg 1969, Fig.17 p.294pwals some partially biseriate plurangia.
However a micrograph &. pacificaplurangia from Washington State (Dethier 1987, Eig
p. 1846) shows plurangia that are apparently unitseHollenberg also states that plurangia
of R. pacificaare “mostly about 1 mm in diameter or less” whenglarangial sori of the New

Zealand alga are expansive, covering most of thlé &nd often over 10 mm in diameter.

The combination of monomerous thalli, a single fdger cell and biseriate plurangia in

expansive sori distinguish this species from amyiously described crustose brown algae.
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Fig. 310. Ralfsia sp:'smooth”A. Radial longitudinal section of thallus

B. Unangia and paraphys€s Plurangia.
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3.10.3 Ralfsia confusa Hollenberg 1969
Plates 7(D-E), 11-12; Figs. 3.11-3.12

A relatively thin crust, up to 15 mm in diametetenf gregarious and becoming confluent
(Plate 7D). Usually epilithic, occasionally on dkeThalli adhering tightly to substrate
without rhizoids. Colour varying from light browm tan to chestnut or dark olive brown.
Basal areas reddish brown or rust coloured. Thélos surface drying glossy or eggshell,
centre smooth, periphery with low radial ridges aothetimes concentric ridges, edges pale
with thick cuticle. Growing in shallow rock poolsften high in the intertidal on rock and

loose cobbles.

Thallus Outline orbicular in young thalli, irregular indzr and confluent thalli.

Vegetative thallus 100—-250m thick, soral areas up to 4Qn thick. Structure
pseudoparenchymatous, organization dorsiventraktoaction monomerous or dimerous.
Basal layer monostromatic or distromatic of firmlyited branched radiating filaments,
giving rise to closely packed erect filaments, wfté 10-12 cells or less, but thicker crusts
with up to 25 cells. Erect filaments either bramghacutely from basal layer and curving
sharply to vertical or dividing at right anglesritdasal filament. Erect filaments firmly
united and not separating under pressure, occdlgitmanching. Basal cells rectangular or
irregular polyhedrons, usually 7-11(—20% diameter and length 1-2 diameters. Cells of
erect filaments 7—-8(—12)m diameter and 7-9(-1R)n in height. Epithallial cells domed,
usually 6-8(—10um diameter and 7-9(—18m long. Epithallial cells covered by a thin
cuticle, thickening near edge of thallus. Cellswgingle, indefinite plastid in upper part of

cell, without obvious pyrenoid.

Hairs present or absent, either solitary or irstoftless than five hairs, usually near the edge
of the crust but occasionally among the sori, @rbdiameter and up to 2@0n long, with

cells 15-3Qum long.

ReproductionCommonly found with unangia in extensive sorinnbany paraphyses. Sori
slightly raised gelatinous patches, paler tharsthreounding thallus, drying matt. Sori
extending completely over the central part of thestand spreading towards the edges in
radial strips. Unangia pyriform to ovoid, sessiteterminal vegetative cell of an erect
filament and lateral to a single paraphysis. Una2§—25(—30um diameter and 50—60(—80)
um long. Paraphyses clavate 60—75(-100)long, of 3-5 cells; apical cell usually swollen,
7-10um diameter and 15-3%mn long, sub-apical cells thinner, usually rectaagul

occasionally barrel shaped, 3p diameter, 11-22.5m long. Cells of paraphyses with a
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single plastid occupying most of the cell. Unangigasing pyriform biflagellate zoospores,
5-6x 6-8.5um.

Rarely with plurangia, densely crowded in exparnslaghtly gelatinous sori, with a single
plurangium terminal on each vegetative filamenthaut paraphyses. Plurangia 4+%
diameter and 22.5-371Bn long, terminating in a single dome shaped calp slejhtly

swollen, 6—74um diameter and up to 30m long covered by a thick cuticle. Each plurangium
with 6—7(-8) locules. Locules uniseriate or pabilyeriate, irregular or subquadrate. Unangia

and plurangia not seen on the same thallus.

Type from Corona del Mar, Orange County, California

Discussion

The New Zealand alga closely resemiitedfsia confusadollenberg 1969, described from
California. This species has also been reported the Gulf of California (Cruz-Alayat al.
2001), northern Chile (Mediret al. 2005) and India (Balakrishnan & Kinkar 1981). New
Zealand specimens are consistent with Hollenbetggeription and illustrations of the upper
filaments, plurangia and unangia but Hollenbergdkss the erect filaments branching at
right angles to the basal layer thus forming a daus crust. The New Zealand species has
short filaments usually branching acutely from basal layer and curving sharply to vertical
(Fig. 3.11A, Plate 11A-B). However this characgeesomewhat variable. In many sections the
thallus appears nearly or entirely dimerous (Fij1B), especially in sections from the centre
of older thalli, or from confluent thalli whereig difficult to determine the plane for a radial
longitudinal section. New Zealand specimens havagbg/ses of 3-5 cells, whereas
Hollenberg’s type has 10-12 celled paraphysediiblienberg refers to variants with 3—4 or
4—6 cells. Hollenberg also refers to thicker specimwith assurgent erect filaments that he
considers to bRalfsia pacifica Given the variations accepted by Hollenber&asonfusa

and as some sections of New Zealand material apii@arous it seems reasonable to refer

the New Zealand speciesRo confusa

Hollenberg applied the epithedbnfusadue to similarities between this species and the
crustose phases of some scytosiphonacean algagugias thin, thalli are often found with
expansive unangial sori (Plates 11B, 12A) and plgisaare seldom found. | also considered
this species to be a member of the Scytosiphonaaatikl collected specimens from
Northland with plurangia and found ITS DNA sequenskowed no close affinity with the

Scytosiphonaceae. The plurangia appear similalutampgia ofR. confusdrom Washington
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State in micrograph in Dethier (1987, Fig. 7, p@84lthough plurangia of New Zealand
specimens are somewhat shorter (Fig. 3.11B, Peig. 1

Hollenberg placedRalfsia confusan the sub-genuStragulariabased on the expansive
unilocular sori and thin, dimerous thallus. In ygenorbicular crust the unangial soriFf
confusacover most of the central part of the thallus exténd outward in irregular, partly
confluent radial stripes. In older confluent thétie sori are irregular, adjoining thalli are
difficult to distinguish and sori are apparentlyniaent between thalli. However the coherent
erect filaments, sterile apical cells of the plgianand assurgent erect filaments of New

Zealand specimens are characteristiRalfsia

Hollenberg (1969) placelalfsia integraanother species with expansive unangial sori but
with a relatively thick thallus and assurgent fimts, in the genuRalfsiawithout reference

to Stragularia He apparently regarded the arrangement of taméhts to be of greater
importance than the type of sori. A separate gevtlsn the Ralfsiaceae may be warranted
for species with expansive unangial sori. For tfesent it seems better to retain this species
in Ralfsiaas the inclusion of microthalli of Scytosiphonae@aStragulariahas confused the
circumscription of this genus, and the Ralfsiacgsesu strictao not appear to be closely

related to the Scytosiphonaceae (Tan & Druehl 1993)



79

QQ%@%SQD

QO S N, 0
Sasel @8888@@@@%%@@%@
QpN 0 DDDDD
OUO&% CJooa20000 QDDDDD )
H g DDDDDDWmm
mmg@@ 3 p OOQDOOOQDQDQDDDDD
SN Joo000O(J 1N L)
SN el R
&0
mm%@m@@% Oomwoo%%mmummDDDDD
—EE Q00000000 =IO T T
SEREy Q0000000 I T 0]
R Qo00e000 I LI L (]
anaLuAl Q0000000005 OIS0
mmmuﬂowm eliiiessess g ha
g el LLLT 7T
L] 32300 O 1]
g =cssul nggg@DDDD@DBQ

Fig. 3.11. Ralfsia confusaA. Radial longitudinal section of edge of
thallus.B. Radial longitudinal section of fertile thallus tviplurangia.
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Fig. 3.12. Ralfsia confus#. Radial longitudinal section of fertile crust.
B. Two unangia with paraphyses.
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3.11 Hapalospongidion Saunders 1899

Thallus Crustose and gelatinous, outline orbicular inngpthalli, older thalli confluent,
irregular or eroded. Basal layer firmly attacheddck without rhizoids. Basal layer
pseudoparenchymatous, two to several cells thiglggyrise to free filaments embedded in
gelatinous matrix. Organisation dorsiventral, cargion monomerous with a prostrate basal
layer of laterally adherent, branched radiatingrfients giving rise to free erect filaments,
simple or rarely branched. Hairs absent, or singia tufts. Plastids single per cell or

possibly 1-3 per cell, plate-like.

ReproductionUnangia terminal on a stalk or vegetative filam@&urangia intercalary,

uniseriate to multiseriate with one to few termisirile cells.

Type speciedHapalospongidion gelatinosufrom California

Womersley (1987) combinddapalospongidiorwith two genera of morphologically similar
algae MesosporaandBasisporaMesosporavas created by Weber-van Bosse based on
Mesospora schmidt{Weber-van Bosse 1911, 1913) from IndonesiaBamisporawas

created by John & Lawson (1974) basedoafricanaJohn & Lawson from Ghana.

John & Lawson (1974) considBasisporaandMesosporaseparate frorhlapalospongidion

on the basis dBasisporapossessing several chloroplasts per cellMesosporéhaving
unangia attached laterally to the vegetative filataeWomersley (1987) and Ledn-Alvarez &
Norris (2005) regard the difference in the attachined the unangia as being a matter of
interpretation and terminology, as all three geft@nae unangia terminal on a filament or
stalk that may arise laterally from another filaté&Womersley considers all genera to have
one to three chloroplasts per cell, depending erstbe and age of the cell. Rull Lluch (2002)
agrees thatlesospords synonymous witlHapalospongidiorbut retainBasisporaas a
separate genus based on the several discoid glastidrted by John & Lawson h

africana John & Lawson (1974) transferreld saxigenunandH. durvilleaeto Basisporaon
the basis of the several chloroplasts per cellnteddy Lindaueet al. (1961). These were
probably physodes misidentified as plastids, athalNew Zealand specimens | examined
have a single, sometimes obscured, plastid in ealthRull Lluch (2002) considers it

possible that the same mistake was made in theof&sesispora
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A fourth morphologically similar genugcrospongiuntchiffer 1916, with one species,
ralfsioides has been reported from the Mediterranean (Sa&d@wvddi 1989). This species
has a single plate-like plastid per cell and shquabably be combined with

Hapalospongidion

Tanaka & Chihara (1982) erected a new family inRlaéfsiales, the Mesosporaceae to
accommodat&lesosporaHapalospongidiorandBasispora They separate these genera from
other Ralfsiales by the intercalary pluriloculaosangia and terminal unilocular sporangia

arising on a stalk or vegetative filament withoataphyses.

3.11.1 Hapalospongidion gelatinosum  Saunders 1899
Plates 13 & 14; Fig. 3.13

A soft gelatinous crust, slippery when wet, thaften coalescing to cover large areas. 10-30
mm diameter, but forming confluent patches withvidal thalli indistinguishable (Plate
14C). Colour olive-green to tan, orbicular thalltmwfine straw coloured radial stripes
arranged in concentric bands, palest near theecdmit with a dark patch and often a reddish
spot in the exact centre, confluent thalli mottiéalatinous when wet, drying matt or suede,
turning to slime when removed from the rock anddpring copious quantities of slime when

cut.

Thallus Outline orbicular in young thalli, older thallften confluent, irregular or concentric
ring with eroded centre, 250—74f thick. Basal layer firmly attached to rock withou
rhizoids. Structure of 1-2 or more pseudoparencigusabasal layers giving rise to free
filaments embedded in gelatinous matrix. Orgarosadiorsiventral, construction
monomerous with a prostrate basal layer of lateedherent, branched, radiating filaments
2-3 or more cells thick. Erect filaments of 25—@8scbranching acutely from basal layer,
becoming free from one another and curving immediab vertical. Erect filaments rarely

branched.

Basal cells rectangular or irregular polyhedrord,5um diameter and 0.33-2.5 diameters
long. Lower cells of erect filaments cylindricapper cells rounded or barrel shaped, 4-8.5
pum long and 0.6-3.75 diameters long. Apical celisédashaped or swollen, 4—10n

diameter and 0.4-2.2 diameters long. Single plgs&rdcell occupying most of the volume of
the basal cells and upper cells of the erect fitdmeplastid gradually reducing in size in

lower cells of erect filaments. Cell contents soratrgranular with numerous physodes.
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Hairs in tufts, visible when dry, arranged on thalin irregular concentric circles. Hair cells
3-5um diameter and 5-22)&m long.

ReproductionUnilocular sporangia not seen. Plurilocular spgra uniseriate or partly
biseriate, in groups, intercalary on erect filansemith two or three sterile cap cells. 8-12

locules in each plurangium, locules 7.5+B diameter and 7.5-2m long.

Thin, occasionally branched hyphae-like filameritsropresent between erect filaments, no

reproductive structures seen on these.

North Island, South Island, Stewart Island.
Type:H. saxigenunSpecimen 11320, Herbarium Lindauer from Stewdaihts Herbarium

of Auckland University College.

Discussion

Lindaueret al (1961) recorded two speciestthpalospongidiorirom New ZealandHl.
saxigenunandH. durvilleae The latter, an epiphyte 8furvillaea, was transferred to
Herpodiscudy South (1974). Adams (1994) describesaxigenunas localised to suitable
(hard) rock types. | found thalli on various suésgs in the Cook Strait region, including
crumbly greywacke and soft sandstone. Thalli grovan irregular surfaces are less easily
recognised and may resemBalfsiaor Diplura. Populations at Houghton Bay, Wellington,

tolerate surf, and abrasion and burying by sand.

Lindauer (1947) described the New Zealand algaresiaspecied;l. saxigenuniindauer

that is “closely related tBl. gelatinosunBaunders in habit and stature but differs prirlyipa

in the absence of plurilocular bodies, and in therly developed basal layer.” Lindauer
(1949) wrote that “the basal distromatic or trigtedic layer characteristic of the genus is
barely distinguishable in this species, but it @ppe&o exist.” The basal layer is tightly
adherent to the substrate and difficult to sectimt,appears to consist of at least two layers of
cells (Fig. 3.13D, Plate 13B), and in this regamiW\Zealand material is consistent with

Saunders’ (1899) description Hapalospongidion gelatinosum

Unilocular sporangia were not present in any ofaolections, but several specimens have
uniseriate or biseriate plurangia, usually witrethterminal cap cells (Fig. 3.13B, Plate 14B).
| observed the release of motile spores from plyiearThe plurangia parted halfway up their
length, the upper parts peeling away in groupsrératined joined at the cap cells. This

mode of spore release was observed by Jaasund) (hIedlfsia verrucosand Edelsteiret
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al (1968) inRalfsia fungiformisThe biseriate plurangia are identical to thosestitated by
Hollenberg (1942, p.530, Fig. 8) and Saunders (L8389

As there are no differences between New Zealandrmaband the description of the type
specimen of. gelatinosun(Saunders 1899), | regard the diagnostic chasated to erect
Hapalospongidion saxigenuas unreliable and refer the New Zealand species to

Hapalospongidion gelatinosuBaunders

Womersley (1987) described a single new Austrad@eciesHapalospongidion capitatum

that he separated frokh gelatinosunon the basis of capitate filaments (the upperrvastor
three cells are enlarged), multiseriate plurilocsfaorangia, and the absence of unilocular
sporangia. Specimens from New Zealand have bottatagilaments identical to those
illustrated by Womersley (Fig. 20F, p. 76) and maipitate filaments this character appears

to be variable. Hairs are absam#. capitatumbut this character has been shown to be plastic
in other brown algae, includirfgalfsia Only the multiseriate plurangia clearly sepatdte

capitatumfrom H. gelatinosum
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Fig. 313. Hapalospongidion gelatinosum. Vegetative filament$B. Plurangium.
C. Two orbicular thalli.D. Basal filaments with branching lower part of erdeiments
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Plate 1 Scytosiphon lomentaria microthalli. A. Thallus with unangia. B. Unangium
and paraphysis.



Plate 2. Colpomenia bullosa: young microthallusA. Radial longitudinal section of
edge of thallusB. Radial longitudinal section of thallus.
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Plate 3. Colpomenia bullosa A. Older thallus with lobe and rhizoid8. Lobed
thalli in rock pool, Point Eldson, Wellingto@.. Unangium and paraphysis.



Plate 4. Pseudolithoder ma roscoffense. A. Longitudinal section of thallus with
plurangia (arrows)B. Thallus in surface view with plurangia (arrows).
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Plate 5. Diplura sp. A. Confluent thalli on rock, Point Elsdon, Wellingto
B. Cells of erect filaments with discoid chloropkast
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Plate 6. Diplura sp. A. Longitudinal section of thallu&. Thallus with plurangia,
red arrows: terminal vegetative cell; black arrostsrile apical cell.
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Plate 7. A-C. Ralfsia expansa A. Orbicular thallus wittDiplura sp., The Sirens,
Wellington.B. Young thalli on rock andurbo, Kaikoura.C. Confluent thalli.
D-E. Ralfsia confusa D. Young thalli, Island Bay Wellingtor. Older confluent
thalli in rock pool, Kau Bay, Wellington.
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Plate 8.Ralfsia expansa. A. PlurangiaB. Detached unangium with paraphysis.
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Plate 9. Ralfsia sp. “smooth”. A. Radial longitudinal section of thalli. Thalli
growing on non-geniculate coralline algae, Elsdom® Wellington.
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Plate 1C. Ralfsia sp. “smooth”. A. Biseriate plurangia, blue arrow: locules; black
arrow: terminal sterile celB. Cells of erect filaments with single plastid and
physodes.
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Plate 11. Ralfsia confusa A. Radial longitudinal section of edge of thallus.Radial
longitudinal section with unangium (arrow) and pdryses.
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Plate 12. Ralfsia confusa A. Radial longitudinal section of thallus with unaagi
and paraphyse8. Radial longitudinal section of thallus with plaga.
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Plate 13. Hapal ospongidion gelatinosum. A. vegetative thallus. B. Basal flaments
(arrow) with lower part of erect filaments.
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Plate 14. Hapal ospongidion gelatinosum A. Apical cells of filamentB. Plurangium
C. Confluent thalli, Houghton Bay, Wellington.
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Chapter Four:
Molecular phylogenetics

4.1 Results

4.1.11TS Sequences

Ralfsiaceae/Lithodermataceae

ITS-2 sequences were obtained from all speciesl1ldsl not amplify well and fungal
contamination was a problem. ITS-1 sequences foymard and reverse strands were
obtained fromHapalospongidion gelatinosum, Ralfsia expaasdRalfsia sp.‘'smooth.”
Complete ITS-1 sequences were not obtained fRaifsia confusaDiplura sp and

Pseudolithoderma roscoffense

ITS regions oHapalospongidion gelatinosumere longer than other Ralfsiaceae (Table 4.1),
and contained many repeated motifs. ITS-2 regidsher species ranged from 329

nucleotides (irDiplura sp) to 418 nucleotides (iRalfsia sp “smooth”).
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Scytosiphonaceae

ITS-2 sequences were obtained frGmipomenia bullosérom Point Elsdon (two specimens)
and from Matheson Bay in Northland. All sequencesendentical and were identical to ITS-
2 sequences from this species from Muroran, Hokkaldpan, published by Kogame &
Masuda (2001) (GenBank Accession number ABO46537ii¢ ITS-2 sequence Betalonia
binghamiagrom Island Bay, Wellington was identical to seqeesifrom Korea and
California (in Cho eal. 2002: California specimen from Shaw's Cove, GanBaccession
number AY154723; Korean specimen from Sacheon, @ekBRccession number
AY154721).

4.1.2 LSU sequences

Sequences of approximately 1000 nucleotides ob'tkad of the LSU nrDNA were obtained
for all known New Zealand Ralfsiaceae askudolithoderma roscoffenséthe

Lithodermataceae.

Table4.1: Length of ITS-1 and ITS-2 regions of New Zealaralfflaceae and
Lithodermataceae. ITS borders according to Saur@&l&muehl (1993a). ND: no complete

data.
Length
Species

ITS1 ITS2
Ralfsia expansa 296-306 362-366
Ralfsia confusa ND 370-379
Ralfsia sp. “Smooth” 395 418
Hapalospongidion gelatinosum 663 557
Diplura sp. ND 329
Pseudolithoderma roscoffense ND 361

4.1.3 Sequence alignment

ITS sequences
Alignment of ITS-2 sequences was possible witkalfsia Alignment required some gaps
and alignment was ambiguous in some areas. Thelet@dmlignment included 462 sites of

which 104 were parsimony informative. No outgroayadn was alignable witRalfsia
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sequences. Only a few short sections of ITS-2 semsefromHapalospongidion gelatinosum
could be aligned with sequences from other spelli&2 sequences @fiplura sp.and
Pseudolithoderma roscoffenaere alignable, and these sequences could bedligrith
several gaps and some ambiguity, with speci&pbhcelariaobtained from GenBank.

Alignments are shown in Appendix 1.

LSU alignment

Sequences were aligned according to Rousseau2001. This was not difficult, but
required the addition of one additional long gap@iditions 476 to 496 to accommodate

Diplura sp The alignment is shown in Appendix 2.

4.1.4 Phylogenetic relationships

ITS sequences

All trees had similar topology and branches betwsgmmties had good bootstrap support (Fig.
4.1 and 4.2). Bayesian posterior probabilities vadreve 95%, except for the separation of

Ralfsia sp “smooth” from other taxa, which had 93% support.

Ralfsia confusandRalfsia sp.‘'smooth” are closely related but all analyses satpd these
species into two groups that are congruent withpimological differences. Two specimens of
R. confusdrom Northland (Russell and Whananaki), the oplgcsmens found with
plurangia, grouped with unangia-bearing specimesra WWellington Harbour and
Wellington’s South Coast. Uncorrected pairwiseatises varied from 0.3% to 1.3% wittin
confusaand 0.3-0.6% withifRalfsia sp “smooth.” Pairwise distances between the two
species ranged from 6.5% to 7.6Ralfsia expanseég more distantly related, specimens from
Otamure Bay, Northland and from Wellington’s soctlast differed by 0.7%, arRklfsia
expansaiffered fromRalfsia confusdy 35.6-37.4%, and frofalfsia sp “smooth” by
33.3-33.9%.

LSU Sequences

LSU sequences produced trees with generally siritangement of taxa as those of
Rousseaet al. (2001), Draismat al. (2001) and Chet al.(2004), but relationships between
orders and within orders were poorly resolved amdesbranches had little bootstrap support

(Figs. 4.3 and 4.4). Maximum parsimony analysisipoed a tree in which the early
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branching of the Dictyotales was well resolved.e&and branch contain&jringoderma
phinneyiof the Syringodermatales and a group containingttteacelarialeDiplura sp.and
Pseudolithoderma roscoffensehis group had only moderate bootstrap supp@&ol7 All

other taxa formed a group corresponding to whd&elders & Rousseau (1999) term the
“brown algal crown radiation”. Within this groupehelationships between orders were not
well supported. Some orders (Ectocarpales, Destrlessand Scytothamnales) separated
into single groups, but often with low bootstrapport. Other orders (Fucales, Tilopteridales)
had less than 50% bootstrap support. The Ralfstaicemed a well supported clade, with the
exception oDiplura sp, which grouped witliPseudolithoderma roscoffenared the
Sphacelariales. The relationship of the RalfsiaeeaiNemoderma tingitanuna, species

referred to the Ralfsiales by Nakamura (1972), maigesolved.

A maximum likelihood analysis produced a tree vsithilar topology to the maximum
parsimony tree (Fig.4.4), separatiRglfsiaspecies antlapalospongidiorfrom Diplura and

Pseudolithodermawhich grouped with the Sphacelariales.
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Ralfsia expansa
4 P Otamure Bay

Pt Elsdon

100/100

Pt Elsdon
100/99  Whananaki

Pt Halswell | Ralfsia confusa
Kau Bay 4 4

Russell

. Island Bay
Ralfsia sp. “Smooth” | p Haswell
Pt Elsdon

—— 5 changes

Fig. 4.1. Relationships of New Zealand speciefaffsiabased on ITS-2 sequences. One of
26 maximum parsimony trees inferred from a heuristiarch. Nucleotide changes are
indicated by branch lengths. Bootstrap values laogvs beside branches (percentages of
1000 resamplings, left) and posterior probabilifresn Bayesian analysis (right). Tree

length=97; Consistency index=0.9897; Retention x~@e0822.
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Ralfsia expansa
Pt Elsdon ___ Otamure Bay

Wh ki
Ralfsia sp. “smooth™ | Pt Halswell Russell Pt Halswell Ralfsia confusa
: Pt Elsdon 62 Island Bay Pufisled 95K au Bay : :
t Elsdon

0.05 substitutions/site

Fig. 4.2. Relationships of New Zealand speciefRaffsiabased on ITS-2 sequences.
Maximum likelihood tree inferred from heuristic sefa -In likelihood=1066.2353.
Bootstrap values are shown below branches (peestaf 1000 resamplings).
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Sporochnus pedunculatus Sporochnales
Ralfsia sp. “smooth”
Ralfsia expansa
Pseudolithoderma roscoffense
|¢:Tannia atomaria
Dictyopteris polypodioides

Cutleria multifida Cutleriales
Ascoseira mirabilis Ascoseirales
Nemoderma tingitanum Ralfsiales?
100 : Ralfsia confusa
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Y ) deatl Lol L
94 Sphacelaria cirrosa .
sil_:C/udoxtephus spongiosus | Sphacelariales
Halopteris scoparia
Diplura sp. ] Lithodermataceae
Syringoderma phinneyi Syringodermatales
Dictyota dichotoma
Tribonema aequale Xanthophyceae

] Dictyotales

10 changes

Fig. 4.3. Relationships of 73 phaeophycean species base8 dmrDNA. Maximum

parsimony tree inferred from heuristic search. Bvap values performed for 1000 replicates

are indicated above branches. Branches with less30% support are collapsed. Tree
length=1836; Consistency index=0.317; Retentiomx¥®.531. Species sequenced in this

study are shown in bold type.
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Fig. 4.4. Relationships of 73 phaeophycean species base8 dmrDNA. Maximum
likelihood tree inferred from heuristic search (ikelihood: 8113.51993). Species

sequenced in this study are shown in bold type.
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4.2 Discussion

4.2.1 Species and generic relationships

Divergence rates of ITS sequences in the Phaeophgteery variable. Coyet al. (2001)
found a maximum of 3.3% divergenceNfacrocystisspecies from the Northern and
Southern Hemispheres, and van Opetal. (2002) found only 0.09% divergence in ITS
sequences betwe®esmarestia viridis/willbetween Northern and Southern Hemisphere
populations. Conversely Chat al. (2005) found between 9.2% and 11.01% divergence
between ITS sequences of two lineage€apomeniaand Cheet al (2000) found up to
22.4% divergence between speciePefalonia Coyer was unable to separate taxa usually

regarded as separate speciellatrocystisusing ITS data.

Divergence in ITS sequences in New ZealRadfsiais congruent with divergence in
morphological characterRalfsia confusandRalfsia sp.‘smooth” are the most
morphologically similar species, distinguishabldydsy thallus thickness and the structure of
the plurangia, and were considered as possiblypemific, but analyses of ITS-2 sequences
consistently separated the specimens sampledwotgroupsRalfsia sp:‘smooth” was only
collected from the Wellington region, but separatedsistently fronRalfsia confusdrom

the same sites, aRhlfsia confusdrom the same Wellington sites was more similar to
Northland specimens than Ralfsia sp “smooth”. Both these species could be regarded as
members of the genus or sub-geBtamgulariaon the basis of having expansive sori and, in
the case oRalfsia confusashort, nearly vertical filaments. | have not agplkhis name due

to the confusion surrounding its use (see Chapté&dlfsia expansé more distantly related
to other New ZealanRalfsia(Figs. 4.1 and 4.2) and is consistent with BattetsRalfsia
(Batters 1890).

Specific epithets were applied to logdlfsiaspecies on the basis of a limited number of
morphological characters. The identity of local@ps could be confirmed by obtaining ITS
sequences of specimens from the type locationsarticularRalfsia expansés reportedly
widespread and descriptions are somewhat variablenfAlvarez & Gonzalez-Gonzélez
2003), so a molecular study across the range &&ecies would clarify the identity of the

New Zealand species.

4.2.2 Separation of the Ralfsiaceae and Scytosiphonacean microthalli

Studies by Kogame & Masuda (2001) and @€hal. (2002, 2005) have provided a good data

set of ITS sequences for the Scytosiphonaceaatbatvailable on GenBank. ITS-2
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sequences were adequate for discriminating betRa#fsiaspecies and microthalli of the
Scytosiphonaceae, and ITS-2 sequences obtainedfrtim two scytosiphonacean species in
this study Petalonia binghamiaandColpomenia bullospwere identical to sequences from
North Pacific specimens. Microthalli Gfolpomenia bullosfrom New Zealand are larger
than those reported by Kogame & Masuda (2001), alidler thalli up to 30 mm diameter and
forming extensive confluent crusts in rock poolkisTexotic species is spreading in New
Zealand (Parsons 1982, Nelson & Adams 1991, Ad&84)land investigations of its spread

and ecological impact should consider both lifédmgsphases.

4.2.3 Placement of Hapalospongidion

Hapalospongidions morphologically distinct fronRRalfsiaand has been placed in a separate
family, the Mesosporaceae (Tanaka & Chihara 1988)as not possible to align ITS
sequences dflapalospongidiorwith any species dRalfsia.LSU sequences did not separate
Hapalospongidiorfrom Ralfsig but did separate this group frasemoderma tingitanum

(Nemodermataceae) aRdeudolithoderméLithodermataceae).

Tanaka & Chihara separated the Mesosporaceae lfiwRdlfsiaceae/Lithodermataceae on
the basis of (1) intercalary plurilocular sporan@eparating the group from the
Lithodermataceae) and (2) terminal unilocular spgi@on a stalk or vegetative filament
(separating the group from the Ralfsiaceae). Thelpded three generBasispora
HapalospongidiorandMesosporan the family. The second character is somewhat
ambiguous as it is not clear how the stalk shoelddfined and the meaningtefminaland
lateral in relationship to the paraphysis (Ledn-AlvareN&rris 2005). Som&alfsiaspecies
bear unangia on a stalk of several cells, but seorgers describe these unangidasral to
theparaphysige.g., Tanaka & Chihara 1980c). The vegetatianfénts in
Hapalospongidiorare all similar to paraphyses of other Ralfsiac@®scytosiphonacean
microthalli and some workers (e.g., Abbott & Huisn2004 orHapalospongidion
pangoensghave referred to all erect filamentsHdipalospongidioras paraphyses. It is not
clear how the stalk or filament supporting the gians attached to the thallus. Rull Lluch
(2002) found that the supporting filament of thamgia inHapalospongidion van-bosseae
branched off a vegetative filament near its bas¢his vegetative filament could be regarded
as laterally attached to a paraphysis, dRdlisia Womersley (1987) regarded these
characters and characters used to separate geitl@rathe Mesosporaceae as inconclusive
and merged these genera to a single getaysalospongidionyhich he placed in the
Ralfsiaceae. The vegetative filaments of generegolan the Mesosporaceae by Tanaka &

Chihara are free from one another, but both thieddérmataceae and the Ralfsiaceae contain
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members with more or less laterally adherent filaimand it is not clear that this character

has any significance above the generic level.

The results of this study suggest tHaipalospongidiorshould be retained in the Ralfsiaceae

until a wider study provides evidence otherwise.

4.2.4 Placement of Diplura

All analyses supported the separatioaflura andPseudolithoderm&om the other
Ralfsiaceae. ITS sequences from these two speersvet alignable with other Ralfsiaceae
but could be reasonably well aligned with one aeotiplura has previously been placed in
the Ralfsiaceae (Hollenberg 1969, Tanaka & Chil&&ilb) based on having plurangia that
have a terminal sterile celiplura and a similar genugndoplura,possess several plastids
per cell, unlike the other Ralfsiacesensu strictdthat is, not including the Lithodermataceae)
with a single plastid per cell, but this chara¢tas been considered less important in the
circumscription of the Ralfsiaceae than the intlaryaorganisation of the plurangia
(Hollenberg 1969, Tanaka & Chihara 1981b). SomeispeofHapalospongidiorhave been
reported to contain more than one plastid perteélthis is not altogether clear (Rull Lluch
2002). Including more species and sequences frber oegions of DNA should better
resolve relationships, but these results suggasttitle Lithodermataceae should be
maintained as a separate family from the Ralfsies@Diplura should be transferred to this

family.

4.2.5 The Ralfsiales

Nakamura (1972) proposed the order Ralfsiales dnatuthree families, the Ralfsiaceae, the
Lithodermataceae and the Nemodermataceae. Thedis rgggest that Lithodermataceae
and Nemodermataceae should be maintained as sefmaralies, but do not resolve the
relationship between the Nemodermataceae and tf@eRaae. On the other habiblura
andPseudolithodermavere separated from the Ralfsiaceae in all analgaewere closely
related to each other. The presence of severalgdgser cell irDiplura andEndoplurahas
been raised as an objection to Nakamura’'s propaskd Ralfsiales, which he characterized
as having a single plate-like plastid per cell @el 1982b). Transferringiplura and
Endoplurato the Lithodermataceae would overcome this olgactbut would make the
Lithodermataceae more diverse by including spegigsintercalary plurangia. These results
suggest that the structure of the plurangia may less important character than the number

of plastids per cell.
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While the Ralfsiaceae were clearly separated frimarcorders, the relationship between the
Ralfsiaceasensu strictdi.e. excludingDiplura and the Lithodermataceae) and other orders
is unclear as analyses of LSU sequences aloneotiie solve relationships between orders in
the phaeophycean crown group. These relationshipwell resolved in other studies that
incorporate data from other regions of the gendRmusseaet al.2001, Draismaet al.

2001). However, this study did not show a closati@hship between
RalfsidHapalospongidiorand other phaeophycean orders. It is possiblditeaRalfsiales
should be recognized, strictly following Nakamurdiagnostic featuresSeeChapter One),
and thus excluding species with more than oneiglast cell Diplura, Pseudolithodermja

and those with pyrenoids, i.8ymphyocarpuandSorapion(Sears 2002).

4.2.6 Relationships of Diplura, the Lithodermataceae and the Sphacelariales

The Phaeophyta can be divided into an early dimgrgroup consisting of the
Choristocarpaceae, Dictyotales, Sphacelarialedp@raceae, Syringodermatales (Gétoal.
2004), the Ishigeales and the Phaeostrophiaceaeafl¢aal. 2005), and a second group
consisting of the Ectocarpales, Fucales, Lamiresiahd several other orders, which de
Reviers & Rousseau (1999) term the “brown algalveroadiation”. This study suggests that
a group includin@iplura and at least some members of the Lithodermatareaaso part of

this basal group.

The relationships within this basal group are dsdginning to be resolved. Tan & Druehl
(1996), in a phylogeny based on a limited numbesnadill sub-unit nrDNA sequences found
the Fucales were the first group to diverge fromphaeophycean lineage. Rousseiaai.
2001, using a larger data set of small and largeusiit nrDNA sequences, found the
Dictyotales were the earliest divergent group ofekd by the Sphacelariales and the
Syringodermatales. Draisned al. (2001) addedbcL data and place@horistocarpus tenellys
formerly placed in the Sphacelariales, as theesdrtiivergent taxon, followed by the
Dictyotales and two separate clades of Sphacetaratd Syringodermatales. Recently, Cho
et al. (2004) placed a newly established order, the ésdles betwee@horistocarpusand the
Dictyotales and Syringodermatales. The Ishigealémsed on the Ishigeaceae, formerly

placed in the Chordariales.

Kawai et al. (2005) found a weakly supported relationship betwhaeostrophion
irregulare Setchell & Gardner and the Sphacelariales, baséarge sub-unit and small sub-

unit nrDNA andrbcL sequences. This little studied species has aip&tecrustose base that
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develops erect blades. The cells possess sevasdidsl without pyrenoids. Kawat al.
proposed a new family, the Phaeostrophiaceae ctnmanodate this genus and declined to
propose a new order. This result, and the resulis this study, suggest morphologically
diverse unresolved group that might include membgétke Lithodermataceae, the

Phaeostrophiaceae, and the Syringodermatalesrelétfionships to the Sphacelariales.

A relationship between Sphacelariales and othestase brown algae has not been previously
suggested. The Sphacelariales are small heteroisdbrown algae, with a basal part
composed of creeping filaments, and usually widtemultiseriate filaments, with a
prominent apical cell and tiers of cells formedttansverse and longitudinal cell divisions

and hence parenchymatous. Cells of the Sphacelsuigahtain many disc-shaped chloroplasts
(Prud’homme van Reine 1982) in common witiplura andPseudolithodermalhe genus
Sphacelariancludes the crustose speci€phacelaria mirabiligReinke ex Batters)
Prud’homme van Reine. This species does not haot axes, but has superficial
reproductive filaments which were originally integfied as an epiphyte, with the crustose
base taken for a speciesRilfsia(Batters 189%). This superficial resemblance to other
crustose algae is interesting but may not implioaecrelationship with other crustose species
as it is clear that the crustose form has evolesdral times (in the Scytosiphonaceae, the

Ralfsiaceae, the Lithodermataceae and probabheifPhaeostrophiaceae).

4.2.7 Further work

LSU sequences are strongly conserved in the Phgieogiey are of limited value in
resolving ordinal relationships (Draisretal 2001, Rousseaet al 2001). Draismat al

(2001) foundbcL sequences gave better resolution, although #mores for this are not
completely clear. Chet al (2004) also addeaisaA andpsbA sequences and produced better
resolved trees. Adding sequences from these regaoisincluding species from outside New
Zealand should better resolve the relationshigh®Ralfsiaceae among the brown algal

crown group and the place Diplura and the Lithodermataceae among the basal groups.

! A photocopy of the British Museum of Natural Hists copy of BattersA List of the Marine Algae
of Berwick-on-Twee(lL890) included the following handwritten note lolesthis species (listed as
Battersia mirabilisReinke), presumably by Battef$Vhat, in the above description, | have called
“Ralfsia” is really the discoid base of the plariie upright filaments are fruit-branches.”
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6.0 Appendices

Appendix 1: Sequence alignments

New Zealand Ralfsia species, ITS2 Alignment
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Ral f si a_confusa_(Pt_El sdon) B

Ral fsia_sp._snooth_(Pt_Halswell) GCA ... ... ... ... ..- ..A ...
Ral fsia_sp._snooth_(Island_Bay) GCA ... ... ... ... ..- ...
Ral f si a_sp. _snoot h_( Pt _El sdon) GCA ... ... ... .. .-

Ral f si a_expansa_( O anur e_Bay) G. G&C. A. ... RA.G
Ral f si a_expansa_( Pt _El sdon) GG G C. A. ... RA.G
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Appendix 2: LSU Alignment

#Tri bonena_aequal e

#Di ctyot a_di chot oma
#Sphacel ari a_cirrosa
#Fucus_vesi cul osus

#lLam naria_digitata

#Spl achni di um rugosum

#St r ebl onenma_nacul ans
#Ascophyl | um nodosum
#Pel vetia_canalicul ata
#Xi phophor a_chondr ophyl | a
#Hor nosi r a_banksi

#H mant hal | i a_el ongat a
#Ant hophycus_I ongi fol i us
#Sar gassum rmut i cum
#Turbi nari a_turbinata
#Axillariella_constricta
#Bi furcaria_bifurcata

#Bi furcaria_brassicaeforms
#Bi furcari opsi s_capensi s
#Caul ocysti s_cephal orni t hos
#Cyst osei ra_nodi caul i s
#Not hei a_anonal a

#Cyst osphaer ae_j acqui not i
#Phyl | ospor a_conosa

#Sel rococcus_axillaris
#Durvi |l | aea_antarctica
#Dur vi | | aea_pot at orum
#Taoni a_atonari a

#Di ctyopt eri s_pol ypodi oi des
#C adost ephus_spongi osus
#Hal opteri s_scopari a
#Syri ngoder ma_phi nney
#Nenoder ma_t i ngi t anum
#Bachel otia_antillarum
#Hapl ospor a_gl obosa
#Phaeosi phoni el | a_cryophil a
#Til opteris_nertensii

#Al aril a_escul enta

#Lam nari a_ochrol euca
#Macrocystis_pyrifera
#Chorda_filum

#Hal osi phon_t onent osus
#Saccor hi za_pol yschi des
#Cutleria_multifida
#Ascoseira_mrabilis
#Arthrocl adi a_vill osa
#Desmar esti a_acul eata

ATA ACT AAG CGG AGG AAA AGA AAC TAA

111 111 111 122 222 222 223 333 333 333 444 444 444 455 555 555 556 666 666 666 777
123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012

Y U,

BBl

000000000000 00000000000000N0O000O0ON0O00O0O0000

CCA GGA TTC CCC TAG

0

TAA CGG CGA GIG AAG CGG GAA GAG

CCC ACG ATG

AAdAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

—

> -

>>>>
DAAAAA] AAAAA

99999 LuLi Ll

o -

777
345

DAAAAA0A AL AAD

AAdAAAAAAAAAAAAAA]

—

LI_

e s K I

777
678 ]
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#Desmarestia_ligul ata

#H mant ot hal | us_grandi fol i us
#Phaeurus_antarcticus

#Spor ochnus_peduncul at us
#Scyt ot hammus_australi s

#St er eocl adon_r ugul osus
#Ast er onema_f er r ugi nea

#Ast er onema_r hodochor t onoi des
#Ast er ocl adon_| obat um

#H ncksi a_granul osa
#Pylaiella_littoralis
#Adenocystis_utricularis
#Utriculidiumdurvillei

#Pet al oni a_f asci a

#Scyt osi phon_| onentari a
#Chordaria_flagelliforms
#Punctaria_latifolia
#Wriotrichia_clavaeforms
#Di ct yosi phon_f oeni cul aceus
#Striaria_attenuata
#Pseudol i t hoder ma_PS5

#Ral f si a_confusaTH21

#Ral f si a_expansaPS6

#Ral f si a_snoot hSR6

#Hapal ospongi di on_gel at i nosunHP4

#Di pl ura_austral i sRV16

#Tr i bonema_aequal e

#Di ctyot a_di chot oma
#Sphacel ari a_cirrosa
#Fucus_vesi cul osus

#lLam naria_digitata

#Spl achni di um rugosum

#St r ebl onema_nacul ans
#Ascophyl | um nodosum

#Pel vetia_canalicul ata
#Xi phophor a_chondr ophyl | a
#Hor nosi ra_banksi i

#H mant hal | i a_el ongat a
#Ant hophycus_Il ongi fol i us
#Sar gassum nut i cum

#Tur bi nari a_turbinata
#Axillariella_constricta
#Bi furcaria_bifurcata

#Bi furcaria_brassicaeforms
#Bi f ur cari opsi s_capensi s
#Caul ocysti s_cephal orni t hos
#Cyst osei ra_nodi caul i s

00 0000000 T DDl
I>0IOI

999 999 999
123 456 789
CCT G C GaC
- --G
.-- --G
e --T
.- --G

®

| EEEENEE
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DOOOOOOOOO—A-

999999999999

=

88999898

111 111
000 000
345 678
CGA ATT

B

OO OO0~ T T T T e

OO 00000
B

o
OOOOOOOOOO'>;EOOOE'OQ

o

0

0000000000000 0000000000

111 111
112 222
890 123
AGA GGG

0000000000040 00-100

111
222
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GTA
AG
GG
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GA.
GT.
GIT
GIT
GIT
GIT
GIT
GIT
GA.
GIT
GIT

111 111
222 333
789 012

TCG -TC G A
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OOOOOOOOOOZEOOZ>ZI>0
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e
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#Not hei a_anonal a ... .- CG --- .T. .-- --. GTG. CA... ..CGI. -G .-. G ..T CGG CCG AG -AA ...
#Cyst osphaer ae_j acqui noti i ... IG C- --- ..A.-- -TGGT ... .G... ..CGA -G .-. G ..TTGI C&G .G -CC G.
#Phyl | ospor a_conosa ... IG C- --- ..A .-- -TG G. .G... .C®& -G .-. CC .. TTGGCCG .G -CC G.
#Sel rococcus_axillaris ... IG C- --- ..A .-- -TGGT .. ... ..CA -G .-. & .. TTGGCCG .G -CC G.
#Durvi |l | aea_antarctica ... IG C- --- TIC .-- -TG G. .. ... ..CGI. -A .-. &G .. TCGGCAA .G -CC G.
#Dur vi | | aea_pot at orum ... TG CA--- TTCT-- -TG G. .G... ..CGI. -A .-. GG .. TCGGCA .G -CCG.
#Taoni a_atomari a ... ..GC- --- .TA .-- --G &C. . .G... ..CGA -G .-TCG ... TGT CGTG -CC ...
#Di ctyopt eri s_pol ypodi oi des ... ..GC- --- TTIC .-- --G C&C. . .G... ..CGA -G .-TG& ... TGTr C.GCG -CC ...
#C adost ephus_spongi osus ... I6GC- --- .TC.-- --G CC . .. ... ..Cq@GI. -G .-. G ..GCAA CGAG -CcCG.
#Hal opteri s_scopari a ... TGGC - --- TIC .-- --G CC. ... ... ..Cc@GlI. -G .-. & ..GCAAT.GAG -G G.
#Syri ngoder ma_phi nneyi ... TG CT- --- TIC --- -.G CC. ..G... ..C& -G .-. & .. TTGr C.G.G -CCG.
#Nenoder ma_t i ngi t anum ... C&CCT.-- TIC.-- -AGGT G ..G... ..C&A -G .-. & ..GCG TG .G -CCG.
#Bachel otia_antillarum ... TGGCTAG- T.. .TGTCT CC. G ..G... ..CGA -G .-. & ..GCEGCEG .G -G ...
#Hapl ospor a_gl obosa ... TGGC - --- TIC --- --G CC. ..G... ..C&AA -G .-. & .. TCEGCEG .G -CC G.
#Phaeosi phoni el | a_cryophil a ... TGGC- --- TTC .-- --- CGC . ..G... ..C@Gl. -A .-. GG ..G.GACCG .G -CcCG.
#Ti l opteris_nertensii ... TG CT- --- TIC .-- --G CC. . ..G... ..C&A -G .-. & .. TCEGCEG .G -CC G.
#Al arl a_escul enta ... G C- --- TIC .-- --G G. . ..G... ..CG. -G .-. && ... TG CG.G -CcCG.
#Lam nari a_ochrol euca ... I C- --- TIC .-- --G G. . ..G... ..CG. -G .-. & .. TG CG.G -CCG.
#Macrocystis_pyrifera ... G C- --- TIC .-- --G G. . ... ... ..CA -G .-. & ... &G C&G.G -CcCG.
#Chorda_filum ... TG C- --- TIC .-- --G G. . ..G... ..CGI. -A .-. GG ..TGEACCG.G -CCG.
#Hal osi phon_t onent osus ... TG CT- --- TTC .-- --G GC. . ..G... ..C&A -G .-. G T.GCEGCEG .G -CC G.
#Saccor hi za_pol yschi des ... AGGCG --- TTIC .-- --. CC. . ..G... ..C&A -G .-. & .. TCEGCEG .G -CC G.
#Cutleria_mltifida ... TGGCT- --- TTIC .-- --G CC. . ..G... ..CGA -A .-. &G ..GCEGCEG .G -CCG.
#Ascoseira_mrabilis ... TGGCG- --- TIC .-- --G GT. ..G... ..CcGl. -G .-. & .. TTGGCCG .G -CC G.
#Art hrocl adi a_vi | | osa I - ..G... ..CGA -G .-. & ..GCEGCEG .G -CCG.
#Desmar esti a_acul eata ... TGGC- --- TIC .-- --- CC ..G. .CA -G .-. &C ..GCAGCEG .G -CcC G.
#Desmarestia_ligulata
#H mant ot hal | us_grandi fol i us ... G G- --- TIC .-- --- CC ..G... ..C& -G .-. & ..GCAGCEG .G -CcC G.
#Phaeurus_antarcticus ... IGGC- --- TIG .-- --- CC ..G... ..C&AA -G .-. & ..GCAGCEG .G -CcC G.
#Spor ochnus_peduncul at us ... TGGC- --- TTC .-- --G GC. ..G... ..CGA CG .-. G ..TCEGCE .G -CCG.
#Scyt ot hammus_australi s ... TAGC- --- TAGCG- --- GI. ..G... ..C&A -G .-. & ..GCEG ACG .G -CcC G.
#St er eocl adon_r ugul osus ... TAGC- --- TAG- --- GI. ..G... ..C&AA -G .-. & ..GCEGCG .G -CcC G.
#Ast er onena_f er r ugi nea ... TA G- --- TIC .-- --G GT. ..G... ..C&A -G .-. & ..GCEGCG .G -CcC G.
#Ast er onema_r hodochort onoi des ... IGGC- --- TIC .-- --- CC ..G... ..C(CGl. -A .-. & ..G.CGTCG .G -G G.
#Ast er ocl adon_| obat um ... TIGGC- --- TIC .-- --- CC ..G... ..CCGI. -A .-. & ..G.GGCCG AG -CCG.
#H ncksi a_granul osa ... TA G- --- TIC .-- --- GI. ..G... ..CG. -A .-. CC T.G.GACCG .G -CC-..
#Pylaiella_littoralis ... TAGCG- --- T.C.-- --- CI. ..G... ..CGI. -A .-. & T.G.G CGG.G -CCG.
#Adenocystis_utricularis ... TA G- --- TIC .-- --- GI. ..G... ..CCGI. -A .-. & T.G.GIrC&G .G -CC G.
#Utriculidiumdurvillei ... TGACT --- TIG.-- --- GI. ..G... ..CGI. -A .-. CC T.G.GI C&G .G -CC G.
#Pet al oni a_f asci a ... TA G- --- TIC .-- --- GI. ..G... ..C(GI. -A .-. & T.G.GIr &G .G -CC G.
#Scyt osi phon_| oment ari a ... TA G- --- TIC .-- --- GI. ..G... ..CCGI. -A .-. & T.G.GIrC&G .G -CC G.
#Chordaria_flagelliforms ... TAACT- --- TTIC .-- --G GIT. ..G... ..CGI. -A .-. &G T.G.GACCG .G -CCG.
#Punctaria_latifolia ... TGAACT- --- TTC .-- --G GT. ..G... ..CGI. -A .-. GC T.GGEA CCG .G -CC G.
#Wriotrichia_clavaeforms ... TAACT- --- TIC .-- --G GT. ..G... ..CG. -A .-. & T.GCEACCG .G -CC G.
#Di ct yosi phon_f oeni cul aceus ... TAACT- --- TTIC .-- --G GI. ..G... ..CGA -A .-. CC T.GGEACCG .G -CC G.
#Striaria_attenuata ... TAACT- --- TIC .-- --G GI. ..G... ..CGI. -A .-. & T.GGCEACCG .G -CC G.
#Pseudol i t hoder ma_PS5 ... TGGC. - --- TTC .-- --G CC. ..G... ..CGI. -G .-. GG ..TCGAACGAG -CCG.
#Ral f si a_confusaTH21 ... TAAC.- --- TTIC .-- --G GT. ..G... ..CGA -A .-. CC ..GCEG TG .G -CC G.
#Ral f si a_expansaPS6 ... TAACT- --- .TC .-- --GGT. ..G... ..CGA -G .-. & ..GCEGTGG .G -CC G.
#Ral f si a_snpot hSR6 ... TAACT- --- .TC .-- --GGT. ..G... ..CGA -A .-. G ..GCEGTGG .G -CCG.
#Hapal ospongi di on_gel ati nosunHP4 ... TGA CC TA- .TC .-- --G GIT. .G .. .CG. -G .-. & ..GCEG CEG .G -CC G.
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#Di pl ura_austral i sRV16 ... I6CcC..- .TC.G.-GCEC. ... ... ... ... ... ... ..CCI -G .-. G ... CGI CGAG -CCG.

[ 111 111 111 111 111 111 111 111 111 111 111 111 111 111 122 222 222 222 222 222 222 222 222 222 222 222 ]
[ 555 666 666 666 677 777 777 778 888 888 888 999 999 999 900 000 000 001 111 111 111 222 222 222 233 333 |

789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 ]
#Tri bonema_aequal e -CC -TT GGA AGA GGG CGC CAG GGA GGG TGA CAG CCC CCA TGG -TT GEC AG --- -CG TGT --G CGG - AT CGG TCG
#Di ctyot a_di chot oma -TGA.. ... AT .A AT ..A .. ..AT.. ... ... ..C-CGC.GTACCG ATCAC--. ..CCGIC... CC
#Sphacel ari a_ci rrosa -T. -.. ... A LA AT . GA AT T.T..C-CCCGCAG--- --CGCC--. ..CGIA... CC
#Fucus_vesi cul osus -T. - AL LA AT LA AT T-- -.AACACCGCAA --- -TCGIC--TT.CGIG... ..C
#lLam naria_digitata -T. - AL LA AT LA AT TT..C-CCCCAC- --- -CCCC--. ..CGIA... ..C
#Spl achni di um r ugosum -T. - LA LA AT LA AT T.T..C-CCCCATC --- -TCGIC--. ..CGIA... ..C
#St r ebl onema_nacul ans -T. - LA LA LAT LA AT T.T..C-CCCCAG- --- -CCCCC--A..CGIA ... .TC
#Ascophyl | um nodosum Cr. - ... A AT ..A AT .-- -.AACACCG TAA --- -TT GIC--T T.CGIG... ..C
#Pel vetia_canalicul ata -T. - AL LA LAT LA AT T-- -.AACACCGCAA --- -TCGIC--TT.CGIG... ..C
#Xi phophor a_chondr ophyl | a -T. - LA DA AT . AT ..- GC-.. TTIGTA- --- -.. ACCAA-AGCGIA... ..C
#Hor nosi ra_banksi i -T. - A LA AT LA AT TT..C-C CCGT.- --- -.. ATCATTGCGICG. ..C
#H mant hal Ii a_el ongat a -T. - A LA AT LT AAT.. GT.. T-CCCCGG- --- -TCGAC --. ATC GTA AAA C.C
#Ant hophycus_| ongi fol i us -T. - AL LA AT LA AT TCGT-CCCCG G- --- -TCGIC--. T.CCC. ... .CC
#Sar gassum nut i cum -T. - AL LA AT LA AT T.CGT-CCCCG G- --- -TCGI. --. TCGIA... .C&C
#Tur bi nari a_turbinata -T. - LA LA AT LA AT T.CGT-CcCCCGC- --- -TCGIC--. ..CCGCA ... .CC
#Axillariella_constricta -T. - LA A LAT LA AT T.CGT-CCCCGT-- --- -TCGC--. ACGCA ... CcC
#Bi furcaria_bifurcata -T. - A LA AT LA AT TCGT-CCCCGC- --- -TCGIC--. ACGCA ... CCC
#Bi furcaria_brassi caeforms -T. - AL AT LA AT T.CGT-CCCCGC- --- -TCGIC--. T.CGCA ... CcC
#Bi furcari opsi s_capensi s -T. - ... A AT LA TAT.. TGr .. T -CCCCG C- --- -CCGC--. ..CGIC... CC
#Caul ocysti s_cephal orni t hos -T. - LA LA LAT LA AT .TCGT-CCCCG C- --- -TCGC--. ACTTA ... CCC
#Cyst osei ra_nodi caul i s -T. - A LA LAT LA AT T.CGT-CCCCGC- --- -TCGC--. ACGCCA ... ccC
#Not hei a_anonal a - - AL LA AT LT TAT.. AT. ..T-CCCCGC- --- -CCGC--. TCGIA... CC
#Cyst osphaer ae_j acqui noti i -T. - LA LA LAT LA AT T.C..C-CCCCGC- --- -CCGAC--. ..CGIC... CC
#Phyl | ospor a_conpbsa -T. - LA LA AT LA AT T.C..C-CCCCGC- --- -CCGAC--. T.CGIC... CC
#Sel rococcus_axillaris -T. - LA LA LAT LA AT ..c..c-cCcCcCG G- --- -TTGAC--. ..CGIC... ..C
#Durvi |l | aea_antarctica -T. - LA LA AT LA AT GAT ..C-CCCCG G- --- -TT GAC -- .CGIAT.. C
#Durvi | | aea_pot at or um -T. - A LA AT LT AT .Gr..c-cccccG G- --- -cCGC-- .CGIAT.. C
#Taoni a_atonari a -TG A AT LA AT LT TAT.. T.G..C-CGC.GTAT CG ATCAC--. ..CAGAA . CC
#Di ctyopt eri s_pol ypodi oi des -TG A AT A AT ..C AT T.. ..C-CGC.GTAT CG ATCAC--. ..CGAA. CC
#C adost ephus_spongi osus -T. - LA LA AT LA AT T.T..C-CCC.GCC --- -.CGCC--. ..CGIA... ..C
#Hal opteri s_scopari a -T. - LA CA AT LA TAT.. TT..C-CCCGT-- --- -CCA. --. ..CGIA .C
#Syri ngoder na_phi nneyi -T. - A LA AT LA AT T.T..C-CCC. GTAT TGT ATCA C--. T.C GIA . C
#Nenoder ma_t i ngi t anum -T. - AL LA LAT LA AT T.T..C-CCCCA .-- --- -GCCGCC--. ..CCGIA C.C
#Bachel otia_antillarum -T. - AL LA AT LA AT T.C..C-CCCCATCC --- -TT &CC --. ..C GIA . C
#Hapl ospor a_gl obosa -T. - A A LAT LA AT T.T..C-CCCCT GAT T-- -TCGC--. ..CGIA. .C
#Phaeosi phoni el | a_cryophil a -T. - AL LA LAT LA AT T.T..C-CCCCAC- --- -TC.CC--. ..CCGIA. ..C
#Ti l opteris_nertensii -T. - AL LA AT LA AT T.T..C-CCCCT GAT T-- -TCGC--. ..CGIA . ..C
#Al aril a_escul enta -T. - AL LA LAT LA AT T.T..C-CCCAG- --- -CCGC--. T.CGIA. ..C
#Lam nari a_ochrol euca -T. - AL LA AT LA AT T.T..C-CCCCAC- --- -CCCC--. ..CCGIA. ..C
#Macrocystis_pyrifera -T. - LA A AT LA AT T.T..C-CCCCACG- --- -GCC.. --. ..CGIA. ..C
#Chorda_filum -T. - A LA AT LA AT TT..C-CCCCAG- --- -TCCC--. ..CGIA. ..C
#Hal osi phon_t onent osus -T. - AL A LAT LA AT T.T..C-CC CCT GAT T-- -TC GIC --. ..C GIA . C.C
#Saccor hi za_pol yschi des -T. - LA A AT LA AT T.T..C-CcCCCGCT- --- -.C.TC--. ..CGIA. ..C
#Cutleria_mltifida -T. - A LA AT LA AT T.T..C-CCCCT GAT T-- -TCGIC --. ..C GIA . .C
#Ascoseira_mrabilis -T. - A LA AT LA AT TT..C-CCCCG.C --- -TC.TC--. ..CGIA . C.C
#Art hrocl adi a_vi | | osa -T. - AL LA AT LA AT T.T..C-CCCCAGIT --- -.CGIC -- .C GTA . C.C
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#Desmar esti a_acul eata -T. - AL LA AT LA AT T.T..C-CCCCAGIT --- -.TGC--. ..CGIA... CC
#Desmarestia_l i gul ata -T. - A LA AT LA AT TT..C-CCCTIAGIT T-- -.T GIC--. ..CGIA... CC
#H mant ot hal | us_grandi fol i us -T. - LA LA AT LA AT T.T..C-CCCCAGT T-- -.TGC--. ..CGIA... CC
#Phaeurus_antarcticus -T. - AL LA LAT LA AT T.T..C-CCCCAGC --- -.TGC--. ..CGIA... CC
#Spor ochnus_peduncul at us -T. - LA LA AT LA AT T.C..C-CcCCCT CC --- -.CGIC--. ..CGIA... CC
#Scyt ot hammus_austral i s -T. - AL LA AT LA AT TT..C-CCCCAT.- --- -TT GIC--. ..CGIA... CC
#St er eocl adon_r ugul osus -T. - LA A AT LA AT T.T..C-CCCCATC --- -TCGIC--. ..CGIA... CC
#Ast er onema_f er r ugi nea -T. - AL LA AT LA AT T.T..C-CCCCATC --- -TCGIC--. ..CGIA. ..C
#Ast er onena_r hodochor t onoi des -T. - LA LA LAT LA AT T.T..C-CCCCGC- --- -TCGCC--. ..CGIA. ..C
#Ast er ocl adon_| obat um -T. - LA LA AT LA AT T.T..C-CCCCGC- --- -TAACC--. ..CGIA. ..C
#H ncksi a_granul osa -T. - LA LA AT LA AT T.T..C-CCCCGC- --- -.C.CC--A..CCGIA. ..C
#Pylaiella_littoralis -T. - A LA AT LA AT TT..C-CCCCG .-- --- -TC.CC--A..CGIA. ..C
#Adenocystis_utricularis -T. - LA A AT LA AT T.T..C-CCCCGC- --- -CC.CC--A..CGIA. ..C
#Utriculidiumdurvillei -T. - A LA AT LA AT TT..C-CCCCGC- --- -CC.CC--A..CGIA. ..C
#Pet al oni a_f asci a -T. - AL LA AT LA AT TT..C-C CCGGC- --- -CC.CC--A..CGIA. ..C
#Scyt osi phon_| onent ari a -T. - LA LA LAT LA AT T.T..C-C CCGC- --- -CC.CC--A..CCGIA. ..C
#Chordaria_flagelliforms -T. - A LA LAT LA AT T.T..C-CCCCAC- --- -TC.CC--A..CGIA. ..C
#Punctaria_latifolia -T. - AL LA AT LA AT TT..C-CCCTAG- --- -TCCCC--A..CGIA. ..C
#Wriotrichia_clavaeforms -T. - LA LA LAT LA AT T.T..C-CCCCAC- --- -TCCCC--A..CGIA. ..C
#Di ct yosi phon_f oeni cul aceus -T. - LA LA AT LA AT T.T..C-CCCCAC- --- -TCCCC--A..CGIA. ..C
#Striaria_attenuata -T. - AL LA AT LA AT TT..C-CCCCAC- --- -TCCCC--A..CGIA... ..C
#Pseudol i t hoder ma_PS5 -T. - A LA AT LA AT TT..C-CCC.G.T- --- -.CGAC -- .CGIA ... CC
#Ral f si a_confusaTH21 -T. - A LA AT LA AT TT..C-CCCCG.CT T-- -.CGIC--. TCGIA... ..C
#Ral f si a_expansaPS6 -T. - AL LA AT LA AT TT..C-CCCTA..TT-- -.CGIC--. ..CGIA... CC
#Ral f si a_snpot hSR6 -T. - A LA AT LA AT TT..C-CCCCG.CT T-- -.CGIC--. TCGIA... ..C
#Hapal ospongi di on_gel ati nosunmHP4 -T. -.. LA LA AT L GA AT T.T..C-CCCCG.CT TACTITC.. -C. ..CGIA... CC
#Di pl ura_austral i SRV16 ST - AL LA AT LA AT TT..C-CCC.G.T- --- -.CGC--. ..CCCA... CC
[ 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 222 223 333 333 333 333 ]
[ 333 334 444 444 444 555 555 555 566 666 666 667 777 777 777 888 888 888 899 999 999 990 000 000 000 111 |
567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 ]
#Tri bonema_aequal e GGC CTC GAC GAG TCG AGT TGC TTG GGA TTG CAG CTC AAA GCG GGT GGT AAA TTC CAT CCA AGG CTA AAT ATG GGI GGG
#Di ctyot a_di chot oma 4 A ... . C. ... .A ... ..C.C ..G...
#Sphacel ari a_ci rrosa CTT To TOA L o o e s e e e LT, LA ..Cc.C ..G...
#Fucus_vesi cul osus 4 I O I L I LT, LA ... .C C. ...
#lLam naria_digitata CTT T TOA L o e e e e e e e .T. LA ..Cc.C ... ...
#Spl achni di um r ugosum LIT T, T.. LT, LA ..Cc.C ... ...
#St r ebl onema_nacul ans LIT T T ... LT, LA ..Cc.C ... ...
#Ascophyl | um nodosum LCTT.. T.T ... . T. .T. LA .. .C. C. ...
#Pel vetia_canalicul ata LCTT.. T.T ... .T. LT, LA .. .C C. ...
#Xi phophor a_chondr ophyl | a LCTT.. T.. .T. LT, LA ..C.C CG...
#Hor nosi ra_banksi i LCTT.. ... . T. .T. LA ..c.Cc C. ...
#H mant hal | i a_el ongat a LITT.. T.A .T. LT, LA ..C.C C. A.
#Ant hophycus_Il ongi fol i us LCTT.. T.. .T. L.T. LA .. .CC ... ...
#Sar gassum nut i cum LCTT.. T.. .T. LA .. .CC ...
#Tur bi nari a_turbinata LCTT.. T.. LT, LA .. .CC ...
#Axillariella_constricta LCTT.. T.. L.T. LA .. .G
#Bi furcaria_bifurcata LCTT.. T.. .T. LA .. .Co...
#Bi furcaria_brassicaeforms LCTT.. T.. .T. LA oL GA L
#Bi f ur cari opsi s_capensi s LIT T, LT L.T. LA .C.C C.
#Caul ocysti s_cephal orni t hos LCTT.TT.. .T. LA .. .Co.L.

133



#Cyst osei ra_nodi caul i s
#Not hei a_anonal a

#Cyst osphaer ae_j acqui noti i
#Phyl | ospor a_conpsa

#Sel rococcus_axillaris
#Durvi |l | aea_antarctica
#Durvi | | aea_pot at or um
#Taoni a_atomari a

#Di ct yopt eri s_pol ypodi oi des
#C adost ephus_spongi osus
#Hal opteri s_scopari a
#Syri ngoder na_phi nneyi
#Nenoder ma_t i ngi t anum
#Bachel otia_antillarum
#Hapl ospor a_gl obosa
#Phaeosi phoni el | a_cryophil a
#Ti | opteri s_nertensi

#Al ari a_escul enta

#Lam nari a_ochrol euca
#Macrocystis_pyrifera
#Chorda_filum

#Hal osi phon_t onent osus
#Saccor hi za_pol yschi des
#CQutleria_multifida
#Ascoseira_mrabilis
#Arthrocl adi a_vil |l osa
#Desmar esti a_acul eata
#Desmarestia_ligul ata

#H mant ot hal | us_grandi fol i us
#Phaeurus_antarcti cus
#Spor ochnus_peduncul at us
#Scyt ot hammus_austral i s
#St er eocl adon_r ugul osus
#Ast er onema_f er r ugi nea
#Ast er onema_r hodochort onoi des
#Ast er ocl adon_I| obat um

#H ncksi a_granul osa
#Pylaiella_littoralis
#Adenocystis_utricularis
#Utriculidiumdurvillei
#Pet al oni a_f asci a

#Scyt osi phon_| onentari a
#Chordaria_flagelliforms
#Punctaria_latifolia
#Wriotrichia_clavaeforms
#Di ct yosi phon_f oeni cul aceus
#Striaria_attenuata
#Pseudol i t hoder ma_PS5

#Ral f si a_confusaTH21

#Ral f si a_expansaPS6

#Ral f si a_snoot hSR6
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#Hapal ospongi dion_gel atinosumHP4 . TT T.. T.A ... .. . i i it it it i e e e e i e e T LA

#Di pl ura_austral i sRV16
[
[

#Tri bonema_aequal e

#Di ctyot a_di chot oma
#Sphacel ari a_cirrosa
#Fucus_vesi cul osus

#lLam naria_digitata

#Spl achni di um rugosum

#St r ebl onema_nacul ans
#Ascophyl | um nodosum

#Pel vetia_canalicul ata

#Xi phophor a_chondr ophyl | a
#Hor nosi ra_banksi i

#H mant hal | i a_el ongat a
#Ant hophycus_Il ongi fol i us
#Sar gassum nut i cum

#Tur bi nari a_turbinata
#Axillariella_constricta
#Bi furcaria_bifurcata

#Bi furcaria_brassicaeforms
#Bi fur cari opsi s_capensi s
#Caul ocysti s_cephal orni t hos
#Cyst osei ra_nodi caul i s
#Not hei a_anonal a

#Cyst osphaer ae_j acqui noti i
#Phyl | ospor a_conosa

#Sel rococcus_axillaris
#Durvi |l | aea_antarctica
#Dur vi | | aea_pot at orum
#Taoni a_atomari a

#Di ctyopt eri s_pol ypodi oi des
#C adost ephus_spongi osus
#Hal opteri s_scopari a

#Syri ngoder ma_phi nneyi
#Nenoder ma_t i ngi t anum
#Bachel otia_antillarum
#Hapl ospor a_gl obosa
#Phaeosi phoni el | a_cryophil a
#Ti l opteris_nertensii

#Al ar1 a_escul enta

#Lam nari a_ochrol euca
#Macrocystis_pyrifera
#Chorda_filum

#Hal osi phon_t onent osus
#Saccor hi za_pol yschi des
#Cutleria_multifida
#Ascoseira_mrabilis

333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333 333
111 111 122 222 222 223 333 333 333 444 444 444 455 555 555 556 666 666 666 777 777
345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345
AGA CCG ATA GCG AAC AAG TAC CGI GAG GGA AAG ATG AAA AGA ACT TTG GAA AGA GAG TTA AA-
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#Arthrocl adi a_vil |l osa
#Desmar esti a_acul eata
#Desmarestia_ligul ata

#H mant ot hal | us_grandi fol i us
#Phaeurus_antarcticus

#Spor ochnus_peduncul at us
#Scyt ot hammus_australi s

#St er eocl adon_r ugul osus
#Ast er onena_f er r ugi nea

#Ast er onema_r hodochort onoi des
#Ast er ocl adon_| obat um

#H ncksi a_granul osa
#Pylaiella_littoralis
#Adenocystis_utricularis
#Utriculidiumdurvillei

#Pet al oni a_f asci a

#Scyt osi phon_| onent ari a
#Chordaria_flagelliforms
#Punctaria_latifolia
#Wriotrichia_clavaeforms
#Di ct yosi phon_f oeni cul aceus
#Striaria_attenuata
#Pseudol i t hoder ma_PS5

#Ral f si a_confusaTH21

#Ral f si a_expansaPS6

#Ral f si a_snoot hSR6

#Hapal ospongi di on_gel ati nosunmHP4 o

#Di pl ura_austral i sRV16
[
[

#Tri bonena_aequal e

#Di ctyot a_di chot oma
#Sphacel ari a_ci rrosa
#Fucus_vesi cul osus

#lLam naria_digitata

#Spl achni di um r ugosum

#St r ebl onema_nacul ans
#Ascophyl | um nodosum

#Pel vetia_canalicul ata
#Xi phophor a_chondr ophyl | a
#Hor nosi r a_banksi

#H mant hal | i a_el ongat a
#Ant hophycus_I ongi fol i us
#Sar gassum rmut i cum

#Tur bi nari a_turbinata
#Axillariella_constricta
#Bi furcaria_bifurcata

#Bi furcaria_brassicaeforms
#Bi furcari opsi s_capensi s
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#Caul ocysti s_cephal orni t hos R .G AL C. T.. .A- --- CGTIG--T .CT .C T.. GAC.-. T.- --- -T. G- .G .CC
#Cyst osei ra_nodi caul i s R .G AL C. T.. - --- C&GTIG--T .CT .C T.. GAC .-. T.- --- -T. ..- A .CGT
#Not hei a_anonal a S .G LA-LAT. T. . - --- .GI'TT. --T.CT .G T.. GAC.-. T.- --- -T. ..- .AT .CC
#Cyst osphaer ae_j acqui noti i R .G LA-LAT. T.. - --- C&GT.. ACT .CGT.C T.. eC.-CC- --- -TC..- .GA .CGT
#Phyl | ospor a_conpsa R .G ..A-.AC. T.. - --- C&GTC. ACT TG .C T.. GeCc.-CcC- --- -T. ..- .GG.CC
#Sel rococcus_axillaris R .G LA - A TG T.. - --- C&GT.. ACT.G AGT.AGX .-CC- --- -TC..- .GA.CC
#Durvi |l | aea_antarctica R .G LA-LAT. T.. .T- --- C&GTT. --T .CT .C T.. GIGT-. T.- --T TT. G- .A GIT
#Durvi | | aea_pot at or um R .G LA-LATOL T.. .T- --- cGTC. --T .CT .C T.. GI. CG. T.- --- -T. ..- .G GIT
#Taoni a_atonari a .G. .G LA - A LAG . TGC .. TCEC CEG..C--GCCAAC T.. .A T-. C- --- -.. ..T .GT CI.
#Di ctyopt eri s_pol ypodi oi des .G. .G LA -LALAG. TGC .. ACGC CCG..C--GCCAAC C.. . A T-TTITTEC C.. ..T .GI GI.
#C adost ephus_spongi osus R .G LA -LA L T.. - --- .&GGr. --. .CT .AAT.. GA.-AC- --- -T. ..- .CGT..C
#Hal opteri s_scopari a .G LA - A L T.. - --- C&GTT. --. .CT.C T.. GCGGATAC.- --- -T. - .GI'T.T
#Syri ngoder ma_phi nneyi .G A -LA L. T.. - --- .AGTC. --. .CT.C T.. T.. ACC.- --- -T. ..- .GGTGI
#Nenoder ma_t i ngi t anum .G ..A-.AC. T.. .T- --- C&GTIC--. .CT .C T.. T.C.-CC- --- -TC. .GG . GT
#Bachel otia_antillarum .G ..A-.AC. T.. - --- C&GGrc--. .C. . C. GrIc.-cC- --- -.C..- .G .G
#Hapl ospor a_gl obosa .G ..A-.AC. T.. .T- --- CAG.TC--. .CT.C C.. T.C.-CcC- --- -T. ..- .GG.CT
#Phaeosi phoni el | a_cryophil a .G ..A-.AC. T.. .A- --- CAGTT. --. .CT.C T.. T.. .-CC- --- -.. ..- .GG.TC
#Til opteris_nertensii .G ..A-.AC. T.. .T- --- CAG.TC - .Cr.¢ T.. T.C.-CcC- --- -T. ..- .GG.GT
#Al aril a_escul enta .G ..A-.AC. TA - ---CGrcA--A.CT..-C. T.C.-CC- --- -.. ..- .CG.TC
#Lam nari a_ochrol euca .G ..A-.AC. T.. - ---CCTrCA--A.CT..-C.. TC.-CC- --- -T. ..- .GCG.TC
#Macrocystis_pyrifera .G ..A-.AC. T.. - --- CGrCA--A.CT..- C. AC.-CC- --- -.. ..- .GG.T.
#Chorda_filum .G ..A-.AC. T. .A --- .AGTT. --. .CT.C T.. GC.-CC.- --- -.. ..- .GG.A
#Hal osi phon_t onent osus .G ..A-.AC. T.. .A- --- CAGTTC--. .CT .C T.. T.C.-CC- --- -.. ..- .G .CT
#Saccor hi za_pol yschi des .G ..A-.AC. T.. .T- --- C&GTC. --. .CT.CG T.. T.C.-CC- --- -.. ..- .GG.GCT
#Cutleria_mltifida .G ..A-.AC. T. .T- --- CA GIC--. .CT.C T.. T.. .-CC.- --- -.. ..- .GG.TC
#Ascoseira_mrabilis .G ..A-.AC. T. .A --- CAGTIC--. .CT .C ... TTIC.-CC- --- -.C..- .GG.GT
#Arthrocl adi a_vill osa .G ..A-.AC. T.. .A- --- CAGTT. --. .CT.CG T.. T.. .-CC.- --- -.. ..- .GG.CGT
#Desmar esti a_acul eata .G ..A-.AC. T.. .A- --- C.. .TC--. .CT .C T.. TTIC.-CC - --- -.. - - --T
#Desmarestia_ligul ata .G ..A-.AC. TG .A- --- CAT .TC--. .CT .C T.. TT. .-CC - --- -.. - - --T
#H mant ot hal | us_grandi fol i us B €1 .A-.AC. T.. .A- --- CATCIC--. .CT.CG T.. T.. .-CC- --- -T. - .GG.GT
#Phaeur us_ant arcti cus Se- m-- s-- --- oo - --AC. T. .A --- CTCAA--. -CT.C T.. T.. .-CC.- --- -.. - .G -GT
#Spor ochnus_peduncul at us .G . A-.AC. T.. - --- CGT.A--A.CT.C T.. T.C.-CC- --- -.. - .GG.aT
#Scyt ot hammus_australi s .G . A-.AC. T.. - --- C&GCIC--. .CT .C CT. ATG.-CC. - --- -.. - .GG .. T
#St er eocl adon_r ugul osus .G . A-.AC. T.. .A- --- .CGTT. --. .CT .C CT. AT. .-CC.- --- -T. - .G .. T
#Ast er onema_f er r ugi nea .G . A-.AC. T.. .A- --- CAGTTC--. .CT .C C.. TT. .-CC - --- -.. - .GG.TT
#Ast er onena_r hodochor t onoi des .G . A-.AC. T.. .A- --- CGT' TTA--A.CT .C T.. TT. .-CC - --- -.. - .G .CC
#Ast er ocl adon_| obat um .G . A-.AC. T.. .A- --- CAGTTA--T .CT .C T.. TT. .-CC - --- -.. - .G6G.CcC
#H ncksi a_granul osa .G . A-.AC. T.. - --- C&GGrCc--. .CT.C T.. T.C.-CC- --- -.. - .GG.aT
#Pylaiella_littoralis .G . A-.AC. T. .A --- CAGTC. --T .CT .C T.. T.C.-CC- --- -.. - .66 .GT
#Adenocystis_utricularis .G . A-.AC. T.. - --- C&GTTIC--. .CT .C T.. TIG.-CC.- --- -.. - .66 .. T
#Utriculidiumdurvillei .G . A-.AC. T.. - --- C&GTTC--. .CT .C T.. TIG.-CC.- --- -.. - .G6G .. T
#Pet al oni a_f asci a .G . A-.AC. T.. - --- C&GTTC--. .CT.C T.. TIG.-CC. - --- -.. - .GG .. T
#Scyt osi phon_| onent ari a .G . A-.AC. T.. - --- C&GTTIC--. .CT .C T.. TIG.-CC.- --- -.. - .66 T
#Chordaria_flagelliforms .G . A-.AC. T.. .A- --- CAGTTC--. .CT.C ... .T. .-CC- --- -T. - .G .ar
#Punctaria_latifolia .G . A-.AC. T. .A --- CAGTT. --. .CT.C T.. .TC.-CC- --- -T. - .G TT
#Wriotrichia_clavaeforms .G . A-.AC. T.. .A- --- CCGGT. --. . YT .C T.. .TC--CC- --- -T. - .GG.TT
#Di ct yosi phon_f oeni cul aceus .G . A-.AC. T.. .A- --- CAGTT. --. ..T.C C.. AC.-TC- --- -T. - .GGTT.
#Striaria_attenuata .G . A-.AC. T.. .A- --- CCGGT. --. .CT.CG T.. .TC--CC- --- -T. - .GG.TT
#Pseudol i t hoder ma_PS5 .G . A-.A ... T. . - ---CeGTC --. .CT.C T.. -T. .ATC.- --- -.. - .&GT.T
#Ral f si a_confusaTH21 .G . A-.AC. TA..- --- CCGTIC--. .CT..-T.. ... .-CTT- --- -T. - AAG . AT
#Ral f si a_expansaPS6 .G . A-.AC. T. . - --- CcCCGTTC--. .CT.CG T.. T.C.-CTT- --- -.. - AAG . GT
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#Ral f si a_snpot hSR6 B € ..A-.AC. ... TA..- --- CCGTTC--. .CT.C C.. ..C.-CTT- --- -T. ..- AAG . A
#Hapal ospongi di on_gel atinosumd4 ... ... ... .G ... ..A-.AT.. ... T.. ..- --- CCGTTA--. .CT .C T.. T.C.-CCT- -GC-TA ..C AAG . CGT
#Di pl ura_austral i SRV16 e eie . .G A-AL.. ... T.. ..- --- C&GTT. --. .CT.C T.. TIGACT.T --- -.. .T- --. ..T
[ 444 AAA AA4 AA4 AAA4 444 AA4 444 444 444 455 555 555 555 555 555 555 555 555 555 555 555 555 555 555 555 ]
[ 677 777 777 778 888 888 888 999 999 999 900 000 000 001 111 111 111 222 222 222 233 333 333 334 444 444 ]
901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 ]
#Tri bonema_aequal e GGr cgecT-- --GG- --- --- --- --- -TC GCT GAG CCT TG TCA GG GCG G- GIT CTC TGT --C CGC GGG --- --A
#Di ctyot a_di chot oma ..- .G A-- --. G- --- --- --- --- -C ..CCG ..GCG... .-. .GT ACC.CCG- GC--T..G... AAG ACC
#Sphacel ari a_ci rrosa c-.cr G- --. .-- --- --- --- --- --GCT. CC ..G.AGC. .-C..C.-- .G .-- CG--. ... ... ATGCTT
#Fucus_vesi cul osus T- .ATG- --. .-- --- --- --- --- --GTT. CC T.G..G... .-T..C.-- .C A- C --TT.. ... ACC CIG
#lLam naria_digitata T- .6 G- --. .-- --- =-- --- --- --GT.. TC. ..G..GC. .-. .TC.-- .G A- ..G--TT AGC CTG
#Spl achni di um r ugosum T.- AT .-- --. .-- --- --- --- --- --GTT. AT. TG..GC.. .-. ..C.-- .G A- GAG--TT AGC CTG
#St r ebl onema_nacul ans T.- .TT .-- --. .-- --- --- --- --- --GCT. CT. ..G..GC.. .-. ..C.-- .G G- .CG--TT AGT CTG
#Ascophyl | um nodosum T- .ATC- --. .-- --- --- --- --- --GTT. CC. T.G..G... .-T..C.-- .C. A- CCG--T A. ACGC CTG
#Pel vetia_canalicul ata T.- .ATG- --. .-- --- --- --- --- --GTT. CC. T.G..G... .-T..C.-- .C A- CCG--T ... ... ACC CIG
#Xi phophor a_chondr ophyl | a T.- .ATG- --. .-- --- --- --- --- --GTT. CC. T.G..GC.. .-. ..T .-- .G A- .TG--T ... ... ACC CIG
#Hor nosi ra_banksi i .- AT .-- --. .-- --- --- --- --- --G.T. CC T.G..GC.. .-. ..C.-- ... A- GI. TGI'T.. ... AGGCT
#H mant hal I'i a_el ongat a Cr- TAT .-- --. .-- --- --- --- --- --GTT. CC. T.G..GC.. .-. .TC.-- .G A- GIA--T T.. AGC CTG
#Ant hophycus_Il ongi fol i us c-.G .-- --. .- --- --- --- --- --GCT. CC ..G..GC. .-. ..C.-- .G .-- GG--. ... AAT CGCG
#Sar gassum nuti cum c- .GM.-- --. .-~ --- --- --- --- --GCT. CcC. .TG.TGC.. .-. ..C.-- .G .-- GG--. ... . AAT CGG
#Tur bi naria_turbinata c-.G .-- --, .-- --- --- --- --- --GCT. CC ..G..GC. .-. ..C.-- .G .-- GG--. ... . AAC CGG
#Axillariella_constricta cC-.G .-- --, .-- --- --- --- --- --GCT. CC ..G..GC. .-. .TC.-- .G T-- GG--. ... . ATC CCG
#Bi furcaria_bifurcata C- .-. .-- --. .-- === --- --- --- --GC. CC ..G..GC. .-. .TC.-- .G .-- GG--. ... . ATC CC.
#Bi furcaria_brassicaeforms c- .Gl .-- --. .-- --- --- --- --- --GCT. CC ..G..GC. .-. .TC.-- .G T-- GG--. ..T . AAC CGG
#Bi fur cari opsi s_capensi s A- ATGCG- --. .-- --- --- --- --- --GTT. CC. T.G..GC.. .-. .CC.-- .G A- CCG--TT.. AGT CTG
#Caul ocysti s_cephal orni t hos C-.G G- --. .-- === === --- --- --GCT. CC T.G..GC.. .-. ..C.-- .G T-- GG--. ... ATC TCG
#Cyst osei ra_nodi caul i s cC-.G .-- --. .- --- --- --- --- --GCT. CC ..G..GC. .-. .TC.-- .G T-- GG --. ... ATC CCG
#Not hei a_anonal a cC- .G G- --. .-- --- --- === --- --GTT. .C ..G..G... .-. ..C.-- .G A-CT. TAAT.. ATC CTT
#Cyst osphaer ae_j acqui noti i C- . A .G -AMA . -- --- --- --- --- -AGAT. CC ..G..GC. .-. ..C.-- .G G- ACG--TT.. AGA CTG
#Phyl | ospor a_conpsa cC-.T. .G -MA- --- --- --- --- -CGAT. CC. ..G..GC.. .-. ..C.-- .G G- ACG--T ... AGA CTG
#Sel rococcus_axillaris A- .A CC -AA.-- --- --- --- --- -AG.T. CC ..G..G... .-. ..C.-- .G G- ACG--T ... AGA CTG
#Durvil | aea_antarctica C- .AT .-- --., .-- === === === --- --GTT. CC T.G..GC.. T-A..C.-- .G G- .C --TT.. AGC CTG
#Durvi | | aea_pot at or um c- . ATG- --. .-- === === === --- --G.T. CC GG..GC. .-. ..C.-- .G G- .C --TT.. AGC CTG
#Taoni a_atonari a ..- .GIA- --. G- --- --- --- --- -C ... CC ..GCIG... .C. .TT.-C.CC G- GC--T ... AGG CCC
#Di ct yopt eri s_pol ypodi oi des ..- .¢6Gr A- --. G- --- --- --- --- -C ... CC ..GCIG... .C .TC.-C.CCG- GC--T... AGG CTC
#C adost ephus_spongi osus c-.cao - --. .-- --- --- --- --- --GCICCC ..G..GC. .-C..C.-- .G T-- CG--TT.. ATG CTT
#Hal opteri s_scopari a C- .T. .-- -- -- --- --- --- --- --GTT. CC ..G..GC. .-C..C.-- .G .-- .T. --T ... AAG CTT
#Syri ngoder ma_phi nneyi T- .T. .-- -- .- --- --- --- --- --GTT. TTA..G..GC.. .-. ..C.-- .G A- ..G--TT.. .CC AAG CG
#Nenoder ma_t i ngi t anum T- .TT .-- -- - --- --- --- --- --GTT. CC T.G..GC.. .-. ..C.-- .G A- CGC --TT.. AGI CGG
#Bachel otia_antillarum C- .AT G- -- -- --- --- --- --- --GTTCCC ..G..GC.. .-. ..C.-- .A G- CG--. ... ACC CCG
#Hapl ospor a_gl obosa T.- .CT .-- -- -- --- --- --- === --GTT. TT. T.G..GC.. .-. ..C.-- .G A- GIG--TT.. AGT CTG
#Phaeosi phoni el | a_cryophil a T.- AT .-- -- .- --- --- --- --- --GTT. CT. T.G..GC.. .-. ..C.-- .G A- G A--TT.. AGT CTG
#Ti l opteri s_nertensii T- .CT .-- -- - --- --- - --- --GTT. TT. T.G..GC.. .-. ..C.-- .G A- GCG--TT.. AGT CTG
#Al ari a_escul enta T- .GI G- -- -- --- --- --- --- --GT.. TC ... ..GC.. .-. .TC.-- .G A- ..G--TT.. AGT CTG
#Lam nari a_ochrol euca T.- .Gl G- -- .- - --- --- --- --GT.. TG ..G..GC.. .-. ..C.-- .G A- ..G--TT.. AGC CTG
#Macrocystis_pyrifera C- .GI G- -- .- --- --- --- --- --GT.. TC ..G..GC.. .-. ..C.-- .G A-CG--TT.. AGC CTG
#Chorda_filum C- .TT .-- -- -- --- --- --- --- --GTT. CT. T.G..GC.. .-. ..C.-- .G A- CCG--TT.. AGC CTG
#Hal osi phon_t onent osus T.- .TT .-- -- .- --- --- --- --- --GTT. CT. T.G..GC.. .-. ..C.-- .G A- GG--TT.. AGT CTG
#Saccor hi za_pol yschi des T.- .T. .-- -- .- --- --- --- --- --GTT. CC ..G..GC.. .-. ..C.-- .G A- CCGC--TT.. AGT CTG
#Cutleria_nmultifida T- AT .-- -- -- --- --- --- --- --GTT. CT. GG..GC.. .-. AC.-- .G A- GIG--TT.. AGT CTG
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#Ascoseira_mrabilis T- .TT .-- -- - === --- --- --- --GTT. CT. T.G..GC.. .-. ..C.-- .G A- GG--TT.. AGTI CTG
#Art hrocl adi a_vi | | osa T- .TT .-- -- - --- - -2 --- --G.T. CT. ..G..GC.. .-. ..C.-- .G G- GAG--T ... AGC CTG
#Desmar esti a_acul eat a T- .TT .-- -- -- --- -2 --- --- --GTT. ... T.G..GC.. .-. ..C.-- .G .-- GAG--TT.. .?. ACC CIG
#Desmarestia_ligulata T- .TT .-- --- .-- --- === --- --- --GC.. AT. TG..GC.. .-. ..C.-- .G .-- GAG--T T.. AGC CTG
#H mant ot hal | us_grandi fol i us T.- .TT .-- -- -- --- --- --- --- --GTT. TT. T.G..GC.. .-. ..C.-- .G G- GAG--TT.. AGC CTG
#Phaeurus_antarcticus T.- .TT .-- -- .- --- --- -2 --- --GTT. TT. T.G..GC.. .-. ..C.-- .G G- GAG--TT.. AGI CTG
#Spor ochnus_peduncul at us T.- . TG .-- -- -- --- --- --- --- --GT.. CC ..G..GC.. .-. ..C.-- .CCA-GG--TT.T ... AGT CIG
#Scyt ot hammus_australi s T.- AAT G- -- .- --- --- --- --- --GTIGCC. T.G..GC.. .-. ..T.-- .G A- GAG--T ... ... ACGC CIG
#St er eocl adon_r ugul osus T.- AAT .-- -- -- s-- s-- -2 --- --GTIGCAA T.G..GC.. .-. ... A- .G .-- GAG--T ... ... ACGC CIG
#Ast er onema_f er r ugi nea T.- .AT G- -- -- --- --- --- --- --GTTICCT. T.G..GC.. .-. ..T .-- .G A- CG--TT.. ... ACGC CIG
#Ast er onema_r hodochor t onoi des T.- .T. .-- -- .- --- --- --- --- --TTT. CT. TG.AGC.. .-. ..C.-- .G G- . TG--. ... AGC CTG
#Ast er ocl adon_| obat um T- .TT .-- -- -- --- --- --- --- --GT.. CT. T.G..GC.. .-. ..C.-- .G G- GIG--. T.. .A ATC CIG
#H ncksi a_granul osa T.- .TT .-- -- .- --- --- --- --- --GTT. CC ..G..GC.. .-. ..C.-- .G A- CC --TT.. AGG CTG
#Pylaiella_littoralis T- .TT .-- -- - === -+ --- --- --GTT. CT. T.G..GC.. .-. ..C.-- .G A- GG--TT.. AGT CTG
#Adenocystis_utricularis T- .TT .-- -- -- --- --- --- --- --GTT. CC ..G..GC.. .-. ..C.-- .G A- GIG--TT.. AGC CTG
#Utriculidiumdurvillei T- .TT .-- -- - --- --- --- --- --GTT. CC ..G..GC.. .-. ..C.-- .G A- GIG--TT.. AGC CTG
#Pet al oni a_f asci a C- .TT .-- -- - --- --- --- --- --GTT. CC ..G..GC.. .-. ..C.-- .G A- GG--TT.. AGG CTG
#Scyt osi phon_| oment ari a T- .TT .-- -- -- --- --- --- --- --GTT. CC ..G..GC.. .-. ..C.-- .G A- CG--TT.. AGG CTG
#Chordaria_flagelliforms T- .TT .-- -- -- --- --- --- --- --GTTCCT. T.G..GC.. .-. ..C.-- .G G- GCG--TT.. .-. ACC CTG
#Punctaria_latifolia T- .TT .-- -- -- --- --- --- --- --GTTCCT. T.G..GC.. .-. ..C.-- .G G- GCG--TT.. AGC CTG
#Wriotrichia_clavaeforms T.- .TT .-- -- -- == <=2 --- --- --GTTCCC T.G..GC.. .-. ..C.-- .G A- GCG--TT.. .T. AGC CTIG
#Di ct yosi phon_f oeni cul aceus T.- .CT .-- -- .- --- --- --- --- --GTTCCT. T.G..GC.. .-. ..C.-- .G A- CCG--TT.. .T. AGC CIG
#Striaria_attenuata T- .TT .-- -- -- --- --- --- --- --GTTCCT. T.G..GC.. .-. ..C.-- .G A- GCG--TT.. .H ACC CTG
#Pseudol i t hoder ma_PS5 C-.T. G- -- -- --- --- --- --- --GTT. CC ..G.AGC.. .-C..C.-- .G T-- GG--TT.. ACG CTT
#Ral f si a_confusaTH21 T O - --- --- -2 --- --GTT. CG ..G..GC.. .-. ..C.-- .G G- GIG--TT.. ATG CCG
#Ral f si a_expansaPS6 T- .TT .-- --. .-- --- === --- --- --GTI. G ..G..GC.. .-. ..C.-- .G G- .TG--T T.. ATG CTG
#Ral f si a_snpot hSR6 - T -2 --l - s-- -2 - --- --GTT. C. ..G..GC.. .-. ..C.-- .G G- GIG--TT.. ATG CCG
#Hapal ospongi di on_gel ati nosumHP4 ..- . T. ATT T-. .-- --- --- --- --- --GTT. CG ..G..GC.. .-. ..C.-- .G G- . TG--T T.. AAA GIG
#Di pl ura_austral i sRV16 T- .TTGGG. .GGGEG TCT TGGCCT GCGT.. €C. ..G..GC. .-C..C.-- .G T-- ..G--T T.. ATG CTG
[ 555 555 555 555 555 555 555 555 555 555 555 555 555 555 555 555 555 556 666 666 666 666 666 666 666 666 ]
[ 444 555 555 555 566 666 666 667 777 777 777 888 888 888 899 999 999 990 000 000 000 111 111 111 122 222 |
789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 ]
#Tri bonema_aequal e TCT GI- -CG T-- -CG TCG GAG GTA --- --- -GG GIGCT- --- --- --- -TG CAT CTG A-- --A ACG -TC GIC GI- --C
#Di ctyot a_di chot oma CG CG -G GAT CG .A .C A --- --- CCT.CGGT G- --- --- -CIT' GCG... TCA-GGC.C-CG..- .G TIG
#Sphacel ari a_cirrosa cecc- -.. GA-G .A cGYCC--- --- -.TCCGC=--- --- --- -GAGCG. .AT--. C. -.G.CG ..- --T
#Fucus_vesi cul osus cG CA -.. GA-G .AC.T-CC--- --- --- CCG- --- --- --- -GAGA TG .AT --GC.. -.G.C ..- --G
#lLam naria_digitata G CG -T. GMA-G .A CCTCC--- --- --- CCG- --- --- --- -CAGGG. .AT--. C. -CG.C ..- --G
#Spl achni di um_ rugosum cecc--.. A-G .ACC..C------ ---CCG- --- --- --- -GA.-GG. .AT--. C. -.G..- ..- --G
#St r ebl onema_nacul ans ceCcT.--T. GA-G . A CTCC--- --- --- T.CG- --- --- --- -AG. G. .AG--. CT-.G.C ..- --C
#Ascophyl | um nodosum G TA- -.. GGA-G .AC.T- CC--- --- --- CCG=- --- --- --- -GAGA TG .AT --GC.. -.G.C ..- --G
#Pel vet a_canal i cul ata G CA- -.. GA-G .AC.T-CC--- --- --- CCG- --- --- --- -GAGATG .AT --GC.. -.G.C ..- --G
#Xi phophor a_chondr ophyl | a CG AA- -T. A -G .AC.T- CC--- --- --- T.CG- --- --- --- -GCAGA GG .AT--GCA-.GAC ..- --T
#Hor nosi ra_banksi i G CG -.. GGA-G .AC.T- CC--- --CTCCT.AGGGE --- --- -CAGA GG .AT --GC.. -.G.C . A --A
#H mant hal Ii a_el ongat a ceCc TG T.. A -G .AC.T-CC--- --- --CT.TG- --- --- --- -GAGATG .AT --GC.. -.G.C ..- --G
#Ant hophycus_Il ongi fol i us CG Cc CI. A -G .AC.C CC--- --- --- T.CG- --- --- --- -GCAGGTG .AT --GCT-GG.A .C -T.
#Sar gassum nuti cum CG CC Cl. A -G .AC.C- CcC--- --- --- T.CG- --- --- --- -GAGGTG .AT --GC.. -GG..- .C -T.
#Tur bi nari a_turbi nata cG CC C. GA-G .AC.C CC--- --- --- T.CG- --- --- --- -GAGGTG .AT --GC.. -GG..- .C -T.
#Axillariella_constricta G CC T.. A -G .AC.T-CC--- --- --- T.CG- --- --- --- -GCAGA GG .AT --GC.. -GG.C .C -TT
#Bi furcaria_bifurcata CG CC C. GGA-G .AC.T- CC--- --- --- T.CG- --- --- --- -GCAGA G ?AT --GC.. -GG.C .C -T.
#Bi furcaria_brassicaeforms cG ¢CC T.. GAA -G .AC.T- CC--- --- --- T.CG- --- --- --- -GAGA TG .AT --. C. -GG AC .CT CT.
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#Bi f ur cari opsi s_capensi s ceCcc- -.. GA-G .AC.T- CC--- --- - TCCTGGG- --- --- -GAGA TG .AT--GC.. -.G.C ..- --G
#Caul ocysti s_cephal orni t hos cG ¢ T.. A -G .AC.T- CC--- --- --- T.CG- --- --- --- -AAGA GG .AT--GC. -GG.C .C -T
#Cyst osei ra_nodi caul i s G CC C. GA-G .AC.T-CC--- --- --- T.CG- --- --- --- -GAGA GG .AT --GC.. -GG.C .C -T
#Not hei a_anonal a .G C- -T. GA -G .AC.T- CC--- --- --- TCG- --- --- --- -GCAGA G .AT --GCT-AGA- ..- --G
#Cyst osphaer ae_j acqui noti i CCC AAGG. A -G .AC.T- CC--- --- CTACTT.CG- --- --- -CAGAGG .TTAC ... -.G.C ..- --C
#Phyl | ospor a_conosa CCC AAGG. GAMA-G .AC.T- CCCGT &CC T-C TC. GAG CEC TCG --- -GA GA GG AT AGGC.. -.G.C ..- --G
#Sel rococcus_axillaris C&C AAGG. .GA-G .AC.T- CC--- --- -CATAAGT TICG- --- -GAGAG .CTAC ... -.G.C ..- --G
#Durvi |l | aea_antarctica cG ¢ -G A -G .AC.T-CC--- --- --- T.CG- --- --- --- -GCAGAAG .AT--GCC-.T.C ..- --G
#Durvi | | aea_pot at orum ceCc.G -G GA-G .AC.T-CC--- --- --- T.CG- --- --- --- -GAGAG .AT--GCT-.. .C ..- --G
#Taoni a_atonari a ceCc.C -.. AT CG .G Cc cC--- --- -CCCCGG--- --- --- -GCAGGG. TCA-GGC.. -G ..- ..- CCG
#Di ctyopt eri s_pol ypodi oi des CC .C -G GAT CG .A CCC..CCCCGICCCC..CAAACCGGAA TGGAGCA GGG. TCA-aGC.C-G ... .G -TG
#C adost ephus_spongi osus cecc- -.. GA-G . A cxccc--- --- --AT.CG- --- --- --- -GAGCG. .AG--. C. -.G.CG ..- --T
#Hal opt eri s_scopari a cec c- -.. GA-G .A CGIrt.Cc--- --ATICT.TT.GGI- --- --- -GAACG. .AT--. C. -.G.C ..- --T
#Syri ngoder na_phi nneyi ATGT.- -.. GGAAG .A TC T.- --- --- --- T.T --- --- --- --- --AAGA . .AT--. CC-GGAC ..- --T
#Nenoder ma_t i ngi t anum cecc- -.. GA-G .AC.T-CC--- --- --- T.CG- --- --- --- -GAGAGG .AT--. C. -.G.C ..- --T
#Bachel otia_antillarum C&C CA- -G GAA-G .A CITAC--- --- . TCT .¢CG --- --- --- -GAGGG. .AT--. CC-.G.C .cCCTCT
#Hapl ospor a_gl obosa ceCcc- -.. GAA-G .G CCTAC--- --- --- CCG- --- --- --- -GAT-GG. .AT--. C. -.G.C ..- --T
#Phaeosi phoni el | a_cryophil a CAC C. - - GM -G .G CCT --- --- --- --- TC. --- --- --- --- --- --GG. .AT--. C. -.G..- ..- --G
#Ti l opteris_nertensii ceC C. - - GMA -G .A CCTAC--- --- --- CCG- --- --- --- -GAT-GG. .AT--. C. -.G..- ..- --T
#Al ari a_escul enta G CG -G GMA-G .A CCTCC--- --- --- T.CG- --- --- --- -GAGGG. .AG--. CC-CG.C ..- --G
#Lam nari a_ochrol euca cG ¢ -T. GMA -G .A CCTCC--- --- --- CCG- --- --- --- -AGGG. .AT--. C. -CG.C ..- --G
#Macrocystis_pyrifera ceCccG -.. GA-G . A CC T.C--- --- --CCCG- --- --- - -GAAAGG. .AT --GC.. -CG.C ..- --G
#Chorda_filum cec c- -.. GAA-G .A CCTCC--- --- --- CCG- --- --- --- -CAGGG. .AT--. C. -.G.C ..- --A
#Hal osi phon_t oment osus ceCT--.. ®A-G . A CITCC--- --- ---CCG- --- --- --- -GAGAG. .AT--. C. -GG.C ..- --G
#Saccor hi za_pol yschi des ceCccC- -.. G A-G .A CCTCC--- --- --- CCG- --- --- --- -AAGG. .AT--. C. -.G.C ..- --T
#Cutleria_mltifida ceCc c- -.. GMA-G .A CICCC--- --- --- CCG- --- --- --- -CAGGG. .AT--. C. -.G.C ..- --T
#Ascoseira_mrabilis ceCcc--.. A-G .ACCTCC--- --- --- T.CG- --- --- --- -GAGGG. .AT--. C. -.G.C ..- --G
#Art hrocl adi a_vi | | osa CACC- -.. GA-G . A CCCC---=--- ---T.CG- --- --- --- -GAAGG. .AT--. C. -.G..- ..- --G
#Desnar esti a_acul eat a CACC- -.. G- -G . A CCTCC--- --- --- T.CG- --- --- --- -GCAGGG. .AT--. C. -.G..- ..- --G
#Desmarestia_ligulata CACT.- -.. ®A-G . A CCTCC--- --- ---CCG- --- --- --- -CAGGG. .AT--. C. -.G..- ..- --G
#H mant ot hal | us_grandi fol i us CACC- -.. ®MA-G .A CCTCC--- --- --- CCG- --- --- --- -AGGG. .AT--. C. -.G..- ..- --C
#Phaeurus_antarcticus CACC- -.. A -G . A CI-CC--- ------TC --- --- --- --- --AGGG. .AG--. C. -.G..- ..- --GC
#Spor ochnus_peduncul at us cecee -.. CA-G LA CCTCC--- --- --- CCG- --- --- --- -CAGGG. .AT--. C. CCG.C ..- --g
#Scyt ot hammus_austral i s ceCcc- -.. GAA-G .A .CA..C--- --- ---CCG- --- --- --- -A.-G... .AT--. C. -.G.C ..- --G
#St er eocl adon_r ugul osus ceCcc- -.. ®AA-G . A CIT..C--- --- --- T.CG- --- --- --- -A.-AG. .AG--. C. -.G.C ..- --C
#Ast er onena_f er r ugi nea ceCccC- -.. -G .A CITAC--- --- --- CCG- --- --- --- -GT'T-AE. .AT--. C. -.G.C ..- --GC
#Ast er onema_r hodochort onoi des ceCccC- -.. B -G . A CITAC--- --- --- T.CG- --- --- --- -GAT-AG. .AT--. C. -.G.C ..- --C
#Ast er ocl adon_| obat um ceCc c- -.. GAA-G .A CITCC--- --- --- TCC G- --- --- --- -GAGAG. .AT--. C. -.G.C ..- --G
#H ncksi a_granul osa ceCcT--.. GA-G . A CTCC--- --- --- T.CG- --- --- --- -GAA. G. .AT--. C. -.G.C ..- -TT
#Pylaiella_littoralis cCCT--.. GAA-G . A CGrcc--- --- --TCTT.- --- --- --- -GAGCG. .AG--. C. -.G.C ..- --G
#Adenocystis_utricularis cCcT.--.. ®A-G .ACTCC--- ------T.CG- --- --- --- -AG. G. .AG--. C. -.G.C ..- --C
#Utriculidiumdurvillei ceCT--.. ®A-G .ACTCC--->------T.CG- --- --- --- -GAG. G. .AG--. C. -.G.C ..- --G
#Pet al oni a_f asci a CCT--.. GMA-G . A CGTrCC--- --- - ACCGC--- --- --- -GCAGCG. .AG--. C.. -.G.C ..- --T
#Scyt osi phon_| onentari a ceCcc- -.. G A-G .A CCCCC--- --- -.ACTGC--- --- --- -AGCG. .AT--. C. -.G.C ..- --T
#Chordaria_flagelliforms ceCccs -T. GA-G . A CcTCC--- --- --- T.CG- --- --- --- -GAG. G. .AG--. CT-CG.C ..- --G
#Punctaria_latifolia cecc- -.. A-G .A CTCC--- --- --- T.CG- --- --- --- -GAG. G. .AG--. CT-GG.C ..- --G
#Wriotrichia_clavaeforms ceCccece -G G A-G LA CTCC--- --- --- T.CG- --- --- --- -AG. G. .AT--. CT-GG.C ..- --CG
#Di ct yosi phon_f oeni cul aceus ceCccecsG -T. A -G LA CTCC--- --- --- T.CG- --- --- --- -GAG. G. .AG--. CT-CG.C ..- --G
#Striaria_attenuata ceCc c- -T. GA-G . A CTCC--- --- --- T.CG- --- --- --- -GAG. G. .AG--. CT-CG.C ..- --G
#Pseudol i t hoder ma_PS5 ceCcc- -.. GA-G .A CCT..C--- --- --- T.CG- --- --- --- -GAAGG. .AT--. CT-.G.C ..- -TT
#Ral f si a_confusaTH21 C. C -G G®MA-G .A CICTG --- --- --- T.. .-- --- --- --- --AGAG. .AT--. CC-CGT.- .C --T
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TCC TCT CT- --- --- CC G- --- --- -GG -AT .
CTC TG - === === T.. == === —== === --A AT --. CC-CGT.- .C --
TCC TG --- --- --- T.. ..C GAG AGA ACG AGA . .. .AT--. CT-CG.C ..- --G
CCCAC--- --- --- T.C G- -GAGGG. .AT--. C. -.G.CG ..- -TT

#Ral f si a_expansaPS6 (eco AT --. C. -.G.C ..- --
#Ral f si a_snoot hSR6 C.
#Hapal ospongi di on_gel ati nosunHP4 CGC

#Di pl ura_austral i sRV16 (eco

[ 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 777 ]
[ 222 223 333 333 333 444 444 444 455 555 555 556 666 666 666 777 777 777 788 888 888 889 999 999 999 000 ]
567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 345 678 901 234 567 890 123 456 789 012 ]
#Tri bonema_aequal e TT- --- -GI C&C GG --- CCT -GG ACC --G AGG CAG GGG AGT GGT ATT TAT TTT GCT GCT TCC TCC GG C--
#Di ctyot a_di chot oma .- === -.C.CT .A --- C-C O O i L
#Sphacel ari a_ci rrosa R .

0

- -.. GAA -

-G GAA -
- -T. GAA -
- -.. GAA-G

8
8o
o>

OO0
>m;

0o
O>>>

--- CG-..

#Durvi | | aea_pot at or um G - -l A -
#Taoni a_atonari a GC --- -, . AG ACG
#Di ctyopt eri s_pol ypodi oi des c&C --- -.C... .AGTT-
#C adost ephus_spongi osus R Y . CR
#Hal opteri s_scopari a e e A -
#Syri ngoder ma_phi nneyi CA- --- - ... VA -
#Nenoder ma_t i ngi t anum LT T-- -0 o A -
#Bachel otia_antillarum ..TCcccceC. ... - -
#Hapl ospor a_gl obosa .G - -l A -
#Phaeosi phoni el | a_cryophil a .G - -l A -
#Til opteris_nertensii G - - A -
#Al aril a_escul enta .G - -l A -
#Lam nari a_ochrol euca O L
#Macrocystis_pyrifera G - -l A -
#Chorda_filum .G - -l A -
#Hal osi phon_t onent osus O L
#Saccor hi za_pol yschi des G - -l A -

o0

CCT
G. T..
#Fucus_vesi cul osus . RN € Ot Y N (e S
#lLam naria_digitata G c-- - . A - CTG-T. G. G, mmm mmm mmm mmm mme mmemememm e e mee e eee -2 T
#Spl achni di um rugosum R - I T S S
#St r ebl onema_nmacul ans - @ €€ N o Y e I
#Ascophyl | um nodosum - S ¢ &3 e S S € T
#Pel vetia_canalicul ata . VR € € T S €
#Xi phophor a_chondr ophyl | a T e I Y Y Y e I
#Hor mosi ra_banksi i LCTAT- .. ..T . A --- .GC-T. G. G. -o- con mom mmm oot mi die it doe eee e eee aes Te-
#H mant hal | i a_el ongat a R S - S [ €7 N T T
#Ant hophycus_| ongi fol i us cC --- - . o S Y e
#Sar gassum nmut i cum cC--- - . e o R Y N T T
#Tur bi nari a_turbinata T O & U Y @R € YN ( U
#Axillariella_constricta @ T S Y S o
#Bi furcaria_bifurcata S e e N T S o
#Bi furcaria_brassicaeforms CC A-- - R S Y T S
#Bi furcari opsi s_capensi s G --- - 1 A N
#Caul ocysti s_cephal ornit hos LCC--- -, .. - s T.G-T. G. G, =-- mmm mme et eei eeh eih eih hie eie aee el - .- C
#Cyst osei ra_nodi caul i s I o o 1 A - S o
#Not hei a_anonal a AC --- -.. ... T === TTG -T. G . G . =-- =mm mmm mmm mme mme i mem e ememee e eee e
#Cyst osphaer ae_j acqui noti i N Y S B T e I
#Phyl | ospora_conosa .G --- -.C... A --- B @ € Y € S I
#Selrococcus_axillaris G - - A - B S ¢ Y € I
#Durvi |l | aea_antarctica G - - L A - .- - o
T.
C.
C

Y D T PP PSP S

DAeeAA

8083300 22868
PPPPPPPOOOPPRROOD |

—
—
@]

B T Sy
POORPOOND: PORPOOD

H3B30a8
: .-'.-'.-'.;L—'.—'.—'.—'I
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#Cutleria_multifida ACG --- -.. ... A --- CCC
#Ascoseira_mrabilis .G --- -.. ... .A --- CIC
#Arthrocl adi a_vill osa .G --- -.. ... A --- TTC
#Desmar esti a_acul eata .G --- -, -.. A --- TTC
#Desmarestia_ligul ata .G --- -, ... A --- TTC
#H mant ot hal | us_grandi fol i us
#Phaeurus_antarcticus . e
#Spor ochnus_peduncul at us .G --- -.C... A --- C
#Scyt ot hammus_australi s .G --- -.. ... A --- .TC
#St er eocl adon_r ugul osus .G --- -.. ... A --- TTC
#Ast er onema_f er r ugi nea .G --- -, ... A --- TCC
#Ast er onena_r hodochor t onoi des ACG --- -.. ... ..- --- CGG
#Ast er ocl adon_| obat um .G --- - ... .- --- CGG
#H ncksi a_granul osa .G --- -, ... TA- --- .CC
#Pylaiella littoralis .G --- -.. ... A --- TCC
#Adenocystis_utricularis .G --- -, ... A --- CCC
#Utriculidiumdurvillei .G --- -, ... A --- CCC
#Pet al oni a_f asci a .G --- -.. ... A --- TCC
#Scyt osi phon_| onent ari a .G --- -, ... A --- TCC
TGC
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CaC
CaeC
ceC
C.C
CaC
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#Chordaria_flagelliforms G - -l A -
#Punctaria_ latifolia G - -l A -
#Wriotrichia_clavaeforms O
#Di ct yosi phon_f oeni cul aceus .CC--- -, ... A ---
#Striaria_attenuata G - -l A -
#Pseudol i t hoder ma_PS5 B
#Ral f si a_confusaTH21 .G - -l A -
#Ral f si a_expansaPS6 ACG --- - 0 A -
#Ral f si a_snoot hSR6 G - -l A -
#Hapal ospongi di on_gel ati nosumHP4 .. C --- -.. ... A --- TGG -
#Di pl ura_austral i sRV16 L= s-- -, ... A ---CC-..
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[ 777 777 777 777 777 777 7]
[ 000 000 011 111 111 112 2]
345 678 901 234 567 890 1]
#Tri bonema_aequal e GAA A-- TGC TTC CCT TTA
#Di ctyot a_di chot oma .GI CCC G..
#Sphacel ari a_ci rrosa R
#Fucus_vesi cul osus R
#lLam naria _digitata
#Spl achni di um r ugosum R
#St r ebl onema_nacul ans R
#Ascophyl | um nodosum T
#Pel vetia_canalicul ata R
#Xi phophor a_chondr ophyl | a R
#Hor nosi ra_banksi i T
#H mant hal | i a_el ongat a R
#Ant hophycus_Il ongi fol i us R
#Sar gassum nut i cum A . .--
#Tur bi nari a_turbinata R
#Axillariella_constricta R
#Bi furcaria_bifurcata
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#Bi furcaria_brassi caeforms
#Bi f ur cari opsi s_capensi s
#Caul ocysti s_cephal orni t hos
#Cyst osei ra_nodi caul i s

#Not hei a_anonal a

#Cyst osphaer ae_j acqui not i
#Phyl | ospor a_conpsa

#Sel rococcus_axillaris
#Durvil | aea_antarctica
#Durvi | | aea_pot at or um
#Taoni a_atomari a

#Di ct yopt eri s_pol ypodi oi des
#C adost ephus_spongi osus
#Hal opteri s_scopari a

#Syri ngoder na_phi nney
#Nenoder ma_t i ngi t anum
#Bachel otia_antillarum
#Hapl ospor a_gl obosa
#Phaeosi phoni el | a_cryophil a
#Ti l opteris_nertensii

#Al ari a_escul enta

#Lam nari a_ochrol euca
#Macrocystis_pyrifera
#Chorda_filum

#Hal osi phon_t onent osus
#Saccor hi za_pol yschi des
#CQutleria_multifida
#Ascoseira_mrabilis
#Arthrocl adi a_vi |l | osa
#Desmar esti a_acul eata
#Desmarestia_ligul ata

#H mant ot hal | us_grandi fol i us
#Phaeurus_antarcticus
#Spor ochnus_peduncul at us
#Scyt ot hammus_austral i s

#St er eocl adon_r ugul osus
#Ast er onema_f er r ugi nea

#Ast er onema_r hodochort onoi des
#Ast er ocl adon_| obat um

#H ncksi a_granul osa
#Pylaiella_littoralis
#Adenocystis_utricularis
#Utriculidiumdurvillei

#Pet al oni a_f asci a

#Scyt osi phon_| onentari a
#Chordaria_flagelliforms
#Punctaria_latifolia
#Wriotrichia_clavaeforms
#Di ct yosi phon_f oeni cul aceus
#Striaria_attenuata
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AAAAAAAAAA A A A A A A A A A A A A A A A A A A

#Pseudol i t hoder ma_PS5
#Ral f si a_confusaTH21
#Ral f si a_expansaPS6
#Ral f si a_snmoot hSR6

#Hapal ospongi di on_gel at i nosunHP4

#Di pl ura_austral i sRV16
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