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r. ,SÜ]ÆVIA.RY

Tühile twenty four species from southern Australia have been

previously placefl ìn'Wrangelia C.iigard.h, on1¡r fíve of these rightly

belong to this genus. A sixth southern Australian species,

[Irangelia australis (J.Ag.) comb, u.ov. is transferred from

Bracebriôgea J .Âg. Of thirbeen species of Wrangel:þ described

fron extra-Australian regions, sj:c are stud-ied- and- thei-r systematic

posi-tion confirned..

seven of the r.emaini¡g southern Australian species of

ll/rangelía are setregated. i¡to four nelî generat i:-azoyeta, Sllepleya'

Woll-astoniel-Ia anð" Drer,viana, and- one into lavolucrana Bald'ock and-

womersley. These gen-era, probably ';rith viqkegs:þ Karsakoff and-

Diplotha¡nnion Joly and- Yamaguishi, are closely related. to

Sphond-ylothaurrion I'iaegeli and are i¡clud.ed. i¡ the tribe

Sphond.ylothar¡nieae Feld.man¡-l-,azoyeT. Tr¡¡o nevr species of this

tribe are d-escribed- frorn southern Austral-ia. \l\.azoyera t-L

(itarvey) comb. nov. from Nev.' Zealan¿ is also transferyed, from

ITranqelia and- Shepleya australe (J,Ag.) comb¡ rtov¡ 'cransferred- from

Antithannion. The renainilg eleven species from southern Australia

previously placed- i¡r 'Wrangelia have been reðuced to synonolßy or

transferred- to other genera not j¡ the tribes studied.

The followilg six generar irlclud-ing four neu species, are

includ,ed. i¡ the tribe Spemctharmrieae Schmitz: Sperrnothannion



Àreschoug, liffa¡riel-Ia Doty and- {enez

Lejolisia Bornet Lomathamnion gena nov.

2.

P'cilothar¡nion Thuret

and- hterthannion

t ,

t gen. nov.

Ihe tribe ]i'Irarrgelieae is similar to primitive Cera¡riaceae i-n

formilg procarps successively near the apices of potentially

ind.etermi¡ate branches" llor¡ever, the stn-icture of the cystocarp,

i¡r lvhich -bhe gonfunoblast is iltermi:rgled- l''¡ith sterile '¡,'horl-

branchl-ets of the fertile axi-s, is relatively specialised-.

The tribes Sphond.ylotha^mrieae and SpernotharnT ieae are closely

related-, the procarps being restricted- to the subapical cel-l of the

fertile axis r,''rhich may be either a po'centially ind-eterni¡ate or a

d.etermi¡ate branch. The íiphond.ylothamnieae is d-isti¡guished. by the

presence of an inner invol-ucrrrm around. +ire gonimoblast, formed. by

C,ivision of the sterile ce1ls associated- r¡ith the procaqp, anù by

the presence of .¡ihorl-branchlets on axiaf cefl-s of i:rd-etermi¡rate

branches" In the Jpermotham:rieae there is no i¡¡cer i¡rvolucrr:m

(except in Le iolisia and- d.istirrct whorl-branchlets are absent

frorn erect axes. These tr¡¡o grouPs are probably veqy highly

ad.vanced. i¡r 'che Ceran-iaceae and not very closely related to the

firangelieae.

Culture studies usiag t'wo species liÌrere und-ertaken to clarify

stages il gerrrilation of spores. h both Irïrangelia plumosa and-

LejolisLa ae8ag the firs'c ,Ljvision of the spore is

approxÍmately parall-el to the substTaten II1 L. aegagropi-Ia



z

.oros-trar6e aLeli are -oroôuced Íiccoild'arily b¡r horízcn'Eal gr=ol'r'Ûh of

erec-b axes.

ifuclcar sirrd-ies shcl'i -bha'u 'r,he vege-ba-Live cel.l¡ of -bhe

lrangel-ieae are u:rj:ru.cl =a:-e, .¡¡hile ';hosc of the Spìrond;rlotha"r.niea:

and,j pe rnotharmieae arre rnuf 'r.i¡ucl-ea'ie .
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IÏ. N:!'TRODUCIION

The mari¡re a1gal flora of southern Australia is recognised.

as particularly rich, both j:r number of species arid. end.emism.

This is v¡e1l- il-lustrated. i¡ the genus ï[rarigelia i:r -,¡hich twenty four

species have been d-escribed. fron southern Australia, although the

type species, 1Trangelia penicillata (c.¡e.) c.ls,, occurs in the

i,led-iterranean and. subtropical Atl-antic and. Pacifíc Oceans. Hov'rever,

superficial observations on 'che branching patterns a¡rd. cell sizes

of the coûmoner species of 1[rangelia suggested. that this assemblage

t¡¡as heterogeneous.

Various authors have previ-ously d.oubted- that all 'che species

v¡ere correctly pIaced. i¡ 1(raneelia For example, i¡r several casesa

,'Iarvey placed. species in nÏrangelia only provisionally until the

stn:ctures of the ?f frrritir became better lclown. Bornet and. ?huret

(taaO, p.184) also remarked. 'chat species such as trVrangelia halurus,

i¡ which the spores î{ere naked- j¡stead. of beilg accompanied. by

rrparaphysesÌl shculd- probably be placeû j¡ the genus Sphond.ylotha¡nion

Iiaegeli (taet, p.J8O). 'i-his suggestion yras supported. by De Toni

(lgo1, p.12J8) 
""rA 

later by iiyliri (lgzgb,p.1) in his d.etailed. stud.y

of 1T. penicillata.

The present stud.y r,ras und,ertaken to clarify the systematic,

positions of species referred to llrangelia and their relationships to

genera such as Sphond.ylotha.mnion. the stud-¡r 'was extend-ed. to includ-e

the little lcrocßi southern Australian species of the tribe Spernotha.wrieae

the members of which are closely related, to Sphond.yJotha¡¡rion.



5,

Supplementary culture and. nuclear stud.ies lrere also r:nd.ertaken

to further elucj-d.ate the relatiorrships betiveen these tarca.

The geographical d.istribution of each southern Australjån

species stucliecl occurs within the range from Ft. Denison, l[. Aust.

to Pt. Jackson, N.S.Î.\r., lrrclucLing the coasts of Kangaroo Is., S. Aust.

and. Tasma¡ria. Although Ëome species appear to be restricted. to the

slightly cokler waters fnom about Robe, S. Aust. to Pb. PhiILip,

Vic" and Tasmania, d.istribution patterns haVe not been analysed. i:e

cletail si¡rce recorrùs are mostly too few and. fron scatterecl. ]-ocalities,
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rTI. HTSIOR.ICA], BACKGR.OUND

C.Agardh (t0ZA, p.136) created the genu s Vrangelia j¡, honour

of Baron ',,Ira:rge1, a S'¡red-ish na'buralis'c, for the species which he

had. previously d-escribed- as Griffithsia peniciÌlata (1824, p.1t+3) .

].¡trrangelia rvas classified- by earlier authors (J.agardh 1841, p.37t

1842, p.66, Decaisne 1B)+2, p.J5B, I{uetzing 1B\3, p.376; 1&+5, p.2BB;

1849, p.664) u¡ith genera such as Griffithsia and Ceramium which are

nor¡ al-so placed. in the same family. Hovreverr j¡ the meantjme

'flrange]ia has been associated- .¡rith many 'lrid.ely separated. taxa i¡ the

Rhod-oph¡rta. The longstand,5lg d-oubts about the systenatic position

of ]iírangel-ia were mai¡rly d"ue to its si¡ril-arity il vegetative features

to genera reæ i¡r the Ceraniaceae, åîå tt. atypical cystocarp structure

in v.rhich fertil-e gonimoblast filaments are intermilgl-ed. with sterile

filaments.

Because of their sjmilar cystocarp stmcture, J.Agard-h (1851,

p.X; 1863, p.701) grouped. ïlrangelia with the genera ldaccaria and.

:ltractophora i¡r ¿ separate or'd.er "Trangelieaeìí , and- this classification

was accepted- by Harvey (1A53, p.B - as 'rr¡Irangeliaceae").

Naegeli (1861 , p.297) however based. his classification on both

vegetative and- reprod.uctive features and reverted- to ttre ofd.er

groupings, placing Wrangelia in the Ceramiaceae y¡íth other genera)

including efps&e.rnrior (equivalent irt part to Sperrnotharnion

Areschoug), Lejolisia and. Þphond,ylothamnion.



7.

Other genera also associated. with rürangelia by other authors

r,rere Mong¡pog anù Bornetie (J,lgard.h 1876, p.607), and. Chantransia

(Hauck 1885, p"39) 
"

The d.istinctive strr¡cture of the cystocarp of .i,Vrangelia was

again used. by Sclmitz (tgAJ, p.228; 188!, p"+39) irr placirig Tfrangelia.

Naccaria and. -iitractophora with Geli4tum as a tribe, the :i'rarrgelieae,

j¡r the Gel-id-iaceae. Gelidium also has a creepÍ::g gonimoblast vrhich

i:rternilgles with steril-e branchlets on the fertiLe axis (Fan 1961).

Oltnra¡¡s (t904-, p.716) removed. trTrang el-ia. lTaccaria and

Atractophora i¡r a separate faurily, the ïrangelíaceae (c.f" J.Agarôh

1851), to the Gigartinales but later (l9ZZ, p.252) replaceù

Wrangelia i¡ the Geli-d.iaceae.

The present systematic position of ìírangel-ia was clarified- by

Kyli:r (tgZ8U)wno mad.e a d.etailed strdy of postfertilization events

jrl W. penicill-ata. sho.¡ring tha'c the auxíIiary ce11 is forrned. from the

supportirrg ce11 after f ertllízation, 'r¿hereas i¡ Naccania and.

.il,tractophora the supporting cell acis as the auxiliary cel-1.

li"/ranßelia v¿as therefore placeð in the Ceramiaceae and tLius filally

returned. to its old-est systematic position"

the trVrangelieae is nov¡ considered a monogeneric tribe j¡ the

Cera.nniaceae, d.istilguished- by íts uni¡lucleate ceIls, five ',rhorl--

branchlets per '¡,¡horIr position of proccrps úear the apíces of

i:ld.eterrrinate branehes and. d-isti¡rctive cystocarp stn:cture

(letamarn-Mazoyer, 1940, p"238, I(ylin 1955, p.382). The present

stud.y supports this classification.
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The tribe Spernnotha.nnieae d-escribed. by Schnitz (1889, p.i{49)

lvas one of fifteen tribes i¡l-bo ',,.hish he d,ivid-ed. -bhe Ceraniaceae and-

contai¡red- Le olisia Sphond"ylothamnion. ëlSl=othqttiq" *A

Ptilothamnion. This cfassifica-bion was folLo¡¡¡ed- by Schmitz and-

Hauptfleisch (1897, p"L8l) and. De loni (1903, p.1251 - including

Trailliella vrith a query; 1921+, p"l+50) " Hor,iever leJdma¡ri-Mazoyet

split Schmitz t s Sperrnoihar¡rrieae j:rto three tribes, re-bai:ring only

Sperrrothamnion j¡r the Spernotha"rnnieae and. crea-bilg the Leiolisieae

for Le.jolisia end. Ptilothanni.on" 'ihe Spernothamnieae was

characteriseô. by mul-tinuclea-be cells, procarps on the subapical cel1s

of the fertil-e axes anö -bv¡o auxíliary cel1s per procarp, whiJe the

Lejoiisieae d.iffcred- by havirg only one or 'c¡¡o nucl-ei per cel1 and-

one auxil-iary ceII per procarp. Sphond-yl-o thamnion rras segregated-

to a new tribe, the Sphond-ylothamnieaeo which also contained- Viclcersia

and. Þgrneti-a. Although similar to tire Spermothamnieae, this tribe

d.iffered i:r having a large fusion cell- i-n the cys-üocarpc

liyl-in (lgS6) d.id- not recognise leld.mann-l,iazoyert s nevrLribes

and. includ.ed- these six g enera vrithj¡ the Spe rrnothamnion groupx using

the production of terni¡ra1 carposporangia as a r:nifyjng feature.

Ho';,¡ever Baldock arid- r/tromersley ( 1968, p"197) have shol,n:. that Bornetia

d-iffers consid,erably from Spermothanrrion and probably represents

another tribe v¡ithi:r the famil¡r.

Phylogenetic tenòencies withi¡ the Ceramiaceae have been

Kylìnts groups are'Eaxa equivalent -bo the tribes of o'cher authors"
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ôiscussed. by Feldmann-iviazoyer (t940, p.2/+J), Kylin (195O, p.76;

1956, p.367) anù Hornmersand (1963, p.t3O). Feldmanre-,\,{azoyer

j¡dicateù affinities Trithdn the fa¡nily without dividing it into

any suprageneric taxa,

Usilg the position of procarps, Kylirt grouped the genera of

the Ceramiaceae i¡rto two d.evelopmental lines (Entwicklungsr-eihen) ;

the first li¡re was represented. by Crouania. Antitha,nnion. Tlrangelia

anù Cgramium. in vrhich the oarlngonial branches occur on the basal

ce1]s of shorb shoots (rìwhorl-branchletsil i¡ this stud.y), a:ed- the

seooncl lile represented. by Cal-litha¡urion rmotharurion. Çriffi thsiaspe

anù PtiJ-ota, j¡r which the carpogonial branches occur on special

pericentral cells (honologous to the basal cells of the '.".hor1-branchl-ets

in the first grcup) i¡r the upper parts of shoots.

Honrqersand. disnissed" i(ylinr s d.evelopmental 1i¡es as pol¡rplgrletic

a¡rd he divid.ecl the Ceramiaceae i¡rto trvo subfamilies: the Crouanioicleae

(inctua:ng the l[rangelieae) and. the Ceramioídeae (Ucfua:ng the

Spernothamnieae, togethe r with Tiffanlella Doty and. tr'lenez), separated.

nainl-y on prÐcarp stmcture rather than position (see Table 11,

p.285). l,',Iollaston (1968, p.399) rejected. these subfanilies on

the basis of evid.ence from the tribes Crouanioid.eae, Antithautieae,

and- Heterotharmieae. Further evid.ence which d.oes not support

Hon¡nersar¡d.r s groupÍrrgs is given j¡ the pre.sent s,cuc[y.
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IV. MATERTALS AND frTBTHODS

1 l,{orpholosic a1 S tud.ies

Collections were rnade fncrn rocky reefs at low tide ancl frora

naterial cast up in drift. Fie1d. collections lvere initially
preserved- rn +% fornald-ehyd.e in sear¡¡ater and later transferred. for
preservation into a 7Ø al-cohoJ- - 5% Sl-ycerine nixture. l¡fhere

liquid- preserved. ¡naterial- was not available for study, dried
herbe¡ir:n speci-mens were softened- by soaking j:r ôilute cletergent.

Material for exa¡nination was stai¡reð, in 1% a¡illne blue,

washed., aciclified. in 1N hydrochJ-oric acid and mor:nted- for permalent

preservation as roicroscope sliiles in 5O-BØ" Karo s¡rrup with phenol.

Occasionally, softenecl herbarium naterial was mounted diræct1y irl
a nixture of 2Ø Karo, a¡rili:re blue a¡d. hydrochloric acid. (ZO:t:t).
This netiiod. is satisfactory for quick mounts.

Most drawings $¡ere mad-e using a carnera lucida.

Measurements - ce11 ùinensions quoted- inolud.e the l¡alIs of the cells
as r:navoidabl-e plasnolysis of the eel1s during processing caused

internal- dimensions to vary greatly.

Certain oells of the thallus were chosen as ræpresentative of
the range of ceII size occurring in the species, Such are the

rned.ian cells of the whorl-branchlets, rrhich are tnose occurring
approxiurately half-lvay betrn'een the apex and the base of the rrhorl-
branch-l-ets.

Herba¡ia quoted. - Abbreviations are taken fron Lanjouv,r & Stafleu (lg€+) 
"

lypes have been exa¡ríned- unl-ess otherwise inðicated.

2. Culture arid- Nuclear S tud.ies

l,[ethod-s are g'iven for these sections on pr257 úAp.27O
respectively.
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V. FE.qruÌTS USED ]N CLê,SST¡ICATION Æ(D firEIR IER]yI]NOLOGY

Reproductive features, particularly the d-evelopment of the

procarp and. carposporophybe, are used. i¡r this stud.y to separate the

higher levels of taxa su-ch as tri-bes and- genera, while vegetative

features are used. nailly in separatilg species. Often vegetative

features can be comelated. vrith di-fferences j¡r reproduction.

I'There possible, termi¡rology used. is that of previous authors

i-n this field., but ,;-.,here this has not been possible an explarr.ation

of the d.ifferences is i¡clud-ed..

"4. VEGET.{?IVE FE^ê^TUR¡S

1 . Bra¡rchi¡g

The thal-li consist of systems of prostrate anð./or erect axes.

j::n axis is defj¡red. as the Ìead.ing rov¡ of ce1ls i¡ any branch system,

this j¡rclud.es both i¡rd.etermi¡ate and. d-eterminate branches (see belol,v).

The tenn¡tbra^nchrr i¡clud,es both the a-xis and. its d.etemi-nate laterals.

Genera ruith both prostrate and- erect axes, such as those of

the Sphond-ylothannieae anò Spermothannieaer rrould- appear to be

heterotrichous. This is apparentl-y contrad.ictory to the statement

of Fritscn (l9l*5, p. 445) that the heterotrichous habit is conpletely

suppressed- jn the Ceraniales. i{o'wever, stud-ies on Lejolisía

aeRagropila (p. Z6d, a species with both prostrate anù erect axes,

have shovn: that the first division of the spore is approximately
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parallel- to the substrate, thus complyÍng with other nembers of

thB Cerarniales. The prostrate axes d-evelop fron erect axes v¡hich

become second.arily prostrate. Thus these groups may by classified.

as second.arÍ1y heterotrichous.

(r ) trndetermi¡rate axes (or branche s)

.An jnd.ete::milate axis is one r,vith an apical cell apparently

capable of continueù production of axial cell-s. Division of apical

ce1ls may be either a'lterrre-beXy oblique (as in most species of

itfra¡igelia) or transverse (as irr Sphond.ylothai¡nieae and Spernothannieae) "

I¡r some species, branches occu-r r,vhich have the st:rrcture of

i¡d.etenni¡iate branches but 'urhich are apparen'c1y not und.ergoing active

grorrth. Because their structure remai¡Ls typical, they are presumably

capable of resuming active growth given the right cond-itions, and-

are therefore refemed. to as t'potentially i¡rd.eterrninate branchesrt.

Potentially ind-eterrnj¡a'ce branches are noticeable i¡r 1¡fra¡rgelia

prjrrce'ps Harvey (p. J4 ) vrhere they forn a v¿hor1 associated. i,'¡ith the

l,rhorl-branchlets on l-ower axial celIs. 0n1y one of these usually

d-evelops as a true i¡d.etermi¡ate tha]lus branch. T'Iollastoniel-1a

nyriophylloid.es (ttarvey) comb" nov. is similar irl having potentially

i¡d-etermi¡ate branches betr,veen l'¿horl--branchlets on each axial cell-.

If d-anage occurs to the grol,rilg apex, or reproductive st:rrctures

d.evelop, one of these potentially ind.etermj¡ate brarrches v¡ilI over-

take gro'r,rbh, replacing the najn axis. Such branches have been
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referreù to by Halos (1966, p.64) as llbrachyclaùonest, ad.apted. from

the terraj¡rology of Chadefaua (1960, p.114). ¿llthough equivalent

i¡ mea¡rj¡g to rrpotentially i¡rd.eterminate branchesir, the ter¡l is not

used. i¡ the present ryork beoause chadefaud-t s system of termi¡ology

is not accepted., for the reasons outli¡ied. by ïIollaston (t968, p.zz1).

Other authors have used. the terns ltdvrarf shootslr (Honmersanð, 1963)

or ¡rd.etertri¡ate branchesl! (Tio[aston 1968). i\lthough these branches

may be temporari.ly linitecl in grovrth, the lack of d.ifferentiation

of the apical cel1s, the similarity in struc'cure to actual indeter-

ni¡ate branches and. thei¡ ability to resume growth und.er cerbai¡

cond.itions 'rr¡arrants the use of a more explicit te:m.

(Z) Dete:mri¡ate axes (or branches)

À d.etemi¡rate axis is one ç¡here the apical ce1l is apparently

iacapable of continued. prod_uction of further axial cells. Åt

maturity the d.etermj¡ate branch has a consistent and. characteristic

norphology, and. i¡ this account the.te:m 'rbranchlet" is used.

generally for this structure, 1rÍ.,,lhor1-branchretsrt are deterni¡rate

branches v¡hich occur in vrhorls at the d.istal end-s of a:ciar ceIls

i¡ the 9rangelieae and. sphond.ylothamrrieae, æd this ternr is usecl

follovring t".rollastorr (1968). Many species have whorl-.branchlets

which are high-ly d.ifferentiated.. Hovrever, i¡ a few species of

Sphonciylothamnieae ( e. g . I:volucra¡ra mered-ithiana) the whorl-

branohlets are not easily d.istinguishable frrcm i¡d.etermir:ate branches.
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lil¡lrorl-branchlets are absent i¡r the Spermothanieae.

(¡) Ord.ers of

Ä primary axis i-s the first formed- fron the germinating spore

and. a priroary branch contains an axis of the second. orcler. h the

Sphond.ylotha¡nieae only the erect system is consid.ered i¡r quoting

the ord.er of branching for comparison with other groups.

(+) Oriei¡r- arrans ement and. f,r¡ne of branohÍnp

(u) ï¡d.etermi¡ate branche s nay be borne i¡r three positions:

(i) on the basal ce11s of 'rhorl-branchlets (TIrangelieae),

(ii) :n the positions of v¡horl-branohlets d.irectly on

axial cel1s (most Sphond.ylothamnieae), or
/...\(ijj) i¡ ad-d.ition to v¡horl-branchlets on a:cial cells

('!Tollastonie11a) .

ï:r most species stud.ied., the main thallus branchíng is

d-istichous or subd.istichous. This is usually the result of the

i¡rd.eternj¡ate branches being prrrôuced- j¡r association ¡¡ith the

first-forued r'¡horl-branchlets on each axial ce1l, the i¡itials of

v¡hich are usually cut off alternately on successive axial cells.

(u) VJ'lror1-branchlets

The order of fo:nation and. number of whorl-branchlets in a

v¿hor1 are usua11y, but not alv,rays, characteristic of the species.

The basic mrmber i¡L 'che rÃl'rangelieae is þ per axial ceIl, although
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some species (e.g. rirrrarigelia tenuis Nod.a) show a red.uction to l¡ or

J per vrhorl. 0thers show the d-evelopment of d.orsiventrality and_

thereby the flattenÍng of the thallus (e.g . I[range]-ia nobilis and.

ïrrangel-ia australis). rr the sphonc.ylothamnieae the ord.er of
fo:mation is mostry i-n opposite pairs, the s-lccessive v¡horls often

bei:rg aryanged. orthostichously although this may be obscured. by

twisting of the a¡cis.

First fo:¡red, vrhorl-branchlets on each axial oel1 nay be

i¡itiated alternately on opposite sid.es of the i¡d.etermj¡ate axis,

spirally, or more rarely r:rrilaterally. The last type can occasionally

be seen iri lateral branches il r,frangelia where the whorl--brar¡ohlets

are fo:¡oed abaxially, This was described. by chadefaua (1960, p.12g)

as an r¡nusual 11 zig-zagtl scorpioid. pattern of whorl-branchlet

i¡itiation i:r'V[ranselia penicillata.

T7horl-branchlets are all monopod.ially branched.. They may

be piru:ate or rmi-lateral1y branched but are often subd.i_- or

trichotornously branched. due to d-evelopment of the laterals of the

'whorl-branchlet to an almost equal extent to its mai¡r axis. T,vhere

there is exactl-y equal d.evelopment of laterals, the terms ,pseud-od.i-

or tríchotomousil are usecl.

l[a'curation of rhorl-branchi-ets Eay be acropetal or basipetal,

ï:r the l-atter case, the lateral-s of the lowes'c ax:.ar ceI1 of the

whorl-b¡anchlet are the last to d_evelop.
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2. Polarit-y of Axes and Ce11s

tre nany cases it is necessar]¡ to d-ifferentiate between the

opposite end-s of axes or celIs. The d_ista1 end. of a:: axis or cell

is the one remote from the point of origin of the axis or ce1l, or

nearer the apical end- of the axi-s or cell-. Conversely, the proximal

end. is th.e one nearest to the point of origÍn of the axis or ce11.

Ter:crs such as?ruppertt and.'rl-ov¡errr, vrhile useful in referring to the

gross morphology of the pl-ant, are confusilg v'rhen appLied. to prostrate

or d-escend.ing axes (".g. rhizoid.s)

3. Cortication

Cortication occurs in species with relatively large thalli

antl is composed. of d.escend.Íng rhizoid.s vrhich originate from eithe-

the basal- ceIls of '¡irorl-brarrch-1ets or from the proximal end.s of

a:cial ce1ls or both. the cortex may be pseud.oparench¡rmatous in

cross section due to the vya1ls of the rhizoid.al ceI1s becoming

oonfluent rrith the wa1ls of the axial ce1ls (-,-,'rarigelieae). Il

most species of Sphond.ylotharrrieae with cortication, the rhizoid-al

ceI1 qa11s are free from the vral1 of the a:ris and, the cortication

is spongy. Attachrnent of the rhizoid.s to the a:cis may oocur by

means of sna11 d.igitate haptera or by secondary pit connections

beù¡¡een adjacent rhizoids and. lower branchlets; these may serve to

strengthen the axis. The position of the haptem (íf present) on

the ce11s of the rhizoid-s - r'¡hether on the proxÍmal or ðistaI encls ;
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is often of taxonomic signi_ficance.

¡o ',,,ü. nobilis and- austral-is the primary rlnÍ-zoídal cel1s

prod.uce outwardly a layer of short assjmilatory branchlets of a

form characteristic of the species" these remail after the norrnal-

v¡horl-branchlets have been 1ost"

)+" Àttachment

ïr: species with prostrate axes, primary attachment occurs

bJt haptera and further rhizoid.s from erect axes j¡rcrease anchorage

as the plant grorrs larger (sphond.ylothamnieae). rn species with

only erect axes (t/ilrangelieae), attachment of the sporeli¡g occurs

by means of an elongate rhizoid-rand. further rhizoid.s from the erect

axes j¡r old-er plarrts extend. d.o'¿,mwards over the substrate"

5. Hairs

unicellular hairs are rare i:r the grol-lps stud.ied.. They have

been reported. by Rosenvinge (r9tr, p.21o, rigs" B¡9) in spernothaqriol

turnerfwhere the apical celr of an erect axis becolr.es narrow and-

elongate. il'lulticellu1ar hair-branches occur more commonly, formed.

from extensj-ons of the ultimate parts of norrnal- erect axes (as i¡l

Lejolisia aesaEropila ) or by the cel-ls of complete r¡rhor1-branchlets

or potentially ild.etermj¡rate branches becomi:rg hair-Ijke, These are

ref erred. to as rrvillose v¡horl-branchletsir or rtvillose bra¡.chestr, The

terrn lrtrichobrastit has been applied. to structures comparable to

¡É Syn. Spermothamnion repens (OiUwy.n) Rosenvinge.
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vil-lose ivhorl-branchlets i¡r the Griffithsieae by !-el-d¡rann-irlazoye?

(t9lO, p.148) and others, but it is avoid.ed- jrr the present.work

because of its association with speeial branchlets i¡r the Rhod.omelaceae,

where they are not obviously d-erived. from stn:ctures comparable with

v¡Lrorl-branchlets.

6. Nucl-ei and- Rhod.o

Vegetative cel1s of the I¡ilrangelieae are rlnilucleate, but

those of the Sphond.ylothanriieae arid- Spezmotha.mrieae contaj¡r

(1-)10+'OOO nuclei. This forrs a useftl tæronomic feature at the

tribe 1evel.

Rhod"oplasts ín all three Eroups are numerrcus per ce1l and.

d.iscoid. to elongate or lobed- (lig. 11, rhod-oplasts of a mature

whorl-branchlet ceI1 i¡ Wrarrg,elia pri¡ceps). Yrl'hen elongate, they

are usually oriented. parallel with the long axis of the cel1.

Sonetj¡res several smaller rhod.oplasts lie ad.jaoent it a row, suggesti::g

segmentation of an elongate plastíd..

B. RSPRODUCÎNTE FEATURES

1 a lieiosporanEia

ii'ieiosporangi-a may be i¡ the forrn of tetrahed.ral tetrasporangia

or polysporangia with 8,6L angular spores.

f¡ some tetrasporangia, the four nuclei are formed, first,
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followed by simr-rltaneous walÌ division as i¡r nornal tetrahed.ral

clivision, but the fi¡ar orientation of the spores is such that the

sporangir.rm appears cmciatel-y d.ivid-ed.. In others, although the

four nuclei are fo:med. first, the wal1 d,ivisions occur i¡ two

successive stages as i¡ cruciate d-ivision but the fjnal orientation

of the walls is tetrahed.ral ("oblique" in l¡r/ollaston 1968).

2. Spernatangia

The spermatangia are for¡red. il compact, ovoid. or elongate

head.s. the fertile a>ces are of 2-6 stlræt cel-Is vshich eaoh p:roduce

t-4(4) pericentral ceffs. These uray act directly as spennatangial

mother cells, each bud.d.ing off outward.ly 2-J spetmatangia and. also,

1atera1ly, further spernatangial mother cells which contribute to

the oompacùress of the head.. Occasionally the pericentral cells

d.o not prod.uce spe:mratangia d.irectly but only spernatangial urother

cells, The lowest fertile arcial ce11 Ís usually the longest, a¡rrl

because the pericentral cells are prod.uced- from its d.istal end. it

often appears as a short stalk.

Sperrnatarrgial head-s may be sessile or stalked., nakerl or

i¡rvolucrate. They are usually situated. on the lower se11s of whorl-

branchlets vyhich may or may not be modified..

Spermatangial head.s are relativel-y unimportant as taxonoraic

features.
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3. Procarp and. Car.posporoph¡rbe

(1) Position of procarps

This is one of the roost important features used. in separation

of the tribes of the cera^rniaceae. fir the groups stud-ied. two

types occur:

(a) T[ranee]-içge - the procarps occ'''rr on successive axial

ce11s near the apices of jndetermj¡ate branches, one or tv"o per

axial oeI1. h d.ifferent species, the supportj¡ls ce11 nay or may

not bear a terrni¡ral sterile cel1. the presence or absence of this

cel1 has been used- by HommersanO (1 963, p.JJO) as one feature to

separate trvo subfamilies ín the Ceramiaceae (eee p' z}lr)"

(t) Sphond.yl-othamrieae and. Spe rmotha¡mieae - the procarps

are always restricted- to the subapical cel-1 of the fertile axis which

may be d.etennjnate or potentially ind.eterti¡rate.

The ternis rrapicallr, ltsubapical'¡ and. rlh¡rpogenoustr are appl-ied

to the last three cefls of the fertile axís following Bald-ock and-

';,romersÌey (1968, p.211). The 'i;errns "apicaltt, trcentralrl and trbasalrt

i,rere usecl respectively for these cell-s by Gord-on and- T'/omersfey (1966)

follov,rirrg nrerv (1934, p"560) i¡r her study of Spe:motha.mríon turneri,

bu'c are replaced- here si¡rce the '?basaltr cel1 is seld.om the true basaf

ce1l of the ferLile axi-s. the terrn I'subþpogenousrr is applied- to

the cel-1 below the hypogenous ceJl. lhe apical and. subapical cells

are always smaller and- more d.ensel-y protoplasrÉc than the lower cells
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of the fer-bile axiÊ. The hypogenot)-Ë and. subì.ypogenous' ce11s may

also be relatively smaI1 and- d.ensely protopJ-asmic, and, if so they

d.o not usually bear any lateral-s. The sizes of these ce1ls relative

to the subapical ce11, and. the presence or absence and. m¡.rnber of

lateral-s on the hypogenous c€¡1-1 are i:nportant features i¡r separatilg

genera.

The subapical ce1l bears one or two other pericentral cell-s

besides the supporting ceI1, ancl 'chese are d.esignated fertil-e or

sterile d.epend.ilg on whether a second- auxiliary ce11 (besid.es the

one from the supporti¡rg ceI1) is produced- after fertlf-ízatíon, The

supporting ce11 alvrays bears a terni¡al sterile ce1l"

The smaller cel1s of the fertile axis and. the procarp and.

pericentral cel-1s on the subapieal ce1l are alnays encl-osed- lvithi¡

a eolnmon gelatinous sheath or vraIl, and- the v,¡hole structure is

referred. to as the ltprooarp systemlt.

(z) Development of the Carposporophyte

(") Iflranselíeae

The supportirg ce1l of the fertilized. procarp produces an

ar:xiliary cell on the opposite sid-e to that on r,vhich the carpogonial

branch is borne, and. the d-iploid- nucleus is 'bransferred. to it through

the nearer of the tr¡¡o small d-iscoid. connecti¡rg ce11s which are cut

off, one on each siô-e of the carpogonium" The trichogyne is los'c

and. the cells of the carpogonial branch fuse somen¡hat, but the fused.
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branch, together v¡ith the unfertilized. carpogonial branches from

the same fertile axis, eventually degenera'te. The auxiliary ce1l

d.ivj-des to prod-uce a si-ng1e gonìmoblast i¡litial r,rhich d.ivid-es

repeatedly and subtrichotomously. the gonimobl-ast fil-anents creep

over the stiLl slrort axial cel-Js and. bet'ween'che lower ce1ls of the

steril-e whorl-branchfets of the fertile axis; these vrere about 1-2

ce1ls long at fertilization leaving the procar?s exposed but by

now have d-eveloped. consid.erabì-y givlng a compact spherical mass of

rnodified. v,¡horl--branchlets. The sterile celf on the supporti¡g ce1l,

if presen'b, òivides similarly.

After one or tll¡o subtrichotomous divisions, the terroinal

cel-ls of ihe goni:noblast become carposporangia, r.¡hile the subtermi¡ral

cel-ls d-ivid-e further and. conti¡ue the grrcwth of the gonimoblast i¡

a syrnpod.ial ma¡¡er. the lower goninoblast cells fuse gradually

v¡ith each other, .¡ith lov¿er oells of the sterile 'whorf-branchfets

a¡rd- with 24 ferLíle axial- ce1fs, givirlg a large fusion cell- with

many rami-fyi¡S processes.

The spherical mass of jnterrningled. sterile and- fertife tissue

is surround-ed by an outer i¡volucrum of lvhorl-branchlets from lower

axial cell-s of the fertile axis,

This description agrees essentially rvith that of Kylin (tgZg¡)

for -bhe t¡4re species, lïransel-ia penici-llata. Segar,'ra (195o, p.235)

described the procarp and. gonimoblas'c d-evelopment for a previously
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unlçlown species of lifrangelia from Japa.n, in which a steriLe ce11 is

absent from the supporting cell as j¡r several southern Australía¡r

spec ies.

(¡) Sphond-yl-othan¡nieae and. SperuothannÍeae

lïithin these two groups there is much greater variation in

gonimoblast d.evel-opnent than i:r the ÌrÏrangelieae, Fusion of cel1s

of the carpogonial branch and. prod-uction of corrnectÍng ce1ls occur.

as il the Y,Irangelieae" There may be one auxiliary cel1 per procarll

prod.uced. from the supportilg ce11, or two, the second gne prodr-rced.

fron the fertil-e pericentral- cel-l i¡¡hicir ís ad.jacent to the carpogonium"

In the latter case, both cormecting cel1s transf,er the d-iploid- nuclei,

one to each ar¡xiIíary ce11 . The presence or absence of a second_

auxiliary cell is consi-dered an Ímportant feature in separating

generar

The auxiliary celÌs may diviùe/ ùirectly, givjng up to !
gonimoblast initial cells each of r,rhich gives rise to a separate

gonimolobe. The gonimolobe initials may become multilucleate

(ilÌazoyera) 
"nd 

prod.uce many 1-2 ceI1ed. filaments ¡rvith the 'cemi¡ral

cel-Is becoming lachrimifonn carposporangia. or remaj¡r unj¡¡ucl-eate

Pti-l-othamrion s tzi,í) givixg successive separa'ce goni-molobes

of many tightly paclced. cells, all of rvhich simultaneously become

angular carposporarrgia. The d.aughter cells of uni¡ucleate

gonìmoblast i¡ritials from one ar:xiliary ceIl may remaiL together as
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a sllgle gonjmolobe lastoniel Involucrana. Sphond.ylothamnion.

Dremj-ana. Spernothamni_on, Tiffan þ1La, Lomathar¡nion and- trrtertharnrrion

The auxil-iary cell$)nay also prod-uce only one apical fi¡nctional

gonimoblast i¡rítial (Sheplyea anc. Lejolisía), although the tvro basa.i-

lobes of the somewhat pyramid-al ar:xiliary ce11 may be cut off early

i¡ d.evelopment but do not d.ivid-e further, The grovrLh of the

gonimoblast i¡r Lejol-is ia is s¡mpod.ial"

Lomathannion and. I¡rterthannion extensiveïn aIl- genera except

fusions occur, i:rvolving the lorver gonimoblast celr-s (onÌy these

in Drewiana antL Le.jolisi?) an¿ the subapioaL cel] L@-ov"ry,
Involucrana and. Ptilotha.¡¡nion) and- the hy.pogenous ce1l (Strepleya.

ï[o]-lastonie11a Spermothamnion and. liffaniella )

'Ihe Sphond-ylothamnieae is particularly characterised. by the

post-fertilization division of the sterile cells associated. vrrith the

pnccarp - the apical ce11, the sterile pericentral cell(s) and.

sterile cel-1 on the supporting cell. ,Ihese f om 2-4 i¡ner

i-nvol-ucraI groups around. the carposporoph¡rte, The d_ivision of these

ce11s, in Le.ioli-sia aeEagropila givi:rg a pericarp enclosed. withi¡r a

single gelatilous sheath and i¡ ht givirg 3 groups of 2-5

cells, is not consid.ered. to align these genera with the

Sphond.ylothamrieae, They are more probably special d.evelopments

in the Spermothaumieae si¡rce these genera lack v¿horl--branch-l-ets.



?he tern "cystocarp" is used- generally in the 1¡i¡rangelieae

to refer to the spherical head. of i¡termirrgled, goni:noblast and.

steril-e fi-1aments, in the sphondylothamnieae to refer to the

carposporophyte v,¡ith enclosing i¡ner ílvolucrr:m, and- jn Le.jol-isia

to refer to the carposporophyte v¿ith surround-ing pericarp"
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VI. CiìITERTA ACCEPTED FOR PTITLO GM.IETTC CO},FARTSONS

ft is often possible to d.etect certaj¡r tend,encies i¡ the

morphology and reproduction of the subuli'cs of any given taxon but

it is not easy to d.etermi-ne the d.irection of these tend,encíes.

rr the absence of i¡formation about the real ancestors of a group

(or fossil d,ata) the criteria accepted. i¡ suggesting 'che direction

of evolution must be recognised- as partty arbitrary, There a?e marly

examples j¡r the li'cerature where reverse evolutionary 1i¡es have

been proposed- for a particul-ar taxon d-epend.iag on the criteria
accepted. by each author.

It is not necessary that all the primitive featrrres are

possessed- by one group and al-] the advanced features by another.

Because of the generally ind-ependent nature of j¡heritance of genetic

traits, it is possible for one group to be at the sa¡ne tìme prlmitive

i¡r some features and. ad_variced, i¡ others. Therefore it is often

more profitable to d.iseuss these features separately.

lhe general- criteria l-isted. bel-o'ni are ad-apted from concepts

d-eveloped- both fron the morphol-cgy of -Angiosperms ano other groups i¡¿

the recl argae, ivhere i¡r general urrspeeialised stmctures are

considered- more primitive than special-ised. stmctures.

1IEGETATI\IE rjìATUP,3S

(1) Deterrni¡ate branches are taken as more specialised. than

i¡rde-bermi¡late branches si¡rce d.e'cerrni¡.ation i¡rvolves differentiation

of constituent cells. 'Ihus ind.etermi¡a-be branches are talcen as the
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more primitive.

(Z) Lateral bra,¡rches whi-ch are v,¡horled and. spirally arranged.

are taken to be more primítive than those ara,nged. in an orthostichous

or d.istichous manner.

3) :¡,Ihorl-s containj¡rg a large number of laterals are ì;aken to

be more primitive than 'lhose contai¡rj¡g a smaJ1 number.

(+) tr[horls with all members equally developed- are taken to be

more primitive than those contai¡rÍng unequal members. This has

i¡volved. differentiation of some members of the r.,l.ron1 and., d.epend.i:rg

on positions, may lead- to d.orsiventralit¡r.

(¡) hd,etemi¡ate branches origi-zrating from axial cells are

taken to be more primitive than those originatiag from the basal

cel1s of r¡horl-branchlets. The latter cond.ition probably represents

a lateral of the v¡horl-branchlet r.'hich has become second-ariIy

indetermi¡ate, whereas the forrner probably shovrs a re-bention of the

original i¡deterni¡ate nature of the Jateral branch.

(6) Cortical rhizoids origiaating from the proxjmal ends of

axial- cells are taken to be more primitive than 'bhose originati.:ng

from the basal cells of irhorl-branch-l-ets, as the fatter condition

represents a restriction of the rhizoid_s to the fateral branches,

Spongy rhizoid.al cortication is tal<en to be more primitive than

pseud-oparench¡matous rhizoidal cortica'cion, 'i;here the vralIs of the

rhizoid.al- ceLl-s have become confluen'c rith or attached. to 'che wa11
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of the axíal- cell. The spongy cortication is usual1-y accompanied.

by the presenoe of specialised. haptera or seconclary pit connections'

the presence or absence of cortication is usually a reflection

of the síze of the plant and. cannot be taken as primitive or

aËIva¡rced-.

RTPRODUC lTVi F3.{TIJR¡S

(1) Reprod.uctive structures which are not restricted. i.n position

are generally taken as more primitíve than those v¡hich are restricted.

to certai¡ parts of the pIant. However, the occurrence of procarps

on both d,etermi¡ate and. ind-etermi¡¡ate bz'anches may be an ad.vance over

their occurrence on onJ-y i¡rd-eternj¡rate branches, as the latter

structures are probably more pri-riitive.

(2) A d.ecrease i:r the proporti-on of fertiLe cells to sterile cell-s

probably represents an evolutionary ad.vance. This may be seen i¡r the

number of procarps occunilg on one ferti-1e axis, the nt¡mber of

auxiliary cel1s per procarp, or the proportion of carposporoph¡rte

cel]s r¡,'hich become carposporam.gia.

I-r comparilg this proportíon bet,çveen d.ifferent taxa it is

imporLant to eompare the same stn¡ctural units in each øase -
for exanple, a fertile axis of a given nurnber of celfs il length.

ft is possible that t¡n¡o widely separated, genera have both achieved- the
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same d.egree of efficiency in quíte d.ifferent ways. In i,tlrang eIia.

¡o¡ s¡amplee several procarps are prod.uced along the one fertile

axis, presumably giving a greater chance that fertilization will

occur in one of them" In ti"Iollastoniella mrrriophylloid.es only

one procarp is produced. per fertile axj-s but up to 5 fertile æres

are prod.uced- i¡ close proximity, tlus achieving the same result

as in l,Yrangelia"
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DESCP.IPTÏONS OF. î¿J(A

IGY to TRIBES of Cffi.AMTACEAE STUDED

Procarps fo:rned. successively on axial cells near apices

of potentially ind.eteruinate axes; carposporoph¡rte

intenningled- v¿ith nod.if iecl v¡horl-branchlets of f ertile
axis; v¡horl--branclr-1ets five, rarely fewer, per axial
ce1l; i¡d-eterurinate branches originatiag frpm basal

ce1ls of s¡horl-branchlets ... .. i TRISE 1. Ïß.ANGEIIEAE

Procarps confinccl to the subapical ce1l of the fertile
a>ris; carposporoph¡rte naked. or surround.ed by i¡rvolucral
branchlets; lvhorf-branciùets present or absent;

i¡d.ete:mj¡ate branches origÍnatiag from axial cel1s of
maij1 af,<es ... ... ... l.r ... ..r .r. r.r ... ..r a.. ... 2

2. Carposporophyte sumowrd.ed by special, free, inner
j¡rvol-ucral branchlets formed. after fertilization by

d.ivision of sterile celfs associated. with the

procarp; vr¡horl-branch-lets present, 2-5 on each

a:cia1 ce1l; rhizoid.al cortícation present or
absent .. ... ... ... ... TRIBE 2' SPHONDYLO1ÏIAilÍNISAE

2. CarposporopÏgrte naked. or surround-ed. by free
j¡volucral branchlets from lower axial ce1ls;
sterile ce11s associated- v,¡ith the procarp

generally not d.ividing after fertllízation, or
if d.ivid-i¡g, then the resultant branchlets not
free but enclosed. withi¡r a corûnon gelatirrous

sheath; v,rhorl-branchlets absent; rhizoid.al
oortication absent .,. ... ... IRfBE ,. SPE'å]''{OTtIA¡,'NIE'¡E

1
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1 TRIBE ïtrRAIVGELIE¡.E Schnitz

the monogeneric tribe ilTrangelieae is here d.istinguishecl

f¡rcn the other tribes i¡ the Ceramiaceae by the fol]-owi¡g conbi¡ation

of characteristics:

(l ) thallus '¡¡ith erect axes only; apical ceIls of

ind-etermi¡ate branches small (about '1$r d.ianeter), generally

d-ivid-ing by alternately oblique d"ivisions; fíve, rarely fewer,

v¡horl-branchlets per axial ce1I; potentially irrd.etermi¡ate branches

bor¡e on basal ce1ls of whorl-branchlets; cortication, when present,

of d-escend-ing rhizoid.s from basal cells of vrhorl-branchlets; cel1s

r:ninucleate,

(Z) tetraheclral tet¡asporangia fomed. on lower cel1s of

'vuhorl-brarrchlets,

(l) spennatangial heads formed- Írl compact spheríca1 heads,

stalked. on lower cells of v,¡hor1-branchlets,

(t-) procarys borne on successive axial cells near the apices

of potentially incleterrnj¡ate branches; supporting cell of carpogonial

branch with or without a termj¡aI steril-e ce11; auxiliarXr celf one

per procarp, prod.uciag a subtiichotomously branched. gonimoblast which

ínterrnÍng1es v¡j-th the mod-iJied. sterile v¡hor1-branchlets of the fertile

axis; large fusion celI fo:med- fr.om lower gonimoblast ce11s, fertile

axía1 cel1, and. lower ce11s of the sterile whorl-branchJetç,
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t(EY to SOUTIIERN AUSTÎ¡IIAN SPECIES of wR.ANeEtIA

Þrd.s of thallus branches flattened d.ue to stronger
rlevelopment of Lateral '¡¡horl-branchlets i vlhorI-
branchlets alte¡nately pinnate or subd.ichotomously

branched.; cortical rhizoid.al cells producing an outer
layer of branchlets . ,.. .. . ... ... ... ... . r o ... ... 2

&ld.s of thallus branches terete; whorl-branchlets
subd.ichotomously to rrnilaterally brancheò; oortical
rhizoiclal cells not proclucing an outer layer of
branchlgts .. ... ... ... ... .., ... .r. ... ... o.. .o. 5

2. First and second. fomecl whorl-branchlets of each

whorl fonned. on opposite sidles of the æcis,

strongly cleveloped. and. reachi¡rt 3 M 1ong, other
whorl-bra¡rchlets shorter, terai¡al Ge1ls acute;
outer cortical branchlets teminatitg in acute

cellS ... ... ... ... ... ... .o' ... \"1. nobilis
2. tr'irst and. seco¡d. formed. whorl-branct¡-lets of each

whorl both fonned- on the sane sj-ôe of the axis,
alternatj¡rt on successive âffial- cells, vi11ose,
reaching ,l¡ nn 1ong, other whorl-branchl-ets nuch

shorber, terminal cel1s mucronate; outer
cortical bra¡rch-lets teruri¡rating irr large spherical
cel1s ... .o. ... ... ... ... ... .¡. nT. australis

a

a1
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3. leruri¡ral- cel1s of whorl-branchfets mucronate, 1-2
times longer tha¡r lvid,e . ... ... o.e ..o \¡I. veluti¡ra

3, Tenni¡ral cel1s of ¡¡horl-branchlets not mucronate,

usually more than twice as long as wid.e .." o.. r.. 4

4. Thallus (Z-)S-la(-ZS) cm high; whorl-branchlets
subd-ichotomously to unilaterally bra¡rehed- l-8 tines,
¡lf,imef,e branchlets of 2-4(-6) ceIIs; each tetrasporangir.m
surcound.ed. by 2-4 curved- j¡vol-ucraI branchlets of
small cel1s o ... .,. ... ... r.. ... W. plumosa

L. Thallus 15-J0(-60) cm high; \.vhorl--branchlets

subdichotomously branched. 2-J tines near the base,

ultimate branchlets of !-10 cel-ls; tetrasporangía
not surrou¡rd-ed. by special small--ce11ed- involucral
branchlets .. .r. ... ... ... ... ... ... ... ... ,..5

5. ùred-ian cells of rvhorl-branchlets 35-45u diam., 3-5 ti:nes
longer than r.¡ide, terrninal parts of whorl-brarrch-lets
obtuse. (rare - only sterile specinens

lccow:r) ..... ... ... ... ... ... ... ... r¡I" abigti¡ra
5. itled.ian ce11s of vrhorl-branchlets 25-3ù¡t ilinm.r

5-7 tÍ:nes longer than wid.e, terminal parts of whorl-
branchl-ets taperi-ng markedJ-y .o. ... ..e V'I. princeps



TRÆ'IGELIA

TTPE

],EGTOTYPE

2l)*.

Harvey 18622 pl-. 234; +.Llg. Aust. Exs. no. 2578;

18612 sJmop. no. 3ZZ. J.Agard.h 18762 621+. Bo¡net and.

Thuret 1880: 184. De 'I.oni 18972 136. Luoas 19O9t 2ji
1929b¿ 48. Lucas and Ferrin 19L72 1+3. Iulay 1)6Jz 360.

Okamura 1932: 133. R.einbol-õ. 18992 44. Sonder t880: Zg.

Tate 1882: 21. Tisd.all 18982 5'11. ' ilson j\g2-. 17O,

r,fomersley 1950: 181 .

Pt, Phill-ip Heads, Vic. (liarvey).

Herb. Harvey, 160 (Á1g. Aust. Exs. no, 2j7E- not seer1} An

isotype is present i¡ N.S.]i,¡. and- has been examined..

DÏSTI,TBIJTTOI\I îhe species has a d.isjr:nct d.istriìution, having

been collected. near Fremantle and Cape Naturalisten

ì\I. Aust,, the southern coast of Kangaroo Is. and.

Stfuky Bay, S. Aust., ffid pt. philtip Bay, Vic.

lhe species has only been for¡nd as d.rift, often epiplSrtic

on Cod.ium spp. or Sargassun sp.

îhe material used. for ðetailed investigation'was collectetl

fro¡¡ SeaI nay (.A-lU, ÀJOrB41, Çordon, 29,x.1g66), &d Stanley Beach,

Karrgaroo Island. (¡¡U, A2O, OB9, l'Tomersley t 7.íi.1956).

\rEGETATIVE STRUCTURE. (¡ig. 'tA-D, Plate 1).

The thallus is generally 15-30 cn high but nay reaoh 60 o*

(Harvey 1862), and i-s alter¡rately pir:nately branched with j-4 ord.ers

of branchtug (ntate t ) .

* Although this is not a reference, it is includ.ed. here for converrience.
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Apical cefls (about 8¡r d.ian.) of ind.etermi¡ate branches gi-ve

rise by alternateJ-y oblique divisions (lig. 1A) to axial cerl_s

tvhich enlarge gradually, at first beconilg spherioal, then cylind.rica1,

and. '¡rhen ¡rature reaching about !0O¡r ùian. âild, J mm long near the base

of the plant. Each axial celI bears five v¡horl-branchlets, the

j¡itials of v¡hich are cut off obliquely from the upper end. of the

axial ce1l, usually i¡ alternating sequence (¡,ie. 1OH), but

occasionally the positions of t he third. and. fourth r,r'hor1-branchlets

are reversea (lig. 1or). First formed, whorl-branchlets on each

axial- ce11 are produced. on alternate sid.es of the axis. I,{ature

whorl-branchl-ets reach 2 mm rong, Ðd are at first subd.ichotomously

brarrched' 2-3 times at the baserwith the ulti¡nate brar¡chlets simple,

of 9-10 cel-ls and tapering (r'ig. te). l: older parts, further

lateral-s are proùuced. from the basar- cefr. Ad.jacent whorls overlap

only il younger parts.

lfed.ian cel-ls of v.rhorl-branchlets are 25-3gt diam. anð. 5-7

times longer than'¡,¡id.e. Basal cell_s in old.er parts of the plant

become enbed-ded. jre the lr¡alls of the cel-Is of the mai¡r axes, and. are

covered- lri-th cortical rhizoid-s fron above (see berov,r).

Fotentiafly ind-etermirate laterar brariches are initiated.

fron the upper sid.es of the basal cel-ls of whorl-branchlets (lig. tc),
eventually one from each whorl-branchlet. usualJ-y only one per

axial ceI1 (that on the first-formed. v¡horl-branchlet) d.evelops irrto
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a true thall-us branch, tire others remaj¡irrg shorb and. not exceed.ing

the length of the whorl-branchlets.

Descend.i¡g rhizoid.s are i¡ritiated. from the basal cells of

whorl-branchlets (fig. 1C) below about the 5th-'11th æcial ceI1s,

and- are embed.d.ed. in the vralls of the maj¡r axial- celIs. Each basal

cel1 eventually produces J-4G6) rhizoids which grow over the

rhizoid-s produced. by the lorrer whorl-branchfets for a d.istance of

2-3 axíal ce1ls. The thick pseud.oparench¡matous cortex so forted.

i¡creases the d-iameter of the mai¡ axis i¡r Lo.'¡¡er parts of the thallus

to 1-8 mm. The i¡ner rhizoid.al cells reach about BO¡r d.ian., æd

the outer rhizoid.s about 6¡:. d.ian.

PJPRODUCTTOTT

letraspo (r'ig. 2A)rartgía

The tetrasporangia reaoh 10O¡r d.iam. ancL arise terurilally

fron the 1ov¡er 1-J ce11s of the'whorl--bra¡chlets, nostly on ecorticate

or slightly corticate lateral branches. There is no apparent

nod.ification of the v,¡hor1-brarich-l-ets i:eto special i¡rvolucral filaments

as occurs i¡r other species of 1ia.

Spematangial heads (¡ts. 2B-E)

The speruatangial head.s are spherical and. reach about 60¡

ilia.m. They are termi¡aI on stalk cells (¡ig. 2D, E) .¡rhich are

borne on the lower 1-2 ce1ls of the v,¡hor1-branchlets, or d.irectly
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on the axes of ecorticate or sfightly corticate lateral branohes.

Five curved. itvolucral branchfets arise from each stalk ce}l, the

abaxial one prod.uced- first, ancl subsequent ones j¡ alternating

sequence (rie. 2E).

The t'¡ro fertile axial- celfs of the spernatangial head. d-ivid.e

oblio¡ely, eaclt prod.ucing about l¡ pericentral cells (lig . zBt C).

Each of these cells further divid.es obliquely giving (1-)2 vertical

an¿ l-atera] chains of smalt ce1ls, ¡¡hich together with the pericentral

ce11s become elongate i¡r a rad-ial d.irection and. act as the sperrnatangial

mother cell-s. Each one bud.s off 2-3 sperrnatangia, about 3¡ d.ian.

(lig. Zl). The spe::matia are about one quar-ter the length of the

spermatangía and. appear to consist urai:rÌy of nuclear material.

Procarp and- CarposporophJrte (Ii-gs- 2TrGt lA-C)

Any potentially j¡rd.eteminate axis may become fertile at the

apex. Procarps arise successively from about the third' to the sixth

axial Ce}Is, one per. axial celf . A maxi-m:m of four have been

obserwed. on one fertile axis. The suppo¡*ti¡lg ce11 corresponðs to

the basal ceLl of the fírst-fo::rned- whorl-branchlet on each axial

ceIl, and bears a terurinal steril-e cel1 and a lateral four-celled

carpogonial branch (llg. Zn). The fí¡st ce1l of the carpogonial

branch is cut off toward.s the d-istal end of the supporting ce11,

the second cell cut off in a termi:1al position, the thirt cel1

laterally, and. the carpogonirm ad,axially by an oblique d.ivision.
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One or tr¡¡o cell-s of the carpogonial" branch may be bi¡ucleate beforre

fertil-ization. The steril-e ','¡horl--branchlets in the f.ertile region

of the axis are only about 1-2 cells long befo¡e fertilization,

leaving the procaros exposeil.

After fertIlízation, the trichogyne is lost and- tv¡o smeIl

discoid. connectíng celIs (plg. 2G) are cut off laterally from the

carpogonium, ancl occasionally similar cells are produced, abæria}1y

frorn the other ce11s of the carpogonial branch. A.rì elongate

auxiliary cel-1 is prod.uced, from the supporting cel-1 on the opposite

sid.e to the carpogonial branch and. fuses with the nearer of the

corurecti¡rg ce11s. The ar:xiÌiary cell- cuts off a gonimoblast initial-

cel1 i:r an ad.axial direction, and this cell then prod.uces (Z-)l

further cells v¡hich agai¡ d.ivid.e subtríchotomously. of the three

ilaughter cell-s the first (and. sonetines the second.-formed-) becomes

a carposporangium, v¡hile the seoond_ and third,-forned. divid.e

subtri-chotomously agaia and- similarly fom further carposporangia,

repeatilg the process i¡ a s¡nnpoôial_ man¡er (¡fu. JA'B).

the gonimobLast filanents creep irregularly over the ce11s of

the fertile axis v¿hich remains relatively short. The steril_e

whorl-branch-l-ets d.eveì-op consid.erably after f ertllízation, f o:ming

a compact spherical rnass v¡ith cell-s much smafler (about 8¡ d.ian.

" LOÈ long) than those of the vegetative .v-,¡horl,-branchlets. The

sterile cefl on the supportiag cell divii[ss simi]ar1y (Fig. 3A,

su. st. gr). The apex of the fertile axis may conti¡ue to d.ivid.e
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a short time after ferti-lization, but soon the apical cell becomes

elongate anù oeases to d-iviae (Fig.3R). The cel-Is of the oId.

carpogonial branch generally fuse and- together wi'ch the unfertilized-

carpogonial branches fron the same axis are eventualfy lost.

Gonimoblast d-evelopment has been observed fr.om on'e only fertilized-

procarp per axis.

As gonimoblast d.evelopment proceeds, the lower cell-s fuse

grad.ually and. the resul-tant fusion cell- encloses 2-J axial ceI1s.

T¡r the mature cystocarp (¡iS. 3C) tear-shaped- carposporangia, about

5Op aian. x 1OO¡ long, escape from between the mod.ified. sterjfe

whorl-branchlets. One or tv¡o cel-Is of the fertile anis d.ireetly

belo.¡; the fusion ce1I are usually very densely protoplasmic, rvith

vrid.ened- pit oonnections. Unmod.ified- r¡horl-branchlets from lower

axj-al- cells loosely surround. the fertile region (¡iS. JC).

DISCUSSTON

W. pri¡rceps is very si-niLar to the tyþe species, ','tI. penici]-.]-¿ta

(p.72). I:n the original d.escription of -8. pri¡rceps, Harvey noted.

that these species d.iffered- mainly i:r size, with l'rl. ph:mos-ê formirrg

an i¡rterned.iate between them. Ho-rrrever, Boergesen (1916, p.120)

reported- a maxjmr¡m height of 20 cm for 1iil. penicillata. thus show ing

a slight overlap in size ra¡.ge. I[. peniciflata is d-istinguished

from l,T. eps by the greater d,ia¡oeter of the rned.ian cel1s of the

whorl-branchlets (IO-SW i¡r contrast to up to 3A¡t f or T'/. prj¡,ceps)
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and- the clenser branchilg of .¡¡horl-branchlets (4-B subd.ichotomous

d.ivisions i¡r contrast to 2-3 in lil. prj¡lceps). The tetrasporangia

of lM. penicillata are protected- abaxially by 1-2 curved- i¡ivolucral

fjlaments each of 2-3 relatively snall- cefls, but simil-ar fiLa^nents

are absent i¡r T. prj¡iceps.

the sexual structures of the two species are essentíally

identical-. The presence of a sterile cel-1 on the supporting ce11

d.oes not occur il any other southern Austral-ian species of Wrangelia,

and. has not been repor.bed- for extra-Australian strncies other thari

j,Y. peni-cillata.

TlRANGlltIJ. PIII\[0 SA Harvey 1844: 450; A1g. Aust. Exs. no. 2J61

1860: IOB; 1963; syziop. no. 323. J,Agardh 18632 7O6;

1BJ6z 62+. De Toni 18972 136. Guiler 19522 99.

ilooker and Harvey 181+71 41O. I(uetzirig 1849: 66+.

Lucas 19092 23t 1929a: 16. Lucas and- Perrj¡r 19472

1)¡J, fli-,g. 16. \Ãay 19652 365. Oka¡rura 19322 113.

Saenger 1967 t 17O. Sond.er 1 880: 29. lisd,all- 1898: 511 .

'V.ili1son 1892: 17O. lVomersley 19502 181.

ì{rangelia gunniana J. .ti.gardh 18762 617, De Toni 18972 128.

Guiler 19522 99. Lucas 19092 22; 1929a: 16. \¡ay 1965t

365. Okamura 19322 133. Sond.er 1880: 28.
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r,[rans elia penic il]-ata sensu Harvey 18542 5l+5; 18632

sJrnop. no. 32+t A1g. Aust. Ixs. no. 257. Lucas 19092

23. -tlay 1965: 365. Okarn:ra 19j2: 133. Sond.er 1880: 29.

ÎYFts T,OCAI,ITY Georgetor,vn, Tas. (eunn).

I,ECTOTYPts Herb. Harvey, TCD (no. 1315 of Gr:nn)- Not seen.

DÏSTRTBUTTON Wid.e1y distributed., frcn Rottnest Is., Y. Aust.

to Pt. Stephens, N.S.'Ãr", ilclud.ilg îas.

Cornrnon on rough to mod.erately rough reefs, usually grolv'irrg

d.irectly on rock i¡ the lower littoral and, upper sublittoral zones,

occasionally on jetty piles and- buoys, or epiph¡rtic on other algae,

ê.8 . SarEass llm. AJ-so d.red.ged- fronr 2-6 m on the cha¡nel ed.ge irr

American R.iver nrlet, Kangaroo fs., S. Aust. (¿¡U, AjerSZj, Gordon,

J|.x.1966).

Sexual and. tetrasporangial plants usually occur together

in the same population.

i,rÍaterial used, for d.etailed investigation was obtained. fron

the lower littoral on jetty piles at Vivome Bay, Ka.ngaroo Is.
(¡¡U, A3OrB25, Bailey, 31.x.1966, tetrasporangial), frron the lovrer

littoral outer reef, Robe, S.Aust. (x,OU, A27r89¿+, Gord_on, 18.v.1964,

sexual and. tetrasporengial) and. fron the upper sublittoral pools,

Pt. Roadnight, Vic. (¿¡u, A2grj69, l,titchell, 26.vííi.1965, sterile).
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]I¡GETATNIE STRUCTURE (¡lg. l+ArB, P]ate ärB).

The mature thaÌIus is (Z-)¡-1O(-25) cn high and. is

alternately pinnately branched. vrith l(-4) ord-ers of branchi:rg,

the mai¡r frond.s taperil6 to the apices (lrate Zl), Specimens

occuruilg i¡r calm regions are usually more openly and- irregularly

branched. with longer main axes (P1ate 28) than those grovrilg under

cond.itions of very rough vrave aotion. the colour of plants from

d.ifferent populations varies from a very d.eep purplish red. to light

yellovr at higher light i¡rtensities.

The holdfastis.$na1l (Z-e rua diam.), discoid and composed.

of intertwj¡rfug rhizoid.s which grovi d,or;rrnv¡ard.s from the mai¡r. axis.

One to five axes may d-evelop fr.on the one hold.fast, probably

origiaating fron i-ndetemi¡ate laterals prrrd.uced at the sporeling

stage.

The struetu:re of the apices of i¡d-etermi¡rate branches (¡ie. l*A)

is similar to that of 'il. princeps G. 35). -AxiaL cell-s reach

400-500p d.iam. and. '1 .5-2.5 mm long near the base of the plant. the

first and. second- of the five ¡¡horl-branchlets per axial cell are

að,jacent, the third. opposite the second-, the fourth oplrcsite the

f irst, and. the fifth between the third. and. fourth, or rarely bet-reen

the first and thir{. or second anô fourth (lig. lOHrJrG). The

primary, second.ary and- tertiary laterals of the young whorl-branchl-et

are produced. unil-aterally, but later by e1-ongation of the younger

ceI1s, the .i¡horl-branchlet appears subdichotomously branched 5-B times
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(¡ig. 4B). Trre whorr-branchlets grad.ually taper toward.s the apices,

',vith the ultjmate branch-lets of 2-[(-6) ceIls. rn lovrer parts

of the plant the basal cel-ls of the v,¡horl-branchLets produce further
laterals which are refrexed. and- curr¡e d.ow:rward.s over the cortex.

l,iiature whorl-branchlets reach 2 mm 1ong, æd generally overlapping

of v¡horIs only occurs near the apices of i¡rd.eteruri¡late branches.

tr¡ied,ian ce1ls of whorl-branchlets are /¡O_/O¡ d.ia.m. a¡rd

3z-)S-l ti-nes longer than wid.e. Terminal cel]s are 1z-zgJ iliam.

ana 12-Z(-6) ti-mes longer than wide.

tred,eterminate branches are prod-uced. as i¡ ri'I. pri¡rceps. from

the basar cell-s of first-fo¡red whorl-branohlets, with usuarly only
one per whorl. Rhizoid.s are prod.uced as i¡i iT. pri¡ceps. and. the

pseud.oparench¡rmatous cortex increases the dia¡reter of the naj¡ ar<es

to about 2 mni i¡ l_ower parts of the tha1lus.

Tetras porangia (¡is. Lc,D,E)

the tetrasporangia reach 1oþ dia.m. and- are borne terrnÍ,arry

on small cells of nodified. laterar branchlets arising from lor.¡er

cells of the r'¡horl-branchlets (¡iS. 4C) .,Ã¡hi.¡ occur nostly on short,

eoorticate potentially ind.etemi¡ate branches of the third and.

fourth orclers. Each sporangium is surround,ed- by 2_5 curved.

j¡rvoruoral branchlets of sma11 cells about 2o¡r d-iam. an¿ 55l: long
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(¡ig. 4-E) arisiag fron the stalk oerr. Repeated- production of
further sporangial stark cells from the primary ones gives a

compaot cluster of branchlets. usually one r¡horl-bre¡rch_let of
the five i¡ each fertile lrhorr has a vegetative portion unmoclified

for reprod.uctíon (¡iS. 4C), and i¡r the others this portion is
rud.imentary or absent (fig. L¡).

Sperzratangial head-s (fi6s. [FrG, 5A)

the spernatangial head.s reach about 11$ diamr âDd. are termina}

on stalk cell-s which are borne on the lower 1-2 ce]rs of whorl-
brarrchlets on ecorticate or slightly cortÍcate lateral branches,

generally of the thid. and- fourth ord_ers. one to three stalk ceI1s

(¡lg. 4J) may be borne on the one ce11. as i¡ the tetrasporangial
pla't, usually only one whorl-branchlet per whorl is completely

wtmodifiea (f:-g. Æ, veg.wh.b ), "d one other partly nod.i_fied. for
reproduction. h the renainiag whorl-branchl-ets the vegetative parts
a¡e red,uced- to d.ow-nwarùr-y projecting ourved. fila¡ients (Figo /.¡F, red..wh.b).

Each spernratangial head has +(+) branched invol-ucraI fílaments (lig.4-l,rc).
the spermatangial head. d.evelops by oblique d.ivisi_ons of

two fertile axial cel1s, each prod.uciag about ! pericentral celIs.
Later, 1-J further pericentral cer-ls may be cut off from at least
the basal celI of the fertile axis. The pericentral_ cells d.ivide

both terminally and. raterally, the outer cells beconiag wed.ge-shapec_

and- elongate. These act as spermatangial mother oells, each bud.d-Í¡g
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off J elongate sperrnatangia.(lig. 5A). The pericentral cefls

themselves may also prod.uce sperrnatangia v¡hen cl-ose to the surface

of the head."

Procarp and- Gar,oo (rie.5B-D)

the apex of any potentially indeterrni¡ate branch may become

fertile. Up to / procarps arise alternately or uni-l-ateral1y from

the second- to sixth axial cells (Fi-g. 5e). Only one is forned.

per axial ce1l. ItTo terrnj¡al sterile ce1I occurs on the supporting

cel-l- as irr W. pri¡rceps. The first and second ce1ls of the

carpogoniaL branch are cut off b¡' slightly oblique divi-sions, and-

the third cel-I is cut off lateralIy, alternately clockvrise and-

anticlockwise jn procarps on successive axial cel1s (fig. 5e). The

carpogonium is cu-t off j¡r the direction of the apex of the fertile

axis. Thus the second- and. third. cells of the carpogonial branch

generally appear superimposed-.

After fertllization, production of the auxiliary cel1, loss

of the trichog¡me, prod.uction of corurectì:rg cells (nig. 5C) and-

gonimoblast d.evelopment pro ceed-s as j¡r -iï. pri¡ceps" Usually one

auxiliary cel1 (rarely to three - one from each of three fertilized.

procarps) i-s prod.uced per fertile axis. The med-ian cells of the

mature nod.ified. sterile whorl-branchlets have basal- ad.axiaL lobes

þi*. 5D (i), (il)]..v¡hich are not present in Tt', pri¡r.ceps.
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DISCUSSION

Yl. plumosa and, ÌÍ. prj¡.ceps are superficially sjmilar but

may be d.ifferentiated. on features of cell si.ze, branchfug of

r¡vhorl--branchlets and. tetrasporangia (talte t ).

IABLE 1.- Comparison of 1¡I. plumosa and. ll. prlIIceps

W. plumosa W. priaceps

Dia.n. med.ian ce1ls
of whorl--branchlets

Branch:ilg of
whorl-branch-l-ets

Ultimate branchlets
of whorl-branchlets

ï:avolucral branchlets
of sporarrgi-a

Habitat

Lo_7+

unilateral- to
subd-ichotomous
5-B tines

2-+(-6) ce11s

2-5 fllaments of
small cel1s

lorver littoral
(-upper sublittoral)

25-3%

alternate to
subd.ichotomous
2-J tines

!-1 O ce1Is

no rnodified
involucraL
branchlets

d-eep vrater
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nTRAi(GEtra vEturrNA (sonaer) Harvey 1854: 546; alg. Aust. Exs. r'.o. 265"

1858: pl. 46; 186J: synop. no. 329. J.Agarclh 18762 617;

18792 193, p1. 32, fig.112, Bornet and thuret 1880: 184.

De Toni 18972 128. Guiler 1952: 99. Levring 1g462 ZZ+"

Lucas 19092 2?; 1929b: 48. Lucas ancl Perri¡l 19t+72 136,

fig. 9. t,\ay 1)6J: 365. 0kamura ¡g3O-31: 116;

l9JZz l jJ. R.einbot d 1 898 : "[0, Sond er 1880: 28 ,

Tate 1882: 21 . Tisd.a11 1B9B: D1j . trTeber van Bosse

19212 222. iÏjl-son 1B9Zz 17O. tr',Iomersley 19502 181 ;

19592 568,

Dasya veluti¡a Sond-er '1 8452 53; 1846: 179. J.Asardh 18632

12?6. Harvey 18t+72 63, pI. 23.

Phlebotha"wrion velutanum (Sonaer) Kuetzirrg 1849: 659.

Haliacantha i¡¡crustans J.Agardh 1899: 112, pf . 1 , fig.2 a-fl.

De Toni 1903: 1)+38t 19242 151. Kylin 1)J6: 382.

Lucas 1)O): J2. Lucas and, Perri¡r 1947: 365" \Iay 1965:

37Q. Okamura 1)J2z 1JO.

TYPT LOCALMY South western coast of Australia (Preiss).

ÎYPE I^IEL 151237 (Preiss no. 2JJB).

DrsrRrBUTrON Fron Rotbeest rs.r w. Aust. along the southern

coast to FLi¡rd,ers, Vic., anil Tas. (The Tas. record.

of Levri¡rg gives no exact 1oca1ity. ) Ot<a"nura record-s

thÍs species from Kotosho, Japan, but he only had_ sterile
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fragments. the record- of \feber van Bosse (lgZl z 222)

from the iitalay Archipelago ís al-so d.oubtful as only

sterile specimens were collected, and- although they

rïere conpared. with Harveyrs no, 265 (not the type),

this speci-es may be confused- vegetatively vrith other

species (see Discussion),

Iiaterial- used- for d.etailed. investigation v,¡as collected. from

'iredge Is. (¿¡u, .L27r325, Ba1d.ock, 2i.xü.1963), Sleaford. Bay, Eyre

Pen. (R¡u, f3Zrl69, R-obinson, 12.v.1968) and Pt. Elliot (mU,

L27,5OO, Gordon, 21 .üi,196+).

VEGETAT ÏVE STRUC TI.IRE (rig. 6A-c, Pr. JArB)

P1ants east up from deeper '¡rater are usually 1O-16 cn high

and. irregularly branched., with l-aterals of the second. and. third.

ord.ers d.istichous and. d-iverging vrJ-d-e1y, alternate or sectmd and-

very unequal j¡r length (Harvey 1858, p1. 46). rÌeef plants (ef" lA')

are usual-J-y snaller Q+-7 cn high) and. more closely branched. than

the plants from deeper -rrater (P1. JB), vrith ultimate branches often

regularly alternate from each axial cel-l and. equal in length,

especj-alIy on fertile plants. The mai¡ axes are terete and. often

d.enud.ed- of v¡horl-branchlets i¡ the lower parts. the hold--fast is

d.iscoid., composed. of intertrvini¡S rhizoid-s which conti¡rue d.ovn: from

the rnai¡ axis. A 'rprostrate stemrr as reported- by Harvey (ta¡g)



+9.

has not been observed..

The d-eveloprnent of the apex of an ild-eternilate branch

(fie. 61,) is simil-ar to that of Y[" pri¡rceps, æd the axial cells

reach about 259: ¿ia¡r" ancl IOO¡r 1-ong near the base of the plant"

The first-for:med. i¡itials of the five whorl-branchlets on

each axial cell- are often prod.uced. unilaterally (Fig. 6.q). The

first three whorl-branchlets are cut off in sequence aror¡:rd. the

axial ce11, follor¡ed- by the fourth opposite the second. anil the

fifth betv,¡een the third and fourttr (fig. 1OI). îhe laterals

borne frron cell-s of the upper parts of vrhorl-branch-Iets are

i¡itiated- and. mature first, while the laterals j¡ lower parts

mature later (nig. 6A). l[ature whorl-branchLets reach 1.5 rt

long and- are pseud.odichotonously branched. 7-8 times, with ul-ti-nate

parts 2-4 cells long and te:minated. by smaller mucronate cells"

ï¡r lower parts of the plant further laterals may be prod.uced from

the basal cel-Is of the vu'horl-branchl-ets. thege consist of narrowei'

ceI1s, and. are curved. and- reflexecl over the cortex. Ad.jacent

whorls alvrays overlap formiag a net-liJ<e coveri¡rg over the axis,

Med.ian cel1s of r,r¡trorl-brancÌrlets are 55-91 d.iam" anð. 2-]+

ti¡res longer tlran wid.e, but those occurrilg irt plants from deeper

water tend. to be somewhat shorter and. thioker than those of reef

plants. Termi¡a1 mucronate eells are about 14p diam. arLA. 1-2

times longer than wid.e.
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tred.etermi-nate branches origìnate from basal- cefls of v¡horl-

branchlets" tre reef plants there is usually one per ''nhorI,

al-ternatj¡g on opposíte sid-es of the axis, but in plants frorn

d.eeper water they are produced- irregularly.

The rhizoid-al cortex (ni-g. 6C) is produced- as j¡r li'I. pri¡rcepsr

with some of the i¡teer rhizoid.s r',ii:rd-ùrg spirally around. the axial

celIs" The d.iamete:r of the cortícated. axis i¡ Lov¡er parts is

about 1.5 trm"

RXPRODUCTIOII

Te'crasporangia (¡ie.6r)
the tetraspcrangia teach 9$-r aian. and. a:"e borne irl positions

simil-ar to those of il, plumosa, Each sporangium is surround-ed. by

1-2 snall-celled- i¡rvoluc::al- branchlets arisi:rg fron the stalk celf

of the tetrasporangium,

Spernatangial iread.s (vtu. 6E; (ì), (ii))

Spe:matangial head-s are about 125y di.an and are 'cermj¡al

on stalk cells which are borne on cells of small mod-ified. fower

laterals of whorl-branchlets (fig. 6¡). As i¡ ïf. plumosa an

axíal ce11 of a fertile branch may bear completely or partly

nod-ified. fertile ro¡horl-branctrlets, as .v¡e1I as completely vegetative

whorL-branchlets,
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The development of the spernatarrgial head.s is the same as

for l¡[. plumosa.

Procarp and. Carpospo roph.lrte (r'ig. 6¡')

Fertile axes are similar in position and. structure to

those of ïr. ph:mosa. v¡ith one or two procarps per axial ce11 and_

v¡ithout a steril-e cell- orr the supporti¡g ce1l. In contrast to

T[. Þlumosa. it is the carpogonir:m (insteaa of the thíïd- cel1 of

the carpogonial branch) which is cut off in a lateral d.irection,

alternately cloclrwise and. anticlocl¡¡rise jn successive procarÏ)s.

Thus the carpogonii:m and the third ce1I appear superimposed. j¡r

each procarp (rig. 6r'), some of the ùista1 cells of the sterile

r¡hor'l -branchlets of the fertíle axis become elongate and. slightly

hair-like irr early stages.

Ïrunediate post-fertilization stages, includ-ing the prrcd-uction

of a¡r auxiliary ce11 and. connecting ce11s, the d.evel_opment of

gonimoblast and. carposporangia, arrd. conti¡rued- d.evelopment of the

sterile whorl-branch-fets of the fertil-e axis are the sane as i¡

Yl. ph¡mosa and. rr[. princeps. The med.ian cells of the sterí1e

whorl--branchlets are not, hor¡,¡everr basally l-obed. as il W. pfunosa.

The axial ceLls j-mned,iately below the fusion celI become swolren

and- the pit connections betlveen them enl-arge consid-erably.

One plant collected- at Sleaford_ Bay, Eyre pen., S. Aust.

(l3zrt 69) tore tetrasporangia on the r,vhorr-branchlets on the lov¡er
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axial cells of a female axis u-ith a terninal cystocarp"

DTSCUSSION

Herbarium specimens of nf, veluti¡ra are often confused. with

Dasya velutj¡ra. Brookers specimens (in LD) from Tsraelite Bay,

trï. Aust" were placed. by J,Agard.h r¡nd,er Dasya vel-uti¡a Sontler.

A fragment of one of these specimens d.iffers considerably frorn

Sond-errs speci-nren (l,.Uf, $1237) irr having a polysiphonous main axis

corticated- with rhizoid.s betrreen the pericentrals and. the mai¡ a:<ia1

cell. The pseud.olaterals are 3-4 times pseud.od.ichotomously branched-

near the base with ultj-nate branchlets 7-8 cells 1ong, i¡ contrast

to the 7-8 pseud.od-ichotornies and. 2-4 ultimate branchlet cells in the

whorl-branchlets of ri,f. veluti¡ra. Hovrever, in J.Agard.hr s d.escription

of Dasya velutj¡a (1963, p.1226), he refers to Sonderr s origiaal

description and. to Harveyrs description (tB4/, p.6j) although he

had. not seen Harveyrs speci¡rens. Thus it is 1lke1y that his

d.escription d.oes not refer to B¡rokets collection which v,'as possibly

determj¡ed later tharL 1863,

Other species of )asyaceae from southern Australía are

superfj-ciaIly very simil-ar to YI. veluti¡a but nay be quickly

d.istinguished. by the nature of the d-ichotonies of the whorl-branchlets

which are closely appressed. near their bases giving an i¡verse

Y-shaped. j¡rtersection, whereas those of ï,,r. velutj¡a are not so

appressed- giving an i_nverse V-shaped, i¡tersection.
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J.Agard.h repo rbed. that his Haliacantha incrustans

veluti¡a yras calcified-, giving effe¡¡¡escence with acid.

Kylin (1956, p.382), after exanriniag Agard.ht s speci-mens, conclud.ed.

that this was d.ue to snall shell fragments trapped- between the

ivhorl-branchlets and. most often fowd. in d.rift specinens of the

species. Some plants recently collected. fron rock platforrs

subjected. to rrcugh wave action have a white opaque substance i¡l

the outer ce1ls of the whorl-branchlets. thís gives no Ínmed.iate

effervescence with acid. but d.isappears after soakiag j¡l acid. for

several weeks. It is cloubtful that this is the phenomenon to

wltich J.Agard.h referred-"

ïRAI\TGELIA IIOBILIS Hooker and. ilarvey 18472 411; A1g. l\ust,

Exs. no. 269, J,Agard_h 18632 7o9; 18762 622"

De loni 1897t 155. Guiler 19522 99. Harvey 1860: 108;

18632 sJrnop. no. 325. Kuetzing 1849: 665. Lucas 1909.

23; 1929a¿ 16. lucas and Perrin 18472 '1L1, fig. 1L.

Iäay 1j6J: 366. Oka.mura 19321 133. Sonder 18522 691;

1880: 2!. Tisdalll898: 511. lÍiIson 18922 17O.

ïlrangelia jeannerettii Hooker and- Haryey 1ù¡Jz l¡11.

J.Agard.h 1863¿ 7O9¡ 18762 624. De Toni 1897¿ 129.

Guj-Ier 1952: 99. Harvey 1860: 3ú; 18632 sJrnop. noo 128"
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Kuetzing 1849: 665" Lucas 19091 23; 1)2jaz 16.

i,,øy 1)6Jz 366. Okamura 1932: 113. Sonder 1880: 29.

r.iïrangelia comosa Hooker and. Harvey 18472 l+11.

J.Agard.h 18632 71O. Kuetzing 1849: 664; 19622 13,

P1. 41, fig. a-d-"

.ifraneelia 
d.asycfad-a ïIarvey ex tsruetzing 1849: 66)+.

J.Agard-h 1B6Jz f1O¡ 1876: 625. Kuetziag 18622 13t

p1" L1. fig. e-f"

'ifirangelia clavigera Harvey 1863: pl-. 28J, sJmop. no. J26;

A1g. .Aust. Exs. no. 268. J.Agardh 18-16z 621; 1894a2

138, p1. 2r, fig. 8-11. Bornet and. Thuret 1B8O: 184.

De Toni 18972 132; 19242 1+9. Lucas 1909 z 23t

1929b: ,\-8. Lucas and Perri¡r 19472 1laO, fig. |j.
l[ay lj6Jz 366" ilazza 19192 1302. Oke-nura 19322 133,

Rei-nbc1d. 18972 +6. Sond.er 1880: 29. Iate 1882 z 21.

Tisdall'1898: 511. iliilson 1892t 17O. tronersley 1950: 180.

Irirangelia baLlioj-d.es J .Agarùh 1876: 621. De Toni 18972 132.

Guiler 1952: 99. Lucas 'l)O): 2j; 1929a2 16. Lucas

and Perri¡r 1947: 1)+1, fig. |J, \Iay 19652 366. 0ka.ur:.ra

19322 133. Sonder 1880: 29. Tisdall 18982 511.

Wilson 18922 170.

Griffithsía rad.icifomis Hooker and Harvey 1847: 411.
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TTP3 IOC AIÏTY Georgetourr, Îas. (Cunn)"

T!!E Herb. Hooker, K (nov,r at BII - Gr:nn no. 132t+)

DI,STRIBUIIO}T From Pt. Lincoln and the southern islands of

Spencerr s Gu1f, along the southern coast of Ikngaroo

Iso, S. Aust. to Portsea, Vic., ancl the northern and.

eastern coasts of Tasmania"

llaterial used. for d-etailed- investigation was collected from

Pt, El-l-iot (¿¡U, 428, OO4, Womersley, 21.ví.196\-, tetrasporangial),

Cape Thomas, Guichen Bay, i" Aust. (¿¡U, A2+r38J, Woreersley,

24svii-i. 1960, tetrasporangial), Portland. Bay, Vi-c. (¿¡U, Ì\21 1622,

C.Beugleho1e, 22,vi.1952), Robe, (¿¡U, AZ7 r9OO, Gord.on, 18.v.1!6ia,

nale), Stinky eay (alu, Â2718ô5, îio11aston, 19.v.1964, fenale),

Victor Harbour (¿¡U, L29rj73, lTomersley, 19.i-x..1965, sterile),

f¡an Pennington Bay, Kangaroo fs., S.Aust. (¡¡U, A2r8+j,

lriomersley, 15.í.1?+6, sterile), and. from Lovr¡ Head., Îas. (¿pU, A16]ti5,

Perrin, 8.x.1!!0, sterile).

\rEGEÎÀTNTfi STRUCTURT (tri-e. 7A-D, Plate 4ÂrB)

Plants from d.eeper r¡¡ater (pf , {A) are generai-l-y 15-35 cn

high, v¡hile those grov,'ilg i-n the upper sublittoral zone ( rtïir. clavigera

Hary.tr PI. l¡.B) are 1O-20 cn high and, usually more robust than

the foruter. The branchilg is d-istichous and irregularly alterrrate,

to about l¡ ord.ers, lrrith the lateral branches I,vid.ely spread-ing,

unequal in length and. often clavate d.ue to d.enud-ing at their
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proximal end.s (Harvey i863, pr" 287)" The ultimate bra¡ches are

flattened- (see beron). 'rhe d-iscoid. hold-fast is composed. of

intert¡¡rjni¡g rhizoid.s u¡hich conti¡ue d.or¡.m from the main axis.

,A.pi-cal structure of i:idetenni¡ate branches (¡le, 7A) is
simil-ar Lo th,at in other species of -r,,rrange1ia, Xxial cells

reach about J8o¡:. aiam. anil BBo¡r long jn the central part of the

p1ant. The i¡itials of first-forrned whorr-branchl_ets on eaoh

axial- cell are cut off alter:"rately from successive axial- cel_l_s.

The second-formed. .¡rhor1-branchl-et is cut off opposite the first,
the third. between the first and second-, the foucch opposite the

thirù, and the fifth bet'¡reen the second. and third. (¡is" 1ü().

Thus the third- and fifth whorr-branehlets alvrays occur on the sane

sid-e of the axis giving a d.osivenLrar aryangement. The fi_rs,c and_

second. whorl-branchlets ("ratera] whorl-branchl_ets'r ) d.evelop to a

much greater extent than the others, thus prod.uci¡g a flattened.

thal-1us' The d.ifference Í' length is greater i' d.eep vrater forns

(flg. 78) thaïi those i¡r shallow water forms (fig. 7C), giving a

greater fl-attenj¡g of the tha'tlus i¡ the formero l\,{ature l_aterat

whorl--branch-l-ets reach J rnm longj they are alterrrately pìmately

branched and. taper gradual-1y to the termj¡aI cefls vrhich are acute,

but not mucronate as i¡r 1,û. veluti¡ra , Aôjacent whorls of -orhorl-

branchlets overlapo

Iiedian cells of lateral- r¡¡horl-brarrch-l-ets in the d.eeper water
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fono are 55-80¡i diam. and 3-5G10) times longer than wide, but in

the shall-o'r¡¡ water fonn are 60-90ll d-iam. and- only (l-)z-S ti¡res

longer than rrid.e, Descend-Íng rhizoids, j¡itiated. from basal

cells of v¡horl-branchl-ets (¡iS. TBrC) form a pseud.oparench¡anatous

cortex overthe axis (Fig. 7D). iìhi-zoid.s on the surface of the

cor-lex proôuce outvrard-Ìy a thiclc mat of short brarichlets lvhich are

simple or 1-2 times furcate, aboui; 2O$r long and. composed of cells

about 2J¡t. ð.iam. and. JC¡r long. îhe diameter of the cortex is thus

i¡rcreased- to about 2mm" In lov'Ier parts of the thal-lus the axes

become d-enud-ed- of whorl--branchl-ets- leavi¡g the outer layer of

cortj-ca1 branchle'cs exposed-.

RSPRODUCTIOi\T

Tetrasporaneia (rig. BR, etate 5l)

The tetraspora.ngia reach 100¡r d.ian. and- are termi¡ral- on

cel-1s of small nodified- laterafs on the basal- cells of whorl-

branchl-ets (f ig. 8A) which occur on short potentialty ind-eter¡rj¡ate

branches 1-1.5 mm long. these short branches are obvious j¡r

wi¡ter v¡hen the mai¡r axes have become denuded. of 'nhorl-branchlets.

The sporangial stalk cells may bear further stalk ce11s or curwed-t

smal-l--cel-1ed i¡rvol-ucraI branchlets. l'Tear the apices of the

tetrasporangial branches, the vegetative parts of the sporangíal

whorf-branchlets are consid.erably red.uced, or absent.
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,Spernatang iaI head.s (Fig. an)

The spherical s;oernataa6ial head-s, about 1OQ: d-iam', are

borne in positions si¡nifaz' to the tetraspora¡gia" The smaJl cel-ls

of the ilod.ified l-aterals bearing the .spenoa'cangial head.s are

comparati-ve-1-y longer than corîespond-ing cel-ls jl the tetraspo:r:ophyte.

Tv¡o or ,;hz.ee ;nall-cel-l-ed invol-ucraf branchlets arise frorn the stalh

cell of each spe.,:natangial head-., IiTear the bases of the short

spema,ca.ngia.l branches, the rnod-ified. faterals bearjlg the

,çperilata::gial-heao-sarebc-¡nealterriatelyonthefirst_forned-

who::l--branclr-'ì-e'¿s on succeesive axial ceIIs, but near the apices of

these branchcs they occui' on afl- ¡ivhorl-brarrolets, the vegetative

parbs beilg reduced- or absent as i¡L the sporoph¡rte"

The developnent of the sperrnatangial heads is the sarne as

that of ''iI. p1Ltmosa"

Proc and- Ca s e (Fig" 8c,D)

The s-bructuÏe of the fertile axis is sinílar bo that of

.,1I veluti¡ra but usua]ly tlro procar?s per axial cell- occur" The

supporting cefl d-oes not bea:: a terni¡al sterile eell . The

carpogonium is out off i:r a lateraf d-irection, alternately clockwise

and anticfoch¡¡ise on successive axial- ce1ls (¡iS. BC) in thi-s species.

,¡,'irile in Til', pri¡tceps and lii" plumosa the thirù cell of the carpogorrial

branch is cut off l-atera11y. tr: both pr'ocarps occurrilg on one

axial cefl: both carpogonia are cut off i]1 the same rad.ial èÍräction"
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the d-ista1 cell-s of the sterile whorl-branchlets of the fertil-e

axi s may becone hair-like as i¡r j,,[" veluti¡ra,

Post fertilization s-bage s are sini-'ì-ar to those i¡ IiI" plumosa

md {:._veþi.y=g. (¡iS. 8D - ar-ueiliary ceIL cut off from supporbing

cell, corrnec-bing ce1ls and- other smal1 cel-Ls cut off from cells

of the carpogonial branch), Cell-s of the sterile whorl--branchlets

i¡r'ol-ved- in the cystocarp are similar to those jx W. veluti¡a and.

not basa-Lly lobed as i:r l,V, plumosa.

DISCUS,SIOÌd

Type fragments of l,tl, ieannerettjiand W. d.a syclad.a ( ex TCD a:-i

L respec'cively) have been examj¡red. and. are similar i¡ cefl

proportions tpthe commoner fonrs ("W. claviger.att) of lV. nobilis

(see Table 2). An isotype specjmen of W ballioides (l,ml t DjSi I

shov,¡s no d-ifferences from the firpe of -T. nobilis.

The name Triraneelia comosa was first published by Hooker and-

Harvey (t447, p.L11) v"ith Cal-litha¡¡rion comosum Harwey (t9i.,4, p.451)

as a s)mor,)7ir. Later Kuetzing (1862, p.132 pl. t+1) rejected. the

above synorrJrn and- applied. Harwey ts mscrn name lifarrenía comosa to

the orig i¡a1 C " comosum. De Toni (19o3, p.1J6B) followecl Kuetzing

and- poirlted. out the difference i¡ the tetrasporangial st¡ructures

of the tv,ro speci-es (ti'Iaryenia - cruciate, 'Flrangel-ia - tetrahedral).

I(uetzingrs illustration of V'trrangelia comosa sho'n's sec ondazy
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bra¡rchlets arisi-ng from the cortical rhizoid.s as is Qrpical of

W. nobilis.

(ralre z),

l,T. ieannerettii

1.'I. comosa

iT. clavisera

IrT. nobilis

Diameter Propo

pecies
(ned ian

tr'requenc.y
of

Cel1 d.imensj-ons are sjmilar to those of W. jeannerettii

TABLE 2.- Ce1l d.i-nensions and frequencies of s
sJmonomous 'r¡ith 1''trrangelia nobil-is
cel-ls of rn'hor1-brarrchlets )

75v

75P

6s_eS

55-8o¡r

1-2 tines

1-2 times

(i-)2-3 times

3-5G10) times

rtions c]-es

rare

rare

common

fairly
commonT7¡

ilt ballioid.es

1¡I. d-asyclad-a
50p B-9 ti-nes

rare

],ry. jeanr'erettii and- IIf. d.asyclad.a probably represent the

extremes of d-istribution in cell- sizes and. proportions, the largest

mrmber of plants fatling il the rau.ge represented, by 1ï. clavigera

and- \T. nobilis. However, as there is alnost continuous variation

in these àimensions, the above lrspeciesrr are reduced- to sJmonomy.
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]'IT.ANGEL IA AUS'IXiJ,f S (J.Agard.h) comb. nov.

Bracebrid-gea austral-is J.Agard.h 189l+a: 1O3t p1. 2, fig. 1-3;

1899t 114. De TonilgOJ: 1438; 1)2)az 5Q+. Kylin 19562

395, fig. J08C. Lucas 19092 52. Lucas and- Perri¡r

1947: 365. ILay 1J6j: 369. Oka.mura 19321 13O.

TYPE IOCA.LITY - Pt. E11iot, S. Aust. (Hussey, no. 190).

TYPE Herb. Agard.h, L,,D (lSþ5ù.

DISIN.IBUTION - Irom Euc1a, .1T. Aust,, and- the southern coast of

Kangaroo Is. to Kingston, S. Aust.

Plants occur il d.eep vrater and have been collected- to a

d.epth of 10 m i¡r St. Vj¡cent Gulf, S. Aust. (¿¡U, Ã331175, Shepherd.,

2.ä.1969).

Collecti-ons stud-ied- i¡ d-etail are from Pennilgton Bayt

(¿¡U, A2Or120, trrlomersleyr 11 .ii.1956, tetrasporangial), anil

Stanley Beach, Kangaroo fs. (g¡U, 2OrO81 , Womersley, 7.ü.1956,

ma1e, ADU, A20rt1o, Vomersley, 6.ii.1957), St. Vincent Gulf

(lntS, X33r175, feniale) and Seal Bay, I(angaroo fs., S. Aust.

(l¡U, L32r17+, I'Tonersley, 22.xi.1968, sterile).

V¡GETATNIS STRUCTURE (ris. 9A-D, 1oÀ-c, Plate !B)

The thal-lus reaches about 22 cm high, and is richly branched-

in one plane to about four ord.ers, 'r'rith the maj¡ branches irregularly

spaced and. ultimate branches regularly alternate (see below).
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Apical clivision (fie. 9¡) is similar to other speoies of

r,iilrangelia, and- axial cells reach 2!O¡r d.iatr. anil IOO¡I long near the

base of the plant when mature. Each axial cell bears fi-ve whorl-

branchlets, the ilitials of rnffrich are cut off j¡l alternating

sequence (F:-gs. lArB and- 1OÍT). First-formed- whorl-branchlets on

suçcessive axíaI cells are produced- i¡r a zíg-zag manner on one sid-e

of the axis, and. the second--formed. whorl-branchlets are prod-uced'

alternately cloclcwise and. anticloekvise on successive axial ce1ls,

thus comi¡rg to lie on alternate siòes of the axis (Fig. 9B). The

third., fourth and- fifth-forrned. 'whorl-branchlets are sjmilar il forn

to those of j/tr" veluti¡a beiag pseudodichotomously branche d 5-6

times, with the med-ian ce11s 5O-65p d.iam. anð. 1!-2 times longer

than wid.e The termi-nal celf s are snall (about 12y d:.am.) 
""td

mucronate (¡lg. 9C). The first and seconô-formed whorl--branchlets

become vil-lose (¡ie. gl) reachi¡g about J+ nm lont, arrð. ar,e

al-ternately pirnately branched. the laterals near the apices are

elongate and. flexuous wi-th cells 1j-2Jy d.iam, and- 8-11 times

longer than ¡,.¡id.e, whil.e the laterals near the base resembl-e nornal

v¡horl-branchlets with short celfs and- rmcronate tips.

PotentiaLly ind-eterrninate braziches are prod.uced- fncm the basal

cel-Is of the second.-forned- v¡horl--branchfets on successive axial ce1ls

(¡ig. gArB) and. are therefore arranged. on al-ternate sides of the

mai¡r axi-s i¡r one plane (¡lg. 1OA). The first-foi:med- v¡horI-branchl-ets
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on each axial cell of these potentially indeterninate branches are

abaxial and- also become villose.

Descend-1ng rhizoíd-s are j¡ritiated- from the basal cefls of

lvhorl-branchlets about 15-20 axial cel-fs befow the apex. About

10 further axial- cells belorr this, i¡itials of the outer corbex

are prod,uced from the rhizoidal- cells and d.evelop i:rto short

brarrchlets 2-i tjmes subd.ichotomously branched-, with spherical

terni¡al cel-l-s about 45¡ dian. (¡ig. IOBrC). The thick cortex

so formed- remai¡rs after the plant has become d.enud.ed. of whorf-

branch-l-ets. The d.iameter of the axis r.vith oorbication may reach

I uur near the base of the plant.

RSPiìODUClro}i

Tet (ris. tol)

Tetrasporarigia reach 149F ¿iano ârr.d. are forned. termirrally

on 1-J celled- stalks borne 1atera1ly on the lolver one to tv¡o cells

of the whorl-branchlets. Stal-k cells are about 2l¡-r d.ia^ro. and.

5O¡r Iong, each usually beari:rg a short curved invol-ucral- branshlet

par"bly encírcli¡rg the tetrasporangíi:m..

Sperrratangía1 head-s (¡'ig. 1oE)

the spermatarrgial head.s reach 14o¡-r ai"*., which is greater

than other species of iTrangelia. They are borne on 1-2 ce11ed,

stalks which occur ín place of laterals of about the second. to fifth
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axial ce11s of the v¡hor1-branch-l-ets (either normal- or villose),

near the upper ecor.ticate or slightly corticated. parts of

irrd.eterni¡rate branches. The stalk cell bears 2(4) reùuced.

i¡rvolucral filarnents which are 1(-[) cells 1ong, rarely once

branched.

The d-evelopment and. structure of the spennatangial head. ís

similar to that of T[. p]umosa (p. À4).

Procarp and- C arpospo roph¡rbe (nis. t or)

The structure and posí-tion of the fertile a:ris is similar

to that of 11,1. velutina and, W. nobil-is. The first three ce11s of

each carpogonial branch are cut off by slightly oblique d-ivisions,

while the carpogonir:m is cut off laterally, f\vo abnormal 5-ce11ed.

carpogonial branches (fi-g. 1OF), both on the sa^ne axial cel1, v,rere

observed-.

T¡nediate post-fertilization cl-etails were not followeô, but

the stn¡cture of the cystocarp is the sa¡ne as other species of

Tlrangelia.

DÏSCUSSTON

J.Agardh (tg9l*r, p.1or) first placed. the genus Bracebrid.eea

with Cod-iun and- Anad.yomene j¡ the siphonaceous green algae, based-

on a bleached, and. denud.ed specimen. Latet, however, he recognÍsed.

the similarities of this species tc genera such as YÍrangelia and.
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Spyrid.ia. no'.v placed. i¡r the Ceramiaceae, and. transferred. Bracebri-ôgea

to the Florid.eae.

Although this species is r:nique in its vegetative stnrcture,

the development of t he reproductive organs is typical- of l'frangelia.

The d.ifferences from the type, 'l;T. penicillata. are of the same ord-er

as those beh¡reen r,l'. nob ilis and. the type. Thus Bracebrid.gea d.oes

not merit retention as a separate genus.

-¡Nìâ}TGNLIA ABEIINÀ Iíarvey 1B5l+: 546; 18612 sJrnop. t1o. 327.

J.Agardh 18762 621. De Toni 18972 131. Lucas 19O9t

23. IXay 1965: 366. Sond,er 1880: 29.

TYPE TOCAL]TY Garden Is., Til. Aust. (Harvey).

lECTOlyPE - Ir,erb. Harvey, TCI (Al-g. Aust. Exs. no. 267).

DISTRTBUTIO]V Knov¡n only from the type collection.

IIEGETAT NTE STRUC îI]RE

The lectotype specimen is about 15 cm h-igh, alterrrately

pir:nately branched- tritln 2-3 ord.ers of branchi::g, and- is similar

il many features to TtI. princeps of r,,¡hich it nay be a form. ft

d.iffers ho'lvever i¡ the structure of the whorl-branchlets which in

Vrr. abietína are ilward.ly curved. v¡ith obtuse termi¡ral celIs, the

med-ian cells 35-+5y d.iam. arrd 3-5 times longer than lvide, wþIe írr
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they are lax and, tapered., v¡ith med-j-an cel-ls Z5-35y

d.iam. and 5-7 -i;imes longer than s¡id-e.

TION Unlcrov¡:1..

DISCUSSION

At present it seems best to keep trï. ahi-e ti¡a separate from

ü. prince ps until- further material referabl-e to trT. abieti¡a is

collected..

ps
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SOUTHERN AU,S'IP.AIIAJ\J $PECIDS OI¡ TJÏÀA}TGE],IA NOIÏ T-EFEÎ.RED

TO OTHJR GENERA*

I T.,RAI\IGE LTA AGA.R.DHTANA Harvey 181+z 545.

Correct name: Ptíloclad,ia agard-h-iana (Harvey)

I[olfaston 19682 261.

2. r¡üP..{}TGELIA INCURVA J .ÄgardJr ex Vilson 18922 1/O (noraen nud.r:m) "

This name vras firs-t published in lis'bs (iffitson 1892, P.170,

Tisd.all 1E98, p,511) without valid. specific d.escription, and. no

specimen r:nd.er thi-s ¡rame has been found. in Herb. J.Agard.h, lund.,
Eo

Àccord-ing þue-t'lay (1965, p,365), Lucas, i¡r notes on specimens,

suggests that the specimens may be of Antithannion mucronatum (¡ "¡s, )

De Toni, nov¡ llacrotha^uriion pellucidr:m /-- \ -- -- .(Harvey) lTollastono Hotrvever,

examj¡ation of specirnens fro¡n I,ßL and- N,9,J, coll-ected. and. d-etermi:red.

by J,B. 1i/ilson, has shovn: that this spe cies is neither a'[-lrangelia

nor trf. pellucid-lm, Ðd therefore d.eterni¡ation of the correct

systenatic position must await further v,¡ork,

* ifrangelia galeae ;Sond.er 1B8O: 1O5 (nonen nud.um) - nlaterial
t,i¡ith this name has not been seen, and. the name has not been
published. since Sond.errs l-is'i;. ff material- exists, it may or may
not belong 'co }ïra¡rgelia.
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lry'RÀ¡IGELI1i SETIGERÀ Harvey 1860: 3O9, p1. 1!1.11; 1863: sJ,mop.

no. JJo. J.lgardh 18762 6zzi 18792 Pl" 32, flig. 3"

De Toni 18972 133; 19242 1+9. Guifer 19522 99.

Lucas 19092 23t 1929ai 16. iiay 1965: 365. liazza

19192 1307. 'Okamura 19122 153. Sond.er 1880: 29.

Tisd,a11 1898: 51'1 . ri,,rilson 18922 17O,

Harwey based. this species on his previously descríbed

Sprrrid.ia f il-amento sa vert icil-lata Harwey ( 1844, p,449) " lhisf
v¡as later el-evated. to a separate species of Sp¡¡rid-ia. S" tasmanica,

by l(uetzi]lg (A62, p.14, pI" 42, c-ù). Kueztìngis figures clearly

show smalL cetls at the nod.es of the monosiphonous filaments, which

is typical of Spyridia. llaterial from l,{issionary Bay, BrunJ¡ Is.r

Tas. (¡.¡U, A1Or182a, 'ûomersley, 15.í.1?+9) has been checked. and

identified- by rifomersley with ]larwey's type specimen of 1ff. seti8era.

This material is also Spyrid.ia. Thus Spyridia setigera (Harvey)

comb. nov. is the correct nane for this species.

l+.]IffiINGELIA SQU¡Î"UIOS¿, Harwey 1855: 216; A1g. ,Aust. Ers. no, 266"

J.Agard-h 1877-8 z 27 i 18922 52.

Correct narne: Ptil-ota hannaford-i lfarvey 1862, pl-. 221.

/Jthough this species vras originally d.escribed- from New Zealand,

Harvey later put it i:lto s¡monyriry'with P. hannaford.i in Phycologica

¡'\ustralica as no. 266 in the A1g. Aust. 3xs. set. Hovlever, J.Agard-h

(18-16, p.81) comments that Harveyrs origi¡ral description of
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-T. squarmlosa frcm IT'2. does not agree with his d.escriptÍon of

P. he¡nafordi. anù hence J.Agard.h places this species i:r sJmonomy

with Callithamnion? confusum J.Agard-h (1876, p.25).

5. TTR.AT{GELTJ. Hanrey 18542 546l, A1g. Àust. Exs. no. 27Oi

18632 sJmop. no. 339, J.-Àgard.h 18762 618. De Toni

18972 129; 19?,+z 149. T,ucas 19092 23. lvliay 19652 366.

Ihazza 19192 1J00. Sond.er 1880: 28.

Correct natrtre: Trit}ra¡onion tenell-r¡m (ttantey) Wollaston 19682 389.
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E]$RJ\-AUSTILA.I,fÂI\T SFECIES of WÌ,INGET,IA

thirteen species of I[rangefia have been d.escribed- from areas

other than southern Àustralia, and materíal of six of these have

been available for strrdy (+ belovr - Table J).

TI3],E ¡. Extra-i\ustralian species of Tfrangelia

Species Area of t¡4pe locality

1r ta I,ied.iterranean Sea

Canary Is.

Caribbean Sea

Cape of Good. Hope

Japan

* i'¡. argus

f,ry. b

* Tf. purpurj-fera

t trf. tanegana

r,(. tagoi

t TI. tenuis

t' W. japonica

ItT. hainanensis

Tl. tayloriana

Chi¡a

v anastomosa¡rs Carolli¡e ïs.

Àrabian coast, trcd-ian Ocean

I\leirf or¡nd.land-

]ff. sceptrifera

1T. pylaisaei

il

rt

il

il
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From the published. descri-ptions and- diagrams i¡ the literature

it is possible to d.educe that all but one species, liÏ. py1al-saeL

(ì,{ont.) J.Agard,h, probably belong to the genus Ì'rlrangefía as defj¡red

j¡r the present v;ork.



IT.. A]ITGELTÀ PÐIIC ILLATA

72.

(C.Ag.) C./l-gardh 1B2Bz 138. J,Agardh 1841: 38;

1863: 7o8; 18762 623. Almod-ovar 196+az 1À4; 1965? 11.

-A-fmodovar and- Blomqui.st 19612 91. Boergesen 1916'- 12O'

figs. 1J1, 132; 19272 94; 1?+5: 18. Bornet and

Thuret 1880: 18Jrp1. l¡8. Burkhold.er, P.R. ancl L'lí.,

arrd. 'Llmod ovar 19602 153. Chad-efaud- 19602 128' f ig. 87.

Chapnan 1963: 167, fi.g. 172. Col-li¡rs and- Hervey 1917:

1Ot. Dar¡rson 19572 119. Derbes and. ,$olier 1BJ6'- J1, p1. 18,

figs. 6-8, De Toni 1897: 135; 1924'. 150. Diaz-Piferrer

196[a: 166. Ed-elstei¡ 1964: 2oo, fig. 4, A-D.

J. Feldmann 19372 276; 1942: 311. Feldmann-l1.azoyet

1940: 131, 173, figs. 21C, 22, +2, l+3' 63w, 64t

19+1; 70, 73, 75. Fritsch 19+52 l+57, 685, 712, figs.

152A,Brî, 271L-8, 2B9IrJ. Goôwarð' 1966: 196. Harvey

1853 1+3, pl. ]¡B, 1-9. Ilauck 1885: J1, fig. 15.

Hor;¡e 192O= 559. Joly, Ugad.im, Oliveira and- Cord-eiro

1967: 177. Kuetzing 18452 2881. 1849: 66L; l\6zz 13,

pl. [Oa-e. Kylirr 1)28b21, f i,gs, 1-Ji 19372 1O7,

1956: 382. Lucas 19312 51. ltlagne 1961+: 5)+4, pL.12t

figs. 386-393. triaze and Schramm IBTO-772 231'

r*iazza 19062 4+. Nasts 17+O': j97. Naegeli 1861: 382.

Neal rgfoz 66, fíg. 17e. Nod-a 196L2 l9; fie. )+;

t967:.?9. Okamure 19322 133.
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Oltnarurs 1)Ol¡z J18, fi.g. J6O; 19222 figs. l+72, 605.

Petersen 1)18: 1J, ,Sch¡aid.t 19572 717. Schmitz 18Bf :

228; 1889:439 Schmitz and liauptfleísch 18972 7+5,

fj-.g. 2O)T. Schussnig and. Yahoda 19272 U+5, PI. 5r

fig. 19arb, fig. 2Oa. Sond.er lBJ1z 21. Taylor 1925.

13O; 1928: 14+, pI. 20, figs. 11, 12, 19' pL. J2t

figs. 1r7; 19502 136; 19602 503, pA. 66, figs. l, 6,

p!. 74, fi.g. 5; 1964: 7. Zerl.ang 1889: 173, ti¿. 1-6..

BASï0Nfl,1 Griffithsia penicill-ata C .Agard.h 1824: 1)+3.

For s¡moromysee J.Àgard.h 1863, p.708.

TYPE LOCmmY - 0n the coast of Ita1y.

TYPE - Probably i¡r Herb. Àgard.h, LD. Not sêÊno

lìEPORTTD DÏSÎRÏBUTÏOTT Med-iterra¡rean Sea, .Ltlantic coasts of

Europe, ]iauritius, llalay Archj-pelago, north-west coast

of Japan, Cape Yorke Pen., i\ust., l,iarshall Ts., Hawaii,

Caribbean Sea Is., south Florid-a, Bermud.a.

this species has been d-escribed. and. ill-ustrated. by nany

earlier authors particularly Boergesen ( 1916), Bornet and. 'fhuret

(teAo¡, Feld.rnann-l,iazoyer (lg+o), ä¡rlin (tgz8), Naegeli (tAgt)

and. Zerlang ( t gg9) .

ka.ni¡ration of specimens irr AÐU (lgOr379, Roscoff, France,

De1épi:re, Sept. 1964) confirned- the obserwations of the above

authors.
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VEGET:r-T f\IE,STRUCTURI

The thal-lus is 5-1t(-ZO) cn hì-gh and- regularly to

iruegularly pinnately branched., Apícal cells of i¡d.ete¡rnilate

branches divid.e by alternately oblique d.ivisi-ons, md five vrhorf-

branchlets per axial ce11 are cut off i¡ alternating sequence from

the upper end.s of axial- cel1s (f,ytin 1928b, fig'.1¡,). Chadefaud.

(t96o, fig. 87.2) illustrates a "scorpoiod.rr forrr of d.evefopment

for this species, i:r which the first-for"med. whorl-branchlets are

initiated. from one sid,e of the axis. His diagram possibly

represents the apex of a lateral branch v¡here the first-formed.

whorl--branchlets are sometimes produced. abaxially. The apex of

of a mai-rr axis is usually s¡mmetrical. Hature ','rhor1-branch-1ets

are L-8 times subd-ichotomously branched- and taper slightly tov¡ard.

the apex. }iedian cells are fO-lO¡ d.iam. and. 1¡-10 tines longer

than wid.e.

Potentially ild.eterni¡iate branches are i¡itiated, from the

basal cells of first-formed- whorl-branchlets on each axial- cel-l

(fetanrarrn-h,iazoyer 191+0, fíg. Lr2, Kylin 1928b, fig.1B, Oltmanns

1922, flig. )+J2). Descend-i:rg rhizoid.s, fomri:rg the cortex in lower

parts of the thallus, are also prod.uced, fron the basal cel-ls of

r¡horl-branchlets (lCyfi:r 19Z8b,fig. 18, C).
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R-EPRODUC TTON

Tetrasporangia

Tetrasporangia reach 75p d-iani. (tsoergesen 1)16, p.121)

and are forned. ternjnal-ly on cells of smal-l--ce11ed. laterals of

whorl--branchlets. The fjrst stalk cell prod.uces 1-2 further

stalk ce11s or 1-2 curved. i¡rvofucral filaments (nyfing 1)28b,

fis. JÀ-D),

llpermatans ial- he ad.s

Spherical spernatangial heads reachi¡rS 757t dian, are borne

terni:rall-.v on stalk cell-s ';rhích occur on -bhe lolver cells of

'¡¡hor1-branchle'cs. Each stalk cel-l-.bears about J curved- i¡rvolucz'a]

branch.l-ets (Boerge sen 1)16, fig. 132) " The in'cernal structure oí

the spermatang ial head is similar to 'ch.a-i of '!T. plumosg (p" 14) "

Procarp and. 0 arposporophlrLe

Procarps occur near the apices of potentially ind.etermi¡rate

branches as i¡l r,¡I. pri¡c eps, The supportìng sell bears a termi¡al

steril-e cel-I and. lateral- carpogonial- branch in v¡hich both the third.

and. fourth cell-s are cut off by lateral d,ivisions (tCyl-ing 1928b,

f i-,g. 2, A-E). The proòuction of -bhe ar:xilj-ary ce1l, d.evelopment of

goninoblast and- carposporangía, ôevelopment of sterile ri'¡hor1-branchle-b¡;

on the fertj-le axis and. production of fusion ce1l (Bornet and. Thuret

1880, p1. 48) also occur as i¡r T'I. princeps. A d-etailed- d.escription

of tlre above features is given by iÇy1i:r UgZAb, pp J*-6).
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J.,üRA}ìIGELIA ARGÜS (Iønta6ne) Iiontagne 1856; rrrrrr. Almod,ovar 19622 277t

1964a2 1tÀt 196+y: 45; 1965: 11. Almod.ovar and.

tslonquist 19592 167. Al-modovar and Pagan 1967:'111,

Boergesen 1)16: 116, figs. 125-6t 1927; 93, 19L5:

18; 19522 59. Burkhold.er P,R. and. L.ìvl., md

Âi-mod-ovar 19602 153. Chapman 19632 164, fig. 1/O.

Collj¡s 19012 252. Da'wson 1)J)az )t)lt, fie. 5+B;

1956: 56t 19572 119t 1j6o: Jo; 19612 )+42.

1962b: 18J, fig. j9; 1962ct j\l. De Toni igu+z

15O. Dieki¡rson and Foote 19512 137. IIov,¡e 1j2O: JJ).

JoIy 196)+z 1)+, 19652 199, Fl. Jg, fi.,g, )¡2j, pl_.35t

îLE. L6g-1,,J1" Joly end Oord.iarc t96Z¡ ZZJ, pl'.j.

iawson 19572 855. Olcanrura 1932¿ 13j,

Olesen, l.¡iaretzki and- Al¡rod.ovar 196+¿ ZZ6. Taylor

1925: 13O; 1928: 14+, pl-. 20, fig. 1J, pI. 22, fi-g. 6,

pl. 32, fis. 4; 1964t 7; 19292 6zj. 19j6: 2oo.

19422 12O; 1)60z JO2, pt. 66, figs. /r8. Vickers

19052 61. Vroman 19682 56.

non Boergesen 19372 338. Hirose 1957: 101, pI. 1,

fig. 5; 19582 268. Ho 1962: 99. Kattg 1956: 11.

Oka"mura 191+z la6, pI. J2+. Segawa 19562 1O2,

pI. 61, no. ia81a" Segawa and. Kamura 1960: 56-

l{eber van Bosse 1921: 22O.

These latter d-escriptions probably refer to lij'rangelia tayloriana

Tseng (p. 87 ).
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BASrOÀnil,{ - Griffithsia arsus irlont agne i:l 'fiiebb and. Berthelot 181+01

176, pf. 8, fig. 4 (reference not seen).

For s¡monomy, see Boergesen 1)16, p.116.

lYPE 2

TYPE Probably PC. Not seen.

DfSTRIBUTfON - Tropical and. subtropÍcal- coasts - Pacific and.

Atlan'sic Panama, l,iexico, Florida, Venezuela, Caribbean

fs,, Bahamas, Canary Is., Ghana, l..,iauritius, Vietnam,

Marshall fs.
j,Jateria] stud.ied i¡ d-etail was collected. fron St. E\rstatius

Is., Itletherland.s Anti1les (¿¡U, A29r575, Vroman, 21.v.j958, f emale).

\EGETAIIVE STRUCTTIRE

Plants are smal1 and tuf-bed., reachilg only about 2 cm krigh.

Apical segmentation, production of u¡horl-bre¡rchlets and_

origin of i¡rd,etenni¡rate branches are typical of the genus ri,ira¡geIia.

A diagram of Boergesen (1916, fi.,g.126) suggests that there are only

two vrhorl-branch-lets produced per axial ce11, .ir,¡hereas i¡r fact 4(-5)

occur. The first three prod-uced. on each axial cefl are J-4 times

subd.ichotomously branched- with uLti¡nate branchlets of 2-J cel-l-s.

The tenni¡al- cel-l-s are acute, and. the med-ian ce1ls 35-5Op diam.

and- 4-6 times longer than wid-e. rhe fourth-forued. lqhorl-branchl-et

is usuall-y very much red-uced., rvith small-er cel-Is arrd about one quarter

the length of the ord.er ones on the same axial ce1l. From its basal
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cel1 are prod.uced- J-4 snall-cel-led branchl-ets lvhich curre aror.¡nd.

the maín axis bcith above and. bel-ow the nod-e but d.o not form a

conti¡uous cortex (Boergesen 1)16, fig. 120) -

RXPRODUClIOI\T

îetrasporangia (Boergesen 1J16, p.i17, fig. 126) anù

spetrratangial head.s (Boergesen 1)J2, p"59) are similar to those of
''f. penicill-ata.

Stages i-n procarp and- carposporophy-fe d.evelopment are typical

of the genus. The suppor-tilg ceJ-I of the carpogonial branch d.oes

not bear a ten:ri¡ral- sterile cell.

r.ûÌANGE],LA BICUSPIDATÀ Boe rgesen 1)162 118. Almod.ovar 196)+a.: 1U+;

196+bt +6t 19652 11. Almod.ovar and Blornquist 19612 90.

Burkhold,er, P.R. and. L.il[., arrd Almodovar 1)60 z 153.

Chapnan 1963: 164, f ig. 1Jl . Dar¡¡son 1962a: 77.

De Toni 192)+: 151. Ðíaz-Pifewer 1964a: 166; 1964b:

515" Howe 19ZOz 559. Ok:mi;ra 19J2t j3j.

Taylor t9252 l3Oz 1928; 144, figs 1 4, 20,

pI.32, fi-g" 2; 1960." 5O3, p1. 66,

figs. t, 10; 1964: 7. layt-or and. Arnd-b 1929: 658.

non llreber van Bosse 1)21: 22O (see Tseng 1942: 26+),
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TYPE LOCAIIIY - Sai:rt Jan Iso, Danish 'lfest Ind.ies.

TYPE - Probably in C, Not seen.

DISrÌ,IBUrIOl,j rsland-s of the caribbean ,Sea, south Florid-a,

Bahanas, Bermud-ao

This species is sepalrated_ from ,I,I"_argge by its larger si:e

(to 7 cn) and_,che two, almos-b equal mucronate cells at the tips

of each whorl--bra,nchfet. trn habit it is typical of the Senus but

as the only reprod-uctive struc-bures reporteù are tetraspora.irgia

(Taylor 1928, n"1àfp), confirmation of its systematic position must

avtait d-iscovery of sexual- strrrctures"

A ôrarving gJ-ven by Chapma.n (1963, fig. 1/1a) is probably

of 1,'f" argus, as the typical bicuspid- tips of l¡tr" bicuspid-ata are

not shor¡¡rr.

$J-RÁI{GBLIA PITìPURIITERA J.Asardh 1863: 7o7; 1876t 623"

Barton 1893: 173, De Toni 1897: 13\; 192+z 1+9.

fsaac 1949: 13+, 1l+O (?). Okamura 1932: 133"

Callithar,trion purpurifen:n Harvey 1BJ8: fOJ (nonen nudur-)'

non rlfrarrgeJ-j-a purpurifera sensu Yend-o 19172 zoi.

Ph-l-ebothar,rrion Kuetzi:rg l9t+9; 656; 1862: 3,

pI. 7, c-e.

Cal-litharuion purpuriferlra sensu J" ;\gard-h 18512 59t

18762 36. 'Jestbrook 1927= 161.
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Aristotharnion

Pleonospori um

c¡ur¡ J. Ägardh 18922 45.

n:m De Toni 1P0J: 1307.

TYPE TOCALITY lluysenberg, Cape of Good. Hope (Uarwey).

Tl?E - LD? Not seen.

DISTRIBUTfON lalse Bay, ':iouth Africa"

i{aterial s'cud.ied. in d.etail- was col-lected- fron Î,liuysenberg, the

type locality (oU , Llor1Ì¿,,, Papenfuss , 21.:-x-.1936), Strand'fontein

(A¡U, A.fOrB¿+5 " 
Papenfuss, 1935, AJO,8,16, i?apenfuss, 1o.x.1)Jf ,

A3O.B47, Papenfuss, 14.ü.1%7), and- St. James, False Bay, South

Africa (l¡U, I\31r43o, Simons 11.v.1967).

At st, James, the plants gro-1v in the upper subl-ittoral- to

Io-,,¡er littoral- zones on a rock¡r platform.

\rEGEI.ETNIE STRUGÎURE

The apical segnentatlon, production of r''¡horl-brarichletst

origin of j¡d.ete¡rninate branches and- rhizoid.al cortication are

typical of í,¡rangelia. The total number of v'¡horf-branchl-ets (5 p"t

.. \axial cell) may not be reached. until- about 20 cell-s below the apex

of ild.eternjlate branches, and- often consid.erable d.ifferences occur

j¡ the extent of d-evel-oprnent of u'horl--branchlets ìl any one 'whor].

Some may be relatively long anð.2-3 times subd.ichotomously branched,

white others are shorter and- simple or once-branched. l4ed.ian cel1s

of tire well d.eveloped- rvhorl--branchlets are 60-1oo¡ d.ian. ana 2l-4

times longer than wid.e, r1hile the ultjmate branchl-ets are of l+-5
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cel1s and taper to an acute ternina-l- ceJ-l aboult SO1O diam.

RXPRODUCTION

Tetrasporangia and spermatangial þeads are bor-ne in positions

similar to those of the t¡rye species"

Stages in procarp and. carposporoph¡rte d.evelopment are a.lso

t¡rical of the genus, æd the supporting cel-l of the carpogonial

branch lacks a terminal sterile ceIl.

DISCUSSION

Herbarium speoimens frorn TtD (Herb. Harvey) include specimens

ts
frnn Muysenberg, the t¡rpe 1oca1ity, although none *Fe 1abe11ed- as

the t¡re. One specimen, l-abelled. "Crffithrn+iot p,rpurl

curious netamorphosis of the u-ltimate ramuli. C"B"S " 1836" (not

Harveyr s handlvritjos) has only one vyhorl--branchlet per axiaJ- cell

and does not agree with spe cimens ]-abelled. T{. purpurifera in

Harveyr s handrvriting on the s ame sheet .

The na.me Callithannion purpurifenm vu-as first publiShed. by

Harvey (1838, p"+q) as an exarnple of the genus Callithanrnion. but

v¿as not d.escribed- and- is thus a nomen nudum. Kaetzits (t849, P.656)

based his name Phlebotharnnion purpuriferr:n on thÍs species, However

he d.id- not examine Harveyrs specimens. but a dried. specimen frrcm

Table Bay, determined- and- set to hi-m by Pappe. Later, J. Agardh

(f 8¡f , p.59) in his d.escription of Cal]-ithannion purpurifen:n. also
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basecl on specimens of Pappe, excluded Harveyts 9:_EgBE![g.
Yend-o (1917, p.2o3) d.escribecl Yü. purpurifera fron Japan, but

his specirnens rvere later included. by Tseng (lg+2, p.26Ð in h-is

Yfranselia t av]-o and- by tlo¿a (t964, p.i8) i.n hi" [gg9!þ.
j¿ponioa (see e.B5). His specinens were al-rnost certainly of a

ðifferent species from Har.veyr s lì1, Tâ,t

TTRANGEI,IA TANEEÆÍA i{arvey 1859h2 331 . J,Agard.h 18762 625.

Dalvson 1959: 17. De Toni 18972 137 " Segawa a,ntl

Kamura 19602 56.

T]trE IOCAI,ITT lalegashima, Japan.

TPE Herb. Harvey, TGD

DÏSTR.ÏBUTION Kr¡oun only frorn the t¡rye coll-eotion.

0n the t¡rpe sheet jrr TCD, Iabe1led. by Harvey, are tlyo

speci-mercs. The left hand- one belongs to the Dasyaceae. The

right hand- specimen and a small piece on mica are probably what

Harvey described. as 'til +

Tn the t¡rpe d-escription Harvey suggested- that this specJ-nen

n4y belong to Callithannion or Ha}¡ms, as the rrfruitrr vvas unknown.

Ex¡mination of the t¡rpe specimen, however, reveals the presence of

very yoÌrng tetrasporangia antl a vegetative structure t¡rpical- of

the genus l[¡¿¡1geLia.



83.

The whole specimen is only about 3.5 cm long and is possibly

part of a larger p1ant.

The v¡horl-branchlets are 2-4 ti¡res subði-chotomously branched,

with ul-tirnate branchlets of about 5 cells, tapering abzuptly to a

small- mucronate ter:ninal cel-I. I{edian ce1ls are 12O'1+OP ôiam.

and- 1 - 1f times longer than vrid.e, iliain axes are corticated in

Io'wer parts.

Tetrasporangia are borne termi¡ally on sna11-ce11ed. laterals

frorn the lower ce1ls of the luhorl-bra¡chlets.

The short cel1s of the whorl-branchlets separate ttris species

quite d.istinctly fron other Japanese species of EIry}þ..

TR.AlfeÐLTA TAeoI (ot<"nura) Okanura and Segawa 1936 (not seen).

Noda 1964: 15. Segawa 1956; |oZrpl. 61, no. 4ß3.

Segawa and Yoshiùa 1961: 18.

Dasyphila tasoi Okamura 19122 132 (JaPa¡ese p. tfo . 135) ,

pl.88.

ÎJPE I,OCAIITY Tfagu, Province Shima, Japan (tago).

TYPE Pr^obably Imp. Fish.Inst., Toþo (see Koster 1957t P.52).
Not seen.

DTSTRIBI]ITION Amalansa, Japan.

The d.escription and. illustrations given by Okanura j¡råicate

that this species is probably correctly placed in Eg4ge1i", although

fertile structures r¡ere not described.
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YüRANGEI'IA TENUïS Nod.a 1 960¿ J (nonen nudrm); 19642 21, figs.5r6i

t9672 30.

TYPS I'CA],ÏTY Ogi, Sad.o Is", Japan Sea.

TYP.E Probably Niigata Uni-versity, Japan. Not seen.

DISIRïBIJTION lÇ:own only fron the type 1oca1ity.

A sterile specjmen (¡¡u, L31J+i6, Nod.a, 27.xi.1959),,,¡as

kind-1y provid.ed- for exa¡oination by Dr. Nod.a and- appears to be a

d.istinct specj-es of jlÏrangelia.

llre structure of the apices of indetersinate branches and.

forrnationofwhor].-branc}r1etsaretypica1ofthegenus@..

Four whorl-branchlets occur on each axial- ce1I (in contrast to

five in most other species ). The first-fo::r¡eô one is about I times

bra¡rched. eith.er r:rr-ilatera1ly or subdiohotonously. L{eclian ce1ls

are )aJ-3A¡t d-ian. and 4-lO tines longer than vride, thê basal cells

apprrcrinately cubical. The other two or three whorl-branchlets

of each whorl- are consid.erably reduced in size and fo:m, símp1e or

once branched- and. only a few cells Iong, v¡ith the neðian ceJ.l-s

about 16¡ dian. arrd. $ t:-mes longer than wid.e. Nod.a d.escribes

the larger whorl-branchlets as being only 1-2 tjmes d.iohotonously

branched, possibly due to loss of outer lateraJ.s in specÍmens

examined-.

ItIod.ars drawings of reprodrrctive stnrctures, althou8h lackilg

in òetail, also suggest that the species belongs to the genus

I@..
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1¡ß.AI,ÍGELrA JAPONICA Nod.a 1964: l/, fiss. 1r2i 1966'- 73; 19672 28.

Kans 19662 92.

TPE TOCA.LITY Tassha, Sado Is., Japa-n Sea (Noeat 22.väj-.19líù.

T E Probably Niigata Universit¡r, Japan. Not seen.

ON Sad.o Is., 'westerrt coast of Honshu, Japan, and

the eastern and southern coasts of Ifurea.

Herbarirm nateria.l- (¡¡u, A311412, Sado Is., Noda, 11.viÍ.1956;

l\31r41J, Hakata Bay, lsuyazalð-r 9.ii.1956t L31rM4' Hakata BaYr

Tsuyazaki t 15.aiJ957) was kindly supplied. by Dr. Noda for stud¡r,

but unfortunately lacked fertile plants.

The structure of the plant is t¡¡pical of Eg4p}þ.. The

whorl-branchlets ate J-6 tirnes subòichotonously bra¡rched' wÍth

neùian ce].ls 4o!5oP cliam. at:rd 3-5 ti-rnes longer than wid.e. the

terninal cel-ls are acute, about 't5¡r clian. arrd t ti-nes longer than

wide. Noda clescribes the I'verticillate ramulitr as only 1-2 ti¡oes

d.ichotonrous and obtuse at the apices. His figures indicatet

hor',reverr that the terninal parts of the v'rhorl-bra¡chlets hacl been

lost so that they appeared. obtuse and less branched.

Nod.a aligns this species both rvith the plant òescribetl by

yendo (1917, p.2)i) as lfrangelia purTi:rifera,.and. the speci-mens

from the coasts of Japan referred. to as \Tra¡Éielia arÊus by other

Japanese phycologists, Th.e samc oomparison'!:¡as made by Tseng

(l9l*2, p,267) i-n describing his species Ï'J::angelia tavloriana frcut

Arnoy, China. The present observations agree l-¡e]l- vl'ith Tsengrs
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d.eseription. and. thus it is Ìrighly liJcely tliat \lT. tayloriana

Tseng and. l,¡rl. ,iaponica Nod,a are
"*orrrÏrorr"

a

VIRANGETIÂ IIAINANH{SIS Tseng 17+2, 261 . Dar¡son 1962a1 77.

TTrangelia bicuspid.ata sensu Weber van Bosse 19212 22O,

non Boergesen 1916: 118.

ÎYPE LOCAITTT Near Same, Hai¡aa, Chjna (Tseng, 23.iv.197+).

TTPE - Herb. Tseng (no. 8Bl). Not s€êrl¡

DISTRïBUTI0N Cln)na, l,'ialay Archipelago.

This species is probably correctly plac ed. in trTrangelia ancl

is very similar to trii. bicuspidata Boergesen. The thall-us is

larger (to t2 cm) and has unequal bicuspiô tips to the whorl-

branchlets, i¡r contrast to the equal or nearly equal tips 5n

\¡ï. bicuspid-ata.

?he only fertile stmctures descrj-bed. by Tseng are

tetrasporangia and- these also agree with those of the Benus

ìJrangelia.



87.

.!ÍRANEETJ IÀ TAYLORÏÁNA Tseng 19422 264. Dawson 1962a2 77.

t¡[rangelia argus sensu Boergesen 1937t 338. Hj-rose 19572 101;

1958: 268. Ho 19622 99. Kang 1)ç26: 11. Okamura

1936'. pf. IBL (no'b soen). Segar;a 19562 1O2, pL. 61,

no. LB4. Weber van Bosse 1921'. 22O.

rron Montagne 1856': U+J+.

'Ífrarreelia purpurifera sensu Yend.o 19172 2O3.

r.Ìon Harvey ex. J.Agardh 18631 7O7,

TYPE LOCAJ,ITY Amoy, east coast of China (Tseng 195 , }Iay 1 932).

TTFB Herb. îseng. fsot¡¡pe in Herb. Univ. Iufichigan. Not seen.

DISÎR.ISUTIOIV Amoy, Stevens Is., east coast of Chi¡a (Japen

Sea? I-rdia? llalay Archipelago? - see below).

Tseng describes this species as closely related. to the West

trrd-ian Wra¡eelia argus (trtont.) },[ont. anè concisely lists the mai¡

d.ifferences. T[. tayloria¡ra reaches a larger size (to 5 cn) and.

is more heavily corticated. tha¡¡ lV. argus (to Z cn a¡rrl only ligffi1y

cortj.cated. at the nod.es). The tetrasporangia are larger (75p tlia&.,

ri[. argus 60¡r), and- ttre j¡lvolucral branchlets arourd t]re sporangia

those of I[. argus are j-5 cel1-ed-, 10-15¡ d.ia,m.r subd.ichotomous ancl

closely applied. to the sporangía.

SpecÍmens of Ttr. artus from the Solonon Is. (Wonersley and.

Bailey 1970) atree reasonably well with the ctescription of

Boergesen (t916, p.116), but Ín height (to ¡ cn), axis wid.th,
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heavier ]ower cortication arrd. 2-J cerred, sinple tetrasporarrgial

j¡rvolucral fila¡¡ents, they apprroach W. tavloriana

Tseng aligns his species with the I[. argus clescribeô from

tre Ì,,ialay .A.rchipelago by Weber van Bosge (lgZl, p.220), fron

India by Boergesen (1937, p.338) and fron Japan by Okamura (192+,

p.46). Il. p-rrypu¡ifera sensu yend.o (lgl7, p.ZOj) fron Japan is
also i¡cIuded. by Tseng as probably s¡rnonomous. Noaa (196L, p.1B)

.r<¿ús
also èsse'+åå€e these species as s¡rnon¡ms of ll. a. and it is

IÍkely therefore that I[. tayloriana a¡rd.'!Í. japoníca are c*pecific.

ïrR¡IGELTA at{nsrOMOsal\Ts yanad.a 19u+: 41t pr. 7, fi6. 2.

Dar¡son 19872 119, fíe. 2Dd.: 1962a; 77.

TyPE rccAI,tEr .Èto11 of .ånt, 2o m south-west fro¡n the rsland. of

ÏYPE

Ponape, east Cazolline Is.r Mic¡ronesia.

Probably SAP. Not seen.

DfSîRI3UTION Carol-li¡e Is., Ifarshall fs.

Yemad.a noterl that this species is very close to Tf. plumosa-

d'iffering maÍn1y ia having branches whích ad.here to one a¡rother and.

to other algae. This is probably an envir"or¡mental effect ancL may

not be ari i-nportant specj_fio clifference.

Tf. anastornosans is a1¡rost certainly a true species of Wrangelia.
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I¡IRA\TGELTA SCEHIRII'ERA J.Agardh 189+b""75. Newton 1953: 398.

TYPE LOCAL,ITY South-east Arabian shores, hd.iari Ocean (W.Huntf )

TÏPE - K? Not seen.

The d.escription of th-is species is the only published. record-

of 13 species of algae collected. by ,i. Iir:nt d-urjng Theod.ore Bentrs

Expedition i¡ the "Hydramautir, of 1893-t+ (Newton 1953, p.J98).

Agard.h placeô- this species provisionally i-n Tlirangel-ia until-

reproductive features were better known. His d.escription of the

2-J mucronate cel1s termi¡ati¡g the whorl-bra¡lchlets is suggestive

of ï,I. ta or ]1tr. ha i¡ranensis. Tseng ( 1942, p.261+) aligned

his W. hai¡anensis v¡ith the record. of ',rV. bicuspid-ata frsn the L{a1aY

Archipelago, and. so it is possible tltat trlr. sceptrifera is an earlier

name for'lil hai¡ranensis.

TTFAI.IGELTA ? PYL/\TSAT]T (l,iontagne) J..LgardJn 18612 7o5. De Toni-

1897¡ 157. Ivlontagne 1856: H+7.

C a]f-i-!þg¡i4i, on-pJl]aisae,í ltÍontagne I 837 z 35t. .

Harvey 18532 239t p!. 36, 1+. Kuetzing 1861:

29, p1. 90, f-h.

This species from Newfound.lanò almost certajnly d.oes not

belong to the genus Wrangelia. The figures of Harvey show opposite

whorl-branchlets, themselves oppositely ancl distichously branched-,

with cnrciate tetraspores on fower ce]ls, Such featr:res are not

characteristic of rL{ranRel-ia,
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DISCUSSION O}T \TRÀNGEI,TEAE

Ila both vegetative and. reprod.uctive features, the least

specialised. species of IåæË# is p:obably lT. prjnceps. j¡ which

the tetrasporangia are borne on virLually r:nrnod-ified- cel1s of

whorl-branchlets without spe c ialised. i¡rvol-cural f ilaments .

1¡i" penicill-ata probably arose from a -'iT. princeps-lihe ancestor by

mod.ification of laterals of whorl-branchlets into special snalI-

cel-l-ed- j.:nvolucral filaments around. the tetrasporangia. T¡ female

plants a sterile cell on the suppor-bj¡rg ce1l 14'as retai¡reð -

],,f. ceps and- .vT. peni-cj-lIata are the only two species of Ïfrangelia

larov¡r to possess this feature.

lI. plurnosa is si-nilar to Y. penic ilIata i¡ most featurest

but lacks a steril-e ceII on the supporting ce1]. T.,oss of this

eeII may have occurred. before or after the specialisation of the

tetrasporangial i:avolucral branchlets (Diag. 1 ) '
riT. veluti¡ra probably arose from the frl. plunosa line of

evolution by specialj;zation of tlre fonn of the whorl-branchlets,

the termi¡raI ce1ls becomisg mucronate. Ânother evolutionaly

line rnay also have arisen by differentiatíon of the members of

a v¡horl- of' l¡rhorl--branchlets, This tend.ency coulò have l-ed. j¡i one

d.irection to lM. purpurifera and. trT. argus Y,¡here the fiJth vrhorl-

branchl-et per axial cell ís red.uced. or âbsent, and. finally to

W. tenuis where onl-.y 3(-4) whorl-branch-lets are d-eveloped. on each
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ÐLA.GRA]U 1.- Possible mod.e of evolution of species of T'hangeÌia
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axial ce11, the third- and. fourth whorl-branchlets being extremely

red.uced..

A further lile may have been initiated. through the proôuction

of second.ary lateral branchlets from the outer oortical rhiaoids.

I:1 IV. nobilis the ternjnal ce1ls of these second.ary branchlets have

remained- similar to those of the r'vhorl-branchlets and. in ï'I australis

they have developecl swo]-len spherical te:mj¡al ce1ls" Both these

species have flattened- ulti-mate branches. This characteristic

is ðue to the development of longer first and. second. whorl-branchlets,

on opposite si-cles of t he axis Í¡ . nobilis and- on the san€ sid.e

in Trr. australis but alternate on successi-ve arcial ce11s. t'rtl. nobilis_

is dorsiventral because of the fo:mation of t he third. anit fifth

whorl-brar¡chlets on each axial celI always on the one face of the

a:ris. Hovrever, the d.orsiventrali-ty of T,I. australis is d.ue to the

seeond.-formed. whorl-branchlet of each whorl always being formetl on

one face of the a:ris.

It is also possible that LgqÞlLralis xcay

have arisen d.irectly fnom an a¡rcestor very similar to 'll'rr veluti¡ra"

The normal whorl-branchlets of the two species are very similar.

I¡r this case, the prod.uction of second.ary laterals from the cortex

and- flattening of the branches wouJ.cl have oscurretl ind.epend.ently

fron the line v,rhich prod.uc ed. ]ü. nobil-is.
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The presence or absence of a sterile cel1 on the supportilg

cell of the carpogonial brarich has been usecl, wi-th other features,

by Honmersand ( 1961, p.33o) to separate two subfa.milies, the

Ceranioid.eae and. the Crouanioirleae, i¡r the Ceraniaceae (see Table 11).

The present stud.ies show, however, that there are no other consistent

rlifferences lvhich can be comelated. with this feature i¡ the

'lTrangelia gnoup of species and- so even the separation of üro

genera withi¡ the group on one feature alone is not justified,.

Future stud.ies may brÍng to light other characteristics which coulcl

be correlated. with this d.ifference and. used. as a basis for

separation of two genera. trl such a case, the genus Bracebrid.gea

would. have to be resurrected. to i¡cIud.e species lacking a steril-e

cel1 on the supporting cell.
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2. ÎRIBE SPIIONDYIOTHAMNIEA¡ Feldma¡rn-Mazoye? 19+Oz 2LO.

The genera to be includ.ed. in ttre Sphonclylotha¡nnieae have

the following featr¡res in corunon:

(t ) prostrate a¡d erect axes (erect a:æs absent in

Sheplpva australe), apical cells of ind.eterninate bra¡ches

divicling transversely; tqhorls of whorl-branchlets fo::ned on the

distal ends of axiar ceIls of incieteminate branches which are

usuaJ-ly easily disti:rguishable from whorl-brar¡ohlets (except

S. aus a¡d. Involucrat).a neredithiur".); incLeterminate branches

fomeil clirectly on axial ce11s; nultinucleate ce11s,

(Z) speznatangia forned in compact heads,

3) procarp on the subapical oell of the fertile a:cis,

enclose¿L in a gelatinous sheath common vritlr assooiated. sterile

ce1ls (procar¡r systen); one or two auxiliary ceI1s per prÐca4);

carposporangia forrned fron teminal cel1s of the gonimoblast;

fusion cell- involving the lower goninoblast ceIIs, a¡ld- at 1east

the subapical- cell of the fertile axis (except Drevl.iana),

(+) post-fertilization division of sterile cells associatecl

with the prooarp to produce an inner involucrum surror:¡ded- by an

outer i¡rvolucn¡m of branchlets f?om the lower ceIIs of the fertile

axis.

lFE ÇENUS Sphonclylothannion Naegeli 186l : 38O.
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IGY tO GEDüERA Of SPHONDrI,OT}TAMNIEAS

Fenale a¡cis three cel1s 1ong, subapical- ce11 w'ith

tvro perioentral cells; neiosporangia 1BO-22OP di"rtr'r

each vrith about 12 spotes; corticatÍ¡g rhizoids

arrastomosing by secondal¡r pit connections. .. Tlvc,luorana

Female axis more than three ce11s 1ong, subapical

ce11 ïrith three peri-oentral celJ's; neiosporarrgia not

exceeding 16Op ü,afi., each proôucing four or ranely

eight spores; corticating rhi-zoids when present not

anastomosing by seconùa:ry pit connections (except

Drgvriana) . ... r.. ... ... ..C ... ttt "' tt' t" "'
2

3Haptera with ôigitate disc absent .'. ... ..'
Haptera v,lith cligitate diso present' occurrJlg

on oorticating rtrizoicls, cells of holdfast,

and- prostratg axgs ... o.. ... ... ... .. ' " ' +

Auxilia.:ry cel-ls two per procarp, fusion oe11 bilobed't

h¡rpogenous cell- producing four J-ateral branchlets

surror:nùi-ng goninoblast; tetrasporangia about 10O¡:

ùiaD.; wtrorl--bra¡chlets subd-Íchotonously branched'

2-3 Limes, teruinal cel1s obtuse (Er¡rope). . '

Auxilia¡y ce11s one per pl:ocar?, fusion ceIl- more or

less spherica1-, hypogenous ce1J- v¡ithout lateral
branchl-ets; tetrasporangía not exceeùing 6OP d'iam.;

dror1-bra¡chJ-ets pinnate to subdi- trichotonously

branched. 5-8 tines, tenninal cells âctltê.. .. Drevriana
lG"it.)

m:'lta
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letraspor*t#a borne d.irectly on ce1ls of nain

inðeteminate axes and on ce1J-s of v¡horl-brarrchlets;

whorl-branchlets in opposite d-eoussate pairs on each

a^Eial ce11 (SoutJr Anerica) ror ... ,.. . ,Dipl-otha¡nion
(p_. t"t"""u@

Tetrasporarrgia al-nurys borne on celfs of c¿horl-

branchlets; whorl-branchlets tvro or more per ariaJ.
ceLL, ðistichously or orthostichously arranged, or
not in longituùinal rows .. ... ... ... ... ).. .., ... 5

5. Tetnasporangia and spermatarrg:iaJ. heacls sessile,
borne in large numbers (to 5O or nore) on basal
ce11s of whorl-branchlets (Or:rope). .. Vickersia

5. Tetrasporang;ia and. spematangial- head.s sessile
or stalkecl, bozne singly (rarely j-n twos) on

ce]-Is of whorl-brarrchlets r.. ... ... ... ... .,. 6

Ind.eterminate branohes formed in add.ition to whorl-
branchlets on a:cial oeI1s, up to eight J-aterals per

axial- cel1; teminal cell-s of whorl-branch-lets short
and. mucnonate; corticati¡g rhizoitls vliren pr^esent

produced. frnon lower parts of a.ci al cel1s ancl frorn

basa"I oelIs of latera] branches ... ... . T[ollastoniella
Indete:minate bra¡rches fomecl in positions of
whorl-branohlets on axial cells, up to for:r (rarely
ø fi¡¡e) lateral-s per a.:cia-l ce11; terninal cel1s

of lvhorl-branchlets elongate a¡ld. obtr¡se or taperint;
cortioating rhizoid.s when present prod.uced onþ
from basal ceIls of whorl-branchlets .. ... ... ... ... 7

6.
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H¡rogenous celI bearing a single, ourved. ad.axial
branchlet; auxiliarSr cell one per prooarp,
producing up to five free gonirnolobes of
ca.rposporangia, firsion cell not involving h¡4gogenous

oeIl; rvhorl-brarrchlets generally rad.ial on maj_n
/-axes (rarely ùistichous when two per ariaJ- ceII)

.c. .o. .. trfazo.yera

H¡rpogenous cell wittrout lateral. branchlets ;
auxiliaz5r cell-s two per procarp, caïposporangia
produced. from a bilobed_ fusion cell which inr¡o1ves
the h¡rpoçnous ce11; v,ftor1-bra¡chl.ets ôistichous
(when two per axial cet), or orthostichous (r,vhen

four per ax-i aJ- ceII) . . ... o .. ... o.. .. Shep]_eya
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(r ) SPIIONDYÏ,OTHAI'TMON Nae6e1i 186lz 3BO.

SPHONDY],OTIIAMNION MUTTIFIDI]M (uuason) Naegeli 186lz 38o.

Batters 1902: 83" Soergesen l93O: 11, Boergesen and-

Jonsson 1,aO5: V. Bornet and- Thuret 1B8O: 181,

p1.47. Chad-efaud. 1960z 128, fi.g. 8611. cl.e Virville

t9362 748; i9382 25; t962t 26, 35i t96j= 16.

cLe Vírvi11e and Be1val 1938: 55, De Toni 1W3? 1258 "

Dickinson 19632 l)O, fi-.g. 16. Dixon 1959: 69;

1961: 77; 196Jaz 219. J.Feldma¡n 19372 275;

1943a2 6l; 194jb2155; 1954a; 39; 1954:]oz 5j;

l954cz 10O. Feld¡ra¡n-tiazoyey l94?z 46, 2O3, 3&+,

figs. 12, 21b, 1Jo; 19412 67, 71. Fr.nk 1927-. +61.

Girrsbrrrg-Ararí ß632 38. Gord.on and Womersiey 1)662

2J. Har:k 188J2 l¡J, fig. 14. Kain 1960z 625. IGaighi

a:rd Parke 19312 93" Kyli:r 19562 J8B. Mazza l9lOz )+46"

Mirarrd-a 1931t 189" Park 195J2 512. Parke ancl Dixon

19642 5O9; 1968: 792" Pred.a 1908: 165, tie. 51.

Sauvageau 1897: 18, 54"

Conferva nulti ficLa Hud.son 1 7l8z 596 (not se"n).
bÇriffi ths ia nultifi d.a

".ôs)G,Agardh 1817r ffiVIlI; lgu+z 143¡

18282 1i3.
V,¡Às)

I[ranÊe1ia nu ..J.Agarclh 184t , 38i

18762 618" Harvey 1W6z p1-" 27i

le Jolis 1B8O: 1O9.

t9Lzz 79; t861: 7o5;

1849: |JO, pl-. 2J.
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s 1849: 651; t86t: 29,

are:

O.r

England- ?

TYPE E\{? (see Dixon 1963b, p.265). Not seen.

DISTRIBUTION T'trest coast of Britain to southern Scotland,

&rglish Charrnel, west coast of Portugal, Canary Is.,

western lied.iteryanean Sea.

The t¡rpe species, S. nr¡J-tifidr:m. of this monot¡pic genus

was investigated- recently by Gord.on and Vùomersley (f 966, p.23 -

see Äppen¿Íx ) who showed. that it ùi-ffers from other lo:or¡rn Senera

of the Ceramiaceae by the post-fertllizati-on development of the sterile

cel-l-s associated. with the procarp, producing j-nner involucral

branchlets whi.ch surror.¡nd- the goni-nobl-ast (fie. 11J). A si¡niIar

development was subsequently reported. in Involucran,a mereûi- thiana

(¡.,tg.) Batcl-cet a.nd- Irrrcnersley (t 968, p.211), üd has a-Iso been

ct'<b'^
for.¡nd- in^species of Ìïrengelia stud.ied- in the present work, now to

be referred- to new genera.

The other main features of S

(t ) prostrate and erect ecorticate axes; whorl-branchlets

2-l¡ per a¡giäl ce1l, subdi- or trichotomously branched. once or twieet

ultinate bra¡rchlets of 8-9 cell-s (¡ig' 114) with obtuse temi'na'l-

cel1s; indeterrÉnate bra¡ches fomed- in positions of whorl-branohlets,

(Z) tetrahed.ral- tetrasporangia, sessile on lower oe11s of

v¡horl-branchlets (¡ig. 118, C, D).
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3) spherical spematangial head.s (Iig" 118) i¡ positions

sj-nilar to tetrasporang'ia,

(+) procar?s fomed at apices of either potentially

ind.ete:minate branches (Fig. 11F) or whorl-branchlets (¡ig. 11e);

subapical oe11 of fertile a:cis with 3 pericentral ce11s (fi-g. 11H);

two arurilia-4r cel1s per procarp (FiS. 1fi)t only one goninoblast

initial per auxiliarjr cel1 (¡'ig. 11I); fusion cell involving

subapical ce11; hypogenous ce1l bearilg outer involucral filanents

(eord.on a¡d fironersley, fig. 17).

G. Feldna¡:n (195O, p.311) reported a second species,

Sphondylothamnj-on (Mont.) f'etanalur which she transferred.

fron Ant This was based. on a dried, specinen of Lind.auer

(no. 223), which is probably lvlazoyera lyal-Iii (ttarvey) comb. nov.

(see p.113).
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(z) ¡{AZÆm.a gen. nov.

Thallus axibus prostratis et erectÍs, axes principares aut

prostrati aut erecti, ramifieatio sparsa et irregrrlaris ad.

af-ternatin subdisticha. celluIae apicales )+5-])op ilia¡o. Ra.uul-i-

verticillati 2-4G5) :n cel1uIa quaque a:rial-i, oppositi aut

verticillati-, pinnatin ad. subðichotome rallosi, cellulae meùianae

35-144P di an. Ra.mi ind.eterminati in positione ra:nrflorutr-

verticillatorru¡¡. e:<orientes. corticatio rhizoidorr:m absens aut

praesens' rhizoiclea a cellulis basa]-ibus ranulon-l¡n-verticillatorr¡n

d.escend-entia, a hapteris adhaerentia.

Sporan6ia tetrahaedralia in celluIis inferioribus

ranul-o run-ve r*ti- c i l-Lato n¡¡ e xo ri enti_ a,

Capitrrla spermatangiorrrn sphaerica ad. oblong&, in ce11ul_j_s

ra¡iulorum-verti cillaton:m exori enti a.

Froca:ryia subapicali a in ramulis brevibus lateralibus,

ceI1u1ae ulti¡lae åuae parvae, celIuIa subapicalis ce1lu1as cluas

steriles et oell-ulan supportanten cum rano carpogoniaai laterali

et cel1ul-a steri]j terui¡ra1i ferens; ce11u1a h¡rpogena ramuh.m

ad.axialen currnur involucralera ferens; ce11uJ-a prina gonimoloba

a extreno quoque cellulae unae aurciliarís elongatae exorientes.

Carposporangia a cellula quague filanentorr:n multon:n 1-2

cellularium qlrorrlm in ce1lu1is gonimolobis J-6 sphaeriois e:corientir:n

facta. Cellu]-ae steriles cun procarpio consociatae ranr.¡Ios J-h

i¡iteriores inr¡olucrales cellularum parva:rum eJ-ongatanrn efferentes,
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Thallus with prostrate and erect a)res; ¡eain axes either

pro strete or erect, branchÍrrg sparse and irregr.rlar to alternately

subclistichous. Apical celLs +5-5Op clian. ÌVhorl-branchlets

2-+(-ù per axiaJ- cell, opposite or whor1ed., pirurately to

subåiohotonously branched.; meclian ceJ.1s !5-il.Pp dian. Indetemi¡rate

branohes fomred- in positions of whorl-branchlets. RhizoicLal

cortication, when present, of clescending r*rizoids fnon basal ce]-l-s

of whorl-branchlets, adhering by haptera.

Sporarrgia tetra.tred¡a1, borue on lower cells of whorl-branchlets.

Spematangial heacls spherical to oblong, borie on celJs of

whorl--branohlets ,

Frocar¡rs subapical on short lateral- branohlets vrith the last

two cells smalI, the subapica-l ce1I bearing truo sterile pericentral

cells a¡rcl a sr4rponting ceJJ which bears a J.ateral car¡logonial bra¡rch

and a ternj¡ra1 steriJ-e ce1I; h¡4pogenow ceAL bearjlg an adaxial,

cr:rved. i¡rvolucral branchlet, Ar¡lriliar¡r cell elongate, procluci-ng a

prinar¡r gonÍmolobe celf fbom each end. Carposporangia cÞvelopecl

fron each cell- of many 1-2 celled. fil-anæts borne on 3-6 spherical

gonj-roolobe cells. Sterile cells associated. w-ith prooar? pnod.uce

J-¿r i¡ner i¡rvoluoral branchlets of sna"l-1 elongate cells.

The genus is na¡ned in honour of Mad.ane Feldna¡l¡¡.-{,{azoyel,

who has contributed. significantly to our lmor,vleclge of the

Cera.niace ae, partícul-ar1y fron the Meùitelranean reg'ion.
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ÎYPE SPtsCITS M.azoyera protensa (Harvey) conb. novo

BASIO}IYM l{ranselia protensa Harvey 18602 lO8.

The most inportarrt reproductive featr.lres which separate

Mazo-yera fron the other genera of the Sphondylothamnieae are:

(t) the single, mr:-1tice11u1ar, adaxial involucral branchlet

on the elongate h¡pogenous ce11, in contrast to the single ceI1ed,

later nultícelled- one in Involucrana. thLe 3-5 post-fertiÏ-zation

latera.l-s of Sphondylotha¡nnion, æd the absence of laterals on the

h¡rpogenous cel1 in the other genera,

(Z) the single ar:xiliary ce11 per Procarpr in contrast to

2 per procarT) in Sphondylothamnion and Sheple.yA, ancl

(¡) the successive development of multi¡ucleate gonimolobe

ceI1s, the first tvvo of which are produced. latera.l'iy froru the

auxiliary ceII. The early ôivisions of the ar:xilia:ry ce11 in the

other genera procLuce short chai¡rs of sma1a, uni¡rucleategoninoblast

ce'l I s.
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KEI to SPECIES of lilAZOfERA

Ttra3-lus vrith nain axes prostrate, producing erect

branchlets 1-5 n'ro high; axia-J- cells to I nn long;

rhizoid-aI cortication absent; thal.lus epíph¡rbic on

Cystoph-ora spp" . .,..ð,e ..o ô.. ooo oo

Thal.Ius with nain axes erect" +-3O cn high;

aÉ-al ce1ls to 4 nn long; rhizoid.al eortication
present or absent; thal-lus epiphytic on algae or
¡narj¡re angiosperns .. o oo. dGo ô.. o., o.. a.. 6.ú

M" repens

2

2, \ll:or1-branchlets 4-5 per æcial ceLL, subcl1- or
tri-chotoioously branched-, curved. inward.ly,'with
adiacent whorls regularly i¡rbricating along erect
axis .. ... o.. oaa .., ..o ", ¡/i. halura

lÏhorl-branchlets (f -)Z-+(-5) pu" axial celI, general-ly

pinnately or pecti-nately branchecl, not narkeòly

inøardly curved., with ad.jacent whorls inbrlcating
onJ-y near apices of erect axes ... ,.. . c o è.. .. ê 3

3 " ï¡trorl-branchlets 1ax, widely spreaöi::9, tapering narkeôly,

median cel1s 35-4olt d.iam. , 5-+ times longer than wide;

tetrasporangia borne on sna11 stalk cells on lower cells
of whorl-branchlets , 1-2 per ce11 ø q o. oo.M..protensa

3" T'lhcrl-branchlets rigid., fastigiate to wid-ely spread.ilg,

not taperi::g narkedly, nedian celJ-s 60-9O¡t iliarn o , 24
tines longer tha¡ wide; tetrasporangia sessile on rnost

cells of whorl-branchlets, 1-4 per cel1, often arisirlg
fron nidd-Ie of cel1 (Nelv Zeatartd) . .e. .. l'[, lya]-lii

2
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MAZOMRA PROTENSA (Ha"i,=y) comb, nov,

Vfrangelía protensa Harvey '1860: 3OB; A1g" Austn Exs. rn" 263;

1863: synop. rro^ J33. J"Agardh 18762 619" De Toni

18972 13O, Guiler 19522 99" Lucas 1909: 23, 1929a: 16,

lucas and. Perrin 19472 1JJ, fi'g" 10, NIay 19652 366"

Okamura 1912t 133" Sonder 1880: 28, Tisd-a11 1898: 511"

Tüilson 1892: 17O" Wonersley 1950. l81i t966¿ 152,

T]PE IOCAI,ITY Pt, Philtip, Vic. (Harvey) .

ÍYPE Herb. Harvey, TCD (41g, Aust. Exs. no " 265F). Isot¡pes

ffiI, 15,268, ADIJ, A8r3o3" The TCD specimen ís labelled.

ttoriginalrr" Apparently Harvey considered. Pt. PhiJ-lip

as the original- 1oca1ity, although the species rvas fiz'st

d-escribed- i¡r Flora Tasmaniae. Grm.nrs specimens a.re

also in TCD" Holotype not seen.

DISTRTBTITION From Kangaroo Is. and. the south-east coast of

Yorke Pen., S, Aust., to Pt" Phi1lip, Vic,, and. Tasnania"

The species is lorovrn to a d.epth of 13 ra in Pt" Phillip Bay

(efU, Ã23r1JO, MacPlierson, 29.\n.1958), æd in the upper sublittoral

z,-one (3-6 n) at Ámerican River In1et, Kangaroo Is. (¿¡U, A2618+9?

lTornersley, 22"väí.1961), It is often folmd as d¡ift"

The naterial- used. for detailed. investigation 'rras collected.

as d.rift at Sawrders Beach, American Rirær Tn1et, Kangaroo Is.

(,q¡u, L26,719? Wonersley, 25"vaií.196-7, and AJO,/JO, trTonersley,

29.ix.1961+).
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]/SGETATTIm STRUCTURE (Fi t. 12L-C, Plate 6A)

The thallus is 4-3O cn long, the bra¡ching irregularly

alternate and. subd.istíchorr.s (¡le. 12A, P].ate 6¡.) rrith three orders

of branching, The main erect a::es arise from prostrate brarrched.

axes which are at'cached- to the substrate by ûigitate haptera'

Cortical- rhizoids strengthen a'vtachmen'c by extenùing d.own'wards

over the substrarr,e and becoming intertwined., foruing a holdfast

up to J rm ùiam.

Apical cel1s (about 457-r tlian") of ind-eteminate branches

give rise by iransverse divisions to axial cell-s (¡:-g. tZg)

which enlarge gradually 'co about 1 nn diam' a.nil J nn long at the

base of larger plants" Each a--cial ceII bears S-4G5) i,rhorl-

branchlets, vdth the second. produced. opposi'ce +;he first, and. the

third. and fourth opposite each other, between the first and second'

The first-forned- whor-l--branchlets of each v'¡horl are produced

spiral-ly, ûtatr¡re vrhorl"-branchlets az'e lvid.ely C.lvergent, 1ax.

and- pinnately or subùichotornously branched, narked-1y tapering'

Adjacent whorls do not usuaJ.ly inbricate excep-'; near the apex

and. in i,velI d.eveloped. sterile plants " Basal cells of v¡horf-branchle't::

are about 75¡r cliarn" atñ 2-5 tjmes Ion8er ihan wid-e. Meôian ce1ls

are 35¿+Ay clian. arrd 5'ê tines longer than v,ride'

Ind.etendnate branches are borne in the positions of whorl-

branchlets, one or two on any one a:rial cell" Descend.i¡rg branched.

rhizoid.s are initiated. frorrl i;he basal cells of vvhorl-branchlets in
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lower parts of the thallus and tr,vist irregularly around. axial

ceIls, adheri¡g to then by haptera borne on the ùistal_ end.s of the

rhizoid.al- oel'ls (¡ig. 12C). Elongate hair cellsr r€aching J nn

long are occasionally produced- from the nidùLe parts of axial cerls.

R¡PRODUCTION

letraspora¡rgia (¡ig. 12D) "

The tetrasporangia reach 75y dian. a¡rd are for.ned_ teruinarly
on small stalk cell-s borne on the lower cell-s of whorl-branchlets.

They are often d-isplaced. to a lateral position by the prod.uction

of further branchlets or stalk cel-ls frorn the primary staak ceII
(rrg. 12D).

a1 head-s unlcaown

Proc ancl Carpo (r'igs . i3A-H, 14A-D)

The fertile axis is 6-7 cells long and. i.s fozmed. in the

position of a young whorl-branchlet, The apical and. subapj-ca1

ce]_ls of the fertile a:<is are small and. d.ensely protopl_asmj-c, while

the h¡rpogenous oelI is elongate (tr'ig. 13A, B). The subapical ceLL

bears three pericentral cel_ls, The abaxial perj_centraf a¡d one

lateral pericentral are sterile (¡le. 1l¡c-,T), while the other

lateral pericentral is the supporting celI and. bears both a te¡uinaJ_

sterile ceLL and- a l-ateraj-, curveil carpogonial branch. The short

trichogme has a eharacteristic buIge. llre cells of the car¡logonial
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bra¡ch appear r¡nínucfeate before fertilization' ltre h¡pogenous

cell bears at its d-istat encl an adaxial, 2-celled. involucral

filanent which is curved in ttre sa-me plane as the carpogonial

branch (¡lg. 1î), Occasionally one of the 'rsterile'r pericentral

ce11s produoes a second. ca:3ogonia1 branch and- terninal sterile

ceI1 (Fig. úG). In the two such cases observed, both procarps

had been ferbilized. and. hacl prod.uced. auriliarJr ce1Is.

After fertlLízation tbe trichog¡me is lost a¡ld the cells of

the carpogonial bra¡ch begin to fuse, although the first cel1 nay

renain distinct longer than the others. lhe thid ce11 üay become

binucleate (Fig. 13H).

A ourrred elongate ar:xiliary ceIL is cut off from the supporting

cel1 opposite the attachment of the caryogonial- branch (pig. fiH).

At about this tjme the apical ce1-1, sterile pericentral oe11s and

sterile cel1 on the supporting ce11 become nultinucleate and- begin

to d.ivicl.e (eee below).

lhe fusi¡B ce1ls of the car¡rogoniat branch eventu^al1y form

a lobed. structure. One sma1l ùiscoid. connecting ce11 is then

produced- from each end- of the original carpogoníun, nov{ considerably

expandecl (pig. 14"{), and. the auxilia:5r cell- fuses with the neare¡

of then (fig. 14¡). The fused. carpogonial branch nay also produce

other sma1l lateral cells of t¡:lorowr fr:nction. After fwion witkt

a connecting cel1, the auxiliary ce11 gi-ves rise to two smal1

d.iscoíd. cell-s which are gonimolobe initiaas, one at each end
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(rie. tLC). These become nultinucJ-eate and prod.uce nany 1-2-celled.

filaments, the cells of wh-ich develop successively into uninucleate,

clavate oarposporartgia, lO-4+ di a.rn. anð, 2-3 ti:nes longer than wicle

(fig. 1,LD). Fr:rther gonimolobe ír¡:itial- cel1s are produced from

the residual at¡ciliar¡r ce1l between the first two, so t}rat 2-l groups

of carposporangia (goninolobes) occur j:r the mature ca"r?osporoph¡rte"

Segnentation of the residual auxiliary ce1I nay occur before ttre

production of the later goninolobe ceIls"

Gradual- fusion takes place between the auxil-iary ce11,

su¡lporting ce11, subapical cell and. sometimes the basal cel1s of

the involuoral branchlets to prod.uce a lobed fusion cell.

The nultinucleate apical cell, sterile pericentral ce11s and-

sterile oel1 on the supporting ce11 er¡entua1ly give rise to four

i¡ner involucral branchlets, the upper cells of which are narroü¡

and- elongate, abouf 16y clia.n, and. the basal oel-Is approximately

isoðiametric (Fig. r4D). These form a de1j-cate inner involucrun

around- the carposporoph¡rte. Ttre involucral brarrchlet on the

h¡pogenous celI elongates and. branches in a sinilar ma¡¡:er to a

no:mal whorl-branchlet. Together with whorl-branchlets on lower

cell-s of the fertile axis this forms a loose outer involucrum

aror:nd- the carposporophyte. Ilrese filaments may produce fi¡rther

prÐcarps at their apices, which may be fertilized- and. develop

fi:rther, but natr.¡re ca-rposporoph¡rtes har¡e not been for:¡rd. in these

positions.
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MAZOYERA HATURA (itarvey) comb. ïrov"

'l r+gelia ha].un:s Harrrey 1854': 546; A1g. Aust. Exs . no " 262;

1859a2 pI. 70; 18632 synop. no. 331. J.Agardh 1876:

619. Bornet and. Thuret 1880: 184" De loni 18972 ljO;

19242 1+9" Lucas 1909: 23. Ltrcas antl Perrin 19472

138. May 1965: 366. Ifrazza 1919t 1301" Okamr:ra 19122

133, Sonder 1880: 29. Tate 1882: 21. fisdalI 1898:

511. 'lTi]-son l89Zz 17O. I4lomersley 19502 181 .

TTPT IOCA],I T Fr.enarrtler Yf. Austr¡ on @þcea (narvey)"

TYPB Herb. Harvey, ÍtD (travell-ing set no " 127). Not seen.

DTSTÌ]SUTTON Fron Rottnest Is,, Tl. Aust., along the southerrr

coast to T¡este¡n Port, Vic., and. Northerrr Taso

ïn lIerb. Agardh, Lund., J.Agardh uses a nanrr,script name

ïf. confluens for this species" Accordi.ng to t¡"y (196S, pJ65) thj-s

name was publiÉhecL in a list without d.escription, but she gives no

reference tc the pubï-cation of this 1ist.

The species is most eomonì-y found. as drift, often attached-

to the stems of C.l4nodocea antarejb:lca (latil:.) fttd1. o"

Aoroca¡cia panículata (furno) Areschoug" It has also been

oollected. fron the sublittoral fringe at Penni-ngton Bay, Kanganoo

ïs., growi-ng on Ilrangelia nobilis Harvey (.oul, AJ1r,Jt9, Gorclon,

17 .ñ..1g67) .

The naterial used. for d.etailecL ilvestigation was collected

f1.om Pt. PhiILip, Vic. (l,mr,, 151359, nale), Pt. E11iot, S. Aust.
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(¡¡U, À28rOOJ, Gord.on, 21.vj ,1964, female), near nucla, lI. Aust"

(mu, A19r3o1, I,Iornersley, 3.ií.1954, sporangial), PhiJ-lip Is., Vic,

(¡OU, A27r)+89, Norris, 2O.i.1963, sporangial), Þtjxliy Bay, S. Aus".

( ¡¡U, A27.BB7, Gord.on, 1j.v.196+), and llld-inga Beach, S. Aust",

(.t¡U, A301629, Gordon, 29.vä.1966).

VEGETATT\IE STRUCTURT (Yig. 1ilr, B, Plate 6B)

1'he thall-us reaches'15 cr¿ long and ís sparsely and. irregularl¡'

branched- (trig. 15-4, Pla'ce 6B). The rnai¡ erect axes arise fron

pros'cra-be axes.irhich are attached- to the substrate by hapter"a (A:-g" t5e)

simil¿¡ to 'chose i¡r li'lazovera protensa. CoCricatj¡g rhizoid-s occur

rarely near the base of the -bhalIus.

Apical cells (about 5Qr d-iam.) of irrd.eterurinate branches give

rise by transverse d-ivisions to axial ce11s which enlarge gradually

'co about 1 mm d.iam, and, J nrn long a-b 'che base of larger plants.

Each axial- cell- beare L-5 vrhorl--branchl-ets, the first forrned- of r¡rhich.

are proöuced- spirally. l.lature r,rhorf-branch-1ets are subd-i- or

trichotomously b ranched or occasionally sub quad.richotomously b ranched-

at the base and- are i¡rcurved.. Ad.jacent vrhorl-s j-nrbricate regularly

along the vrhol-e axis allorving sand. grains and, o-i;iler smalI particles to

become trapped. be'çlveen then. The tenninal cel1s of the v¡horl-

branch-l-ets are ob'cuse, 1O-4Op d.iam. and- no'b taperÍ:rg uiarked.ly. The

med.ian cell-s are 50-6$: d-iam. ana É-5 times longer 'chan r,rid-e.

Ind-etermi:ra'ce branches are borne i¡r the positions of whorl-

branchlets, one or two on afiy one axial cell.
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TtsPRODUCTION

Tetrasporangig (r:-g. t5c)

The tetrasporangia reach 60¡ d.ia.n. and. are forued.

tetminal-Ly or J-ateraJ-ly on small stalk cell-s borne on lower ce11s

of the whorl-'branchlets. Each stalk cell nay produce 1-J

sporangia (¡'ie. 15c ) .

Sper"natangial head.s (ri.g. 15D, E)

Alnost spherical sper"matangiaL heails, about 7Op ùian.,

are producecl- terminally on short *aak oelJ.s borne adaxially on

the ce1ls of the whorl-branchlets (nlg. 15D). $ro fertil-e axial

cel1s (¡ig, 158) each 6ive rise to a whorl of pericentral cel1s

which each proôuce 1-3 spe:matangial nother ceIIs. Ttrese eacb

produce 2-J spematangia.

Procarp andl Carnosporoph]rte (¡rs. r 6a-r)

TLre struoturc and. d.evelopment of the procarp is essentially

sínilar to that of M. protensa. The fertile material availab]-e

of M, hal-ura was not i-r¡ as good. conùition as that of S-: protensa and

so some stages rvere not observed." Figs. t6e ana 1JF illustrate

the ¡oatrire proca:pp systeros of the two species and show the

sinilarities. Ttre one illustrated. of l',[. halura is a mirror

inage of that of M. protensa. but this is not a constant ùifference.

The ad.axial curved j¡rvolucral fila¡nent on the h¡pogenous

cel-L is sinilar to tÏ¡at in M. prntensa. and the production of the



ar-rxilia:ry cett (Fig. 168), fusion of the cell-s of the

branch (pig. 16C), post-fertilization ùivisíon of the

associated ïìrith the procarp (¡'ig. 16D, E), production

(¡'is. 16F), carposporangia (fo-+} ilj-an.) *td fusion

113.

carpogonial

sterile cell-s

of gonimolobes

oe1I occur

as in M. pro 1,,Í, does not d.evelop a very exparrdecl

end in the f\¡sed- ca:pogonial branch, æd ôoes not produce secondary

proca^rps at the apices of the outer involucral filaments as fourd

ix M. protensa.

MAZOERA IYAII,II (ttarvey) comb. ¡ey.

lÏra¡gelia \rallii Harvey 18552 236. J.Agardh 18762 618;

1877-82 27. De Toni 18972 129. Laíng 19022 306;

1927t t48; 1939: lt2. Naylor 1954; 660. 0kamr:ra

19322 13j.

1YPE IOCAI,TÍY Ruapnke Is., Sovear¡x Strait, New Zealand

(f,yatf , Jan. 1851 ) .

TYPE Herb. Harvey, TUD. Ttre nain specinen is tetrasporangial,

arid. there is also a smalJ- cystooarpic specimen in arr

envelope labelJ-ecL rrconceptacr.¡J-ar fruitrt.

DISTRIBUTION From Akaroa on the eastern coast of the Soutli Is.

of New Zea]-¿nd to Preservati-on Harbor¡r on the Southern

Coast, Ruapuke and Stewart Islands.
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The naterial- used- for d-etailed. investigation was collected

as drift frorn Ringa Ringa, Ste'wart Is. (ADU, L29r77+, llüomersley,

4"i.1966, fema1e and. sporangial), Akaroa (.alu lZ8, tt4, ïIomersley,

f .ix.196+, sporangial) urrd dred-ged- from 4-6 n at Portobello

(¿¡u, L211354, l-'ionersley, [.ii.i958, sporangia-1). The species

has also been collected. froro the sublittoral zone on the jetty

piles at Portobelto (lÐU , L1l ,4O7, ï,Ionersley, 5.iii- .1949,\.

VTGETATTìÆ STRUCTURE (¡'rs" 17L4, Plate 7A).

The thal-lus is 1O-2O cm J-ong a¡rd- is sparsely to ri-chly

branched. (pfate ru). The species exhibits several intergrad.ing

folus. In one forrn, the branching is alternate and- subôistichous

with up to three equally spaced, whorl-branchlets per axial ce11

(¡'ig. 17A), the whorl--branchlets thernselves regularly to irregularly

pinnate, tending to pectinate in the na-l-e plant, In others the

branching is regrrlarly opposite and. ûistichous, with trvo opposite

whorl-branchlets per axial ce"lI. In these forms the whorl-

branchlets are rnostly pinnate and ùistichous, dd'whorI-branchlets

and- indeteminate branches are less distinct.

The ¡lai:r erect axes arise from prostrate, branched- a:ces

which are attached to the substrate by haptera (¡'le. 17B) similar

to the pr"evious specles. Intertvriling of the prostrate axes and

the cortical rhizoids from the lower parts strengthen attachment.

Apical cel-Is are about lO¡r d-iari., sornewhat larger tha¡ the preceding
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speoies; aJ(iaf ce11s áIsoreach a greater- length, to. 4 un near the

base of ttre pIant, Ad.jacent whorls of whorl-branchlets do not

usually overlap e:,cept near the apexo Med.ian cel1s of whorl-

branchfets are 6O-9OF dian" anð- 2-4 tines longer than wide, the

shorter cells oocurring more frequently in the nale plant. The

ternni-nal parts of the whorl-bra¡chlets d.o not taper narkedly.

In lower parbs of the main a:ces, the basal ce1ls of the whorl-

branchlets and. lateral branches each proôuce several descendilg

rhizoid.s which forru a loose cortication, the rh-izoicls adherS-ng

to the axis by haptera (rie. 17C).

REPRODUClION

letrasporansia (Fig. 17D, E)

The tetrasporangia reach 7$-r ðian. ancl are sessile on the

aôaxiaI sides of cells of the whorl-branchlets' One to four

tetrasporangia rnay be produced- per ce11.

Sperrnatarrei al head.s (rts. r8a-n)

TLre spematangial heads are spherical- to slightly ovoid-,

5O4Op. d.ia.m" and 1-tå t:-nes longer than wide. they are sessile

on the adaxial sid.es a¡d- dista]- ends of oe1ls of the whorl-branchlets

(fig. 184). Two to three fertile axial cel1s each procluce a whorl

of 34+ sperrnatangial- nother cel-l-s (¡ig. 188-D) whích each g:ive rise

to about 2 terminal spe:matangia, and- f\rrbher lateraJ- spe::natangia.l

mother ce1ls (¡'ig. 1BE).
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Procarp and. C aJmosporophr¡te (ligs. 18F-H, 194-D)

The structure and- development of 'che procarp ¡"s essentially /t'/-t

sinilar to that of l{. protensa ând g. halura. The fertiJ-e axis

(¡'is. tBF) is (a-)0-7(-8) cetls long" The presence of an adaxiaL

curved involucral filarnent on the h¡pogenous oe1-1 (fig. t8e)

conforns to the t¡rye species. The production of the auxiliar¡r

oelt (Fig. 18iI), the fusion of the celJ.s of the carpogonial branoh,

post-fertilization òivision of the sterile oell.s assooiated with

tJre procar¡r (nig. 194, n), ttre production of two lateral- goninolobe

initials rith eubsequent segrnentation of the auxiliar¡r oelI and

proiluction of goninolobes (¡ig. 19C, D), ca-rposporangia a¡rcl fusion

cel1 are sinilar to para11el stages in lÄ protensa. M. lvallii

and M, halura are simllar in produci-ng a fr.rsed. carpogonial bra:rch

which l-acks an erryand.ed. end. as founcl i¿ M. protensa. 0n1y nennarrts

of connecti::g cel1s were observed for M. 1ya1lii ancl this species

does not prodr:oe seconda^r¡r procar?s at the apices of the outer

involucral filanents as does M. pro

DISCUSSION

G. Feld¡nan¡r (195O, p.J11) identified the specinen distributect

by V.'¡ï. lindauer (no . 223) under the nane åntithamr¡ion plr¡u:J.a

(lfris) Thuret with Callithannion Montagne from

li ?,Valparaiso, Chi$,. She transferred- this species to SphonÀvloth.a.nnion
/

because of the nultinucleate cell-s, mocle of plasmolysis of the
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axial celJ-s and the opposite distichous branching (simi 1ar to

that in f .disticha Feldma¡nÅûazoyer (19+O, p.J86) of

thannion nultifidun

A speci-uren a].so labe]_led- Antitha.mnion p}:mula (gffis)

Thuret fro¡l Ti-na¡n¡, from Herb. V.Tl. lindauer, no. 61841 (AIxf,

Ã3rg2}, 27.Èi.19)+5, female) fras been e:ra¡nined. and. identified

with lia?o.vera lyalfii. It is therefore probable that

I¡lme, Feldnannrs specimen of Lindauerrs was also L{. 1ya1l!i and-

thus Sphondyl-othamnÍp4-!þguarsii is cdsnecific with this species.

In this case, the ùistribution of this specles would. e:ctend across

the Pacific to ChilÈ. If this sJmonymy is confÍrned., this species

would- have to be named Mazo^yera thouarsii (I{ontagne) conb. ïlov.

as this speoific epithet was published. first.

After examining Montagners t¡re spe cimen of C. thoua¡sÍi

in Museu¡r National d,tllistoire Naturel1e, Paris, Dixon (1963*rp.222)

confirnecl the sinilarity of this ¡naterial to tlie distichous fort

of Þ. ¡oultifiðr¡n a:rd- suggested. that Montagners specimen rras

probably not worthy of specific status. Hol'¿ever he did not mention

the presence or absence of reproductive structules. The vegetative

st¡ucture of sterile d-istichous forms of M. 1va1lii are extrere 1y

si¡ilar to corresponùi:rg fo::ns in S. multifidun aì-though the

reprod-uctive structures of the two species are quite different.

Ihus it will be necessary to wait r:ntil fertile specinens of

C. thouarsii are collected before d-efinite s¡monpnies car be drawn.
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MAZ0ERA RfP@{q sp. nov.

TYPE LQÛAIITY- Ki-ngston, L,acepede Bay, S. Aust., epiph¡rtic on

Cystophora (,l.agardh) Mertens (Ttonersley,

19.viii.1966).

TYPq ÐrJ, A30,665 -

DISTRIBUTION Isolated records from Elliston, Daly Head-. a¡tl

the south coast of Karigaroo Is. to Kíngston, S. Aust.

fhe speoies is epiphYtic on @ dd

Cystophora siliquosa J,Agardh.

Îlhe t¡rpe collection was useð for èetailed. investigation.

DTAGNOSIS

Thal-l-us pusil3.us it OJ"þphora spP. epiphyticus; rani

prinoipales prostrati, a hapteris adhaerentes. Ra¡ruli-vertioillati

J in eellula quague axiali, unus erestus et validus, saepe ad

L rn. aft., ali-i parviores in latere quoque prostrati; Celh:-lae

meòia¡rae 60-14+r clian., *-4longiores quam latiores-

Sporangia tetrahaedralia ad-t?O¡ ðian', in cel1u1is

inferioribus ra¡nulorr:¡o te rtlariorr.m et quaterniariorwn posita.

Capitr:-la spermatangionrn ovoid-ea, circa 6Cxfl}¡t, te¡uínafia .

j-n c elluli s rarm]-oru evertioillatc'rr:n po sit a.

Procar¡lia subapi calia in ramulis -verticillatis erectis posita.

Structr¡ra carposporophyti eaðem atque geno.
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I/ECETAfiTIE STRUCTURE (¡ie. zoa., B, Plate lB)

The thallus is small and epiphytic with the nai-n axes

prostrate, gror',rJrig along the edge of reccptacles arrd over the

vesícles of the host (Fi-g. 2OA, Plate /B); ereot branchlets reaoh

l¡ nn high.

Apioal cells (about 5Qr criam.) of ild.eter"minate branches

give rise by transverse d.ivisionsto axial cells (¡ig. 2OB) which

reach about 20O¡ ðiarn. arrd. 2-J tines longer than wid.e. Each

arial ceI1 bear" ¡(-¡) whorl-branchlets, 1(-2) of which is erect

arid strangly d-erreloped. to 4 qm long, while the others are prostrate

and usualiy sma11er, one on each side of the larger erect whorl-

branchlet. T?te erect whorf-branchlets tend. to bra¡ch pectinately,

with the tertia:¡r laterals being produoed- on the adaxial sid.e.

Meùian ceJ-ls of the erect whorl-branchlets are 60-140¡r diam. and

Zå-4 tit"s longer ttran wide. Lateraf branches of ind.ete:minate

growth are produced. i¡r the positions of prrcstrate whorl--brarrchlets"

The d.istinction between whorl-bra¡chlets and. ind.eterninate branches

is not cIear, the erect whorl-branchlets often possessilg a öistinct

central a-xis and apical ce11 but being linited. in growth.

Haptera, 2O-!O¡r 1ong, are produced. nostly in pairs fron the

proxinaJ- end.s of the cells of the prostrate axis- a¡.d. occasionally

from the lower ce1ls of the prostrate whorl-branchlets (¡le. 2OB).

Many axial- cel-ls produce 1-J snal1 aclðitional branchlets atd, haptera

between the regular whorl-brarrchlets and haptera"
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REPROBiCTTON

Tetrasporangia (¡'ig. zOn, c)

ÍLie tetrasporangia reach about 1oQ¡r d.ian. and. are sessile

or stalked on the lower cells of the laterals of the erect whorl-

brarrchlets, 1-2 telnasporangia per ce11.

Spermatangial head.s (¡ig. 2OD, E)

The spernatangia-I head.s are ovoid, about 6!¡r òia-n. and

1å tines longer than wid.e. They occur. teminallT on short laterals

in the upper parts of the ereot whorl-branchlets. There are

¡(-+) fertile a:cial oel1s each producing J¡ pericentral celJ-s, each

of which outs off 2-4 teruinal spernantarrgia and further l-ateral

spermatangial mother celfg.

Procarp and- Carpo (n:-gs . 21L-D, 22L4)

The fertil-e axis d.evelops in the position of an erect

.whorl-.bra¡ch1et and is (a-)6-9G14) ce1ts long. The strwtr:re

and. d.evelopnent of the procarp is essentielly sirailar to that of

the other sp ecies of Mazoyera.

Fig, 214 an¿ B illustrate early stages of prucarp clevelopnent.

The presence of an adaXial, cr¡rved j-nvolucral filanent on the

h¡rpogenous cett (fig. 21C) confo::ns to the t¡rpe species. The

production of ttre auxiliary cell, eonnecting ce1ls (nig. 21D),

two lateral goninolobe initials (¡ig. 224) and further goninolobes

betyueen the first two (Fig, 228), carposporangia (¡ig. 22C) æd
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fusion oeI1 occur as in M. pro the cell-s of the carpogonial

branch nay ftrse (¡'ig. 21D) or remai¡ separate and gradually

ùisintegrate (Fig. 22A). Only the apical ce1I, sterile cell on

the supporting oe1l and one sterile pericentral cel-l_ d.iyid.e after

fertilizatj-on to proiluce in total J in¡rer involucrar fílanents

(¡'ig. 228). The other steriJ.e pericentral oel1 (¡ig. 22A, B)

renains unèivided'. ïn the other species of r,iazoyer^. aL-l- four

sterile ce1ls ùiyide after fertl].j-zation.

DISCUSSION ON MAZOYTRA

Evolution of the species of M.azoyera has probably oocurred.

along two naj¡r lines (D:-agran Z):

(t ) one in vr¡hich the main arces are prostrate and the

tetrasporæt#a anil spe:matarrgial head.s ej-ther sessile or stalked.,

leading to M. reper¡s, arrcl

(Z) o¡re in which the main axes axe erect, This line

proÞably branched. early, givjrrg rise to a species in ruhich the

tetrasporanda and spematangial head-s are sessile M aLLii ,

antl another line vrith species having onJ.y stalked. tetrasporangia

and spematangial head.s (M. hal-ura and. I'JI. protensa). M. protensa

is possibly a 1itt1e more ad.va¡rced- tha¡ M. hal-ura in the abílity

for outer i¡rvolucral filanents of the carposporophyte to d.evelop

secondarXr procarps at their apices. In ti. halura the outer
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involucral filaments of the carposporaph¡rbe never prtduce secondarXr

prccaïps.

Correlated. wíth the d.evelopnrent of nain axes in-hich are

prostrate is the production of onl-y three inrrer j¡rvol-ucral groups

around- the carposporoph¡rLe, in contrast to the four produced. in

species with nain axes erect. This is probably a derived-

condition resulting fron the l-oss of the ability of one sterile

pericentral cell- to d.ivid.e after fert|Lízation.

Íhe for:r spe cies of I'fazo-yera fo::n a r¡eII d-efined. urit , the

stmcture arrd. d.evelopnent of the procarry and. cartrlosporophyte bej-ng

a-l¡rost iclentical in each species.
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DIAÊRAII 2.- Possible node of evolution of species of 4.g3.89

o

M. haL¡ra
I
procarps aÞsentM. lyq]}l:-

@*¿ sile
O*å sp.h stalkeil

(t ) nain axes prostrate
J i-nner i¡v.b

(z) nain axes erect

4 inner inv,b

Æ[cBSroR

M
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(¡) smPLEra gêno rlovr

thal-lus axibus prostratis et erectis ve1 axibus prostratis

solis, ra.nificatÍo irregularis alterna subd.isticha ad. d.isticha.

Cellulae apicales 60- 22W d-ia.n. Ranuli-verticil.latí 2-+(-5)

i¡r cellula quaque axiali, orthosti-chi paribus oppositis, plen:mque

ra^rnosi ad.axialiter, cellulae med.ianae 55 - 58Op, d-ia.m. lìa^ni

j¡clete:minati in positione ranulon¡m-verticillaton¡m exorientes.

Corticatio rhizoid.o¡r¡m absens aut praesens, rhizoid.ea a cell-ulis

basalibus ramuJ-onrm-verticiJ-laton¡m d-escend.entia, a hapteris

ad.haerentia.

Sporangia tetrahaeôra1ia, aclaxialia j¡ ramllis lateral-ibus

ra¡ulonrn-vert ic illaton:m.

Capitula-spe:matangiorr:m sphaerica ad- oblonga, in positionibus

si¡rilibus sporangiis exorientia.

Procarpia subapicalia in raúulis brevibus lateralibus,

ce1lulae ultimae tres panrae, celIula subapicalis ce}1u1a,m sterilen

pericentralen, fertilen pericentralem, et cel-1u1arn support¿¡ten cr:rn

rarno carpogoniali laterali et cellula sterili temi¡alj. ferens.

Ce11u1a h¡rpogena ¡amos laterales nr¡mquam ferens; ce11ulae d.uae

auxiliares gonimoblastem efferentes, ceIlula-fusionis bifuroata

cellulam try¡rogena.n j¡rvolvens, Cellulae steriles cum procarpio

consociatae ramulo s 2-j i¡teriores i¡volucrales cel]ularrr¡o pat:vanxtr

elongatum efferentes.
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Thatlus with prostrate and erect axes or vrith prostrate

axes only, branchùrg irregularly alternate anô subdistichous to

d-istichous. Apical ce1ls 60- 22q) d.iam. tÄIhorl-branchlets

2+(-5) per a>ciaI cell, orthostichcus i¡¡ opposÍte pairs, nostly

ad.axially branched.; med.ian ceJls 55. 58ÙP cliam. I:ed-ete::mi¡rate

branches forned- i:r positions of 'vdrorl-branchlets. RJlizoid'al

cortication when present of d.escend-ilg rhizoid,s from basal ce1ls

of whorl-branchlets, ad-heri:lg by haptera.

Sporangia tetrahed-ral, ad.axial on laterals of whorl,-branchlets.

spernatangial heacls spherical to oblong, borne in positions

sirniTar to sporangia.

Procarps subapical on short lateral branoh3.ets, tlie

last three cells smaller, the subapical cel1 bearing a sterile

pericentral ce1}, a fertil-e pericentral cell and. a supporùing cell

which bears a lateral carpogonial branch and. a terti¡lal sterile

cel]. The hypogenous ce11 bears no 1atera1s. T\'ro auxiliarS¡

cells each produce goniloblast. Fusion-ceII two-a:med-, involving

the h¡rogenous cel1. Sterile ce11s associated. w|th the procarp

produce J-1+ i¡ner i¡¡volucral- branchlets of snall elongate ceIls.

The genus is named i¡r honour of E. Ann Shepley (ltrs. F.J.

L,Ìitchel) r,rho has contributed- sj-gnificantly to our iarowled-ge of

southern Aus'crafian algae.
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TYPB SPECIES ttsii (Harvey) comb. nov.

BASIONï]vi 'i/ra.ngelia wattsii Hanrey 18622 p1.233.

The most irnportant reproùuctive features v,¡hich separate

shepleya from the other genera of the sphond.ylotha¡nieae are:

(1) the relatively smalJ h¡rpogenous cel1 bearing no

laterals, i¡r contrast to the hypogenous celI vrith one lateral

branch in MazoveTa-- the J-5 post-f erLltization laterals i¡

c ion and- the single-cellea (1ater multicelled')

lateral in trrvolucrana. h llollastoniel-l-a and- Drewiana the

h¡lpogenous cel1s also bear no laterals. Hol'vever, i¡r ïli'o11ast onie 11 a

the subh¡¡pogenous cell- is a so small and. lacks IateraIs, while in

Drewiana the kgpogenous cell- is relatively elongate,

(z) the two auxiliary ce1ls per procarp, separatilg

She from alf other Benera except Sphond-yl-otha,mrion, anà

(¡) the bifurcate fusion cel-l irivolving the h¡-pogenous

ce1} - Sphond-ylothamrion also produces a bilobed. fusion cel-l but

it d.oes not i¡rvol-ve the hypogenous celf.
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KIY to SFtsCIES Of SHEPLEYA

1. Thallus to about 25 cm high with both erect and- prostrate

alces; rhizoid.al cortication of axes present; J iru.ter

j¡.vol-ucral groups around- carposporophyte ... c.. ..o ... 2

1. Thall-us to about 4 cn high, creepiag and epiph¡rtic,

prostrate axes Yrith or v¿ithout erect axes; rhizoidal

cortication of axes absent; 2 irurer i¡rvolucral groups

arorrnd. carposporophybe . ro. ... Þc. o.. ..' '.o "' "' 3

2. -,,¡leorf-branchlets 2 pet axiaf cel1, ûistichous,

with r:edian cefls 200-l0OF d-íam. anð- 2-3 times

Ìonger than wid-e; reprrcd.uctive structures forrneô

on smalf-celled-, highly nod-ified laterals ad-axial on

the v¡horI-branchlets ... ... ... S v¡attsii
2. ',ilhorf-branchJ-ets 4 per axíal ce1l, orthostichous,

with med.ian cells 13O-15$r diam" anð' 3-5 times longer

than wid.e; reproduc'cive structures formed- on small-

cel-led. laterafs of the l-,'hor1-branchfets which are

not highly nod.if ied. ... ... . . o .. . s. vertícill-ata

3. Thallus prostrate and- d.istichously brancheò, vrithout

erect axes; usually epiphytic on Pterocladia fucfui
vrhorl--branchlets 2 per axial ce11, often not d-isti:rct

from i¡d.eterminate branches, wÍth ned'ian cells

55-B5p d.iam. . . . o. a. ¡ ... ... S" australe

3. Thal}us creepilg v,lith prostta'¿e and. erect axest

epiphytic on Call-o SO sitifol-ia l,'.hor1-branchlets

(z-)+(-¡) per axial cell, cfaviforn, simple or once

brancheù, d.istinct fron ind.etermi¡ate branches, with

median cefls 540-58q1 d-iam" ... .¡c ."
I

S cf avif c:mis
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SImPLEYA ÏfATTSII (narvey) ses¡þo novo

ia v¡attsi-i Harvey 18622 pl"233i 18632 sJrnop. no. 335"

J .;igard.h 1 876 :620 " De Toni 1 897: 131 ; 192)+z 149.

l-,ucas1909t21r192gb:L8'Lucasand'Perri¡r191+72

|JB, 1íg. 12. tiay 1965t 366' úazza 1906: \3'

Okamura1952zl33.Rcinbold-1898:lro.Sond-er1BB0:29"

Tate1882:21.îisd.a].I1898..511.'Jomersley195oz1B1"

ÎYPE LOCAIITY Tfa:rrianbool-. Vic' (''l'Iatts) '

tYPE - Herb. Iiarvey, TcD (I^Iatts no' 8!)' Not seen'

DISTRIBUTIOI{ - west Bay, Kangaroo Is. (a sj¡g}e record.), and. from

Ad-elaid-e, S. Aust' tò Pt' Phillip Bay' Vic" ancl

Southport, Tas. (also a si-ngle record) '

thespeciesgrowsi¡thezublittoralzone,oftenepiph/cic

on phacefocarpus and- has been coll-ected fron d-epths of 6-13 m frorn

Robe (AlU , A31r)+22, Ba1d.ock, 1J.v.1g67), and. Nora Crej¡a Bay ('qDU,

L26rl+96, l,{itchell, 26.v.1gØ). ft is comrnonly for:nd- as d'rift"

Thematerialused.ford.etailedinvestigationwascollected

as d-rift at Stinky Bay near l'lora Crei'a, S" Aust' (¡¡U' A21'262t

-úiomersley, 1!.viii,1951), æd Robe, S. Aust' (ADU, A31t\22 t

anð, I'2J ,9O4, Gord.on, '"18.v.1 96ù.
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VEGETATTVE STRUCTUB.E (¡ig. zJA-c, Ptate BA)

The thallus reaches about 25 cm long 1rith nany subd.istichous

spread-ilg branches of plmost equal length. arisi:r'rg af'cernately or

irregularly from every second- to fifth axial cell of the maj¡r axes

(etate Bl). Branching occurs to 'che third- and. four*bh ord-ers, with

the nai:r axes sometimes furcate. The maj¡ erect axes arise from

pros-brate axes which are a'ctached. to the substrate by haptera.

P,hizoid.s which corticate the axes near the base of the plant continue

d.ov¡nward.s over the substrate and- i¡tertv¡i¡re to form a'chick hofd.fast"

Apical cells (about 22Oy Aian ) of ind-eterni¡ate branches

give rise by transverse d-ivisions to axial celfs wh-ich enlarge

grad_ually to about o.J mm d,iam. and. 1o! mm long near the base of

the p1ant. Each axial ce11 bears 2(l) whorl-branchl-ets j¡r

opposite d_istichous pairs (¡ig. 23A, B - these il-l-ustrate the

tlifference between unplasmolysed- 1ivíng and. plasmolysed. fixed.

material-). The first-formed. vrhorf-branch-fets usually al-ternate

in pairs (¡ig. 23A). i\iature vrhorl-branchfets are spread.ing and-

slightly j¡rcurved- at their apices, only slight tapering. The

lower 1-4(-7) cells bear ad-axia1, rarely abaxial, usually si-r'rple

latera1s, with up to 4 on the basal ceII and fewer on uPper

cell-s. These l-aterals project above and. belo';r the plane of thallus

branching, obscuring its d-istichous nature' Itted.ian ce1ls of

whorl--branchlets are ZOO-JOQ: diam. and.2-1 times longer tha¡ v,riùe.
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f:rd-eternjnate branches are borne in the positions of r".horl-

branchlets on axial cells. Descend.ing, sparingly branched

rhizoid-s are j¡itiated. from the basal- (sometimes the lower two)

cells of r¡horl-branchl-ets befo.¡- abou'b the l5th axial cell- ' of each

axis. They twist j-rregularly abou'c t;rr¡e axis and. ad-here by

haptera prod-uced fron the proximal end.s of their constituent cells

(lie. 2iC). The cor.bex forrLed. from these rhizoid.s increases the

d.iameter of the mai¡ axes in lolver parts to about 5 tm"

A.EPR.ODUCTION

Tetras (¡ig, 2JD, Prate 8B)

The tetrasporangia reach about 15O¡r d.ian. and are sessile

on the adaxial siðes and- d.istal end-s of cells of sroaLl curved.

subd-i- or trichotomous lateraIs, which are aflaxial (occasionally

abaxial or terni¡ra1) on the ce11s of the r'¡horf-branchlets (¡fu" 23Ð).

The celLs of these srnall fertile lateral-s are about 5$r d.iam. and-

Z-2t t:mes longer thanlvid-e¡ io€. about one fifth of the d-iameter

of vegetative whorl-branchfet cefJs.

Spe:matang ial head.s (ris.ziE-G)

The spe:matangial heads are spherical, to 105¡ diam', and-

are borne in positions similar to the tetrasporangia and. also

te¡minal-ly on the smal1 fertil-e laterals (¡iS. 238). The cell-s

of these faterafs are about 85¡ d.ian. ana 1l-2 times longer than

wide" Each of -bhe t-sro to three fertile axial cell-s (Fig. ZIF)
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produces a v¡liorl of 1 or 4 pericentraL cefls. These act as

spermatarrgial nother cells and. also prod.uce lateral chai¡rs of

further spe:rratangial nother ceffs (lig. ?-3G). these are flask-

shaped. and. bud. off 2-3 sperroatangia,

Procarp and. Carposporophyte (¡igs . Z+I\-G, 25.A'-E)

The smal-l- fertile axes (Fig . 24A) are borne irt positions

similar to their cor:nterparts j:r the sporangial and. spertatangial

thaIli. they are usually more ùistinctly monopod-ial- ¡¡ith 1-4

lateral-s arising from most of the fertile axial cells. Each fertile

axis is about L-6(-B) celIs Iong. The ce1ls of the fertile

branchlets are about 90¡ d-iarn. and, 1!-J times longer than wid.e.

îhe apical, sub-apical and. hy¡rogenous ceIls (fig. 2l+B) are

relatively short, about 25p tu length at fertilization. The

subapical cell bears three pericentral- cells. the ad.axial one

is sterile (tr'ig. 2q{, D), while the other two fom respectively

the supporting ce11, beariag a ternj¡ral sterile cell and. a lateral

curved. carpogonial- branch, æC the fertile pericentral cell which

is always ad.jacent to the carpogonium. The h¡pogenous cell produces

no laterals. The cel,l- belor,'¡ the h¡rpogeïìous ce11 (the subh¡¡pogenous

cel1) bears three j¡rvolucral branchlets at this stage.

After fertllization and- foss of the trichoglne.r the cell-s

of the carpogonial branch begin to fuse by means of outgrowths from

adjacent cells, often embed.d.iag pit d-iscs or excfuding them from



4Zõ| )Lç

the fused. nass (Fig . 2)$,, G). one smal-l discoid. connecti:rg ce11

is prod.uced. from each sid.e of the originaÌ carpogonium. The

supporting cell and- fertile pericentral- cerl then segment obliquely

near their bases to prod-uce tv¡o pyrifonn auxí1iary cells ('¡ig. 2+T).

The apicaì- cel1, s'cerile pericentral- ce11 and- steri_le ceIl

on the supporting ce11 begin to d.ivide (pi8. 2LG) and eventuall¡r

forn three i¡ner j¡rvolucral groups surround-j¡rg the gonimoblast.

Each auxiliary cell- d-ivid.es i¡to three cerls, the l-oi,.¡er two cell_s

prod-uced from the basal lobes remainilg und-ivid.ed_, vrhile the upper

cel-] d-ivid-es to forn a clus'cer of small wri¡rucl-eate primary

gonimoblast ce11s. The f'used_ carpogonial bra¡rch gradually

d.egenerates rrntil- only the wall_ remains. The lol,¡er gonimoblast

cel]s, auxiliary cells, suppor-bilg ce1l, fertir-e pericentral cel1,

subapical cell and. hypogenous cel-1 fuse extensively -Lo forrn a rarge

d.ensely stai¡iag, two-arrned. fusion-cerr (rig . 25L) reaching 2oo¡

Iong. carposporangia d-evelop from the end. celrs of the l-ateral

gonimoblast branohl-ets. the carposporangia are at first appr.oximately

isod.iametric and. highly vacuol-ate, but rater they become clavate

and d-ensely stair:.ing, abou,c [er diam. and. 15Q.r long (¡ie. ?58-D).

'r'he three j¡ner i¡.vol_ucraI groups are abou,c three times

subtrichotoiaously branched. and- protect the you:rg carposporoph¡rbe.

the d-istaf one or two cell-s of the i¡rvolucrar branchlets become

elongate, about 55-¡r dian, *d Ê-s times longer than v¡id-e. fhese

cells d.o not contain rhodoplasts. and- clearl-y show stmctures which
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are probably nuclei, about 7 per cefl-. The Io'¡,¡er cells of the

i¡ner i¡rvolucral branchlets remain approximately isod-ianetric

(¡ie. 25I,). The subhypogenous cell bears usually six outer

i¡rvol-ucrar brarrchlets ri¡hich suround- the i¡rner i¡rvolucn:m.

Up to t-v.¡elve carposporoph¡rbes may occur on one vrhorf-

branchl-et but usually only one, rarely 'oro, develop on each smal1

ferbile branchlet,

ABI{OR]íIAI Ì-EPRO (lig. 251, G)

Plants have been coll_ected_ from .ì_obe (l¡U, A2OBJarb,

Liacklirr, Dec. 1925; A16ri5t+a-d, Feb. 1928, and .L2Jr9OLc, Gordon,

18.v.196+) arrd. Pt. E11iot, s. i\ust. (¿¡u, A11r3g+, parsors,1r.í.i969)

lvhich sho-¡r d.evelopment of sporangia, carposporoph¡rtes and

spernatangial head-s on the same tl.rallus. The smal-l fertil-e branchl-ets

are not restricted to a felv cel1s in length as normall-y, but they

are profusely branched. and. grow imegularly i¡ al-l d.irections

along tlie rshorl-branchlets and. main axes, They ad-here by haptera

(si:rn-rlating. rhizoid.s) and- proùuce tufts of reproductive organs.

(¡ig. 25T - young sporangi-aI tuft). Both sporangial and, femal-e

branchlets have been seen arising from the one lrhorl--branchlet

cell. spermatangial heads and- procarps cari. occur on the same

abnornal branchlet (¡ig. 251,), but more of ten a sÍ¡g1e abnormal

tuft is either maIe, female, or sporangial.
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trr each case the reproductive stmctures appear nornal

except for theír stightly smaller size. The average diameter

of the gonimoblast, together ",vith the i¡urer i¡rvolucn¡m is about

35T compared- rvith 4OF for that of the normal- plants, and. the

averate d-iameter of thetetrasporarÌgia is 100 u compared. rvith a

norrnal 15F.

Abnornal smaIl fertile branchlets have been observed. on

both sporangial and. spermatangial plants r¡hich are otherwise nonnal-.

The physiological or genetic reason for ttris abnormal reprod.uction

j-s u¡lorrown.

SHEPLEYA IÌET.T TC ILLATA nom. nov.

',lrangelia verticillata sensu Harvey 1963: sJmop. no. 332.

J.Âgardh 187626j9. D" Toni 18)J: 130. Guiler 19522 99.

Lucas 1)O)t 23t 1929b: 48. Lucas and Pemj¡r 1947:

138, fig. 11. tlay 19652 366. Okanmrra 1932: 133.

Reinbold 1898: l+0:. Sonder 1880: 29. Tisd.all 1B9Bz J|1.

YÍil-son 18922 17O. ï,romersley 1950: '181.

non lfranee lia vertic il1 ata Kuetzi¡re '181+9: 66L ("." below).

TYPE TOCAITIY - Western Port, Víc.

TYPE IÌerb. Iiarvey, TCD (À1g. Aust. Exs. no. 260).
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DISTRÏBUTION From l,Yest Bay, Kangaroo Is. and Royston Head.s,

Yorke Peni¡sula, S. .Aust., to Westerrì pt., Vic. a¡.A

the northern coast of lasnania.

The species has been found gro.wilg in a shaded- pool on a

rough reef near lìobe, S. Aust, (¡¡U, .Nzg1650, -',.Iomers1ey2 7.xí.1960),

and. to a ùepth of 12 m near R-oyston Hd_., S. Aust. (ADU, AZ6rjTt+,

Shepherd, 11..iv.1963), but is usuaLly found. as d_rift. It is not

common.

The material i¡vestigated. i¡ d_etai1 r¡as collected. as d.rift

at Stirrìcy Bay, Nora Creina, S. Aust. (.mU, A271886, Baldock,

19.v.196+, tetrasporangial), from about 16 m d-epth at Guichen Bay,

S. Aust. (¿¡U, Alorg8l+r1Vomersley, f .ix.19+9, male) and_ from

Pt. Phil-lip lieads, vic. (lml t5rj25, trilson, f .ií.189j, feraal-e -
only loor,vn specimen). lL specimen shovring abnornal reproductive

d.evelopment was coll-ected. at Sti:rþ Bay (,\DU, A31rL2O, Gord.on,

15.v.1967).

The specific epi-thet of iIlranEelia verticillata Harvey is

invalid-ated by the earlier use of the name by Kuetzing (rBLg, p.66+).

Iíuetzingrs specimeïi yÍas later exami¡red. b)r J.Agarùh (1865, p.7OB)

and. put j:rto s¡monony with trangel-ia penicillata (c.lgard-h) c.At.

Hov,rever, as Sarveyt s species is here trensferued- to the genus

Shepleya, the na.me t'yerttcillatarr ca,rr be used..
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D IAGNOSTS

Thallus axibus prostra'tis et erec-bis, a.l(es erecti ad-

JO cm alt. Ramificatio axiun erec-torrm irreguJ-ariter aI-bexrtata,

subd-isticha et patens. -rìarmli-verticillati 4 in cellula opaque

axiali, or-bhostichi, ilcurvi parum, cell-ul-is ter¡ajlalibus obtusis,

angustatis parurn. Cell-ulae med.ianae ranuforum-verticjlla-borrrm

13O- 15$t aian. , 3- 5 longioren cluam latiores. tìhizoid'ea

corticalia a celful-is basalibus ramufonrm-verticillatorum d-escend-enti a

per haptera ad-haeren-bia.

letrasporangia tetrahaed.ralia, ^U'4 d.iam., Í' ce1lu1is

j¡rf erioribus ramulo nrm-vertlc if I at orum po s it a .

Capitul-a spennatangionrm sphaerica, ad B$'r d-iam., ilt

poritionibus siriilibus sporangiis posita.

Procarpia subterrni¡ralia in ramufis brevibus"

carposporophyti eac!-era atque genoo

Structura
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VEGETATIVE SÎRUCTURE (¡ig. 26a,, B, Pl-ate 9A)

The thallus reaches JO cn high and. is superficially si-nilar

to S. vrattsii but more slender (ffate 9l). The branch:ing is

irregularly alternate, subd-istj-chous, spalse to mod'erately d-ense,

spread-ing and. to about the fourth ord.er" Several- majn erect

axes often become jntertwi¡ed- and are held- together near the base

by rhizoid.ai filanents vrhich may i¡crease the d'iameter of the s'cem

to about 8 nm. Erect axes are prod-uced frori the d-istal end's of

ce1ls of the prostrate axes 'nhich are attached. to the substrate

by haptera (Fig. z6t).

Apica] cells (about 16$ aiam") of j¡rd.etermi¡rate branches

give rise by transverse d.ivisions to axial cells (fig. 268) rrhich

reached- about 57Op aiam. artd- 2.J mm long near the base of the plant.

Each axial cell- bears l+ l,¡horl-branch-lets and these are produceð

orthostichously in opposite pairs, the second- opposite the first,

and. the third and- fourth betvreen the first t.vo. ihe 'bhird whorl-

branchlet is i-ni-tiated- from the fourth to seventh axial cells below

the apex and- the fourth whorl-branchfet up to I axial cells below

this. Young erect axes often shov¡ only the fi-rst pair of whorf-

branch-l-ets on each axial cell (Iig, 26.L). lLiature vrhorL-branch-Jets

are slightly i:rcurved- and. usuafly three tj-rnes branehed., the fi¡st

division quaternate, the second- ternate and- the third- bjlate, the

laterals tend.ing to be ad-axial" Termi¡al- cel1s are obtuse and. -baper

s1ightIy. Ired-ian cells are 13O-15OP d-iam. arrd 3-5 tj-nes longer
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than v¡id,e.

Ind.eternilate branches are borne in the positions of r,¡horl-

branchlets on axial cel-l-s. Descend-ilg, sparilgly branched- rhizoid-s

are i¡ritiated from the basal cell- or occasionally the lower two

cells of the v¡horl-branchlets bel-ow about the 20th axíal ce11.

The rhizoid.s ad.here to the axis by haptera prod-uced. fron the proximal

end.s of thei-r ce11s, and- t,r'i-st irregularly producing a loose

cortex. Upper rhizoid-al oel-l-s may prod.uce smal1 branchlets of

vrhorl--branchf et f orm outward.ly.

R-EPP,ODUCTIOI\T

Tetrasporangia (rig. z6c, D)

The tetrasporangia reach about 160/r dia^ü" ancl are borne

on the d-ista1 end.s and- ad-axial sid.es of whorl--branchlet cefls

which are somewhat smaller than vegetative ce11s, about 85J, ¿iu*"

and 2-J times longer thari wid-e 
"

Spernatangial head,s (lis. 26r., T)

The sperrnatangial head-s are spherical to slightly ovoid.

and. about BOr d.iam. They are borne i:r positions sj-milar to the

tetrqsporangia, but they are usually nearer the apices of the whorl-

branchl-ets '¡¿hich bear them (¡ie, 268). There are usually J fertile

axial celf s (¡ig. 26T). each prod-ucing a v¡horl of I pericentral

cell-s. These cut off terrni¡al speruratangial mother cells, which
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each prod,uce 1-2 spernatangía and- further lateral- spermatangial

mother cell-s.

Procarp and. Carposporophyte (l:-s. z6c)

A 74-year old- herbarir:m specimen r,ras the only nonnal- female

plant available for stud-y and- hence many d.etails of the d.evelopment

of the car?osporoph¡rbe could- not be follo¡,ved.. Hovrever, it appears

to be essen'cially the same as that of Shepleya vrattsii. Stud.y of

the procarp jrr tire abnormal thaJ-l-us supports this. The subhypogenous

cel1 in S. verticillata bears only one lateraf at fertilization

(¡ig. 26G) jrr contrast to the three irr,S. qeLt!_rl (¡ie. 2+D).

The fertil-e axes are usualan u-rã--n*. They occur

j¡ the positions of whorl-branchlets, or are laterafs of the v¡horf-

branchLets. One fertile laieral rnay bear up to l¡ procarps. the

ce1ls of the fertile axes are about 1O$r d.iam. and. Zf-5 tines longer

than v¡id-e - i.e. about equal in size to the sporangium-bearing celIs,

and. slightly snaller than the vegetative celJ-s of the r¡¡horl-branchlets,

there is a nuch greater d.ifference between the sizes of the vegetative

celfs of the r,,rhorl--branchlets and- those of the small fertile branchLets

i¡t S. wattsii than i¡ S verticillata.

The young carposporophyte of verticillata has a largeS

central bi-l-obed- fusion ce1l, apparently i:rvolving the hypogenous

ce11. I{ature carposporangia were not seen. The carposporoph¡rbe

is surrounded- by the t¡rical i¡ner i¡rvol-ucrr.:¡n of small-ceIled-
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fil-aments a:rd. an outer j¡rvolucnrm of /+ branchlets frorn the

subhypogenous oe1l.

.ABÌ\IOI.},,IA-L R-EPRO DUC T TON

On one thallus (l3l ,)+2O), filanents bearing sporangial,

male and- femal-e reproductive stmctures arose from celfs of the

norual whorl-branchl-ets. lhey grew irregularly up anô d-ov'nT the

mai¡r axes, prod-ucilg sma11, d.ense tufts at irregular j¡rtervals

anô ad-heri¡S by haptera" 'Ihe cells of these fila¡rents ¿¡s similar

i¡ size to the cel-ls bearing reproductive organs in the no¡ma1

thal-lus. The reprod-uctive organs are normal i¡ their mode of

d.evelopment. flryo auxiLiary ceIIs per procarp are proùuced., one

from the supportilg ceI1 and the other from the fertile pericentral

ce1}.

Usually the sporangial, male and. femal-e tufts are separated.,

but i¡r one case female and sporangial filarrents ¡¡ere j¡rtertv¡i¡ed.

although they vrere not apparently connected. d.irectly by pit

co¡¡ections,

this t¡rpe of abnonnal d-evelopment appears to be similar to

that found. i:r S. v¡attsii.
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STßPLEYA AUSTRAT,E (J.Agard.h) comb. nov.

Callithaurrion australe J .Agardh 18412 42; '1851¿ 26; 1BJ6z 21;

1885: 2. Kuetziag 1B/+9: 649. Sonder lBBO: 10.

Antithamnion australe (J.Âg.) le 'Ioni l9OJz 1+O7. Lucas

1)O): 51. Okamura 19122 129.

ÎYFE IOCA.LITY

llrPE

DÏSTRIBUTTON

Pt. Phifl-ip, Víc., on Pterocl-ad.ia lucid,a (R. Brovnr)

J.Ag.

Herb. Agard.h, Lr:nd (no. 171960) - not seern. probable

isot¡rpe in 1.,[8L , 101269.

- ïsolatecl occurrences fr.om Gard_en Is.rlj\t. Aust. to

Pt. lonsd.ale, Vic,

The species i-s usually epiphytic on Pteroclad.ia l-ucid-a which

is found. i¡ the sublittora! zone to a d.epth of about 9 m. There

is one record- of the species epiphytic on Zonaria crenata J .Ag.

f:ron Daly Hô.., Yorke Peni:rsu1a, S. Aust. (¡¡U, -L31r27O, Gorclon,

26.íií.1967).

The naterial used. i¡ th-is iavestigation was coll_ecteci

und-er reef ledges from Gard.en Is., \iI. Aust. (A¡U, A3jrOO7,

Chi-ttLeborough, 21 .ix.1 966) .

VEGETATTVE (¡ig. z7¡)

The thal-l-us is prostrate, vrith the main axes creepilg along

the flat sid.es of the host thallus. Several axes may grow sid.e

by sid.e on the r¡id.er lower parts of the thallus of the host, but
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there is usually only one mairl axis on the narroyrer upper partsr

Laterar branchj-:rg usually coj¡rcid-es with the branchilg of the host

(see below) and. is either opposite or alternate.

Apical cel1s (about 6O¡r aian.) give rise by transverse

d.ivj-sions to axial- cel-l-s vrhich enlarge grad.ually to about 185Ìr ¿læ.

and 500¡ long. 'r"'Ihor1-branchl-ets are produced. il opposi-te

distichous pairs, i¡ the same plane as the host thalfus (f,ig. Z7A)

and. are not clearly d.istÍnct from i¡d-etenaj:late branches. They

grovr actively as j¡d-eterninate branches '¡,rhere they coincid,e sríth a

lateraf branch of the host, or where there is room on broad.er

;oarbs. They usually extend. a short rvay ( OJ+-z nur) over the host

thallus ed.ge where they may become fertile. Each r,vhorl-brancb-1et

is oppositely and- d-istichously branched. i¡ the plane of the host

thallus, with the ad.axial la-berals usually more strongly d-eveloped-

and- ultimate ce1Is obtuse. the basal ce1l of each vrhorl-branch_l_et

usually produces adaxially a -third, lateral v,¡hich is simple or once

brenched.. iiied.ian ce1ls of 'rvhorl-branchlets (-vhen they appear

ôetermirrate) aye 55-85¡r d.iam. and 2-4 times longer than wid.e.

Ilaptera are produced- j¡ opposite pairs from the proximal

end.s of axial cefls (¡ie. Z7L).
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R¡PRODUCTTON

TetrasporophfEg (îig" ZZe)

The tetrasporengia are about 90¡: aian. and. are produced.

termi¡ally (Uut d.isplaced. 1atera1ly) or 1ateral1y on the outer

cells of the whorl-branchl-ets where the latter are free at the

host thallus ed-ge. The termj:raI cell-s of the v,¡horl-branchlets

are slightly curved- around- the sporangia.

Sperrnatane j-al head-s (ris. z7c)

The spermaiangíal head.s are spherical to slightly ovoid and

about 8Op d.ia.n" They are borne i:r positions sjmilar to those of

the tetrasporarrgian Tho to three fertjl-e axial cel1s each prod.uce

a whorl of Ja pericentral celIs, each of v¡hich cuts off 1-J tem.)nal-

spernatangia and- lateral chails of further spertratangial mother

cell-s (¡ie" 27c).

Pnocarp and- Carposporophl¡te (tr':-gs. 27D-H, 284-D)

The structure and. d-evelopment of t he procarp is essentially

simil-ar to that of S. wattsii (Iigs, 27T anð,24D - the mature procarp

systems of the troro species). The sterile pericentral cel-1 in

S. australe is adaxial- and. is the firrt-forrned. (tis. z7n) while

the supporting anô fertile pericentral ceffs ate lateralrand. the

second, arrd- third--forned, respectively (fig . 278, -n), Any branch

apex may become fertile, particularly if free from the host thallus

(e.g. at tine ed-ge). The fertíle axis nay be l+-12 ce1.:.s 1ong.
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Fusion of the cells of the carpogonial branch and. prod.uction

of connectÍng ce1ls (Fig. 27G), the prod.uction of the tv'ro auxiliary

cel-ls (¡ig. 2BA, B), gonimoblast d.evelopment (pie. 2Bc), and.

prod-uction of the tv¡o-armed. fusion ce1l and- carposporangia (fig. Zal)

occur as i¡l S. v¿attsii. The auxiliary ce1ls are wíd.er at their

apices than at their bases. and. d-o not cut off smal-l- cells at the

base d.uri¡ig early gonimoblast ,l.evelopmen t as i¡ S. v¡a'ctsii.

0n1y the apical cel-1 and- sterile pericentral cell- d-ivid.e atter

ferti-1,i-zation to prod.uce a total- of ü,vo i¡mer i¡rvolucral groups

(¡lg. 2EB), n¡hile the steril-e ce1l on the suppor'ting ce11 remai¡rs

und-ivided.. S. wattsii prod.uces J ttvrer i¡rvolucral groups per

carposporophSrte.

StfEPtEYA CLAVDORJ'IIS sp. nov.

TYPE LOCAIÏTY Gard-en Is., liV. Aust 
" , epipkSrtic on Callophycus

oppositifolia (C"Agard.h) C.Ag., und-er reef led,ges,

TYPE - ADU

DISTRIBTJTTOIV

Chittleborough, 21 .i-x.1966.

, A31, oo8"

The only record-s are from the type locaIity, and.

as d.rift fron Pt. Denison, i,ü. Àust. (Aru, A32r179,

Gord.on, 8.xi 
" 

1 968) .
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DÏAGNOSIS

Thall-us pusiIlus, j¡i Callophycus oppo sitífolia (c.rs.) c.Ag.

epiphyticus, aJ(es erecti ad. l+ cn aft. ab axibus prostratis repentibus

ad- substra'cum per haptera ad.iraeren'ces orientes; axes erecti non

ramosi vel ramosi parce. Ramuli-verticillati (Z-l)+G|) i:r cellu1a

quaque axiali, clavifo:mes, si:nplices ve1 sernel d.ivisi; cellulae

med-ia¡iae 3+O-5BW d.iam. , 2-3 longiores quam Ia'uiores.

sporangia tetrahaed.ralia ad 1LO¡r d.iam., irr raroulis parvis-

cellularibus curvis ad-axialibus i¡r cellulis i¡ferioribus ramulolum-

verticíllatonrm positis, per cellulas superiores protecta.

Capitula spennatangiorum sphaericat 13T d-iam., in

posi'cionibus similibus sporangiis posita.

Procarpia subtermi¡ialia i-lr ramis brevibus lateralibust

structura carposporophyti ead.e¡l a'cque genor

V¡GETATNÆ STRUCTIJRN Eíg. 2)A., B, Pl-ate 98)

The thallus is smalI, to 4 cn high. and- epiphytic on

Cal-l-optlycus oppositifolia. the erect axes arising fron prostrate

spari:rgly branched. axes v¡hich creep over the host branches and. may

conti¡ue past their apices as erect axes (Plate !B).

Apical cel1s (about 160¡r aian.) of i¡deterni:rate branches

give rise by transverse d-ivisíons to axial cells (¡ig. 2!A) which

reach about 500P d.iam. and- 1J5OB lone i¡ lor,¡er parts of erect
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axes, The cel-l,s of the creepitg axes are about J2Jy dían, and-

t1¿-Z tines longer than v¿ide, md may bear one or t-vro v¡horl-branchletso

Haptera are prod-uced. from the proximal end-s of prostrate axial

cel-ls and. may reach over 1 nn long (plg. 298). Erect axes are

produced from the d.istal end-s of ihe cefls of the prostrate âX€s.

Anchorage ís strengthened. by occasional reflexed. branches borne

on the lowest cell-s of the erect axes. These branches creep along

the host i¡r the opposite directlon to the prostrate af,(es.

Yor:ng erect axes bear 2 d-istichously arranged. whorl-branchl-ets

per axial cel1 near the apices. A third- and fourth are usually

prod.uced- Ior¡rer on the axis betvíeen the first two. A fifth v¡horl-

branch.let has occasionall¡' been observed, on a sporaJlgial- axis.

The basically orthostichous arrangement of the r¡¡horl-branchlet

becomes obscured- i¡ oId.er parts by twistilg of the axis. i'latr:re

whorl-branchlets are either sÍmp1e and. 1 -J celIed, or once branched.

(¡iS. 29A), the basal cells bearing 2 or J cells. The meôian cells

are narrower at the proximal end,s than the d-istal end-s givi::g the

characterístic cl-avifo::rn outli¡e. The termi¡al- cell-s may be snal1

and, d.omed. or large and- claviforrn. Ì,,{ed.ian ce11s are 34A-58} d.iam.

anð- 5-5 times longer 'shan v¡iile.

I:d.eterminate branches occur j¡ the positions of whorl-

branchlets on axial celIs.

Rhod.oplasts vary consiðerably i¡ shape from approximately

d.iscoid. to elongate, sometimes appearing d.issected (flg. 29C).
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REPRODUCTION

Tetrasporangia (.tie. 29D)

l'he tetrasporangia reach 1l+Op ¿i-arn. and. are produced.

Lermi¡ally or la'cerally on ceIls of branch-lets borne adaxially

on lo¡¡¡er cells of ',vhorl--branchlets (¡iS. 29D). The lower ceI1s

of the sporangíum-bearing branch-l-ets are about 55p dia.ur. and.

lS-Z tines longer than v¡id.e - i.êo¡ rrrüch smal-ler than the

vegetative cel-l-s. The upper cells, 15O-26Op d-iam. and about

2 times longer -bhan 'wid.e, are somev,¡hat larger than the lov¡er ce1ls

anô tìrey curve protectively over the sporangia. 0n1y two fertile

whorl-branchlets have been observed. on any one axial ce11, together

with 2 or J vegetative whorl-branchlets.

Spermatane ial Head.s (Fig.3oa)

The spernatangial head.s are spherical, reachi:tg 15O¡ d.ian.

and- are borne ad.axially on small-celled- whorl-branchl-ets ("ig. l0A).

The upper ce1ls are not enlarged as i¡r the sporangial branchlets, and-

are often slightl¡r narrovler than the Io.,i¡er cells.

Each of the tv¡o fertile axial- cel1s produces a v¡horL of

3 or 4 pericentral cel-l-s whj-ch act as spe:rrratangial mother cel-Is

and. prod.uoe lateral chains of further spennatangial mo-bher cells.

These each bud. off 2-3 spernatangia.
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ProcarÞ artd- CarPosPo rophl¡be (¡is. loB-D)

The fertífe axes are usually l*-6(-l) ce11s long and- occu::

i¡r the positions of l¡horl-branchlets. rÏ'rom one to -bhree fertile

axeE may occuî on one axia] cel1, together vrith three to one

(respectivefy) sterife v¡.horl--brancllets' Usually only one Procarp

occurs ori any one f ertile branch i¡l contrast to the 1-6 for:nd- j:r

S. -¡attsii.

The structure anc. ôevelopment of the procarp system is

essentially sinÍlar to that of 5. gqllsii (Figs. JOB *¿ 2/rD -

similarities at lertilization stage). The cel1s of the procarp

systern of ù clavifornis are about tr¡ice the diameter of ttrose of

s. v¡attsii, md this conforrns to the diff erence i¡r d.íameter of the

respective vegetative ce1ls. Prod.uction of two auxiliary cel1s

per procarp (nig. JOC), fusion of ce11s of the carpogonial branch,

proùuction of connectÍ'g ce1)-s, gonimoblast (lig. lOD) and a

two-armed. fVsion-ce1l occur as i¡ S. wattgii. 0n1Y the aPícar

cell anô sterile pericentral cell d.ivid-e after fertilizatj-on to

prod.uce two j¡ner j¡¡vo1usra1 groups (¡iS. JoD). îhe sterile ce11

on the supporti¡g cell remains und.ivid.ed,, as iJ1 s. australe.

The subh¡rpogenous cel-1 bears up to six outer j¡rvolucral filaments

as i¡r $. wattsii.
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DISCUSSÏON

S. clavifot:tnis shows a number of si¡rilarities v'rith

Vickersia baccata (,f .AS.) iÇarsakoff from the Canary Is., Azores

and- i'ied-iterranean Sea (Cutf of Naples). tr: parbícuIar, the

creepÍng habita'b, the lack of clear d,ifferentiation betu¡een the

creepÍng a¡rd. erect axes, the presence of haptera, the large size

of the vegetative cells and. their shape, and- the structure of the

mature procarp system are si-milar in the two species. Boergesen

(lgJO, p.22, fig. 8) illustrates a cystocarp of V.-Þaccata shovring

the presence of j¡rvolucral fila.ments but d.oes not discuss their

origil, These may or nray not d-evelop from -bhe sterile ce11s

associated- lrith the procarp as i-n S. clavifo.rnis.

The whorl-branchle-bs of S. clavi-forrnis are either si-mp1e

ar:rd 2-1 ce11ed. or branched. onoe subd.i- or trichotomously at the

base, and. often small cells are cut off at their apices (¡iS' 29L\ -

In contrast, the v¡horl,-branchfets of V. baccata are single-ce1led-

(the fenale plant) or two-ce1lea (the male and tetrasporangial

plants)., or less often three or more celfs and simple.

The most Ímportant d.ifference betlveen the two species is j¡t

the positions of the tetrasporangia and- spernatangial head.s. Ï11

V. baccata (Boergesen, figs,8b, 9arù) these are sessile on the

basaL cells of the à;.ro-cel-1ed. r'¡holl-branchlets, vrhereas irr

S. claviforois they are borrre on small-ceIled laterals of the
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v¡horl-branchlets. trl V. bqccat:, up to l0 or more tetrasporangia,

each about 69, d-ia,n. , are borne on the one sPorangial mother ce1l,

unprotected- by any i¡rvolucrurq. I¡r S. cLavifonnis only one

'6e'crasporangiurn, up -ûo 14OF d-ia,rn., is borne on any one sporangial

mother ce11 and the sporangia are protected- by upper cel1s of tbe

latera1s. Siailar d.ifferences apply to the spernatangial heads,

those of V. baccata reaching about 5O¡r aiam. and- tlr.ose of

S. clavif ornis up to 15$; aiam. the closely para1lel way i¡ which

the tetrasporangia and- sper:natangial head-s are formed. j¡l the four

species of She aligns tirem as a d-isti:rct group, quite d.ifferent'

fro¡r Vickersia.

The above features sugg est tha'c S. cl-aviforuis is both

specifically and. generically d-istilc 'c from V. bacc ata. but

clarification of the post-feúllization d-evelopment in the latter

is need-ed. for a better und-erstand.ing of the rela-bionshipst and.

this mus'c await d.iscovery of more fertile materiåI of V. bac çata.
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DISCUSSION on SIIEPLIYA (liasram l)

It is probable 'chat d.i.chotomy of the S_i}epfqg. complex of

species occurrecl firstly into (1 ) species i¡r which the maj-n axes

were erect, and- (Z) species i¡t r,'rhich the nai-n axes T'rere creepilg

or prostrate.

,Shepf eya vertici]lata may represent an arrcestral forn of

Shepleya we,ttsii" It is easy 'co postulate that S. wattsii could-

have arisen from a S verticil-l-ata-Uke fonn by loss of one paír

of v¡horl--branchl-ets per axial cell leavìng the silgle d.istichous

pair. This coufd have been accompanied- by increased. modification

of the fertile branchlets"

îhe second- d-evelopmental lj:re j:r vrhich the ¡nai¡ axes are

cz'eepjng probably gave rise to Shepleya efaviformis and.

,Shepleya australe" h both of these species, the sterile ce1l on

the suppcr-bj¡re cel] has lost the ability to divide after ferti.JJ-zatic.n,

so that only tvro j¡ner j¡rvolucral groups surrolrnd. the caz'posporophy-be

j¡rstead. of three as i¡r S. verticÍIl-ata and- S, r,vattsiin IJÌ

S" austral.e a1l- erect axes have been fost, md there has also been

a retention of the primitive lacl< of differentiation between

d-eterminate b ra¡ches (whorl-branchlets ) and- i-nC.eter:mi¡ate bran che s,

There ís almost no modification of the celfs v'¡hich bear tetrasporangia

and- sperrnatangial head-s. ItÍ1, contrast, ixS claviJormis there

is complete d.ifferentiation between d.etenni¡ate and. i¡d.etermi¡ate

laterals a.:ad. the branchlets bearilg tetrasporangia and. spermatangial
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heads are much smaller than the orclinary vegetative ce1ls of the

whorl-branchlets.

DT-ÂGRAlt'i J. Possible mocle of evolution of spec ies of Shepleya

S wattsij.

1

S. australe

loss of one pair
of wh.b per Ðc,
nod.ifioation of

fer"bile b

S. clavif

S. vertii i1lata

(t ) nain axes erect
J imer inv.b

\
loss of er.¿ì.x

loss of one paír
of wh.b per aK

(z) main arces cree
2 i¡ner i¡v.b

OTIITL

mod.ification of
fertile b

ping

Ances
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S. australe may have retained. the prlmitive fo:m of branching

(with j¡rd-eterni¡ate and. d.ete:mi¡ate branches not clearly d.jfferentiated.)

during its evolution because of its completely prostrate habit.

Sj¡rce the plant is only able to grow on the host, i-t wouLd. be

ad.vantageous to be able to grow i¡d-etenui¡rately vi¡herever there is

space available. The species with erect branches are not so

lj-mited- and. so have tend-ed. to become rnore highly cl-ifferentiated.

i¡to i:rd.ete¡ni:rate axes for growilg and. rletennj¡ate axes for

assimilation and- reproduction.

There is a very large range i¡ the vegetative cel-f sj-ze

in the genìrs. l,fedian cefls i¡l S. australe are 55-85u diarn,,

wh-ile those of S clavifo¡nis are l0O-47T dia,rn. However, there

is a mueh closer agreement bet'¡reen the sizes of the fertile cells.
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(4) ';I0LLASl0NIELLA g€rÌe flov.

Thallus a"rcibus prostratis et erectis, axes principales

erecti, ramificatio sparsa vel d.ensa et irregulare ad' al-ternatj-n

subd-isticha. Ce1lulae apicales 7O-17V d-ian. Ramuli-verticil-1ati

G-)+ i¡r cel-1ul-a quaque axiali, i¡ or¿i¡e circularí exorientes,

pseud.od.ichotomi ad pseuôotrichotouú, basipete naturescentes, cellulae

med-ianae 9o-1g51 d.iam., cellulae termj¡ales breves et mucronatae.

Rani i¡rdeterrnj¡ati (O-)+ j¡r cel-l-ula quaque axiali, iri cellulis

axialibus in ad.d.itione ramulo-verticillato exorientes. Corticatio

rfuizoid.onrm absens aut praesens, rhizoidea ab extremis proximalibus

cellul-anm axialir:m òescendentia, a hapteris ad.haerentia. Ra'ni

inôetermi¡ati potential-es j¡ ramis villosis per elongatione cel1u1anm

constituentir:m mutati si¡rt.

Sporangia tetrahaedralia, i¡ cel-lul-is i¡rferioribus ramulorr:m-

vertici-l1aton:m rnod.ificatorum. Vertici-l-Ius sporangialis jlfra

apicem raJnorum brevium lateralir:m factus.

Capitula sperrratangiorum sphaerica i¡r cellul-is ramul-on¡:l-

verticil-laton:m v-illo sorum exori-entia.

Procarpia subapicalj-a i:r axibus brevibus lateralibust

ce1Ìufae ul-timae quatuor par'\¡ae, ceflufa subapicalis celluLas ùuas

steriles et cel-Iul-am supportantem cum I'arno carpogonial-i lateral-í

et cellula sterili tenmi¡:ali- ferens; ceIIula hypogena et subhiS4pogena

ramulos l-a'cerafes nihil exorien'ces; cellul-a auxifiaris una a

procarpio quoque. Cellu1ae steriles curn procarpio consociatae
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ra¡ru1os 4 interiores involucraLes cellularum parvarum elongatarurn

exorientes.

thallus ',,¡ith prostrate and. erect mai¡ axes, branching sparse

to d-ense and. irregularly to alternately subd,istichous. Apical

cells 7O-17W.d.ia.m. -.rlhorl-branchLets (l-)+ per axial ce11, fo¡med-

i¡ a circular ord.er, each pseud.od-ichotomously to pseud-otrichotomously

branched-, maturlng basipetally; ned.i-an ce1ls of vr*rorl-branchfets

9O-195y d.iarn., teminal ce]1s si'rort and mucronate. I¡nd.ete:mj¡ate

branches formed- i:r ad,d.ition to whorL-branchlets on axial ce11sr up

to ,l¡ per axial- cel1. Rhizoid.al cortication, when present, of

descend,i¡rg rhizoid.s from the proximal ends of axial ce1ls, ad.hering

by haptera.

sporangia tetrahed.ral, on fo.wer cells of nod-ified whorl-

brancl¡lets which are situated. just below the apices of short lateral-

branches.

Spe:matangial head.s spherical, borne on ceffs of viJ-lose

whori-bÈanch-lets.

Procarps subapical on short lateral axes of which the last

four ce11s are smafler than the others. The zuþapical cel1 bears

2 sterile pericentral cel1s and. a supporting ceI] with a lateral

carpogonial branch arid a tenni¡lal sterile cell; the hypogneous

and- sub}sryogenous ce1ls do not bear any 1atera1s, 0n1y one

ar:xi1iary ceII per procarp produces the gonimoblast.
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the genus is named. i¡ honour of Dr. Elise ; rol_laston who

has contributed. significantly to our lcrowled.ge of the Ceramj-aceae.

TTPE SPECIE;J - 'Jollastoniell-a mlrr10 loides (Harvey) comb. novÐ

BASIOAIN,I Tfrang elia mvriophyl-l-o id.es Harvey 185)+z 546.

The most important reprod.uctive features ¡r¡hich separate

'''tro11astoniel1q from the other genera of the sphond.ylotha,mnieae are:

(t) tne four comparatively smal-l- cells vrhj-ch ternÉnate the

female axis, only the subapical cell prod-uciag perj-central cefls

- i¡r all other genera at least the subhy¡rogenous ce1I prod.uces

latera1s, and.

(Z) tfre silgle auxiliary cel1 per pnocarp, i¡r contrast to

Sphond,ylothamnion and. She ple^ya ¡¡¡ith tl,¡o auxih-ary cel1s per procarpo

The mai¡ vegetative features v,¡hich d.istinguish ]i'Io]-Lastoniella

are:

(t) tne formation of potentíaIIy j¡.d.etermjnate branches i¡

ad.dition to whorl-branch-l-ets on axial ce11s - i¡ al_l the other

Senera of the Sphond.ylothannieae, ind.eteminate branches are forned.

j¡ the posi-tions of whorl-brarrchlets on axial ce11s,

(Z) tire short, mucronate cel-ls terur-i¡ating the whorl-branchlets

- i¡r Drewiana the teruri¡a] ceIls are acute but are comparatively

longer,

(¡) ttre production of villose branches by elongation of the

cells of potentially i¡d,eterrninate branches,
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(+) tfre position of haptera on the proximal ends of

rhizoid,al ce1ls - i¡r the other genera which produce haptera, they

are borrre on the d,istal end-s of rhizoid-al cells, and-

(¡) tire basipetal maturation of the v"horI-branchlets.
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KEY to SPECIES of II¡OLLÄSTONIELLA

Branching of thallus and. .¡¡horl_-branchlets vrid.ely

d.ivergent; whorl-branshlets L per axial ceI1, each

pseudotrichotomously branche& 3-+ times, v,rith med.ian

cells 16O-2OW ùiam" anð. 3-5 ti-nes longer then vrid.e;

up to l+ potentially i:rdeter¡l,i¡rate branches per axial

cell ; cortication present .. ... ... ,., r,. mSrriophylloid-es

Branching of tlpl-l-us and,'lvhorl-branchlets narroyrly

d.ivergent; whorl-branch.l-ets J(-4) per axial_ ce11,

each branched- once or twice, with rnedian cel_1s

90-16qu d.ia¡n. a:r,d 5-7 tjmes longer than wid.e; up to
I

2 potentíaIly ind.eterninate branches per axial ce1l;

cortication absent .. , r , .. o G. . ... ... ïI. rm:cronata

I
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T'[OLLr\STON IELLA I'IYRIOPHILL0IDES (tiarvey) comb. novo

Wrang el-ia nyriophyfloid.es Harvey 181+: 546; A.1g. Aust'

Exs. no. 259; 18622 pI. 224i 1863: sJmop. no" 337.

J.Agard.h 1876: 617. De Toni 18)f z 128; 19242 1t+9.

Lucas 19092 22; 1929b: 48. Lucas and Perri¡t

191+7; 136. \ilay 19652 365. \!;azza 1)06z )¡2.

Okanura 1932; 133. Reinbold. 1897: 47; 1899: 44.

Sond.er 1.880: 28. Tate 1 882: 21 ' lisd-all 1898:

511. Vomersley 1950: 181; 19532 38.

TTPE I,OCAIÏTY -- Rottnest Is., 1T. Aust.

TypE Herb. Harvey, TCD (travelling set no" 2)+6). Not seen.

DISTRIBUÎIOI{ From Pt. Denison, 1'¡I. Aust' to Pt' Phillip, Vic'

L,iod-erately conrnon as d.rift, often epiph¡rbic on

Clnnod-ocea antarctica (labil-t. ) Aschers, l',{etag oniolithon charoid.es

(Lan.) ',rieber ¡¡an Bosse, leraflilq sPn anô Jania sp. Harvey mention:;

that the species grorrs I'on the larger fucoids at Rotùrestrt"

The material- used. for d-etaj-led. i¡rvestigation was collecteð

from Elliston, Eyre Pen., S. Aust" (ADU, LJ1rl+32, Parsons, 23.vííi.1957,

female), DrEstrees Bay (¡¡u, L121732, \{omersley, 11.i--1950, L12r731,

lirlonersley, 11 "i"195O, tetrasporangial), and- Penniagton Bay,

Kangaroo fs. (¿lU, A61619, r,'Iomersley, 4.i.1948, sporangial),

Cabl-e Hut Bay, Yorke Pen., S. Àust. (ÅÐU. -L32t167' Gord-on,

23.:x..1)68, mal:e)o and Kingston, S' Aust. (ADU, A3o1667, Gord-on,

19.viii ,1966, and. A27 ,888 t lfomersley , 2O.v '1964)'
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\TEGETAI ilTE STRUC TUI.E (Figs. 31A-D, 52ArB, Plate '1oA)

The thallus reaches 18 cm high, wi'ch branch:ilg irregularly

al-ternate or opposite, anù generally sparse and- wid-ely spread.ing

(etate '1OA). Up to four ord-ers of branchÍ:rg occurô The erect

az:::; arise from i¡iter'1¡ri¡red. prostrate axes which forrn a thick

mat over the substrate (nig , 31L) to r,-,¡hich they are attached. by

haptera.

Apical ce1ls (about '17O¡-r d.iam.) of i¡d-etenoi:rate branches

gíve rise by transverse d.ivisions to axial ceLls (lig. J1B) which

reach 35$ d-iam. ancl 3.5 nm long in lov.¡er parts of the plant.

Each axial- celÌ bears up to L whorl-branchlets, vrhich are produced

i¡r a circular sequence. They arise i¡r alterrrately clocl<wÍse arrd

anticlockv,¡ise d-irections on successive axial cel-ls (¡ig. 318).

The primary axis of each whorl-branchlet is L main cells long, the

terrninal cell-s naturing first anrl the laterals of lower ce11s being

produced. i:r a basipetal sequence (¡is" i1B)" The trro primary

laterals on each of the second and. third- celIs of t he whorl-branchlet

axis d.evelop in a similarlvay to the portion of the whorl--branchlet

d.istal to them. The two primary la-berals on the basaf cell- of the

v'¡horl-brarrchlet are usually l¡ rrain cel-ls long, and. their laterals

( secondary) ðevelop to the same extent as the portion of 'che primary

lateral- d-istal to them. T:hus the mature whorl-branchlet aPpears

to be three or four tj¡nes trichotomously (occasionally d-ichotornousì-y)

branched-, each arm of 'che bra,nching consistj¡rg of one rigid. ce11



160.

d.ivering n'ide1y fr-om the others (¡iS. 31C). The ,cermi¡aI celJs

are short and mucronate, about 35y di.an. and to 55¡ 1ong. The

med-iarl cell, taken as the seoond- cell_ of the primary axis of the

whorl-branchlet, ranges from abouh 16T d.ian. j¡ slender plants to

abou-b 2OOp ùian. i¡r more robust ones, anô, 3-5 times longer than
I

v'¡Ícle. Adjacent whorls of vrhorl-branchlets d-o not overrap except

at the apex and, usuaLly about 0.5-2.5 nm of axis is exposed. befu"reen

them.

Up to I potentially Índ.eternj¡ate branches may be producecl

in ad.dition to whorl-branchlets on each axial cel1. The potentially

i¡deter"ni¡rate branches are i¡itiated. after all the lrhorl-branchlets

on one axial cel1 have been i:ritiated.. 1'he first is fo:med. between

the first a.nd second. v¡horJ-branch-1ets, the second. opposite the first,

between the thir"d. and. fourth whorl-branchlets. The third. and.

fourth branches (when they occur) are prcduced. between the first

and fourth, and- second- and. third. whorl-branchlets respectively

(¡rg. 31D). Less often the sequence i-s circular or altemating.

The manimum of eight laterals is not of'cen reached, and various

conbinations of v'¡horl-brarrchlets and- potentía11y j¡rd.eterminate

branches may occur. The potentially jnd_etermi¡rate branches may

d.evelop i¡ three ways: They may:

(1) contjnue to divid.e apically and. become a mai¡r thallus

brarrch, usually only one or occasionally two on an axial ce1l

(¡ie. ;1a),
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(Z) lecone fertile, not reachi¡g more than 9 cell-s i¡

length (see reproòuction), or

(3) lecome villose, not reaching nore than 9 cel1s in

length. T:e the thirÔ type of ôevelopment, the cells of the axis

anfl laterals become narroÌv and. hair-lÍke, about 1!P d.ian. (¡'lS. 32A),
I

and. the whorl-branchlets lack the mucronate tips. îhe lovrer cells

of the branch enlarge followilg the basipetal pattern of maturation,

and. ¡each 5O-1OT dian. and. about 2 nn j¡r length. lhe whole axis

may reach 6 rnn i¡r length. Spe:matangial head.s are borne on cel1s

of such branches ( see below). Often a seconclary potentiall-y

i¡rd.eterulinate bra¡rch nay be seen on a lower axial- ceII of the

vil]ose branch apparently read-y to conti¡lue grovrth (¡ig. 32A).

Villose branches may also occur as laterals on lower cel-Is of

potentially ind.eterni¡ate branches which d.evelop procarps.

Rhizoid,s which corticate the axis are produced. jn the Jovr¡er

parts of the plant from the proximal end.s of axíal cells and- from

basal cel-Is of l-ateral branches. Hap'cera occur on the proxÍrnal

end,s of rhizoid.al cel-ls (pig. 328). Po'cential-ly ind-etertj¡rate

branches may also be produced. fron the flistal ends of basaL cells

of rhizoíd.s and contribute to the compacùress of the whorl of

laterals on the axial cell. Rhizoid-s increase the d-iarneter of the

erect axes to about 7 mn and. extend. d.orrn over the substrate and-

prostrate axes, thus strengthening attachnent" One hold-fast may

consist of the bases of several- erect axes hefd. together by rhizoid-s.
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R-EPRODUCIION

Tetras ( ri-g " 3zc )

the tetrasporarigia reach 16gr aían. and- are slightly ovoid..

Rarely sporangia of 8 spores occur, reachiag 2OO¡ diarn. They are

borne temjnall-y or 1atera1ly on small cells of higirty bra¡rched.

and. nod.ified. whorl-branchlets. usually the sporengir:m-beari:ng

cell also produces 1-J invorucral branchletsrwith cel_ls about

35-55y d.ia.m, anA (¿-4 tj-nes longer than v,¡ide, either simple or

branched (¡ie' 32C). ï'.rhorls of v¡horl-branchlets bearirrg sporangia

are produced. just below the apex of short, lateral potentially

ind,ete:mi¡rate branches. The apex of such a branch may become

viJ-lose, a¡rù j¡ this case a potentially indete¡rnjnate branch from

the axÍa1 cell- which bears the sporangial whorl may conti::ue

growth. Thus the sporangial v¡horl appears to be inter-calary.

Potentially ind.etemi¡ate branches bo¡ne on basal ce1ls of

rhizoid-s may proùuce sporangia i-n a similar nÉtnner.

Spertataneial head-s (¡tg.32D,E)

the spe:rnatangial head.s are spherical- to slightly ovoid.,

about 11O¡-r dian., ancl are sessile and ad.axia]- on the d.istal end.s/

of cel1s of ¡,'hor1-branchlets (¡is. J2D) borne on viJlose branches

(see above). These branches occur in d.istichous opposite pairs

on each axial ceIl of the mai¡ thallus branches and_ rnay reach

about J nrn long" They are colourless and, project beyond. the normal

whorl of whorl-branchlets 
"
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T-wo to four fer'cíle axial cells each prod.uce r"'horls of 31+

pericentral cel-Is v¡hich each bud. off 2-3-berrninal spermatangia

and furbher l-ateral spe:m.atangial roother cells (¡lg. I.ZE).

Procarp and. Carposporophyte (figs. 3jA-8, 34trB)

The fertile axis is 5-9 cells long and. is fo:med. from a

lateral- potentially ind.eterminate branch. 0n the sixth or seventh

cell below the apex of the mai¡¡ fertile axis there are up to I
whorl-branchlets alternatjng with up to 4 further lateral fertiJ.e

axes '¡¡hich are usually 5-6 ce11ed.. At this stage, the main axial-

cell- above this whorl may bear up to l+ v¡horl-branchlets which aot

as outer involucral branchlets for the carposporoph¡rte. The last

four cell-s of each fertile axis are relatively smal1 and" densely

protoplasnic (Fig. 33n). The subapical ceLl- bears three pericentral

cells - two abæria1 pericentral cell-s are sterile (Fig. JIA) while

the third. (taterat) pericentral cel-l is the supporting cell ancl

bears both a tenni¡al sterile ceff and. a lateral, curvecl carpogonial

branch. The hypogenous and. subh¡rpogenous cells bear no laterals.

One exception was observed. n'here the subh¡pogenous ce11 bore a

one-cell-ed- lateral and- i¡ this case the procarp vres not present.

tre another case, a second- perÍcentral had. produced- a te:sj¡raI sterile

cell- and. lateral carpogonial branch (flg. 338).

After fer-bÍLization the trichog¡me ís 1ost, the cells of the

carpogonial branch begirr to fuse, and. trro sma1I connectj¡g ce11s are
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produced., one on each sid-e of the original carpogonium (rle. 33c).

These are often d.isplaced. to a position above the carpogoniun,

possibly cau;ed. by breakÍng off of the tri-chog¡rne. The supporti¡g

cell- enlarges and- cuts off an ar:xiIiary ce]1 (¡ig. 33o). Ä snal-I

nucleated. protnrberance from the auxiliary ce1I (¡ig. 33D) nay

represent a connecting ce11 partially fused- with tire auxiliary cel-l,

The apical ce11, tv¡o sterile pericentral cells and- steril-e cell_ on

the supporti:rg ce11 begin to divide (¡is. 33D), and. eventually

forrn four j-nner i¡vol-ucra1 groups suryound-ilg tire car?osporþpÌ5rte.

segnrentation of the auxiliary ceIl prod.uces up to four smal-I

gonimobrast i¡litiats (n:-g. JJE) v,'hich d-ivid.e further several timesr

the terminal- cells d-eveloping Írrto car?osporangia about 1oo¡: dian.

and 15$: long (¡is. fuA). Grad.ual fusion occurs bet.rveen the lorver

gonlmoblast ce11s, auxiliary ce1I, supporting ce11, subapical cel1

and- þypogenous cel1 to prod.uce a Large, murti¡iucleate fusion cell-

about 26T d-ia¡o, (tr'ig. 3)+.trZ - compare Fig" J5F for I'¡ uucronata ).
The subhypogenous cel1 remai¡s d.istinct.

The basal- ce11s of the i¡rner i¡rvolucra]- filanents are al¡nost

isod-iametric v'¡hile the ultimate cell-s are elongate and. narrov\r,

about 1l¡1r dian.

All the procarps on the one lateral branch may prod_uoe

car?osporopffies; up to 4 per branch have been observed..
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rIì¡0LLASTONELLA I..'IUCIì-OI\ATA (Harwey) comb. nov,

'IrangeLia mucronata Hanrey 1860: 3o9, P:. . 1918; 1863¿

wlT Loc

sJmop. no. 338. J.Agardh 1876: 616. De loni 18972

127. Guiler 1952: 99. Lucas 19092 22; 1929a2 16'

Lucas anô' Perri:r 19472 135' riay 19652 365' Okanura

19J22 133. Sond.er 18BO: 28¡ Tisd'all- 1898: 511'

ì,,Ii1son 18922 17O.

AIIIY lasmania (Cunn).

îfPE - Herb. Harvey, TCD,

DISTRIBUTION Isolated occurrences at Stinky Bay and'

Pt. jiacDonriell, S. Aust., and- Low I{ead' and' Currie

rl.iver, Tasma¡ria.

the species is rare and has only been collected. j¡ the

d.rift.

the material used. for d.etaileô i¡vestigation was collected.

from Currie River lÁouth, Tas. (ml t 51322, Perrirr, Jan. 1)J8,

fenale) and. Pt. iilacDonnell, S. Aust. (¡¡u, L18r987, -',Jomers1ey,

1 9 .víií.1 953 ¡ tetraspora,ngiaU

VEGETATI\Æ STRUCTURT (Figs. 54CrD, 35A, Plate 10B)

the thall-us is 5-11(-20) cn 1ong, ',rith dense branching

rvhich is irrre6uì.ar1y alternate and. fasti6iate (Plate 1OB). There

are up to five ord.ers of branchi:rg' i',tany erect axes arise frorn

interbwined, prostrate axes (pig. ILC) which form a thick nat.
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Haptera produced. from the cells of 'che prrcstrate axes aid-

attackunent.

Apical cells (about 70¡ aiam.) of Índ"etermilate branches

give rise to axial cel-ls'v-rhich enlarge to about 18$: d.ia,n.,

anô to J.J rrun 1ong. Each axial cell- bears usually J.i,¡horl--

branchl-ets (occasionally 4 in fertile parts) ,¡hictr are fastigiate

and. about one third. to tr''¡o third-s the length of the axial cell

above. Eachl,vhorl--branclûet is pseudod.i-oor trichotomously

branched. once or trivice with the second- division, if present,

usually pseud-od-ichotomous. Each arn of the di- or trichotony is

one rigid ce11 (Figs. J\Dr 35L). The tenodnal ce11s are sna1l

and. mucronate, about JJp díam. ana 8o¡ long. ì,red-ian ce1ls, taken

as the second. ce11 from the base, are !0--169 aian. and 5-7 times

longer than'lvid-e. l,[aturation proceed.s basipetally.

Potentially ind.etenninate branches are formed. i¡ ad-d-ition

to whorl--branchlets on axial eel1s and. occur between the first and"

second, forrned- 'nhor1--bra¡rchl-ets. Occasionally the apex of a

potentially Índ.ete¡mj¡ate branch becomes vílIose, as i¡

ri. nJæi-ophyl-1oid.eg. v¡i-th the cefls of the villose y'¡horl-branchlets

about 2J7s. díam. and- ]acking mucronate tÍ-ps. trr this case a

lateral branch borne on a lovrer axial ceIl may take over the growLh

of the axis (f i6. 35A). This type of growbh is for.md- par.bicularly

j¡ the female and- tetrasporangial plants, 'lvhere lateral branches

conti¡ue the grov,ith of the axis lrhich has become fertile at its
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apex. This form of growth may be conti¡lued. several- ti-nes gívilg

an irregular s¡rrnpod-ium.

REPRODUCTIO}T

Tetras [ui*. J5B(r), (ri)]

The tetraherlral sporangia reach about 1? dían. ancl are

borne termj¡al1y or 1atera11y on smal1 ce1ls of rnod.i-fied whorl-

branchlets near the apices of potentially j¡ôeterninate axes.

The sporangial whorls may appear to be i¡tercalary at a l-o¡ver point

on the axis because a ne!ï lateral potentially ind.ete:mri¡rate branch

has taken over the growth of 'che original one. The cells of the

sporangi-al r,vhorl-branchlets are smaller than those of the vegetative

whorl-branchlets, being about 75y d:ram. ana Zf'fi times longer

than .r,vide [¡ie. ]58(i)] . They usually retai¡r their mucronate tips,

v,'hich are lacki¡g in the sporangial involucral- filanents of

I,¡I. myriophylloid.es. Rarefy sporangia v¡ith B spores are produced

[ut*. ¡¡s(ii)].

Spe:rratangial head-s Unlcrov'¡n.

Procarp and Caqpospo rophyte (pig. 35c;r¡

the fertile axis is 6-7 cel-Is long ancL is formed- from a

]ateral poten-'cial1y iad.ete:mj¡ate branch. 0n the fif-th or lower

ce1l below the apical- cel] another latoral fertíle branch may be

forned., but a whorl as i¡r lT. rnyriophylloid.es never occurso
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The structure and. d.evelopment of -bhe procarp systen is essentially

si-nil-ar to that of l'tr. mlËio iåes (nigs, 35Ç anð' 33A - oomParison

of the tvro species). The comparatively snaJl apical, subapicalt

hypogenous and. subhypogenous cells (ttre latter t'¡¡o Jacki¡rg laterals)

are similar to tliose of the t¡4pe species. Production of the

ar,rxiliary ce1l (I'ig . 35D), fusion of the cel1s of the carpogonial

branch (nig. 35I'), post-fertil-ization d.ivision of the sterile cel1s

associated. with the procarp and- prod.uction of gonjmoblast proceed

as in ï,I. oid-es (¡lg. 35T - a Yorrng gonimoblast of

ï. mucronata . The prímary gonimoblast chai-n, the auxiliary cel1t

supporting ceI1 and- subapical cell fuse to form an elongate fusion

ce1l. The carposporangia are produced- temj¡ra]ly on the lateral

gonimoblast chai¡s. The irregular surfaces of the carposporangia

are probably due to densel-y paoked. oi1 d-rrcplets. Carposporoph¡rtes

available for stud-y were ver]r few a¡ed' so microchemical tests

could- not be carried- out. Very litt1e fusion occurs betvseen the

subapical cell and. the hypogenous oel1s. T:: each of the four

i:rner i¡volucral groups, the Joy,¡est d.ivision is tezrrate or quatemate

and. the second- bj¡ate or temate. liThorl-bra:rchLets on lolver axial-

ce1Is, particularly the ce11 below the subh¡,-pogenous ce1}, act as a

loose cuter involucrum.
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DISCUSSIOÀI on ];IOLLASTOITDLLA

ti. myriophylloid-e s and. lif. mucronata form a closeJ-y related-

speci-es pair, l'¡ith a1most id.entical procarp and- carposPoroph¡rLe

stn-rcture. jj. ¡ryriophyll-oides appears to be more primi'cive i¡r

vegetative features, having a larger number of v¡horl-branchlets

and- potentially ind,eterminate laterals per axial- ceil than

ïI. m-ucronata. There appears also to have been a red.uction jn the

number of d-i-trichotomies i¡ each'¡'horf-brarrchlet i¡ V. mucrona

but this trend. coufd. as v¡e1I be interpreteð i:r the opposite

d.irection.

i{o.;rever: -'j'¡. iùes has probably ad,vanced. over

lf" mucronata i:r reproductive features. The v¿horl-branchfets

beari:rg tetrasporangia jrl ';i. n:rriophylloid-es are more highly

moôified- from vegetati-ve whorl-branchlets than those of rirl. mutlierìe@r

i¡r which most of the i:rvolucral branchlets stil-l retai¡r the

mucronate tips; these are lackj-ng il the coruespond.Íng branchlets

of ii.r. ro¡rriopltylloid.es. The whorls of fema]e axes are the result

of the comparatively complex vegetative branching, Ín which the

potentially ind-eterrni¡rate branches are formed. in u¡horls,

Both species have the abili'c¡, t,o prod.uce villose branches

and- for a lateral potentially i:rd.ete:trni¡ra'ce branch on a lorrer cel-l-

to over"take gror,-v-ch. -Although spermatangial plan ts of '!l . rnucronata

are unlorov,rn, it is highly likeIy that spermatangial head.s v¡"iIl be
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found. to occur on the cells of villose whorl--branchlets as i¡r

'ii. myrl_o i-d.es.

It seems likel¡. that species of ','Toll-astoniella may have

occurred-, or may still- occur, i:r .¡¡hich the main axes are prostrate

or creepirg, thus paralleling bhis type of d.evelopment i;rt t,iazoyera

anô ,SÌrepl-eya.
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(¡) DRb-ÌTr¿-i'ilA gen, nov.

Thallus axibus prostratis et erectis, axes prircípaIes

erectis, ranificatio d.isticita, alternata aut opposita. cel-l-ulae

apicales circa 5$r aiarn. R.amql-i-verticillati l+-5 i-n ceJlul-a

quaque axiali, cellul-ae te::rni¡rales acutatae, ceflul-ae med.ianae

25-7W d_iam. Ra¡ri i¡rd.etermi¡rati in positione ramulorum-

verticil-latorum exorientes. R.h-izoid-es corticalia a cellu1is

b a salibus ramul-o n¡m-ve rti c ilf ato rum.

Sporangia'cetratraedraJiarad-axialia i¡ cellulis i¡rferioribus

ramulonm-vertic ill- ato rr-rm po s ita.

Capitula spernatangionin incogníta.

Procarpiq subapicalia i¡ rarm-rlis brevibus lateralibus

aut ranulis iateralibus ramul-orum-verticil-1aton:m, cel-lul-ae

ultimae duae parvae, ceflula subapicalis cellulas d-uas sterifes et

ceflulam supportan'oem cum ralrlo carpogoniali latera1i et cel-1u1a

termjrrali ferens; ce11ula hypogena elongata, ram¡;Los laterales

numquær ferens. cel]ula auxiliaris una a procarpio quoque

gonimoblastr:¡n exorientes. Cell-ul-ae s'ceriles curn procarpio

consociatae I systemata i¡terior i¡rvolucra]ia efferentes.

Thal_Ius .with erect main axes arising fr"om prostrate axes,

branching d.istichous, alternate or opposite. Apical cefls about

5$r aiam. 'i-[hor]--branchl-ets 4-5 per axial ce11r the temj¡al cells
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acute, meflian cell-s 25-7Cp d-iarn. T¡rd.etemilate branches forned.

i¡l the positions of whorl--branchl-ets. iìhizoid-s of cortex arising

from basal cells of lvhorl-branchJets.

Sporangia tetrahed.ral, ad.axial- on lower cel-ls of lvhorl-

branch-lets.

Spermatangia1 head,s unlmotvn.

Procarps subapical on short Jateraf branch-1ets or on

laterais of '¡rhor1-branchl-ets. The l-ast two cel1s of the fertile

axis are rel-atively smal}, the zubapical- celf bearilg two sterile

pericentral- cel-ls and- a supporLing ce11 r¡hich gives rise to a

lateral carpogonial branch and a ter¡ri¡al sterile ce1l; 'she

hypogenous celf is elongate and. bears no latera]s. Qne auxiliary

cel-l is formed. per procarp and- produces the gonimoblast. Steríle

cel1s associated- .,,¡ith the procarp d.ivid.e after fertilization to

give 4 j¡rner i¡rvolucral branchlets.

The genus is named. in honour of the late Dr. li-athJ-een Drew

(Ivîrs. Baker) v¡hose d.etail-ed stud.ies on the life histories of red.

algae have had. wid-espread- significance. The genus is nonotypic.

T-[PE SPECIES - Drerviana nitel-la (narvey) comb. nov.

BASIOIIYI{ - Wrangelia nitel-la Harvey 185+; 546.

The most imporbant features r'¡hich separate Drewiana from

the other genera of the Sphond.ylo'shamnieae are:
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(t) tne elongate hypogenous cell without laterals - j:t't

Tnvolucrana anô l,trazoyera the hypogenous cell bears a single curveð

j¡rvolucral filament, in Sphond-ylothamnion 3-5 pos-b-fertl1-ization

Jaterals occur, and. in Sheplel¡a and- 'îollastoniella this cel1 is

relatively short,

(Z) tne single au,xi1iary ce11 per procarp - Sphond.ylothaumion

and- Shepleya each have two auxil-iarxr sslls per procarp, and-

(5) tfre pre-fertilization laterafs on the subh¡rpogenous ce1l,

separatiag tllis genus from -l'Ioll-astoniella j:r ''nhich the subhypogenous

ceif bears no Laterals.
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DR-flIIAI\IA NITELI,A
I __

tHarweyj comb. nov.

r.rTrangelia nitell-a Harvey 18,542 5l+6; Aag. Aust. Exs. no. 2JB;

1859a; p1.10!; 1863t sJrnop. no. 336. J.Agardh 18762 616.

De Toni 18972 127. Lucas I)OJ: 22. l,ucas and- Perrin

19472 135. \iay 19652 365. Okamura 19122 113.

Sonder '1880: 28. lisd.all '1898: 511. T'Ii]-son 18922 17O"

TYPE IOCALIIY Rotfulest Is., \',I. Aust.

T@ - Herb. Harvey, TCD (no. 213 of travelljlg set). Not seen¡

DISTRBUÎ]ON - Isolated occurrences from Rotbrest Is., i'I. Aust.,

to Tas¡lania. The specíes is apparBntly !'are.

The species has been collected. by dreùgÍng in Pt. PhiJ-lip

Bayo Vic. (l' L 15r32O, Vilson, 18.i.1890) and by diving at 15 m

i:: St. Vincent Gu1f, S. Aust. (¡¡u, A33r177, Shepherd, 2.ä.1969).

the material used. for d.etailed i¡lvestigation was coflected

from lasmania (tit$;"r, .lincher¡ female), I,iid.d-1eton, S. Aust.

(¿¡U, -L29r688, üomersley, 1)+.xi.1965, tetrasporangial) and-

Gard.en Is. Ì,iI, Aust (ADU, A1Br2J2, ClJifton, sterile). The i¡estezrr

Australian specimens are i¡r most cases small and ecorticate, whil-e

those from Ft, Phillip Bay and. Tasmania (one specimen) are larger,

more robust and, basally corticatetl.
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vEeETÀTrvE srRUcruR-E (pig. 36t-c, Fl-ate ttlre)

The thalLus is 5-13 cn 1ong. tre smaller specí-mens the

free erect axes arise from prostrate, creeping axes (Fig. 36L,

Pl-ate 114), r,-rhile irr larger specimens'che prostrate axes are often

iaterb"uined., fonning a hold-fast (etate 1-18). Branchilg of erect

axes is regularly al-ternate or opposite, and. clistichous.

Apícal cel-l-s (about 5Op d.iam.) of inðeternj¡rate branches

give rise by transverse d.ivisions to axiaL cells (¡lg. 168) which

gradually enlarge to about 50$: diam. and. 4-6 -ti-mes longer thær

than wide. Each axial ce1l bears L-5 whorl-branchlets which are

pia nately to subdichotomously branched 5-B times. The teruri¡ral-

cell-s are acute , 1B-2)+ d.iam. and. about 2à'-7 t:^.s longer than wid-e.

Seldom are they as short as illustrated. by l{arvey (A59, pL.1OJ,

Figs. J and 4). tr4eôian cel-ls arc 2J-7Oy diam. Ðûð- 2-6 ti-nes

J-onger than wid.e, the larger cells occurring j¡r the more robust

plants. Ad.jacent whorls of whorL-branchlets usually overlap only

near the apices of branches.

Potentially ild-etemj¡ate brarrches oocur in the positions of

v'¡horl-branchlets on axial- cell-s and i:ritially resemble lvhorl-

branchlets. In the more slend.er creeping plants, lateral branches

i¡r the lovrer parts of the erect axes may produce reduced, whorl-

branchlets rirhich are short and- simple or only once or twice

branched.. The apices of these l-ateral-s become curled., and- presumably

act as attacbment organs (¡ig. 36A.),
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Rhizoid-s -which corLicate the axes are prod.uceð in the lower

parts of the more robust plants. They arise from the basal- ce1ls

of vrhorl-brancb.l-ets and- l-a'ceral i::d-etermi¡ate bra.nches, with up to

six from one basaf celI. The ceffs of these rhizoid.s produce

irregular .øhorls of 3 or L reòuced whorf-branchlets, rnakif]g a more

cornpact covering to the mai¡r axis. Lateral-s of rhizoid's may foru

second-ary pit connections vrith neighbouring cells'

RTPRODUCîION

letra (¡ig.36B,c)

The tetrasporangía are about 55¡ d'ian' and- are borne

termi¡ra1ty (Fig. l6C) or lateral1y (¡ig. 168) on the ad.axial sid-es

of l-o'çver ceI1s of the v¡horl-branchlets.

Spermatangial head.s Ünlmovm.

Procarp and. C (¡ig. 56D-G)

The fertile axis is 5-6 cefls long and is formed- jn the

position of a whorl-branchlet or a lateral of a whorl-branchfet.

the apical- and- subapical cell-s are comparatively smaI1, v¡hil-e the

hypogenous cell is longer an¿ about 2l ttmes the length of the

subapical cel1 (Fig. l6n). The subapical cel1 bears three

pericentral celIs. the abaxial pericentral ceJl and- one lateral

pericentral cel-l- are sterile, rnrhile the other pericentral acts as

the supportilg ce1l and. bears both a termj¡al- sterile ce1l and- a
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lateral curwed. carpogonial branch. The h¡rpogenous ce1l bears

no laterals,

After ferti)-ízation and. loss of the trichoSyle: t¡vo smal-l

connectj¡rg celIs are prod.uced- on each sid.e of the carpogonium.

The ce1ls of the carpogonial branch then fuse (¡le. l6E) and the

supporting celJ- cu'cs off an auxifiary ce11 by an oblique d.ívision.

The apícaI ceII, tv¿o steríle peric,entral- cel1s and- the sterÍl-e

cell on the supporting cel1 begin to divj-d.e (pig. l6F) and

eventually forrn L ínner i¡rvolucral groups aror¡rd the carposporoph¡rLe

(¡'is. 36G). The i¡ner j¡rvolucraÌ group from a sterile pericentral

cel1 ís usually only tr,ro-ce11ed.. The basal cefls are almost

isod.ia,metric, rrhile the ulti¡rate ce1ls are elongate and. about 2$-i

ðiam. ,segmentation of the ar:xíliary ceI]- produces a whorl of

4-5 smal1 gonimoblast cetls y,¡hich d"ivíd.e further to proòuce a small

cluster (¡ig. 56î). the lower ones grad.ually fuse v'¡ith each

other and. vrith the auxiliary ce}1 and supporting ce11 (nig. 36G),

The subapical- cell is not j¡rvolved. in the fusion cell-. The

te:rni¡ral- cefls form clavifom carposporangia about 25u d-iam.

DISCUSSION

SuperficiaJ,Jy, D. nitel_l-a resembles very closely Sphond.ylothan:qþn

nultifid¡¿¡n (See Append.i:< ). Thalli are about equal Ín size, sho¡¡

simìlar branching patterns with erect axes arising from prostrate

axes, sinilar munbers of vrhorl-branchlets per axial ce11, potentially
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i¡rd,eterujnate branches occurríng il the positions of strorl-branchlets,

and. both are capable of forrning seconclary pit conrreotions. Both

produce sporangia j¡ similar positions and. the prefertilization

stnrcture of the procarp system j¡r each is similar'

Hov,rever, nany of the d-ifferences bet¡,reen these two species

are of generic imPortance. ù nultifidurn proòuces two a¡:xiliarY cel}s

per procârp whereas D" níteI1a has only one. The hypogenous ce1l

in S. mtltífidum (t'basal ce11'r of Gord.on and- riromersley 1J66, P.25)

is only slightly larger than the subapical ce11 ("central celfrt

of Gord.on and. -.Ï'[omersley) and- after lettllization produces an

outer i¡rvolucral vrhorl of '¡,¡hor1-branchlets. In D. nitella. hovrever,

the h¡rpogenous celI is at least twice the length of the subapical

cell a¡ld. d.oes not proôuce any pre- or postfer.tilization laterals'

In other genera of the Sphond.ylothamrieae these featr:res are constant

w:ithin each genus. the tetrasporangia of S. mrltifidr:m are s1íght1y

less than tw-ice the clia¡reter of tho se of D. nite lIa.

vegetative d.ifferences, although i¡rd.ivid.ualIy not of generic

importancer 1vhen consid.ereô together with the reprod.uctive .d.ifferences

clearly ind-icate the generic d.isti¡ctness of Drewiana. I¡t

S. nultificlirm, the r¡horl-branchlets are subd.i- or trichotomously

branched., incu:rred., with an ulti-mate unbranched. part of 8-9 celJs

(¡lg. 114). trr D. nitella, the whorl-branch'lets are mostly

pinrrately to subd-ichotomously bra¡ched, widely spread-ing, wiLLr 1-J

ce1ls j¡r the ultimate unbranched- part (¡ig. 36C). 'l'he term.inal- cel]s

of v¡horl-branctrlets of S. nr:ltifidt¡rn are obtuse , but those j:r

D, nitella are acute.
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(6) IryOLUCRANA Bald.ock and- Iitromersley

The g enus hvolucrana '!'ras proposed- and- ôescribed- by Baldock

and. Ilomersley (1968, p.21t+) for the species Borne-cia meredi-btriana

J.Ag., ,,¡hích fliffers cons|derably from Bornetia in reprod-uction.

The majn features which separate trrvofucrana frr¡m tire other

genera of the Sphond-y1o'bharn'rieae are:

(t ) tfre ç*ee cell-ed. f ertil_e axis Laterally placed- on a

lvhorl-branclr.fet - the fertife axes i¡r a1l other genera are never

fess than l+ cefls 1ong,

(Z) tfre presence of t'',¡o pericentral ceIls on the zubapical

cel1 jrl contrast to the three i¡r other Senera - i¡ trrvolucrana

siered.ithiana occasionally one or rare1y tvro extra pericentral-s arise

from the subapical cel] after fertil-izatíon and- d-ívid-e to prod-uce

one or t¡,iro extra irtner involucral groups,

(¡) tfre si¡gle celled., later multicelled-, abaxial l-ateral

brarrchlet on the h¡¡pogenous cell at fertílLza'çion - i[azoyera has

also a lateral on the hypogenous celf at fertili:zation, but it is

ad-axial and- tn,ro-ce11ed- (1ater nu1ticelled.), and Sphondyfoihamn l-on

produces 3-5 Aaterals on the hlpogenous cell but only af-ber

fertll-i..zation,

(¿r) tne polysporangia of up to J2 spores - other Senera

prod-uce tetrasporangia, or rarely sporangia of I spores Wo11as'sonie1la
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A further species, Involucrana crassa (tlookerf. etHarveY)

comb. nov. is here ad-ded. to the g enus trrvolucrana. Th:ie sPecies

ag rees r,vi,ch I, mered-ithiana i¡ the above features and- d.iffers

from i-u nainly ìl vegeta-'cive fea'cures.
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IGY to SPECIXS of IIII\/OLUCRÁNA

Thallus branching irregular, subðistichous;lrhorl-

branch-l-ets often i¡d-istjrct fnom indete:¡rinate branches,

24(+) per axi-al cell, rad-ial on mai¡r axes, mostly

about 10 nm long, with med.ian cells 2-[ nm long

c ... .,. I. meredithiana

Thallus branching s-brictly d,istichous; r,,rhor1-branch-1ets

nearly a}'ways disti¡rct from ind.etermi¡ate branches,

d.isti-chous on mail axes, 23-l+) per axial ce11, mostly

2L-t, ^ 1ong, with med.ian cel-ls 0.7-1"2 rm long

... I. crassa

1

aaa .aa a¡a aaa
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Ij\-üOLUC CRASSA (Hooker f , e'E Harvey) coiob. nov"

Wrangelia crassa Hooker and Harvey 1B+7: 410. I-larvey,

A1g" Aust. nxs. ï1o. 261; 1860: 3OB; 18632 synop.

no. 334. J.Agard-h 18612 706; 18762 6zo.

De Toni 18972 131. GuÍl-er 19522 99. I(ue-bzing

1BLr9; 665, Lucas 19092 23, 1929a: 16; 1929b: l+8"

Lucas and. Perri¡r 1947: 138. i'tay 19652 366.

Okamura 1)j2z 133. Sond.er 1880: 29. late 1BB2: 21.

Îisd.all '1898: 5-11" Wilson 1892: 17O. l/omersley

1950: 181.

TYFE LOTAIIIY Georgetovrn, las " (er:nn) .

1YPE ä" there are no specimens labelled- rrGlrrfîr j¡ 'chis

herbarir-m, It is probable 'chat '¡;he central one on

'che 'c¡¡pe sheet is the type. Not seen'

DTSTRBUTIO}T - Srom Elliston, S. Aust., to P'c. Phillip Bay, Vic",

and. the northe¡n coast of Tasmania.

The species is moùerately common il d-rift, often growirrg

on '¡he axes of Acrocarpia paniculata (furner) Areschoug, rarely on

lietagoniolitlton charoid-es (lam,-r" ) W.v.Bosse, and- has al-so been

collected- on the axes of ri,Irangel-ia nobil-is from the sublittoral

frirrge at Perurj:rgton Bay,I(angaroo fs. (-tlU, 
^21616, 

lYomersle;r,

25.i.1?i+)" ft is rarely fertil-e and- only one plarrt of each

reproductive phase has ever been col-lec-bed.
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The material used- for d,etaíIed. i¡vestigation v¡as collected.

at 20 m frorn Spencers Gu1f, S. Aust. (wSf, Hed-ley, rfÉrd.eavourtr,

Sept. 1909)¡ Daly Head-, Yorke Pen., S. /rust" (anU, L31.OO9,

Gord.on, 26.üi.1967, nale), Nora Crejna Bay, S. Augt. (¡¡u, L25r+67,

Womersley¡ B.viii,1961, female), Robe, S. "tust. (;UU, Ã311159,

GorrJ-on, 25.i"1967), and- ,StÍr:.k¡r Bay, S. Aust. (,rnu, .L271896, Gord-on,

19.v.190+).

The superficial appearance of the thal-lus is very similar to

that of Shepleya vlattsii, particularly th¿rt of the cystocarpic
1..*.plant, butr.can usually be d-istinguished- by the curlilg tips and.

excessive plasmolysis occurrj¡rg after d.eath or fixation, causÍng the

v¡all-s of the cells to appear relati-vely thick i¡r f. crassa (¡ig. 378).

IEGHT;\TIVT SÎRUCTURE (¡is" 37Iy,B)

The thallus reache$ ',|9 cio long and- the branching is alternate

and- d-istichous, r,¡ith J-4 ord-ers of branching. Erect axes arise

from i¡tert-rvi:red-, anastomosiag prostrate axes whi-ch fo:m a thicir

inat at the b-ase.

Apical ceils (about 2OO¡r Aia.n.) give ríse to axíal, cells

(¡ig. 3lArB) which reach abou'6 8OO¡ díam. and. lL-3 '¿:urcs longer

than v¡id,e. Xach axial celI bears usually tlvo rrrhorl-bra.ncl:lets

rvir-icir are cut off i¡i opposite C.istichous pairs. Occasionally a

third is prrcd-ucea (fig. 37i) anC. rarely a fourth opposite the

third.o First-formed r'dro:'1-branchl-ets alternate on each sid.e of the

axis, singly, il pairs @ ix threes. i{ature l'*ror1-branchlets are
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wid-ely spread_i¡g, subpolychotomously branched- at -bhe base anò

subôi- arrd- trichotomous above r¡ith ultimate branchlets of 1-3 ce11s,

,caperi¡g s1ight1y. up to sjx further laterals are produced irt

l-ower parts of the plant from the central regions or the proxinal

end.s of the basal cells of the urhorl-branchlets. These project

acrosjs the axial cell-s j¡r the d.irection of the opposite whorl-

branchlet thus obscuri¡rg the d-istichous nature of the arangement

of the .¡,rhor1-branchlets. ir¡iedia¡r celfs of whorl-branclllets are

2OO-3OO1 ô.iam. anô, Zi-6 times longer 'chan wid-e. Àd.jacent pairs

of -n¡horJ-branchlets overlap.

Potentially ild.e'cemjlate branches are fo::med. j¡r the posíbions

of whorl-branchl-ets on axial celfs. Frequently axíaI cel-ls near

the apices of i:rd-eternjnate branches bear reduced- v'¡horl-branchletst

or occasionally none at all, thus a11o.,-ri¡18 the axes to curl i¡r a

flat spiral. Rhizoid-s ri,hich corticate the axis are produced- in

-bhe lower parts of the plant from the proximal end.s of basal cells

of la'cerals and. gro'w irregularly d-ownvrard.s. These form gecond-ary

pit con:nections v,rith ce1ls of lorrer whorl-brarichlets and- nei3lùouririS

rhizoid-al ce1ls.

P.¡PRODUCTTO}T

Polyspo TArrg)a (¡is. l7c)

The sporangia are about 2OO¡r d.iam. and- are po1yhed.rally

divid,ed. wi-t!'¡ 27-30(+2? ) angular spores, each about 50¡ d-iam. '¡¡ith
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a rrarted- ou'ter surface. Each spore is attached- a'c the centre of

the sporarrgirm. the sporangia are borne -benuinally or 1ateral1y

on the fower eells of snal1-ce11ed- lateral-s borne on the lower cefls

of the whorl-branch-1ets. Iìach spore is surror¡nd.ed. by curved-

ínvolucral- fil-a¡rents arising from the stalk ceJl. The cells of

the filanents are about 7$: aiam, and 4-8 ti-mes longer than r,vid-e.

Spermataneial Head-s (rte. J7D-F)

The spe:mata.ngial head.s are ovoid., abou'ú 9Ou d.iam. and. 1|

times longer than lvi-d.e. They are borzle on branclr-lets si-milar to

those bearilg the polysporangia, but the spe:rnatangial head.s may

also occur on the upper celis of these branchl-ets (lig, 37n). The

cells of the i¡rvolucral branchl-ets are shorber than those i¡ the

sporangial thall-us, about 2L-1, ti^us longer than w-ide.

Each sperrratangial head. consists of three -bo four fertile

axj-al cel1s, each of which produces a whorl of three pericentral

celIs (¡ig. 37ts). These d-ivíd,e transversely and obliquely to

produce rows of cells (flg. 37F), the ul-timate ones of which cut

off 1-2 sperrnatangia. The 1or¡,¡er cells of 'bhe rours proôuce outnard.ly

further spetmatangial nother cells.

Procarp and. Carposporphy'se (¡is. 37c-r)

fhe fertile axis is J cells long and. arises from the d.istal

end. and- ad-axial sid-e of a subtermi¡ral cell- of a whorl--branchlet.

'Ihe lrypogenous ce}1 (Fig. 37G.) bears ad-axia1ly an elongate cell
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vrhich òevelops later j¡rto a¡r ou-ber i¡rvolucral branchle'c, I\o

second.ary pit corurection v¡as observed. betn-¡een this ce1I and the

lower subterninal cel-l as i¡l f" nered,i-'chiana.

l'he subapical cell- (ttig" 37G) bears '6v,'o pericentral ce11s,

the sterile perícentral ce1l and- the supporti¡S ce11, vrhich bears

a termj¡al- steril-e cell- and. a lateral cun-ed. carpogonial- branch"

As only d-ried. mai;erial- u¡as available, details of post-fertllization

development coulò no'c be fo1lowed.,

'i'he carposporophyte consists of a central lobed- fusion cell

about 2OO¡r d-ian., with 'cube-l-ike anastoroosi:rg prrrcesses ex'cend.ing

from it (¡'ig" 3717) " These bear smal1 ce1ls rùrich enlarge ilto

car?osporangia, at fj-rs-bly highly vacuola-be, but Ta'cev clavate anô

d,ensely packed- .'l¡ith rhod-opJ-asts and. storage bod-ies" i,,iature

carposporangia are about 5!u a:-an" anð- 3'cimes longer tha¡r ruid-e"

The carposporophyi;e is surround.ed. by J irrer i¡rvolucral branchlets

(¡lS. 37f), with the lower cell-s isod-iame'cric and. -bhe ultj¡rate

cells elongate, about 35y di-.an" ar,| 5+ 'cime{i longer than ',¡id.e.

these are enclosed- b¡' outer i¡r.¡olucral brenchle'cs from 'bhe fower

vegetative whorl-branchlet celfs,

DÏSCUSSTON

The two species T. mered.ithiana a,nd- ïn crassa are very sinilar

i:n reprod.uctive features, but furtirer stud.y of lio,uid- preserved.
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marcerial of I. crassa is necessa:ry fot confirrna'cion of d.etails of

post-fertilízation events i¡ this species,

trn vegetative features, I. crassa is probably more ad-vanced.

with its d.isti chous pair of rvhorl-branchlets pe r axial ceÌ], i¡r

contrast to the r"ad-ial 2-J r'rhorl-branchfets wiúch are of'cen

i¡rd-is'ci¡ct fron i::d-e-benni¡ate branches in I. mered-iLhiana.

Jimilarly, I. crassa shoi,vs a restriction of 'che coztical- rhizoid-s

to the basal cel-ls of laterals, whereas I" mered.ithiana shows thc

probably more prin-itive conùition where 'ihe r-hizoid-s can be

prod-uced- from both tÌre proximal- ends of 'bhe axial celfs anô from

the basal cel-Is of laterals.

the spermatangial- head.s of r, crassa are relatively shorter

than those of I. gqxed-ithiana, again suggestÍng the more ad.vanced-

cond.ition of I" crassa.
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(7) TIOIGR,SIA KarseJcoff 1896: 285-

LA BACCATA (J".l,gardìr) Karsakoff, ems:å Boergesen 191O¿ 20t

fig, J-1A. Feldmarrn, J" arÌd G. 194Oaz )+61'

iefd¡.arm-liazoyer 1940: 38O, f rCs" 11, 45' 1)+9t

1?+12 66, Gi:rsburg-Ardrí 19632 ,Bo" Ky1ín 1956:

388, fli-,g. Jo6A.

Asardh 1870: 36+' 18762 27-allitlmmnion baccatum J"c

Víckersia baccata (J.l.gardh) Karsakoff 18962 28Jt pL.3"

Vickers ia canariensis Karsakoff 18962 281, Vickers 18962 3O5.

S¡rnonomy from Feldmarn't[,azoyer 1 940"

TYPE IOCA-IITY - A'zoreso

TYPE - Herb" Agardh, tD? ldot seen'

DISTRBUTION Azores, Canary fs., Si:ees, Porbugal, lvestern

l,ied-iterranean Sea.

Thetlpespeciesgrowsabovelov¡wate:cmarkrepiph¡rticon

other algae or on rocks in habi-bats boi;h sheltered- arid- exposed-

(Boergesen 1)Jo, p.28).

llaterial- of V bacca the 'cype species of this monot¡rpic

genus v,¡as not available for study, but i'r; riras'well- d-escríbed' and-

il-l-ustrated- by Boergesen (lgto), Feldmarm-\'iazoyet (tg+o) and-

Karsakoff (1996, pf. ,).

The rnain d.ietinguishí:rg features of the species are:

(1) pros,crate axes attached- by rrnicellula' d-igita'ce haptez'a
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(Boerge.r;en, Fig, 7b),'with erect axes to J cm high (Tiarsakoff,

pl.3t Fig;;. l-5); lrhorl-branchlets 1-L per axial cel1, generally

consisti:rg of one cel1 (fenal-e planb, Boergesen Fig. 8,"), -h,ro

celf; (nale and- tetra;;porangial pian-ts, Boergesen -lig. Bb), or

more rarely L-5 cel-l-ed- (sterile pla.nts, Feldmann-itiazoyer, FiS. 149)

- cells are sr,vol1en, cl-avifo:¡r, 1OO--4OOL1 d-iam" ana lL4 tjmes

ionger -bhan 'lvid.e; i-:rd-eteruri:iate branches forrred- in positions of

',,-¡lrorl-brarrctrlets (Boergcaen ïig " 7a),

(Z) tetrahed-raì tetrasporangie, 6$r aiam", seseile, to

!O or nore on basal- cel-ls of 2-ccl-led y¡horf-br¡nchl-ets (iíarsakoff

pl.3t Fi.gs. 5-7, Boergesen, Fig. 9a)l

(i) sptrerical. spermata.ngial head.s in poeiticjns similar to

te'brasporangia (Boergesen f igs. !C., 1 Ob, c ) ,

(4) procarps forrned. at apices of i-nd-eterrni:r¡rte branches

(Boergesen Fig. 1Ca); subapical cefl of fertile axis v:rith J

pericentraf cells (Boergesen lig" gbrc); carposporrcph¡rte (Boergescn

trig. Ba) '¡¡ith terminal carpospori.rngia slrrïþund-ed- by an i¡.volucrrr:n

of sterile filaments.

The ¡rai¡r d-istinguishing featur.e cf .[ij5qrsi¿. is the large

number (to 5O or morc) of sessil-c õpo:angia on the basol- ceI1 of a

2-cel-fed- r¿¡horI-brarrchlet. l: all otlrer genera of the tribe, only

cne or +-wo (rarely to four irr Liazoyera lval-lii) sporurrgia are borne

terminally or lateralì-¡r on cell; of the r¡leorl-branch-fe-Ls,
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unfor,¡u-aa,cely, no d-e-bail I a-,:'e available of pcs'bfertjlizatic:r

events (tsoergesen only sair olfe cystocai:p) a'cl sc the number of

at:-xiliar¡r cell-s peï' plroce,:p anc- the origi..r of the i:lvolucra-L

'oranchlet$ aroun(l_ the gonir nrcblas-i, ale u:rjsro',',2r. '-L-irus ';he placing

of -bhis genu$ in the Spironilylo-bhanrnieae is open -bo ques-bion'
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( 8) DIPLOT}14}NIOI\T J

D IPLOTI{A},ßIION ?ETRASTfCÌIUM J

oly and- Yanaguish:i

oly arrd. Yamaguishi
tñ
e:x

JoIy 19652 2O9t p1. 43, figs" 5+9-551.

TYP¡ LOCAITTY Sao Pau1o, Brazl:.-.

TYPE Herb. tmiversity of ,Sao Paul-o ? Not seen.

DISTRBUTIOII Recorded only fron'r the tgre loca1ity" the species

grows epiphytically on other algae and- on hyd.rozooid-s"

Unfortr:nately no material v¡as avai-lable for strrd'y, but the

species has been welf described- arrd. illustrated- by Joly 1965"

The mai¡ features are:

(t) tfraffus with prostrate axes attacheô by uniceLlufar

d-igitate hap-bera-. and- erect axes to '1 cm high; vrhorl-branchlets

2 pec axial ce1I, pseud.od.ichotomously branched- once (rarely twice),

oppositely and. clecussa'cely arrangea (loty 1965, Fie. 5L9).

Terrni¡al cel-ls are 60-105¡ diam", about l+ ti¡res longer tha.n vrid-e

and- acute at the d.istal end.s; i¡rd-eterrni:rate branches forned- j¡l

positions of whorJ-branchlets,

(z) tetrahed.ral tetrasporangía, 6o-15f d.ia.mo, borne Ín upper

parts of the tha11us, d.irectly on axial cells (bet,yeen the two

whorl-brarrclr-1ets) of i¡d-ete:rri¡rate branches or on the d.istal ends of

basal cel-ls of i'',¡hor1-branchlets (,fofy 1965, Tie. 5l+9),
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(l) spfrerical sperrnatangial head.s, about 6ï d"iam., sessile

in positions similar to the -betrasporangia (,fofy 1965, Fíg. 551),

(L) p"oc.rps formeå at apices of i¡rdeterni¡rate branches

(,fory 1965, Fig" 55o) on -the subapical ce1l; Garpospor"ophyte

with large fusion cel-f surroi:ncled- by snalf-cel-1ed i¡rvolucral-

filaments.

Unfortunately, Joly gives no description of exact post'

fertilization stages and so 'che origi-n of 'che invofucral filarnents

is u¡lsrovrn. I{ov;ever, Díp}o-bl'ranmion appears to agree with the

o,cher genera of -the sphond.ylotharrrieae i¡ rnai:r features.

Distinguishing features of the Senus are:

(t ) tne opposite decussate whorl-branch-lets - in other Senera;

of this group i¡ whích tvro vrhorl-branchlets per axial celf are

formed-, they are d.istichously arranged-,

(Z) ttre tetrasporangia and spe:matangial heaôs 1vhích are

sessile on axial cefls of i¡d-ete:rni¡rate branches - -'chis feature

is unique i¡r the Sphond.ylothamnieae.
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DIIiCUSSlOiq on SPHONDYLOT}rur,'NIEAE

Diagram l+ illustrates the possible phylogenetic relatíonships

between the genera of the Sphonô¡rlotharu'rieae, based. nai:r1y on the

fernale reprod-uctive strrrc'cures" The ancestor of 'che group probably

forraed- procarps on potentially i:rdetern-i¡rate branches, l¡ith J

pericentral- cefls on the subapical ce11, t't-,,-o auxil-iary cells per

procarp, about 4 lateral branchfets on the hypogenous cell and. up

to ! gonimoblas,c i]litial-s prod_uced- from the auxiliary celfs.

Wolf astoniel-Ia probably aï"ose fairly early as arr offshoot (5) ¡l'

loss of the second- auxiliary cel-1 per procarp, anð loss of lateral

branch-lets from both the hypogenous and- subhSrpogenous cells.

The lj¡res leadíng 'co Sphonòyl-o tha.union (7) and' Shepleya (8) d.eveloPeö.

by prod-uetion of procaïps on both potenti-ally itd-etezrni¡rate branches

a¡rd d.etermj:rate branches (r,'hor1-branchlets). The number of

gonimoblast i¡ritials proôuced from the a:.xiliary ce1l was red.uced-

to one, altirough sometimes -bvro ad.d.itional nonfu¡rc'cional ce1J-irj may

be produc ed j¡r ,shepfeya. The Ia-berals on 'che h¡4pogenous cell

have been l-ost í¡ Shepteya and- this cel-I now becomes jlcorporated

ilto ühe fusion cell. A further li¡e (g) probably developed by

res'criction of 'uhe procarps to whorl-brancÌrlets and- reduction of

'che number of auxiJ.iary cell-s per procarp to one. trn tìre Drev¡iana

line (10), al-l the l-ateral branchl-ets on the h¡pogenous cefl have

been lost, whereas one has been retained- i:r the l,{azoyele (12) anò
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DIÅGR¿ÙI 4.- Possible nod.e of evolution of genera of the
Sphond,ylotha.mieae.
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T¡volucrana (t¡) t:nes. Liazoyera has become further d.isti¡rc'c

by d.evelopment of separate rnultj¡ruclea-be gonimolobes i¡ the

carposporophyte. tra trrvolucrarra. the fer'cile axis has become

red-uced- to J cells in leng-bh and. the nurnber of pericentral celfs

o n the subapical cel-l redtr-ced to two. trnvofucrana is further

d.istilguished- by 'che productíon of polysporangia.

Vickersia and- Diplo'c_1lgrm:þr are placed- only provi-siona1ly

i¡r 'che group until the òetails of their reproduction become better

lcrovnn, Bo'ch genera r;La-,{ be cl-osely rela'ced., Diplotha,mnion shovdrlg

the primitive characteristic of bearing tetrasporangia and.

spermatangial head.s on cel1s of both the i¡rd-etezrri¡rate axes and.

'che whorl-branchle-bs. Ir Víckersia, the;' ¿3" res-bricted- to the

basal cells of the whorl--branchlets but are pnodu-ceô i¡ much

larger numbers per ce1l. Hol',¡everr DjipLothanurion shovrs a red.uction

i¡r number of r,vhorl-branchlets per axial cell (2 compared v,ri-tln 2-)+

i¡r Vickersia ) anC. these have become stabilised- in a d.ecussate

arrangement.

liany of the genera possess at the same 'ci-me charac-beristics

which are both primitive and- ad-vanced.. trfollasioniell-a for example,

has procarps fomed- on po'centially i¡rd.e'cerrnjnate branches, a large

nunber of laterals (up to eight - 4 d.etemjnate a:rd 4 poten'bially

.\ind-etermi¡a'ue) per axial cell- and- oortical- rhizoid-s fn:ni the

proximal ends of ,axial cells and- la-beral-s. These are al-l relatively

primi-bive features. However, the large multj¡ucl-eate cell-s, the
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highly d-ifferentiated. r{hor1-branchlets, the comp}ex systen of

vilfose branchlets, the high d.egree cf specialization j:r the

arrangement of fertile axes, and- 'che specialized- ilvolucral-

filaments aror.¡nd. i;he tetrasporangia al-1 i¡id.icate a relatively

ad-vanced. state.

ft ig probable that red.uction jn various clrarac-'csristics,

such as the loss of the second- au:liIíary ce1l per procarp, has

occurred. on several- d-ifferent occasions i¡r the sequence.

The high speculative nature of the ahove evolutionary

refationsirips mrst be stresseò. ft is probabl¡r better to

consid-er the liles in Diagram L as the 'c¡1pes of changes which have

taken place rather than -blie directions of gene flow. For exartple,

Iiazoyera and. hvolucrana are probably not very closelY related',

as they d.iffer oonsid-erably in vegetati-ve stmctures.

The genera of the Sphond-ylotha.rnieae are quite d-isti¡ct

from each other il many features and. it is probable that they

have been evolvÍng ind.epend.ently for a consid-erable time.
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3. TRTRE SPEIITCTHAI''11\IEAE

The genera i¡rclud-ed- i¡r the spermothannieae have the

fo1lo'wirlg features:

(1) prostrate axe"s atta.ched- by d-igitate or saccate

haptera, erect axes usually less 'cnan 3(-D) cm high; rnultinucleate

cefl-s (e:<cept Leiolisia med.i-i;erranea); laclc of r¡¡horl-branchlets,

(Z) Épema'cangia for:ned- i:r.r conpact heaùs,

(5) procarps on the subapical cell of the fertile axis

enclosed. i¡r a common gelati-r:.ous sheath (procarp systen); one or

-b,:ro auxiliary ce]ls per procarp; fusion ce1l ,oresent or absent,

(4) sterile cells associated- v¡ith pnccarps generally remai¡

irnd-ivid-ed. after ferti]rizati-on, or if d-ivid-ed-, (u.g. I:lterthamnion

and. Lejolisia ) no ilner i¡volucrr.¡m of free filanents formed'

TYPE GINUS spe rmothamnion Areschoug 18472 3J+.

The key to the southern Austral-ian genera of the

,spermotharnnieae (p. ;|98) is baseô solalyon the female reproductive

stn-rctures which are used- in the phylogenetic separation of the

genera. Fiov¡ever as each genus is onl-y represented. by one or two

species jyr southern Australia, the separate keys are uni'ced. j¡to

one based- mailly on the vegetative and tetrasporangíal features

(p" ZO:o). This second. key qill probably be more useful- for

laborator¡r id.entif ica'6ions .
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KEY to SOUTIDRN AU,-<1'RALÏA}I GEIIZIR-À of SPErì],l0Ttr'Ai\0IEA-E

1. Carposporophyte 'i¡ith a pericarp of one layer of cells

d.evelopilg frorn the sterile celIs associated. .\vith the

procarp and- r,¡ith a common gela,tinous shea'ch...Eig!þþ,

1. Carposporophyte r¡ithout such a pericarp, l¡ith or

vrithout arr i¡rvolucrr:.m of free filaments, not from

the sterile ce1ls associateô with the procarp . . . " " '

2. CarpoSpOrophyte V¡ithoU-b an i¡1vO]ugrìlm . . ... ... . . i

2. Carposporcphyte v¡ith an i¡rvol-ucrum of two to

four free filamen'cs arisirrg from the h¡4pogenous

or subh¡4pogenous cel-ls . ... ... ... o.. .'t "'

3. Subapical cel_l of femafe axi-s rrith three pericentral

celIs, carposporophyte d,eveloping from tvro auxíliary

celf s; fusion cel-l- T-shaped-, involvì:rg Ì;he hypogenous

cel]; each carposporangium enclosed. lvith-i¡ an i¡d-ivid-ual

gelatì:rous sheath .. ... ... ... ... ... ... Tif faniel-1a

3. Subapical cell of female axis with -h'vo perícentral

celfs: caïposporophyte d-evelopì¡g fron one auxiliary

cell; fusion cell airsent; carpospora.ngia i¡r two to

four groups, each group enclosed- r¿ith'i¡r a separate

gelatìIous shgath .. ... ... .r. ... .'. .. Lomathamnion

2

z

4

a
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4. Carposporophyte d-evelopirig from one au-xiliary

celt; hypogenous cell much lorrger the'n subapical

ce11, producing before or after fertilj-zation

two opposite i:rvolucral fil-aments . .. Ptilotha.mnion

L. Ca.rposporophyte d-evelopirg frnm tr¡¡o auxil-iary cells;

h¡4pogenous cel-l only slightly longer than subapical

ce11, r,vith or ri¡ithou'c i¡rvofucral filaments . ... . c. 5

5" Hypogenous ce11 '.,'¡ithout l,ateral- branchlets and- becomÍlg

irrcorporated i¡rto -bhe fusion cell; sterile cells

associated. v'rith the procarp remain-ing und-ivid.ed.;

i¡rvolucral- filaments fn¡m zubhypogenous cell

spe rmothamnionAaa aaa ata aal o

5. Hypogenous cel-f producilg four branched- i¡lvolucral

filaments, fusíon cel1 absent; sterile celfs associateð

with the procarp d.ivid.ing after îertllization to

prod.uce three groups, each of three to five celfs and

enclosed. v¡ithi¡r a coÍrmon gelatìnous sheath

. ..o ... ... Intertharnnj-on
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Kg{ to SOUTIERIT AUSI!,ÄIIAN SPEC IES of SPEÌ.I\r[0TF.'[A]í]TIEAE

1 Prostrate axes creeping just befo',; the

utricles of Codiu-m g aleatum J.
su¡mi-L of the

Cymoðocea . ' !

or if on

Ag, or on

1 Prostrate axes not i¡ such a position,
Cod-ir¡n then penetra-Eing to -bhe base of the u'r;ricles 3

2. Erect axes up 'co 15 mm long, subd.rchotomously to

irregularly branchedL; ¡'.red.ian celi; of erect a:ces

5O-9Op d.iam.; up 'co two erect axes borrre on each

eell of ttte prostra-be axes; -betrasporangía borne

on cJ,rroose bz'anclúets .. . ... ... . Tiffaniella c¡rmod-oc

2. -Irect axes up to 4 rnn 1ong, simple to sparilgly
branched-; med.ian ceIlll 3O-+Ol, d-iam" ; up to

four erect axes borne on each cel-l- of the prostrate

axes; tetrasporangia borne singly on rrnicellufar
l,omatharu"rion e cod-i-i

2

stalks .' ... ..ø a.. r.r ..r ..t

tur,r

1. nach cell- of the prostrate axes prod,ucing 'cr;'rc d-istichous

prostrate laterals il vegetative ,oarts, but i/,rhere thallus
is reprod.uctive producilg onl¡' sns erect lateral per

axial- ce1l; epiphyLic on X ... Sperurothawrion Pr449

3" Iach cell- of -bhe prostrate axis prod-ucing up to -blvo

efeet aXeS .. roo ... ... oo. ...... o.. .o. 6.. ... ... )+

4. Tetrasporangia (rarely octosporangia) termi:ra1

on stafk cel-l-s in c¡rnose branchlets la-'ceral on

efe0'C &XeS ....c. .oe r.. o.ê ... ... ...

+. iletrasporangia 'berrnj¡ral on one 'ço several-ce11ecL,

simple stafks: fateral on erec'r; axes or sessile
and- l-ateral on erec'c axeË .,. o.û ... ... eo.

Ã
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5. Iirect axes up to 2 nn long, median cel1s 2O-ÀW

òian.; epiphybic on Z,oy-s!\q sp. f¡t e rtharnion a'ot enuat a

5. Irec'c axe,s up to 3 crt long, nedian cel-ls 75-E5u

d,ian"; groui:r.g on sand- col'ereô- rock.,o@

6. Carposporophyte surround-ed. by a.n urceolate pericarp

one celf thiel: and. embed-d-ed jn a comnon gela-bilous

sheath; branchi-ng of erect axes rlnila'ceral- to
irregularly alternate or opposite, -bermj:ral

filarnents ob'cuse or sometimes hair-l-1ke
Lejolisia aegag

6 Carposporophyte su:'ror:nd-ed. by tr;ro free, branched-

jnvolucral filaments; erec-b axes simple -bo

sparirigly branched-, not tapering mari<ed.1y . . o..

ã.a aÌþ ,oc

c

diam.;
tha¡nnion subs

tot 7

7. Carposporangia proùuced. i:r successive d-istinct
gonÍmo1obes, no;:t cell-s of each goni-nolobe formilg
carposporangia vrhich mature s imultaneousJ-y ;

tetrasporangia nostly 'cermi¡ral- on one to several--ce11ed,

s'caIks; med.ian cel-l-s of erect axes 1 5-ZO1t d.ian;

epiphytic on Zcnari? spp, â.. G.. Ptil-othamnion schrnitzii

7. Carp.osporangia not produced. il obviously disti¡ct
gonimolobes, ard- maturj¡rg cen-i:ripetal-1y; tetrasporangia
sessile; medi-an celIs of erec-b axes 50-60¡.

epiphyt ic on Lenomand-ia s P. Ptilo
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(1) SPELIIOTfLU,NIOIIT Äre sclroug 1E)+7 z j!+

The genus Sperno-bheuurion r,-'¡as createô by r\resclroug for
Cerc¡rium tunreri Lîertens (1806, p.127, Pf.5 - not seen). He listed.
three forms (p.135)z

d trrrneri. lvith bra.nches generally opposite,

73 roscohm (based- on Callithanriion roseolun C.-ir.5ar''d-h

182)+, p.182) v,¡ith branches generally alternatc, md

X rcper€ (brised on Conferva repens 1i11.¡{r¡r lBO2t P1.18)

vritlr branches alternate to secund.. Ho',¡ever Ro¡cnvi:rgu (1923¿+t p.298)

has pointe '1 out tlra'; Dill-t-6rnt s specific name YÍas published- earlier
than tha-b of lrierten; and- so has precend-ence. Thur; Spermothauurion

repens (l:-ffv'lyn) Rosenvinge is the correct pame for the type species

of thj-s genus. This species has been fully clescribed- and. illustrated
by the folJ-ovri:rg ¿¡uthors: (1) î,osenvince (1923-+, p.298' figs. 2O2'

212) wlo also gives a conprchensive oi/rlonomy, (Z) rvr:¡ (1923, p.55,

fíg. J6t 1930, p.6O, flJ:g. )a6 - as Spe¡notha-r,:rion roqçglun (C.Ägarah)

Pringshein), and. (J) Drerv (l%+, p.5+9, figs. 112, pl. 12r1j - as

S.oe r:r,o thamrrion 'burneri (i'tertens ),\reechoug ),
Spemotiunriion repens has been reported- from southem /¡.ustrali¡

by Harvey (a6o, p.3fu) as Cal,lithar:¡.ion 'curneri var IË98. The

present stuôy j¡d.icates, ho'rvever, that the apecieÍi òescribed. by llarvey

is d-i-fferent (;ee p.208) from the type specie¡ and mrst be referred-

to a nerv specie,l, Spermothanrriorr pilnatum Íjp. nov. Spermo tlrarolion

repens Ís probably confìned- to the northcrn .A.-bla.ntic and- iiied-iterrarrean

coasts. Spermotha¡urion cy:uosuin (ltarvey) De Toni has s.l-so been

d.escribed- fncm southem /,ustralia, but ¿s sermal- plants are not lcrorr-rn,

its systeiratic position rernai¡c òoubtful.

Thc genus ion of Naegeli (1861 , p.fu5) contaj¡red species

from several genera, includ-ing Spermothannion. Ìlolvever hic t¡rpe subgenus

Euerpothannion v'ras based- on Spermotha¡nnj-on turneri and. so the generíc

name Herpotiram:'lion is a d-irect s¡rnon¡ni: of tperroo -Llram¡rion

The nai:r feature¡ of Spermothai,rnion as und-erl-bood in the present

rvork are: (1 ) prostrate and- erect axes, witir prosLrate axes attacheù

by d-igitate haptera,
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(Z) tetrasporangia tetrahedral, terrni¡rai on short stalks

mostly j:r snall cJmose branchl-ets fateral on the erec-b axes,

(J) spermatangial head.s elongate, sessile or stal-ked. on

upper parts of erect axes,

(4) p"o".rps subapical on erect axes, subapical cel1 with

tlrree pericentral- ceIls, t'r¡o auxiliary cel1s per procarp, fusion

ceII i¡rvolvfug h¡pogenous ce1I,

(¡) subhypogenous cell- rn¡ith usually four i¡rvolucral branchlets.

,SPEFf,i0lä¡l','n'IIOitI PTNIIIATiJî{ spo nov.

Callithannion turneri var. æpgg_q sensu liarwey 1860: 334;

AJ-g. Aus'b. Exs, rro. 521.

Sperrnotharnnion 'currreri sensu Guiler 1 952; 95. Lucas 1909:

48; 1929a'. 28. Okamura 1932: 125.

non Spernrotharn-rion turneri (iviertens),treschoug 1847 | 33t+.

TYPE TOCAT]ÎY Southport, Îas. (Wollaston and. Iiiitchell, 27.íj-.1961+),

epiphytic on Xiphophora.

LDLJ,.L271713"lYPE

DISTRIBUTION - From Antechanrber Bay, tslantaroo fË., S. Aust. to

PortlandrVic. (only tr¡ro collec'cions), anC- from the

south-eastern coast cif Tas. Epiphyti conXi TA

chond.rophylla (R. Bro',,in ex 1\rrner) liont. ex Harw.
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the specimens usecl for d.etailed- i¡rvestigation lvere from

Southport, Tas. (¡¡u, A27r71J), tt:nepi¡ P'c., !as. (¿¡u, L21r366,

lÁIomersley, 5.iii.1958), and. Antechamber Bay, Kangaroo fs., S. .ilust

(¡¡u, L2aro82, Tfomersley, f .ii.1 956).

DÏAGI\IOSIS

Thal-l-us pusiIIus, i:r Xiphophora cirond-rophylla epiph¡rbÍcus,

axibus prostratis et erectis. "A.xes prostrati ramos d-istichos

oppositos prostratos, vel axes erectos ad. 1.J mn alt. efferentes.

Ranificatio axium erecton:m ad-axial-is ad- subd.j-chotoma. Cellula

axium prostraton:n JJ-jO¡t d-iam. , 2L-1, longiores quam latiores;

cel-l-ulae med.j-anae axium erecton:n 3O-+5F d-ia.m. , 1¿-5L longiores

quam latiores.

1'etrasporangía te-brahaed.ralia, t enni¡ral-ía in ped.ic el1ís

brevibus lateralibus efferentiao

Capitula spemratangionrm, procarpia et carposporoph¡rta

ead.em atque geno.

The species is named. after the pinnate bra¡chiag of the

prostrate axes.

\rEGETAT I\T] ST.ÈU C:I{IRT (¡ie. tBA-c)

the thallus is smalJ-, tc 1.5 nrm high, with the mai¡

prostrate axes irregul-arly branched. and. atiached. to 'che host by

d-igitate haptera (¡ie" JSArC). Opposíte pros-brate laterals nay be
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prod-uced- d-is'cichously fron each axial- cel-l (¡iS" JBA), la-ber

curving sl-ighcly upr;,rard-s a'b their tips. iìarely one or both

branches rnay be e::eo-t from -blie star-b. Wlien only one l-ateral-

is prod-uceC. f:'orn each prostrate axial- cel1 (Iig" JBBrC), it is

always erer:-t, reaciring 1,f nrn high ancl- uliu-ally associa-Led i,,¡j.th

the prod-uction of reprod-uctive orgarls, Tne prostrate la'cerals

are pilna-bely to adaxially brancir.ed-, -rhe erec-b l-a'berals mostly

ad-axial]y to subùlchotomouslJ¡ branched_ and_ 'lrhen mature -bapering

s1ightly"

Cel-l si.ze varies coasid-erably, Whe:r the pros-brate axis

prod-uces only pairs of pros'ÇTaîe iaterals, the cells of the axes al:c

about 35¡t dían. and 2;-J 'cimes longeç tha.n yrid-e 1 -,,Ite meðian cell-s

of 'che prostra-be l-a'ue:ral-s are about 2S; d.iam" and 2-21¿ times longer

'uhan ¡¡,¡id.e (¡ig" IBA), '.lÌren the late:rals are erect, the cel-l-s

of tlre pros-Lrate axes are 35-5W cl-iam" and 2z)+ tiraes longer than

'¡'id-e; the ined.ian cel-l-s of the erec-L lateral-s are 25-55¡-r d.i-am.

--t--'lanr 1¿-5ä times longer than r,¡ide (trig" lBC)"

FJP1ìODUC?IO}]

letraspo rangl_a (¡is, JBB,D)

the tetrasporangia are te.Lrahedrally divid.ed-, about 75u

d-ian., and- are borne te¡mi¡al-Iy on shori u¡ricellul-är (rarely

2-ce11ed.) staiics lvhish occu-r l,aterall-y on the erect axesô On
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sma.11er-ce11ed. branches they are borne near the base (Iig. JBB),

¡¡hile on larger celleù branches they occur in the nid.d-le parts

of the axes (i':-g, JBD)

Sperrnatangial- head-s (¡iS. IBE,F)

The spermatangial heaôs are elongate, about à-$r aiam",

2L-1¿ times longer than wi¿e, and, sessile on -bhe ad.axial sid.es of

erect axes i¡r upper parbs (¡ls, J8E), Tine L¡-5 fertile axi.a:.-

ce11s each produce (t -)Z-lG+) pericentral celfs l"¡hich i:r turn

prod-uce 2-J spermatangia ancl- f\rrther laberal chaj¡s of spermatangi-al

mother cell-s (¡is" ISF).

Procarp and- Carpos (rie" 39L-D)

The procarp s'cructure (n:-g . 3oÀ-) is essentially the same

as that d.escribed. and- i-llustrated. for Spernotha.mnion roseol-urt

by l{yIin (1923, p" 53, Fig. 36:- 1930, p" 60, Fig. 46)" This species :is

iòt"lJc,o"\;ñä#€u# rvith the type species, ,S. repens (l:-rlwyn) Rosenvirge,

The last three cel-l-s are relativeJ-y smalf and- densely

protoplasmic, ?he subapical- cel-i bears three pericentral cell-s -

the supportìlg cell- v¡ith a termital sterile ce1l and lateral- curvecl

carpogonial- branch, tlne fertil-e pericentral ce11, and. the steriJe

pericentral cell-" In a fev,¡ cases, the apical celf ôivid-es several

times, probably i¡ the absence of fer-bif izabi-,on (fig. 198).

After f evti-l-ízation, each of the t',,vo atxiliary ceJls cuts

off 5¿+ gonìmoblast celfs ',¡hich d.ivid-e fur-bher once or tr','ice (fig" 39u1,
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the terrniflal ceffs becoming carposporangia. xxtensive fusion

occulls between the l-oy¡er gonimoblast cells, the supporti:rg and-

fertil_e pericentral cel1s, the zubapical- cel-1 and- the h¡4pogenous

celÌ (;lig , 39D). Four branched j'volucral filanents are produced

from the subh¡4pogenous ceff. These filaments may produce further

prrocarps at their apices as on the outer i¡rvol-ucral- fil-a'nen'cs of

Ì.iazoyera ensa.

DiSCUSSIOAT

A large fusion ce1l has not been reported- j¡r the type species'

S. repens. Kylì-n (1923, Fig. 56, i) showed- tlæ subapical ce11,

lor,rer gonimobJ-ast ce11s and- the h¡rpogenous cell- to be completely

("p" S.--qg-pgn")'d-is tinct i¡r ,S. roseolum

of Sperno tharurion from Trevone, Corn'ra11, U

ilov,lever, il a sPecres

.I(. (mu, A28r321,

!,'omersley, 1J.väi.196+) which appears simil-ar ifl vegetative

structure to S, repens (it was not possible to confi:rn this

id-entif ication f rom herbarium ma-berial- i]l ADU), a quite d-efi¡ríte

fusion cell si¡rilar to i;hat in s. pirurclyn occurs. rflustrations

of Janczewski (1876-7, PI. 3, !íg. 1[) of Spe rrnothamnion heruaPhrod.itum

( 
"ytt

. S. repens ) also show fusion bet'n'een the Lovier gonimoblast cells

and- the subapical and. hypogenous cells.

In S. pi¡tnatum, '6he carposporangi-a are embedd,ed. together j¡r

a connon mucilagi¡ous sheath, rather than a separate one for each
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carposporan8 ium as j-n S. roseol-u¡r (xy]-:n l9z3, rig . 16, irk).

This could, possibly be due to i¡¡maturity of the fevr carposporophytes

present i¡r the available materiaf of S. piruta'cr:-q.

;llthough typc nrtcrial of S. repens has no-i, bccn cxc"ni¡ed.t

ôata fron the Iíterat:re ind-icat,cs that this species d.iffers

consid-erably from S. pinnatum (falte 6).

TASLE 6.- vegetative d-ifferences betr¡¡een S. repens
and. S. piruratum

Feature S. repens S. pi:rnatr¡n

1.5 mmLength of erect axes

Branchilg of prostrate
axes

Bra.nchi-ng of erect axes

1-L cm

irregu-1ar

oppositc
al-ternatc
or secund-

opposite and.
d.istichous

ad-axial- to
subd.ichotomous

SPEfuÏOTTTAJ NTON C11.{O ST]i{ (Harwey) Ðe Toni 19032 1226. Lucas 19092

48. Ckamura 1932; 125.

Callithna¡ion c¡znosum Harvey 18542 560; lr-1g. Aus-b, Ixs.

no. 52)+i 18632 sJrnop. no. 7O7. J.Agardh 1876: 10.

T]PE LOCA.LTTÏ L'iid.dleton Bay, KJ:rg Georgers Sound., ilr. Aust.,

on sand- covered. roclcs (iiarvey).
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TI|PE - ilerb. Harvey, lCD (A-l-g. Aust. nrs¡ rror 5ø$). Not seerl¿

DTSTRIBUTTO¡] - Ki¡S Georgets Sound- and. Rottnest Ts.r W. Aus',;.

(Harvey).

Sterile material- f¡om Vivorute Bay, Kangaroo Is., [j. Aust.

iras been tentatively id-entified. as this species, but confirnation

mus-b avrait discovery of fertile material.

The material stud-íed. ín d.etail lras an isotype specimen

(,LOU, Ä181288), No sexual material has been seen and. so its

generic position must remaí¡ d.oubtful.

\fEG3îAT I\E STRüCTU¡î3 (pr.12)

The thallus is d.ensely tufted. and composed. of interwoven,

branched. prostrate axes giving rise to erect axes reaching J crt

long. The prostrate axes bind- together sand particles and- are

attached. to the substrate by d.igitate haptera. The erect axes

are spari:agly and. irregularly to subd.ichotomously branched-.

Cells of tLre prostrate axis are 50-100F d-iam. and 5-10

tj-mes 1on6er than vr¡id-e. lîed.ian cel1s of erect âxes are 75-8\t

d-iam. ana 6-7 ti-nes longer than vsid.e. Cells near the apices

are 65-8ùy diaro.
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IìEPRODUCîION

Spora¡rgia (n:-g. 39e)

The sporangia are d.ivid-ed' into 4 or I spores ancl are

terrli:ral on short stalks borne laterally on the cel1s of the uPper

parts of erect axes. By successive prod.uction of further stalk

cell-s 1atera11y fron the old,er ones, uni- or bilateral Î' cJpes"

are producea (fig. 398). l.:ature sporan.ia y;ere not seen; the

o1d-est present jn the material were about 65¡ a:-an.

D ISCUSSIOII on SPEF'1i0TIIA],ü{I0N

Tihile some 28 species are no'rf recognised in the tenus

qpgrmolþgg4lgl, only two species defi¡iitely agree v'rith the 'b¡rye

species. These are:

(1) Spermotha,mnj-on flabellaturn Borne'c i¡l Bornet and- Thuret

(A76, p.2+r;o1. 8r !ig. 1-J, pf.9 ), also iIl-ustrated by

H"ù. (1885, p. 45, Fig. 11a-c) and- Feldmarr:n-lÌazoyer (t940, p.J6O,

Figs. 137-8).

(z) Speruo Feldma¡rn-l,iazoyer- (l 9l*O, p.362,

Figs. /0, 119).

T:o both species, the cystocar.ps appear to aSree ¡'uith 'chose

of the t¡rye species. 0f the remainirrg species, five are 'i;ransferred

to other genera j]l this stud.y, and. four morÞ possibly belong to
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d-ifferen-b genera but cair:lot be lrlaced- d-efjlitely r-rrtil- furbher

investigated.. In the renai-l]iflg 1/ species, sexuaf anò i¡r some

caÈes -betrasporangial stru-ctr-r-res have not been d.escribed-, and-

consequ-ently their systenatic posi'cion must remai¡i d-oubtful for

the present.
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(z) fmFÄrymu,A not¡r and. Menez 19602 135t Figs. 1-14.

The g enus Tiffaniella ïras d.escribed- by Doty and' ]ienez

to i:ecl-ud-e four sPecies, Spenno thamnion saccorhiza ( Setohett and

Gardner) I eldmann-lriazoyer r,spe:rnothar¡nion cod.icola Yarnad-a and-

Tanaka, jpe (l,iontagne) viclcers, anð.

lipernothamrlon capitatr:m Botrte'G, all epiphytic on specles of

'!@. The charqcteristics they used- to separate these species

from other species of Spemotha.mnion were:

(t) ttre inflated. rhizoid-s or haptera,

(Z) ttre absence of an i¡rvolucrun ar.ound the gon1moblast, an¿

(l) ttie fornatíon of polysporangia.

Doty and i[enez (p.140) d.escribed. the ¿nfertilízed. procar? system

and. the superficial appearance of the carposporoph/ce of the t¡¡pe

species, 'I-. saccorhizarbut without d.etailed- figures. They expressed-

d-oubt as to ç'hether there lïere one or two auxiliary ce11s per

procarp.

iLlaterial of this species from \ÍaikiJri, Halvaii' on cod.íum

reeiliae silva (¿¡U, A26rO0,+r ldomersley, 26.í,1962) has no"r been

further investigatea (Fig. l+04-C). 1'wo arniliary ce1ls are

produceô per procarp and. the fusion cel1 i¡rvolves the h¡ryogenous

ce11 (Fig. LOC) as ìn Spennothamnion pj¡natr¡m sp, nov,, but the

carposporopþrte is completely d.evoid. of an j¡rvolucrum.
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the sperrnatangial d-evelopmen t of liffaniella saccorhiza

ð.oes not d.iffer fron that of Spermotha¡rrion repens as d.escribeù

by FeJ-dmann \iazoyer (t940, p.172, Iig. 6J).

The genus îiffaniella âs norÍ emend-ed. differs from Spennothamrion

mailly by the absence of the i¡lvofucral filarnen'cs produced- from

the subh¡rpogenous cell of 'che female axis. The nai¡ features of

Tiffaniella are:

(1) prostrate and- erect a-xe.s, wi'sh -bhe prostrate axes

at'cached- by C,igitate or saccate haptera and. the erec'c axes reachirrg

2(-5) cn hish,

(Z) sporangia tetrahedral- or polyhedral (8-61¡ spores),

terrninaf on short stalks, nostly in sulal-l- cJ¡loes lateral- on the

upper parts of erect axes,

(J) sper:rratangial head.s elongate, sessile or stallced- on

upper parts of erect a,:res,

(4) p"o""rps subapical on erect axes, subapical cell- with

three pericentral cells, tr¡o auxiliary celIs per procarp, fusion

cel-l- involvilg h¡¡pogenous ce1l,

(!) subhypogenous ceI1 withou-t lateru,ls.
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Spe:motha¡¡nion cSmo

TYPE LOCAIITY

214.

(Boergesen) cornb. rlove

Boergesen 19522 54, Tígs. 2f, 28.doceae

Riambel, iiiauritius (Vaughan, no. 996, epi-phytic

on C}mod-ocea ),

TYPE ProbablY C. Not seen'

DISTRIB'JTIOI\T Ilauritius, and- Hopetoun, I,I" Aust. to Stanley

Beach, Kangaroo fo., S. Aust. 'Ihe species is

epiplr¡rtic on qpedocel and- Cod-ium spp'

I.iaterial stud,ied j¡r ¿etail rvas isotype materiat (lOtt, Ã17,892\

a.nd. rnaterial fron Seal Bay, Kangaroo Is. (¡¡U, AJ2rll¡) on

Cod-ium galeatru.m, Gordon , 31,x.1966) "

V¡GNîATIVE STJìUCTURE (,Yig.4or)

The erect axes of the specimens from Mauritius are rmch

longer (to t5 mn) than the southern Austral-ian specimens (to 7 r,¡n),

The prostrate axes creep jus'c below the apices of the Codiun

utricles or on the stems of CJnood-ocea, ancl are attached- by d.igitate

haptera (¡ig. 4OD). One erect axis (rare¡;y tvro) is borne on each

prostrate axiaf cell; these are subd-ichotomously branched-, with

the Jaterals nostly ad.axial- anCL tapering slightly when mature.

Ce1ls of the prostrate axes are 4O-9OP d.iam. and 2-fi ti¡res

longer than wid-e. I,fed.ian cells of the erect anes are l0-9T d.ia¡n.

and 1-7:L'simes longer than '¡id.e, l,'led,ían cel-ls of the erect axes

of the ivlauritius plant are narïþwer (25-40¡r d-iam.) ttran tne
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Àustral-ian plant (/t0-9T d-ia¡n. ) tut these d,ifference$ are not consid-ered-

irnporbant enough to separate tr,'ro species.

REPRODUCTÏOIV

Tetrasporangi.a (Pig. l¡-Ox, Boergesen, Fig. 2/b)

'r'he 'cetrasporangia are abou'c 5$r aiam. and- are prod'uced-

temi¡rally on short uniceflul-ar stalks, mostly in the upper parts

of the erect axes. Stal-k cefls are bo¡ne abaxially, or on both

sid-es of the erect axes, and. furLher stalk celfs are produced.

abaxially or on both sid-es of the first ones, ihese again prod-ucing

termi¡ral sporangia. Tiris fono of branchir-g may be repeateè up to

four times, giving c;mtose branchfets. the sporangia are pushed' to

one sid.e and, thus appear sessile. Up to three cJmose branchlets

may occur on eacl: mait axial celI.

h the southern Australian material, wall- formation lrad. not

occurred. j¡ the sporangia, although i¡l some À- nuclei lvere present,

suggesting that meiosis had occurred.

Spernat head.s (figs. 4OF, /¡14, Boergesen, Iig. 28a)

The sperrnatangial head-s are elongate, 3O-5V d-ia.n. and

2-3 times longer 'cha¿ wid.e. They are borne terninally on sholt

stalks, or rarely sessile on the upper parts of the erect &xeso

lwo or rarely three head.s nay occur on the one stalk (¡lg' 4o¡).

The 5-6 fertile axial- ce11s each prod.uce 3-4 pericentral ce11s,
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each of ,¡.,¡hích cuts off up to J terrninal spenaatangia and. lateral-

rows of further irpe-rrnatangial mother cel1s (¡ls. 414)'

Procarp and Carposporoph¡rbe (nig. l+18-Fr Boergesen, Figs ' 2Jcr28h)

The fertile axis is usually a lateral branch )*-5(-1J) ce11s

long. The l-ast four cefls are compara-bively short (nig. l+1B),

wkr-il-e the fif'ch (if present) is tn-5 times longer than the h¡rpogenous

cel-I . ,Ihe subapical ceIl bears three pericentraf ceffsl 'c]ne

aöaxial- one is steril-e (¡ig.41C) and- one of the l-ateral pericentrafs

is fertil-e. r.he o'cher lateral pericentral- is the supporting ce]1

¡rhich bears a termirial- sterile ceff and- latera carpogonial branch.

Neither the hypogenous nor the subhypogenous cell-s bear lateral-s

before or after fet'cllization. The apical cell may rarely d'iviùe

once before f ertil-ization "

The post-fertilization fusion of the cel-l-s of the carpogonial

branch (¡lg. 41D), forura,cion of connecting eells, auxiliary cel-ls

and. gonimoblast (fig. [1E) occur as in Sperr'ro'chamnion pi:lrratum.

Ðevelopment of carposporangia (fi*. l+1E) an¿ fusion ce1l also

occur as in S. pj-nnatum, although each ca"posporangiurrr is surrounded-

by a separate wal-l. The apÍ-cal cell and. sterile pericen'cral- cel1

no:rrally rerni¡ r¡nd-ivid-ed- and- i¡tact (Fig. 41E).

Both spermatanSial head.s anô car?osporophyte may occllr on the

one branch. Rarely a female axis, usually with an und,eveloped

procarp, occurs on a tetrasporangial- branch.
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DIS CUSSIOIÍ on TIFF.I]IIELLA

- 

-Ë

the four species of Tiffaniella as recognÍsed. by Doty and-

uenez rrere first grouped. together by Feldmaruo-I'iazoyer (l9l*2, p. 15)

in the genus spernothasnion based. nainly on the presence of

polysporangia. she separated- the species on the nurtber of spores

occurrÌ¡g i¡ each polysporangiumr and- the number of ce1ls and- d'egree

of swelliJ1g of the haptera. Ho¡¡ever it is nor.r clear that the

nr:mber of spores fonred. per sporangium is not constant j¡l each

species, anð it probably d-epend.s on the stage of sporangial

clevelopment at which the count or d.rawi¡rg is mad.e as to ho'w many

spores per sporangium are reporLed-. X[aterial of T. orl'¡iza

(¿¡U, A261004) from Hawaii shows about 16 spores per sporangium,

whereas Doty and. I[enez reported. 32 in their material from the same

Ioca1ity. For T. gorgoniun, Boergesen (t930, P.14, Fig. l+) shows

about 16 spores per sporangium, '¡¡hereas Taylor (l9l*2, p1' 4,

Fígs. 1-l¡) shows about 6l¡, and material j¡r ¡JU (49660, Haiti,

Bartlett, 10.v.1941) has abo't J2. Si-ur1larly for I. capitatu¡n.

both Bornet (t892, p,323) an¿ Feldman¡r-lrlazoyer (19+o, P.360) repogb

about 64 spores per sporangir:ra, whíle Boergesen (193O, Fig. 3d) shows

abou6 J2. Doty and- llienez assume that Boergesenr s illustration is

of a¡r imra'cure sporarigium. This would. lead, one to zuspect that the

accepted- d-ifferences betwecn these four species are subspeoific i¡

nature.
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Further d-ifferences are repor-bed for the rhizoid.s. Those

ix T. saccorhiza and- I " codicola are unicellul-ar and sr¡'rolf en -:'¡ith

round.ed ti,os, those of T. caPi tatr:m r:nisel1ular ¡i¡i'oh pointeô tips,

and, those of f' rgonir:m raulticell-u-l-ar' I{ol¡everr material- of

T. saccorhiza i¡. -A,DU shorirs that'che shape of the haptera o'r1 any one

filament can vary fron round-eô to poilted' end-s" ñ U

(¡¡U, L966O) shov¡s haptera of both one ancl tro cel-Is" ft may be

possible tha-b i;he shape and- ex-bent of d-ivision of -these

haptera depend-s on '¡he species of .Cod'-ium on which the epiph;rte is

growing, as 'uhe length and- closeness of the utricles may be the

d.eteznirring factors j:r the g:covrLh of the haptera" o'bher veSetative

d.ifferences appear to be ilsignificant" Ilor'rever, nntil more

authentic material of ihese species can be examired-, they are bes';

left sepe.rate.

Tiffaniella c5nnod.oc eae d.iffers essentially irl 'chree ways

fron the t¡¡pe species (Tabte 7)'

TABLE 7.- Differences betvueen species of Tiffaniel-fa

Feature T. saccorhiza T. c ceae

\Tr.unber of
cel-l-s remajling
snalf at apex
of female axis

3
I+

Sporangia

Haptera

polysporangia

saccate

'cetrasporangia

d.igitate
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However, the struc,sure of 'che procarp and- carposporophyte in

the ilvo species is id.entical, Although the d-iffer€nces shown i¡t

-bhe iable coufd- be regard-eô as of generic significance (see

Sphond-ylothamnieae tribe), the existence of other species

(transferred- to Tiffaniel-l,a below), such as spe rmothamnion sn¡tderae

Farlow, (see Drew 1937, p"463) and Spermo tharn¡rion

Tay1or (19+0, p.263) in ,irhich characteristics from both of the above

groups of species are found-, tends 'co obscure these d-iSti¡rctions'

L;aterial- of Spermotha"u¡nion Farlovr from California

(¡¡U, LZ6r067, Goleta Pt., Womersley, J1.x.1962, tetrasporarigial

arrd- male, and. ÆilH, 621883r'West llalibu, Dawson, 17.xi.1956, fenale)

has been examined and. agrees vrith the ùescriptions of the reproductive

structures given by Drew. so rae is similar to T saccorhiza

in hawing a relatively elongate subhypogenous ceI1 (Drew 1937,

Fig. 11) ancl polysporangia rrrith (B-)12-16(42) spores (Drew, Fig. 1),

but the haptera are d.i-gitate. Other features, such as the

d.evelopment of the gonimoblast anô spermatangial head-s are the same

i¡i the 'uwo specíes.

i.iaterial- of Spermothannion phycoph-i]un Taylor has also been

exami¡red- (Am'n, no.21), Santa Ma¡ia fs., Galapagos fs., Taylor

no.397, JO.i.'1914), The structure of 'che procarp, development

of the carposporoptgrte and. spermatangial head-s are the sarrle as those

of T. saccorhiza, but the cell- belovr the sub-Lry¡logenou.s ceÌl prod-uces
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two post-fertllization taterals, the strrcrangia are tetrahed-ra1

and- the haptera are d-igitate.

Cufture stud-ies v¡ith Le,jolisia aesagropila (p. Z6l) nave

shomr that i:r free floatiag culture saccate haptera are proðu-ced-,

but und-er nortal- cond-itions the haptera are d-igitate. this work

suggests al-so that shape of haptera is probably not a feature of

generic importance and. thus

be i¡rclud.ed- i¡r Ti-ffaniell-a.

S. ano. S. phycophi]-qn should-

Spernothanrrion ta¡ra,miru Se gau'a (19+g, p.i+5, Tig. 2) on

Cod-iurn mam-ill-are should- also probably be i¡cfud.ed- i¡ Tiffaniella"

the procarp and. carposporophybe d-evelopmer:.t a¡rpear typical, although

Segawa gives no d-escription of the vegetative or sporangial stmctures

of this species"

Spermotha^mnion nona'boi Jory (1957, p.1LO, pL.16, Figs. 2-2c)

from Brazil may also be a species of Tiffanj-el-l-a. Ït has

polysporangia borne on smafl-celled- lateral- branches on the erect

axes and. d.igitate haptera. However, sexual stru-ctures have not

been d.escribed. and- th.e systematic position of this specles must

remai¡ in doubt for the present.

îhe followi:rg species are nor,v ilcfud-ed, i:r the emend.ed. genus

Tiffaniella (tatte 8).
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TABT,E 8.- Spe

T saccorhiza (setcfreD & Gardner)
Doty & \Ienez

1" cod-icoIa (Yamada & llanaka)
Doty & Lienez

T. (Montagne)
Doty & irlenez

T. capitat¡.¡m (eornet) Doty & lutenez

T. cymod.oceae (Boergesen) comb. nov.

xÎ. tanarairu (Segal.ra) comb. nov.

*T. snyd.erae (larlow) comb.nov.

*T. phycophilusÌ (Taylor) comb. novo

*Basiorgrms: Spemothamnion

cies of Tiffaniella

Distribution

Pacific and. Atla¡¡tíc
L'iexico, Havrai-i, l.'lauritius

Tair+an, Caribbean ls.

Caribbean,trÉ-., CanarY Is.,
Cape Verd.e

ûled.iterranean, Canary Is.,
Atlantic Europe

I'lauritius, southern Australia

Susaki, Japan

Pacific j'Íexico

Ecuad.or

Segawa 19+9, p.145,tamami:r¡.

Fig. 2.

Spermotha¡mÏþn snyd.erae Farlo'w 1899, p"74

(no'c seen)

Spermotha^rnion p_hvcophilum layIor 19+5, p.265'

pI. 3, Figs. 17-21, P1. 4, Figs. 1, 2.
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(¡) LOIÉTHA],$TION gen, novo

Thall-us pusillus, epiphyticus, axibus prostratis et erectj's;

axes prostrati per haptera d-igítata affixa'

Tetrasporarrgiatetrahaed.raliavelcrrrciatautvið.entur,

tend¡ral-ia Ì]1 ped-icel-1-is brevibus r]nicell-ularibus lateralibus i¡r

a,xibus erectis efferentia"

CapituJ.aspernatangiorur.rovoiùeairrpositionibussimilaribus

sporangiis,

Procarpiasubterrni:raliainranisbrevibuslateralibus,

cell_uf-ae ultimae tres paz-vae, cel-lul-a subapicalis cell-uJam unan

sterilem et cel-Iulam supportan-bem cum raÉo carpo8oniali laterali

et cell-ula steril-i tenrd:rali ferens; cellula h¡rpogena ramos

laterales nunquan ferens, cell-ul-a ar:xil-iaris una a procarpio

quoque; carposporangia pauca, in 2-)+ gonimolobiis; ceflul-a-

fusionis magna absens"

Thallus sna1l, epiphybic, with prostrate anð erect axes

attached. to the substrate by d'igJ-tate haptera"

Tetrasporangia tetrahedr aL ot appea-rilg cruciate," termi¡ra1

on short uricel-lular stalks which are lateral 0n the erect axes.

Sperrnatangialhead'sovoidrilposí'cionssimi].artothe

'cetrasporarrgia.

Procarps subteruLi:ral on short lateral branehes, the last
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three cefls comparatively sma1l, the subapical cel-f bearúS 2

pericentral cel-ls of whicir one is sterile, and. the other the

supporLirig ce1l with lateral carpogonial brarrch and- tenni¡al

sterile celJ-; the hypogenous cell bears no laterafs' Ar:xiJ-iary

ce1l one per procarp; car?osporangia few, i! 2)+ gonimolobes¡

each gonimolobe i,¡itìr a common gelatìnous sheath; large fusion

ce1l absent.

The genus is so named. because-ûhe thallus of the t¡rpe

species groïils as a litt1e fringe arounci the apica! par^t' of the

Cod-ium u'cricles.

î]PE SPECIES - Lomathamnion epicodii sp. nov.

Lonatha.mnion is d-istinct from alf the other genera of the

Spermotha.nnieae il haviag only t'nro pericentral cells on the

subapical cel-l of Llne fert:-l-e axis. Al-1 other genera have three.

ït is similar to Tiffaniell-a irr 1ackilg an j¡rvolucrum around, the

cystocarp but d.iffers from this genus ín having only one auxiliary

ceIl per procarp and- lackjng a large fusion ce11 i¡ the cystocarp.

The genus is monot¡pi-c.
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Ï,OMd.IITA.I4NION EPIC ODTI Sp. nov,

TYPE LOC¡-I,TTY SeaI Bay, I(angaroo Is", S" Aus-b,, epiphytic on

Cod-ium galeatum J.Ag" (Gord-on, 31 .x,1966).

TtfPE ADU, Ã301961 .

Dfí:;TRBUTIOIiT Hope'coun, ti/. -ê.ust, (one record. only), moùerately

coÍraon fron Tr/ed.ge Ts., S, Aust., to Phillip Is., Vic.

The 'c¡4pe collec'Lion and. material from Stanley Beach (lpU,

L2Q.9A9, 'iffomers1ey, 6.ii.1957) and Seal Beacþ Kangaroo fs., ,S. Aus'Ço

(mU, .L2Br8g7, Womersley, 21.í.1965)'r,iere used- for d.etajl-ed. j:lvestigatic-ro

DIAGNOSTS

Thal-lus in Codiu¡t saleatum J^ Ag " epiphSrÙicus, axes pllostratj-

prope apices utriculorr:m hospi'cís repen'bes. CelIulae axium

prostratorun lO-lal¡ d-iam. , 1-3 longiores quarn latiores. Axes

erecti ad. I rnrrn alt., simplÍces vel parce ramosi, 1-l+ a cel]-ul-a quaque

axium prostratorr:m efferentes" Cellulae nied.ian." lO-4T d-iam",

2-6 Longi.ores quam latiores.

Tetrasporangia circa 5$ diam", positio af,que geno.

Capitula sperrnatangion:m cj-rca 55¡ d.iam", positio a'bque geno.

Structura procarpii et carpouporoph¡/ci atque geno.

VEGETATTVESTRUCTUJi.N__- (¡is. 424,8)

The primary axes are prostrate, creeping just belor¡¡ the

su¡mit of the Codium utricles arrd- attached. by d.igitate haptera

(¡ig. l+24)" Erect axes reachÍng 4 nrn high arise from the cefls

of the prostrate axis, 1-4 bra¿rches per ceI1. Etec'ç axes are
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"

simple to sparingly and irreguJ-ar'1y branched-, tapering towa:'d-s

the apex when ma-bure 
"

tells of the p:rostrate axis are 3U+5f diam., md 1-3 tímes

longer than'wj-d.e" l,ied-ian cell-s of the ei'eet axis are JO-LT d-j-an"

anð. 2-6 'oimes longer than vrid.e" Termi-na1 cefls often become

hair-]-ike.

REPRODUCTION

Te'r;raSporangia (¡ig" Lz,r)

Ihe tetrasporangía reach 5$r aiam^ with the spores generally

czuciately arranged- although tetrahedrrally divided.. Tney are

borne terrniriall-y on wricellul-ar stal-ks rryhich are lateral on the

erect axes, and. arranged singly or il opposite pairso One

further staU< cell- v¡ith termi¡ral sporangium may be produced.

Iateral1y from the d.ístal end of the primary oneo

Spennatansial- head-s (¡ig" ìeB,c)

The spezuatangial head.s are spherical -to ovoid., to 55y d.iamn,

ancl are terminal on unicel]ul-ar sta]ks 'which are lateral on the

l-olver pay'cs of the erect axes or borne d.i-rectly on the prostrate

axes (fig. 428). The 3)+ fertiil-e axial cel-ls each prod.uce 3-+

perícen-üral- cefl sr each of which prod.uces terminally 2-J spennatangia.l

mother cells and. laterally fur=ther cel1s which cut off outviard-ly

spennatangial nother cel1s, Each spernatangial nother ceLl bud.s
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off about J spernatangia (¡'is. +2C).

Procarp and. Carposporopþyte (¡is" 42D-F)

The fertile axes are (l-)4(-lZ) cefls long and. lateraf on

the l-ov,rer ce1ls of the erect axes, or occasionally directly on the

prostrate axesc The last three celIs are comparatively shorb

(¡is" 42D), whil-e the subh¡.pogenous ce1l, is 2-3 Limes longer than

the h¡rpogenous. Rarely the sr:bh¡4pogenous ce1l bears a second-

fertile axis of J cells, The subapical cel-l bears two perícentral

ce1ls - a sterile one, and the supporbi-ng ceII with late¡a}

carpogonial- branch ald. terminal steri-le cel-l .

lwo cases n¡ere seen v'¡here a sterile ceff arrd a carpogonial

branch were prod-uced- from the r¡s'cerilelr peri-central- cefl" ï:a one

of these, a gonìmoblast had. been prod.uced. frorn one of the procarps.

Rarely the apical- cel-I or the sterile pericentral- ce11 may d,ivid.e

once before fertilization, or possibly if fertl\ization d.oes not

occur,

Aftèr ferti-lization, the trichogyne is lost and. the

supportiag cel1 cuts off an auxil-iary cel1 (¡ig. l¡28) vrhich then

divid-es to prod-uce 2)+ gonìmoblast ceIls" These each d.i-vid.e

obliquely, giving J-L further cel1s rvhich either become ovoid,

carposporangia or cut off further celfs v¡hich become carposporangia"

The carposporarrgia from each of the gonimoblast i¡itials are

enclosed. i¡r a common gelatiaous sheath, givilg 2-)a goúnol-obes j¡r
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the mature carposporophyte (fig. +2T). Very 1ittIe fusion

ocòurs betr¡reen the cel-l-s of the procarp or 'the lower gonimoblast

ceI1s, although the subapical- and. h¡lpogenous ceff,s may become

slightly fused-. the apical cell, sterile pericentral cell and-

sterile ce1l on the supporti¡g cefl nornally remain r:red-ivided.

DISCUS.STON

L. epicod.ii may be s inilar to Spemothannion sl-s

Yamada and- Tanaka (193A, p.79, Figs. '12, lJ) from Yonakr:ni Is.,

Japan, but r:nfortr¡rately there is no detailed. d.escription published.

of the stmcture of the procap system jn the l-atter species.

The sinilarities between the tr,vo species lie j-n their slmple

sparingly branched. erect axes, the position of the tetrasporangia,

spermatangial head-s and procaïps, the carposporoph¡rte wi-th a

relatively sr,al-l number of carposporangia, the lack of an j¡rvolucnrm

and apparent lack of a fusion cel-l.

.A.d.d.i-tional Ínfor:nation is need-ed. before an accurate

assessment of the d.egree of similarity of the tv¡o species can be

nacle. Particu]ar1y useful features iqould- be -bhe number of

pericentral celfs on the subapical ce11 and- the number of auxÍ-liary

cells per procar?,
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(t-) PTTtOTHÁldNfON Thuret ex Le Jolis 1863z 1'l B.

The genus Ptilothan'ulion was based. on Callíthamnion ph:¡na

(niffrrym) C..Agardir (1828, p.162), and- has been d,escribed'and.

il-lustra'bed. by Bornet and- Thuret (1880, p.179, pJ-. [6),

Feld¡oann-liazoyer (1940, pp"1BL, JJ2, Tígs. 68, ll*5-1)*7),

J. Feldmann (l9ln3"rp. 59, figs. !J, 54) arr,1 }íy1in (lgZ1a, p.77,

Fig. 50). Kyli:r d-escribed- i:r d-etail- the structure of the procarp

a¡rd. mature sarposporoph¡rte but d-id- not d.escribe the early d.evelopment

of the gonìmoblast, l,[ateri-aI irr ADU (¡5ZOt, Cherbanay? ex

l'¿useo Botanico llamburgensi) sho'i'rs that the gonimoblas-b is formed-

by segmen-tation of the ar:xiIiary cefl to îorm 2-3 gonimoblast

ilii;iaIs, each of l¡hich d.ivides '_ subd-ichotomously once or ivrice,

the te::mi:ral cel1s becoming carposporangia.

Iurther s'cudies (p, eia) on Ptil-o-bha¡r¡rion sclrmi-bzii

lreyd.ri-ch, in w,hich alJ- the gonimoblast cells foru carposporangia,

exiend- the concep'c of thís genus" Thus the mair features of

Ptil-othamni-on are:

(t) tnaffus wi'ch prostrate and- erect axes, prostrate axes

nostly attached- bJ' ùiEitate haptera,

(Z) tetrasporangia tetrahed-ral, sessile or stalked. on the

upper paz'Ls of erect axes,

3) spenaatangial heads spherical to elongate, scssile,

stal-lced- or 'cermj¡ral on the erect axes,

+ Dixon (t962, p. 15i+) has d-iscussed. the sJ¡nonmy of P. pluma, and.
the variation i¡r vegetative stmctures .;'ihích can occur in this species.
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"

(L) procarps subapical on erec-b anes, suba,oical cell- with

J pericen'cral cells; hypogenous cel-f beari:rg -br-,ro la-berals;

one au-xiliary ce1l per procarp, givilg riEe to 2-þ gonimoblast

i:litial-s, each of -r¡Ìricir d-ivid.es su-bdi- or tricLrotomously 1-J ti-mes,

the terminal cel-Is (or all gonimoblast cells i:r P" schmi 'tzrtl

becomÍng c ar!Ðo sporangia"

PTTLOT}LLI,NION SUBST]',IPLNX spo nov"

1TPE LOC:Ii-LITY - Perrnilgton Bay, Kangaroo Is., S" Aus-b., epipþ.bic

on i¡enorrnand,i-a sp. (Vomersley, 30.i.19f+6j.

Tl?E I\DU,,["32r15O.

DISTRIBUTIOI\T Ií:rovm for certai:r only from the type locality.

The -bype material v¡as used, for d-etail-ed- i¡rvestigation"

Ir this ma'cerial, P. subsimplex grons very closely associated wi-bh

Lejolisia aegagropiia , the prostrate axes of the t¡vo species

in'cer¡¡oven,

DIAGl'iOSf,S

Iltallus epiphyticus, axibus pros-bratis et erec'cis;

axes erec-bi ad. 2 rn alt., simplices vef parce ramosi. Cellulae

axium prostratonn 25-35¡r d-ian., 2-l¿ longoires quam latiores;

cel-lu1ae med.ianae axium erectorum 10-6T d-iam., 1-É longiores

quam Ìatioreso
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Tetrasporangia -tetrahaed.raüa, i¡r-berd-u¡r c n¡c iata ut

vid-entur, 65y aiam,, sessilia, unilateralia il par'ciburi superis

axium erec'úoru¡r eff erentia"

Capi'tul-a sperraatangiorum, procarpi ¿, e'b carposporoph¡rta

ead.em atque generi-bypo.

The speci-es is narned. after the simple '60 spari¡rgly branched.

erect axes j¡r contrast to the generally pi:rnate branchi:rg in the

type species.

VEçEÎAÎNÆ SIRUCTUT.E (¡ie. 1'1t).

The prostrate a:çes are attached. to the hos'c by d.igitate

haptera, and- give rise 'co sÍmple or sparitgly branched. erect axes

reaching abou'c 2 mm trigh and- only slightly taperìlg, with obtuse

termj¡al ceffs (¡ig. 1.54). The cells of the prostrate axes are

25-35u d.ian. an& 2-J2 'ci¡res l-onger than vriðe. Med.ian cel1s of

erect axes are 3O-6q1, diam. and- 1-fi ti.:*us longer than lvi-d.e.

I¡FRODUCTTON

Tetrasporarrgia (¡ig. 4-lB).

The tetrasporangia are abou-b 65¡-l d.ía.:n. and- some'ci-mes appear

cruciate. They areovoid- and. sessile, often uni}atera1ly placed.

on the upper parts of erect axes.
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íipermatangial heads (nts" +aL,c)

The spermatangial head-s are spherícal- to ovoid-, about

4Þ dian", md il pos;i'cions similar to -bhe te-brasporangia but

rnore often altey¡ate than r:nilateral- (f,ig. alL).

lwo fertile axial cel1s eacir proðuce J pericentral- cef1s,

and. eac.'r of -bhese prod.ucet d-irec'rly 2-3 spermatangia anô furbher

latera1 spermatangial rto-bher cells (lig" 43C). The cells of the

axes bearing spermatangial heads are usually slightlJ¡ shorLer than

those of the procarpic or'tetrasporic plants.

Proca,rp and- Carposporo phyte (¡re, 4JD-r)

?ì:.e procarlpl: form ab -'che apices of the erec'r axes or

la'cerals. The last tr,ro cel-is are conparatively short (¡ig, +3D),

v'¡hil-e the hy¡:oge:r.ous cel-l i-s comparable j¡. size to vegetative cells

and- bears two Jateral branchlets lrhich are '1-2 celled. before

fertllization. The subapical cel-1 bears J pericentral cells, 2

of which are s'ceril e vÌriIe 'che third. i-:; -the sup,oori;ing cel1 '¡¡ith a

-bermi¡ral- sterile cell- and- a lateral carpogonial branch" The third-

and fourth cells of 'che carpogonial brancÌr are about tvrice the size

of the firs'c anð- second- cel-l-s.

After fertiliza'cion, the trichogyne is lost, the cel-ls of

the carpogonial branch fuse (lig. +JE), and- the auxiliary ceI1

plod-u-ced- fron 'che supportirig ce1I cu-ûs off up -bo 5 uni¡ucleate

gonímoblast i¡ri'oials which Ctivid-e sr-rbd-ichotomously once or tv'rice,
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the 'ceræi¡ral- cel-Is becomi¡g carposporangia (Fig. LJF) abou-t 35y

d-iam. and- maturj¡rg irr a centripetal_ d_irection. The vrhole

carposporoph¡rte is einbed.d.ed- i:r a conmon gelatilous sheath, and.

eacir gonimol-obe resuJ-tÍng from 'che d.ivision of one gonirnolobe

jnitial d-evelops equally and simul-taneously. Only very slight

f\rsion occurs be'cv¡een the ar:xil_iary ce11 and. suppcrti¡rg ce1ls.

The pair of involucral bra.nclil-ets borne on the h¡ryogenous

cel1 completely encircles the mature carposporoph¡rLe, and. laterals

fron their lolrer cel1s project above and. belov,¡ the plane of the

primary fiJ-aments.

If a procarp is not fertilized., 'che ilvolucral filaments

from the hypogenous cefl lengthen appreciably and- prod.uce further

procarps at 'chei-r apices" This process may be repeated. several

times wi-bh successive i¡rvolucral- fil-amen'cs if the procarys are not

f ey'cilized-.

Occasionally, sperrnatangíal head.s nay be prod-uced. on short

laterals of the fernale branches or on the i:rvol-ucral fila^nents

themselves.

DIsCUSSIOTI

Ptilo'charudon sub ex d.iffers from the type species,

P. pluüa- maìnly in having simple 'co irregularly branched- erect
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axes (i¡ con'crast to the generally re6uJarly pinnate branching

il P. phlna), and- i¡r 'che sessile position of the tetrasporangia

and sperrna'tangiaL head.s (generally 'Lenninaf or stalked. iJÌ P. pl-uma,

although occasionally sessile) .

P. subsimplex resembl-es clo sely Sperrqothan¡Iþp cl-ad.opholeq

Yamada and. lanaka (191+, p.342) y,¡hich is here transferred. to

Ptilothannion" Ilre main d-ifferences occur i¡ the ceII ^sizes as

illustrated. j¡ 'Iab1e !.

LASLE 9.- Differences betl¡een P. subs i-rnplex and
Ptilo-bhanurion cladoph_orae (Yamad.a &

Tanaka) comb. nov.

Feature P. subsimplex P. claôophorae

Diam. cell-s of prostra'ce
axes

Diam. cells of erect axes

Ðiam. tetrasporangia

Diam. sperrnatangial head.s

3\tl

+T

65r

l+OLr
I

,3r

18P

45P

3T

Yamad-a and lanaka Ttave not sholrn firre detail-s of the procarp

of P. clac}ophorae and- hcnce 'bhe rel-a"-üive sizes of the cells of the

carpogonial branch coul-d- not be d.eterrniled-. Álthough ihese tvro

species are vely simi-1ar, they are treateå as distixct until authentic

material- of P. clad-ophorae ca¡ì be exami¡ed..



23+.

PÎ TLOTI{AIIDTION IJ CHJ!'iIîZ IT Heyd.rich 1893: 75, pl. 22, FiEs 1-6. Laing

1 901+a ; 381 ; I gOLh : 36J; 1927: 1f 2" Oka¡ura i932: 125 .

TTPE LOCALITY Pt. itloarl-unga, ,S. Aust. (Shepherd-, 2l.vü.1968).

¡IEOîYPE - ÐU, 1"321154 (*see belorr).

DISTRIBLTTIOIT - T-n lrlevr Zeal-and- there are i-sol-ated. record-s from the

Bay of fsland-E and. along the eastern coast of -bhe

northern Islancì- to Isl-and Bay, 'Ie1li:rgton, epiphytic

on Zonar:þ tr.lrnqriana J.Ägard-h. trr Aus'bzalia, the

species is also epiphyLic on several- other species of

Zonari?_. ft occurs from Eucla, S. Ausi., to Fli:rclers,

Vic. ancl in Îas" (nor'ch-';,le,stern and- sou'ch-eastern

coasts - 'cvro record.-c only). The hosts occur in the

lov¡er littoral and r-rpper subl-it'boral zones, although

Zonaria crenata also a hos'c, is generally collected.

as d,rift.

The neot¡4pe material- rryas used. for d.etail- investigation

together r+ith material from Daly Head, Yorke Pen,, S. Aust.

t' Accord.ing to l(oster (1957, p. 51), ileyarichts herbarium at
Berh¡ was d-estroyed-. The original ma'cerial was from the Bay of
Isl-and.s
Harvey.

, l'Iev'r Zealanfl, epiph¡rtic on Zonaria sinclairii lfool:er et
ifor¡ever, ]lIomersleJr ?gel t p.22f) ô-iseussed- the type material

of Z. si:rcl-airii supposed-ly also frorn tLle Bay of Is1and-s, and-
ind-icated d-oubt as to the t¡rpe locality oi- 'bhj-s species rvhich may
not actually occur i¡r lriev,¡ Zealend.. IIatez'ia1 of P. sclmitzii i:r
ADU (¿+66+), epiphy'bic on Zonaria 'curneriana J .Ag. from the Bay
off sland.s, is sterile and- so the neot¡4pe has been sel-ected. from
sou-bhern Aus-i;ralia.
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(¿¡u, L31 r1+7, Gord-on, 26"üj'.1967, epiphytic on Zoqerig--qrgnetq).

VEGETATTVE STRUCÎURE (¡ls. +3c-J)

This species occurs irr tv¡o morphological fcrms, each of

l'rhich grorrs on a different part of the host thal-lus. The comntoner

forrn is that origi:ralIy described- by Heyd-rich, 'which creeps among

the stupose fibres on the stipes of Zo4eria spp. The prostrate

axes are d-ensely branched- and. i¡tercon:lected- by secondary pit

connections (Fig, )+3G). The erect axe$ are short, usually only

about fOO¡r high (rarely 'co 1 mm) and. scarcely protn:d-irrg above the

host fibres. The haptera, r,rhen present, are no-b regularly

d.igitate but merely wid-en or fork sligÌrtly vrhere they appress agairlst

other cell-s (¡is" LIH). the cell-s of the pros'crate axes are

16-26y diam. and 2L-4 times longer th¿n 'wid.e, l.{ed,ian celfs of

erect axes are 18-2OF d.iam, ana fi-Z tjmes longer than wid.e" these

celfs are shorter tha¡r j:r the followi:rg form.

The second- form creeps over the fronùs of Z" crenata. The

sparingly branched- prostrate axes are attached- to -bhe host by

clearly d-igitate haptera (¡lg. )+3i), and- give rise 'co sparingly

brarrched, erect axes, scarcely tapering and- reaching 2 mm hlgh.

Prostrate axial cel1s are 15-4T C.ia¡n. anù are l¿-+ times longer

than wid.e. itied-ian cells of 'che erect axes are 15-2T [i¡m. and.

Z1¿-Ë¿ tines longer than wid-e. Occasional forms i¡rtemed-iate

between these two are for¡nd..
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REPRODUCTÏO}T

'Ietraspo rangia (rig. +J¡)

The tetrahed-raI tetrasporangia are about /*lu flis'' and-

are borne on one to several eetled- stallcs, Iateral- on 'bhe erect

axes.

Sperrnatang ial Heaôs (rigs. 43ç, 44'A)

The spernatangial head-s are spherical to ovoid., about 35y

d-iam., and- ocsur temi¡a11y on -bhe erect axes and. -bheir l-aterals

(¡lg. +fu)" the j-lternal- st11c'cure (Iíg. 4¿.t) is the same as that

of P. sub si¡pIex. Sperma-bangiaÌ head-s and procarTs may occur on

tlre same branch system (¡ig. +:1,) "

Procarp and- Carposporoph¡rûe (¡is. 44B-E)

'rhe procarps (lig. U+B) are i¡. sini-l-ar positions and- of

similar stmcture to those of P. subsímplex. The rnai¡r d'ifferences

occur fu the pair of jnvolucral branchlets on the hypogenous ce11,

,¡rhich are not produced- r¡ntil after fertilization (Fig. À4C) itt

P. ¡¡rhmi¡lzii (present before ferti-lization tu P.-ubsinplq.x,)r and-

-\-

in the third- and- fouz-bh cell-s of the carpogonial- branch v,¡hich are

approximatel-y equal- i¡i size to the firs-b and- second' cells i¡

D 'czä (niuch larger in P. subqimple4). The post-fertllízation

fusion of the ceI1s of the ca-rpogonial branch, md prod.uction and-

segmentation of 'che auxil-iary ce11 are sirnilar in the t'¡ro species

P. schni-bz Fig. JrJ'D). I{o.rÍever jrr contrast to P. subsimplex, aLI
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of the d-ivision products of one gonimolobe i¡ritial mature at the

same time, producing a Broup of equa1, slightly a:rgular carposporangia

about 25y di-.an. (¡ie. ],r,r), A second. gonimolobe may subseo¡rently

be prod.uced- and. these carposporangia also mature simultaneously.

l.ro fusion occurs betvreen the lov¡er gonimoblas'c cells or subapicaf cel1"

The invol-ucral filaments frnm the hypogenous ceJl branch

1a.tera1ly and. curve around- the young goninoblast" T:r the fo:rn of'

this species i.,¡hich occurs on the stì-pes of ihe hos'L, -bhere is

occasional-ly only one lateral- branchlet prod.uced- fncm the h¡¡pogenous

ce11 . the gonimoblas-û i-s pushed. '60 one sid.e, and. the protection

given norrrally by tire second. fateral- is provid.ed by the erect axis.

DTSCUSSIO}T

the successive maturation of gonimolobes occuring Í-n

P. schmi'czii is seen in some of the more pri-nr-itive groups of the

Ceramiaceae, and- appears at first -bo consiitute an important

d.ifference frnm the si-mul-taneous matura'ci-on occurri¡rg in P. ph.l¡ra.

However 'che man¡' resemblances betv¡een the two species i¡d-j-cate their

close affinity, anC. -"his d-j-fference must be considered as a d.evelopment

analogous to rather than homologous to other gr\cups possessilg it'

Other species si¡rilar to Ptilotharrnion are:

\l/ ,Sperrnothamnion specuncarum (cottins and Herwey) llovre

- illustrated. by Boergesen 1930, p. 16, Figs. 5, 6, and by Joly
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1965, p.208, pI. +2, arrð- )+3, Figs 5Lt7, 5l+8.

(Z) Leiol-isia pusil']a Dan:¡son and- l{eushuf 1966, p'181,

p1. l+1(t), F:-g. B,

Le jol-isia hosirav,rii Ðar¡rson 1966, p. 6+, Fig. 6t J-K, and-(¡)

(L) S on barba'cr.im (cr¡e.) Ilaegeli.

Tetrasporangia of these four species are sessile anfl- la'ceral

on the cells of the erect axes as jl] some Pti_lsi]tamnion spp.

tre bo-bh Sperno thamníon and. Leiolisia, the -üetrasporangia are

t¡,pically temi:ra'l on stalks' tr{iranaa (t932, p.281, I'ig' 4)

has d-escribed. and- i1l-us-ürated- the proca-r? of s. barbatu-¡q, æd

although his d.iagram is no'b clear, it shorvs a d-ivision of the

hypogenous ce}l ri'hich ís not typical of Spennolhgsn&n' liowever,

until carposporophyte strr-rctures are rrnd.erstood,, these species

niust remajrì jx their respective genera.

Iertil-e nateriaf of P'cilothamrion pecti-n atum (tiontagne)

Lai-ng (t9O4Urp.JBg) fron New Zealand. has also been examjned (mU,

.L5,658, on Cl-ad-o ra colJsoi- Stewart Is. , 27 ,íí.19+7 t llerb.

Lindauer, IIo. 272). îhe procarps are formed- altèznately il

succession along the axial- ceffs of the fertile axis and- 'r;herefore

this species d.oes not rightly belong to P-bil-othamniono but is

possibly reJatecl to þnolþe¡U+pg.
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(¡) mm¡nnizuvnvrom geri-o nov"

thallus pus:'-11us, e¡liphyticus, axibue prostratis et erectis;

axes prostratí per hap'cer.a d-igitata affixa"

Tetrasporang ia tetrah ae d-r' al i a rt ermi¡lalia i:: rarrulis b revibus

lateral-ibus cJnaosis i-n axibus erectis efferentibus. Tetrasporangia

ul-tima per ranulos parvos protecta,

Capitula sperma'cangiorum sphaerica ad- ovoid.ea, sessílis et

ad-axialia j¡r aribu-s erec'cis efferentia.

?roca::pia sr-rbapica-l ia i:r axibus erectis; cel-lu1a subapicalia

cel-Iul-as pericen-bral-es -bres: ce]1ulam s'cerilem pericenti'alem,

cell-uiam fertilern ;oe::icentral-em et cellulam supÞortanten ci:m ramo

carpogoniali l-ateral-i et celIula s'oerili -bermi¡a1i ferens; cellula

hypogena ramulos quatuor pos'c fecrrnd.aticnem efferens. Cellulae

auxiliares d.uae a prccarpío quoque, goni-rnolobae duae; cellulae cuJn

procarpio conscciatae greges tres ceflul-an-ua 3-5 pos'c fecund-atione¡r

efferentes.

Thallus snall-, epiphybic, r;"ith pros"crate and. erect axes,

prostrate axes attachecl by d_igi-bate haptera,

.l-e-brasporangia tetraheðraI, termi¡ral on shorb staLks i¡

small- cJm.ose branchl-ets v¡hich are lateral on tl,re erec'b axes.

Ultimate tetraspcrangia protected- bJ' smal-l- i¡l.vo1ucral branchlets"

Sperna'cangial head..s spherical to ovoid-, sessile and- ad.axial
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on the erect axes.

Procarps subapical on the erect axes; subapioal ce1I

beariag three perícentral cell-s: the sterile pericentral ceII,

ferbile pericentral ce1}, and. supporti:rg oel-l- vrith lateral

carpogonía1 branch and. te¡ni:aaI sterile celi; hypogenous cell-

prod-uciag four post ferti-l-ization involucrai branchlets. Auniliary

celfs two per procarp, each pnod.ucilg a gonimolobe; fusion cell

absent. Cells associated. with the procarp prod-uce af'ber

fertl\ization three groups of 3-5 cell-s each.

The genus is so na^med. because j-t shows features of both

the Sperroothaurieae and. Sphond.ylotharorieae and. seems to represent

a eonnecting 1fuk be-bween the two groups.

T]PN SPTCIES tr:tertha¡nnion attenuata spr IIOVr

trrterthamnion is disti¡rct fron Spermothannio¡, which it

most cl-oseIy resembles in vegetative features, Íl havÍng a

relatively elongate hypogenous cell which produces four post

fertjJ-ization lateral-s and. is not incorporated- i¡to a large fusion

ce1l , Ix,S rmothanníon the hypogenous cel1 is rela-bively short,

d.oes not produce laterals and. is ircorporated. i¡to a fusion ce1l.

There is no post fertilization d.ivision of 'che sterile oells

associated. çith the procarp as i¡ trrtertha.rueion

the genus is monot¡rpic.
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INîER.'IIL.INI0I\I ATTü.UATA sp. nov.

TYFE tOCÆrTT Ald-inga Beach, S. Aust", epiph¡rtíc on Zonaría

spiralis (J.Agardh) papenfuss, grorlring in the upper

sublit-ûoral pools on the reef ed.ge (-riromersley,

11 .x, 1965) 
"

TrPE - ÁÐU, Mgr616.

DÏSTR.]SUTION K:no'nrn only from the type collection.

the type col-lection 'was used. for d-etailed investigation.

DfAG}TO,STS

Thallus in frondibus Zonariae_Ê¿Lralis epiph¡rticus.

Cellulae axir:.¡n prostratorun JJ-6Oy iliam., 3-9 l.oneiores quam

l-atiorres. jires erecti ad- 2 mm a1t., r:nil-ateraliter vel alternatim

ve1 opposite ramosi, angusi;ati prope apices. ceflulae medianae

axir:¡n erectonu zo-)nT d.ia¡r. , 4-.6 longiores qua.ur latiores.

Tetrasporangia ad. B$l d_iarn,, posi-bio atque genoø

Capitula spernatangiorrr_m "d J? d.iarn., posircio a,cque geno.

Pr-ocarpio et caqposporophyti atque geno.

The species is na.med- after ,che tai:ered. erect axes.

I|EGETATTVs STRUCfiIÌN (¡is. L5A,B)

The prostrate axes ate attached. to the substrate by d.igitate

haptera and. give rise to erect axes, reaching 2 rnm long, which are

mostly unil-ateral1y and abarcially branched (¡lg. t+Da.), occasionally
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alternate or opposite, anc- taper consid-erably near their apices

(¡ig. 458) .

The cel-l-s of the prostrate axes are 35-6T d.iam. and, j-g

tjmes longer than v¡id.e. Med_ian cells of erect axes are 20-47

diam. and- 4-6 'oimes longer than wid,e.

R.EPRODUCTIOI\]

Tetras l-a (¡is. r*5e)

The tetrasporangía reach 80¡ d.iam. and- occur on sma11-cel-led.

branchlets l-ateral on the erect axes. Each sporangíum is produced.

termjnally on a stalk ceI1, and_ 1-2 further stal_k cells are

produced- latera11y from the first one, -bhus forning a cymose

branchlet. The uttimate sporangia are surror¡¡rd-ed by 1-2 cu¡ved.

i¡rvolucral branchle-bs.

Speruatarieial head.s (¡ie. +¡c)

Spematangial head.s are spherical to ovoid, abou,c 5$ dian.

and. bo¡ne in positions sinilar to the tetrasporzngia. There are

J-L fertiJ-e axial cells which each produce J pericentral cells.

These dj-vid.e termi¡al-ty and. latera11y producÍ¡rg spernatangial

mother ceJls rvhich each cut off 2-j spermatangia.

Procarp and. CarposporophyLe (¡is. h5D4.)

Prucarps are forued- on short erect axes 5-7 celIs 1ong.

The last tr,:¡o cells are comparatively shor"t (lis, f!D) and the
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hypogenous cefl is abou'c tn¡ice as long as 'che subapical ce11

v'¡hich bears I pericentral- cel1sr the sterile pericentralrfertile

pericentral, and- supportilg ceIl -nvith terminal sterile celI and

lateral carpogonial branch. The hypogenous celL bears four cefls

at fertilízation and- these 1ater proùuce i-nvolucral fj-la¡ients

surrou:rd-i¡rg the car?osporopkgrte "

trtrsion of cells of the carpogonial branch and, prnd-uction of

corrnec-bi¡.g cells is typicaL of 'che 'cribe. Ihe supportÍng ce1I

and- fertile pericentral ceIl each prcd-uce an au-riliary cel1 (Fig. 458).

The basal a,nd. api-ca1 lobes are cut off as gonimoblast i¡itia] cells

but only the api-caI one ôevelops further, d.ivid.íng subd.i- or

trichotomously once or twice, the terni¡al cells becoming

ca.rposporangia (¡is. 45FrG). l¿atr.:¡e carposporangia are lachri-nifonn,

abou'c 35¡ d"iarn,

The apical ceI1, sterile pericentraf ce1I anù sterile ce1l

on -the supportilg cell d.ivíd.e after f ertiJ.ization to p:orluce three

small groups each of J-5 cel1s (¡iS, +5î). Each group ,has a

sommon gelatirous sheath. 0n1y slight fusion occurs between the

auxiliary, supportílg and. fertile pericentral ce1ls arid- the subapical

cel1,
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DISCUSSfOII on It[TËqTi{¡}trTTON

lVhile Trtertha.urion is a t¡rpical member of the Spermothamríeae

i¡ most of its vegetative and. reproductive stmc-bures, the regular

post fertilization d.ivision of 'ch.e sterile cells associated- with

the procarp is sj¡niJ.ar to d.ívisions occurring il cystocarp

ôevel-opment i¡ the Sphond.ylotha.mnieae tribe. However, these

d.ivisions d.o not result i¡r a tme i¡ner i¡volucrr.lm as i¡ the

Sphond-ylotha¡níeae, llms although trrterttm¡nnion nay be i¡termed.iate

j¡r features between the two tribes, it is more 1iJ<e1y that the

d-ivision of these sterile ce1ls has occurred. Íld.epend-ent1y i¡t eactl

tribe,



U:5,

(6) LEJoLTSIA Bornet 18592 Bo, pr. 1,2

The g enue Le.jolisia v¡as clescribed by Bcrnet as beiag closely

related- to Callj-tharurion i¿ its vegetative and tetrasporangial

structure,s "¡hile at the sa.rne time pos.oessing a characteristic

cystocarp with a pericarp sjmí1ar to the rrceramid.ir:rn?r fourdi:r

Polysiphonia. The structure of the procarp and- post fertil-iza.tion

events was later d.escribeù irl greater d.etail by Bornet and. Thuret

(lAS7, p.'148, pJ'. 12, Íig. 15t 16). they shov,ied- that the procarp

is very like that of Sperrnotharnion, æð that 'the pericarp of

Lejolisia should. be sonsid.ered- honologous lvith the i¡vo1ucra1

bra¿rchlets v'¡hich sumound. the cystocarp 5l ''Jrangelia, although

encl-osed, withi¡r a comaon gelatinous sheath.

L. med-iterraJlea. the type species of Leiolisia. was later

Í-nvestigated. by J. and G. Feldmann (t9LOt, p.JOB, Figs. A-C) and

Ieldmar¡e-hlazoyer (1940, p.183, 377, Ei.gs, 10, 67, 77, 78, 148),

Their d-escriptions of the cystocarp d.evelopment d,o not agree with

tire earlier one of Bornet and. Thuret ( see d-iscussion) .

l'ertile ma'cerial of L. ned-iterranea has not been avaiJable

for stud.y and. because of the Lack of agreement i¡r d.escriptions

of thj-s species, the generic concept of Leiolis:þ as recognised.

here is based. nainly on the southern Àustralian species,

Lejol-isia aeeaeropila (J.Agard.h) J..A.gard.h. 'l-he maisr fearù-ures are:
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(t) tnaUus epiph¡rtic, with prostrate and erect axes'

prostrate axes attached. to substrate by unicellular d-igitate haptera,

(Z) tetrasporangia tetrahedral, terraj¡aI on shor-b stalks

borne on 'che erec-L axes,

(l) spermatangial heads spherical to elongate, i¡ ¡rcsitions

si¡rilar -bo the tetrasporartgia,

(4) procarps subapical on erect axes and laterals;

subapical cel-l with J pericentral ce1]s, and. one auxj-1iary ce1l

per procarpi sterile ce1ls associated vr'i'uh the procarp (apical

ce11, t''¡¡o sterile pericentral cells and- sterile cel-l- on the

supporting ce11) d.ivid.e after fleúílization to prod-uce a perícatp

one cel-1 thiclc surror.¡nd-j¡.g the carposporoPhfte: the fila,ments

erobed.d-eù in a comnon gelatÍnous sheath; auxiliarXr ce1l d-ivid.ing

terrni¡ally to produce one fi.¡nctional gonimoblast initial and-

laterally 'co prrcùuce t"vvo nonfirnotional gonÍmoblast ceIls;

carposporangia produced- sympod.ially; stetlate fusion cell- formed

from resid.ual goni.noblast ceIls.

LEIOL SIA.A-EGAGROPTLA (J.Agarah) J.Agardin 18922 126, pI. 2,

Fig. 1-8. De Toni 19012 1255t 19242 4ï+,

I"ryli¡ 19562 3BB. Lucas 19092 t+7. Lucas and Perri¡l

1947: 324. l\.azza 19252 16'89. Ol<a¡rura 19322 125.

CaLlitha.ronion aesas il-a J .Agardh 1876: 11. Sond.er 1880:

11. îa'ce 1BB2¡ 16.
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TYPE LOCA-LITY rrNew Hollancl?r.

TYPE - Ilerb. Agarilh. Lr;nd (No. 35t288). Not se€n'

D ION - From Pt. Denison to Pt' DrEntrecas'cean:x, 1"1. Aust.

(ísolated- record.s); mod-eratel¡r common from Venus Bay,

S. Aus-b., ÍncIud.i-:eg Kangaroo fs., -to P'c. Roadnightt

Vic.

The species is epiphytic on several species of aIgae,

roostly Lenornand.ia spe or on the s'cems of Cymod-osea antarcticat

and. is collected. nainly as d.rift, but occasionally i¡r rock pools.

liaterial used- for d.etailefl i¡vestigation was collected. as

d.rift frpm Venus Bay, epiphybic on CJ¡nodocea (¡¡U, -L19'5O2,

IÍIoniersley, 12.i!.1951+), Pt. E11iot, s. Aust. on Lenorsand.ia

(.o.lu, L31 ,l+28, \",Iomersley , 12.vi.1967, L181689, ',fomersley , 2J.v.1953) '
and- Kilgston, S. Aust. (mu, I'321161, Woelkerling, 9.jrc.1968).

VTGETATÏVE SÎRUCTURE (¡ig. L6A-D, Plate 12c)

The prostrate axes are irregularly branched-, attached' by

d.igitate haptera, and. give rise to erect axee reachi:rg '1.5 cm high,

with up to firo erect a>(es per prostrate axial cell. The erect

axes are usually ad.axially branched, occasíona1ly alternate or

opposite, with branchilg often ðenser i¡ the uppe? parts of the

thallus (¡iS. ¿+64). The ultimate branc6lets usually taper slightly

but occasionally are obtuse or hair'liJce (¡'ig. 468).

CeII size varies consid.erabfy in plants growing on d-ifferent
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hosts, but as tlrere are no obvious discon'ci¡luities i¡ the ra.nge,

these forns are i¡rclud.eô withj¡ the one species (¡ig. )+6C -

larger celled. forrn, Fig. 146Ð - smaller celled. form). Cells of the

prostrate axes are 7O-11O¡ d-iam. anA 2L-4L times longer thari v¡id.e.

iriediari cells of erect a.-ces are (25-)65-80(-105)P d.iam. and' 2-5 tjmes

longer than wid-e. Cells of the hair-like parts ate 18¡ d.iam.

and- up 'co 15 tines longer than wide.

R.EPRODUCTIOI\T

Tetrasporangia (¡:-s. l*6¡)

the te-brasporangia reach about 89] ô.ian. and are ter.minal

on short rrniceflular stalks. One to three stalle ceJls may occur

latera1Iy on the one erect axial cell. Rarely tetrasporangia

are found. on branches bearj¡g both male arrd. female reproðuctive

st¡uctures.

Spernatangial head-s (¡ig. 46FrG)

Speruratangial head$ ar€ spherical tc sligirtly ovoid-, about

L5¡ dian., and- tenni¡al on short branch.l-et; on the erect axes

(¡ig. 46F). Three fertile axial cells; each produce 2-3 pericentral

ce11s, vqhich each cu'c off 2-3 terninal- sperrcatangia and further

lateral spermatangiat mother cefls (¡ig. ¿*6C).
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Pnccarp and Carposporoph¡rte (f:-g. r+7A.-F)

Procarp systems are forrned- terminally on the erect axes and

laterals. The last J cell-s of the fertile a¡cís are comparativel¡r

short (¡lg, +7L), whil-e the fourth (subhypogenous) ía 2-4 tjmes

longer than the hypogenous cel-f. The subapical cell- bears two

sterile pericentra] cel-l-s and- the supporti:rg cell lri"bh te-¡rai¡ral

sterile celJ and- lateral carpogonial- branch.

:\fter fertlJ.ization and- prod.uction of connectíng cel}s by

the carpogonium, the supporting ce1l d.ivides oblicluely near the 
,i

base to prod.uce a triangular (pyramid.al?) shaped- ar:xiJiary ce}l

(¡ig. 478)" the auxiliary cel} divid.es termi¡ia1l-y prod,ucj¡g a

functional gonimoblast i¡i'bial (Fig . )+7C), a:rd. 1a'ceral1y givjrrg

t'wo small cefls v,¡hich d-o no-b d,ivide further but d.egene?ate. The

apical cell, sterile pericentral- cells and steril-e cel-l on the

supporting ce1I d-iviòe (¡ig. /+7C) and. eventually form the oharac'ceristic

pericarp around- 'che goni-moblast (see below). The hypogenous ce]1

d-oes not prod-uce any 1a'bera1.s.

The gonimoblast j¡itial- d.ivid-es obliquely -ühree or four times

prod,ucilg cel]s v¡hich i¡ritia,te the gonimolobe arrns. Each of tirese

cell-s cuts off tirree cells by oblique d-ivisi-ons, the first two

beconirg carposporangia (tris. L7D) and the third. repeating thi-s

process by three more d.ivisions. Ir this ivay, a lateral gonirnoblast

cell continues the spore production and. gror'rbh of the gonimoblast,

givi¡g sympod-ia1 d.evelopnent. I',iature, ovoid. carposporangia ç5Ox 6O¡)
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are extrud.ed- through the ostiole (see bel-olv). 'l'he gonimobl-ast

residual cell-s f\.:,se successively forrning a mul-ti:rucleate fusion

ceJ-l with 6-) radiati:rg arms (¡lg. +7lri). on the upper sides of

each arm are two rows of pi-b cor:nections (lig. h7F) ¡rhich remaj¡

after the carposporangia have been released. The fusion cefl arrns

curve outward-s and- upwards as they elongate.

Duri:rg the prod-uction of the carposporoPhÍüe, the pericarp

i-s prod,uced. by d.j-visj-on of the s'uer"ile cell-s associated. v¡ith the

procarp. The four branches are subd-ichotonously branched- once or

-i;rvice, their cel-ls lobed and- contaj¡ing 2-J nucleí. The r''¡hole

pericarp is completely enclosed- in one gelati¡rous sheath common '6o

the carposporoph¡rbe (lig. l+78). The 7-9 terminaf celfs of the

pericarp are elonga-be -bo triangul-ar and- surround- the os'cio1e,

being tu,¡isteê. ou'ward.s in a cloclo¡rise d-irection when viev'red- from

above.

the matu-re cys'cocarp is urceolate, reachìrg about 20Ju d.iam.

DI;JCUSSICN

The mai-n veg etative differences beb¡'¡een L. aegagropila and-

the t¡pe species, L. med-iterranea, is i¡ the thallus size , the erect

axes of L. aegagropila reaching about 15 nun high, while those of the

type reach only about 1 nrn. The vegetative cells of L. aegag¡oPila

are 3-L times the dia¡oeter of those of L. ned.iterranea and- similarly
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the tetrasporangia anð- spematangial head.s are about twice the

d-iameter of -i;hose of the t¡rpe. Feld.nann-liazoyer (t940, p.t76)

reported- that the cells of Tu med.i'cerranea are unjvrucleate, rvhereas

those of 1,. aegagropil-a are nultj¡rucleate (Plate 14D).

There is some d-isagreenaent j¡r the d.escriptions of the

d-evelopment of the ;oericarp of L. med-iterranea. Ielùmann-l,Iazoyer

(t940, p.199, Figs. 77r78) states 'bha's 'uhe fil-aments constituting

the pericarp origina'ce fron the axial- ce1l befor¡ the fertíle

?rcentraL cellr? (i.e., from the h¡r,oogenous cell r;r¡hích is comparativel-y

longer iri L. med-iterranea a Her figure (t940, Tíe. 77) shows

clearly that the steril-e peri-central celJs and- apical cell- (altirough

it has d,ivid-ed- once) d.o not con-bribute to the pericarp. Hovrever,

Bornet and Thuret (1867, p.148) state that the apical cell and the

-üìrree 'lperipheral cel-l-sî! d.ivicte afiey f ertllízation to produce the

perr_carp, as i¡r L. aegagropil-a. the mature carposporoplryte of

L. meili'r;errarrea appears to be much simpler tha¡r that of L. ae€sglqla1g.

Accord-i-ng -bo Fe1dma¡¡:I:Iazoyer there is only one "sterile cel-Irl

bet';reen 't]ne )+-6 large carposporangia and- tire gonimoblas'c i¡ritial.

This cons'crasts marked-1y with the large fusion cell r,'ith rad-ia'cìng

arms and- conti:aued- prod.uction of carposporangia i¡r L. aegagropila.

thus the systenatic posi'cion of Ir. aegagropila camot be confir:ned

un'cif d,etail-ed- exami¡ration of 'che t¡4pe species has been mad.e.

O-birer species v,rhich have been ascribed. to Leiolisia are

l, . columbiana Taylor (lg+5, p.265, pl. 4, Figs, 3-1A), L. i11a
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Dawson and- Neushul (1966, p.181), and. L. hosha'wií Ða'nson (1966,

p. 64). Taylort s species agrees i¡r mai¡ cltaracgeristics with

-bhose here accepted, for tlre genus Leiolisía, but no d-e-tails ar.e

given for procarp oï' pericarp d-evelopment. i,iateriaf of the type

specinen from Gorgona fs., Colornbia (ÆUit, no. JO1), îaylort

12.ü.1%1+) has been examj¡red- but f enale pl arÌtË were no-b for-rnd'"

L. and- L. hoshaøii have been described- from tetrasporangial

material only anô thus must awai-b further i-nvestigation to confi::n:

,cheir generic id-entity. The sessile tetrasporangia jri both

species seem to a]ly then nore closely with Ptilothamnion.
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DIJCUSSION on SPERIIIOTHAIflVIEAE

A possible sequence of evolu-bionary developnent for -bhe

female reproductive structures of genera of 'che Sperrnotha¡mieae is

illustrated- i¡r Diag. 5. It is likely tha-b 'che prefertil íza-iion

stmcture of the procarp of the ancestor of -bhe Sroup v'ras similar

to tha'c of i,he ancestor of the Sphond-¡.1othe¡nÍeae, and. many of the

subsequent d-evelopn'rents ',r-hich have occureô i¡r -bhe fwo groups are

paraI1eI. In r_on probably d-iffers frorn the ancestor mai:rly

i¡ the post-fertilization d-ivision of the s-berile ceffs associated

with the procarp. f:r o'cher respects, for example the retention of

bhe 1a'ceral- involucral- filaments on the hypogenous celJ and. 'ovo

auxiliary cells per procary, and- the prod-uction of only one

gonimoblast i¡ri'cial per procarp, trrterthamnion occupíes a sirnilar

posi'cion in the evol-u'cion of 'Lhe group to rlnL of Sphond-Y1 othannion

i¡r the ;-iphondylotha.mnieae. Sjmilar]y, Spermothamnion has evolve&

bJ' loss of all l-aterals from the h¡rpogenous cell iri a comparabtre

way to the òevel-opmenrc of Shepleya ¡r Ti{finigf]-g" the process

has been carried. fur'cher and- al-l laterafs los'c from -bhe subhypogenous

cell-. Lomathamni-on ma;r have åeveloped- from the Tiffa:iiel-l-a 1i¡re

by the loss of -bhe third ;oericen-bral cel-1 on the subapical- ce1l r¡ith

the correspond-i:rg loss of the second- ar:xil-iarT' celi per procarpt

i:r a similar uray to trnvolucraÍra r,-¡hich has only trro pericentral- cel1s

on each subapical cell. ie S-La probably arose by loss of -lhe
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DIAGllll 5.- Possible mod.e of evolution of the speruotha^wrieae

L,e jolisia aegegropila

1 g.i per aux

Ptilothan¡nion

1 aux per pro

Îíffaniel-1a

no lateral-s on shY

st.6r of J-5 cel1s
1g .i from aux

Ances tor

Loma l-ol1

2ponsa
1 aux per pro

\
1 aux per pro
pericarp frorn st.gr

z rrt"r"\ on hy

spe

no laterals on hY

Sphond-ylothamnieae

mothamtion
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seconù ar.rxiliary celÌ per procarp and. òevelopmen'c of the

specialised- pericarp from the sterjJ-e cells associated- lri-bh the

procarp. trr the Ptil-otha¡urion li¡re , two of the la-berals on the

hypogenous ce11 have been re-bai¡red. and. ihere has been no development

of a large fusion cefl as i¡r ion and- tiffaniella.

Iusion ce1]s may have been second.arily los'c j¡ Loma'chamnion and

Le jolísía.

Feld¡ann-iiazoyer (l9l*O, p.240) incLuded-
_T^
I Je ia ned-iterranea

and Ptil-o bhamrrion i:n a ne-"'¡ tribe -bhe Lejolisieae, because of the

elongate hypogenous celf

in the vegetative cefls.

and. the snalI ntunber of nuclei occurrilg

lJowever, the ;oresent s'cud-Y on Leiolisia

aesaqropila and- southern Australian species of Ptil-otha"nnion

i:rd-ica.-bes -bhat the d-ifferences bet'¡reen these Senera and- other

genera i-n the Spermothamnieae are of bhe sa.me ord.er as -tlie d.ifferences

bet¡reen 'uhe genera of the Sphond.ytothamnieae. Thus, there is

ilsufficient justifisation for separating these genera j¡rto a

d-iff erent 'bribe.

11¡ro further genera, Pl-eonosporium and- Cornpsothar¡riion maY

be forrnd- 'co possess features characteristic of the Sperrnothamnieae.

lirese genera have not hororever been str'-d-ied" il southern -ê.ustral-ia

and- are not i¡rcl-ud-eô in this d,iscussion.
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IruII" CUI,TURE SIIIDIES

rNliìoDUCîï0N

Culture stud.ies rlrere carried. out as a supplement to the

mai:r taxonomíc Trork" trl -bhe limii;ed- 'bime available, only species

which coufd- be obtai-ned- readjly in ihe livhg cond.ition from nearby

coastal areas were used.. 0f 1;he sjx species attenpted-

(Ifranßelia plumosa. iiiazoyera trrotensa, Mazoyera I'øIura,

Shepl-eya ¡¡attsii. hvolucrana crassa . and. Lgi otis ia ae ßaåtqgliþ)

only 1',I. ph:mosa and- L. aegaRropiJa provid-ed- spores which gerrni:aated-

to produce muI'oicellular stages.

The aims then trere:

(t) to observe and. compare stages in germÍnation of spores

of the t^ro species, a^nd-

(Z) to establish the life cycles i¡i culture.

Herbarium specimens of the plants from which spores were

cultured- are:

iY. ph:mosa - -ô,DU, Ã3or9JO, Al-d-ixga Reef, Gord.on, 1J.xi-.1)66e

L31 ,065, .tld-inga }ìeef , rlVoelJrerlÍng, 1 1 .xii-. 1966, anð. AJ2.1J1 ,

Christies Beach, Womer-sfe;r, 14.x. 1968.

L. aegagropiJa - ÄDU , A32r1l0, \Test Beach, d-rift, epiphytic

on C¡mod-ocea aniarc tica- Gord.on,4.x"1968.
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I\,ETHODS

1 a Cul'cure l¡led-i.a

Gernilation of spores of 1ï. plumosa rras¡ first attempted-

using enriched. seawater media as used- by Drew (1952, p.LO),

von Stoscla (1964, p.143), ild Provasoli (see TatewakL 1)66, p.62).

Nc si.gnifica¿rt di-fferences lrere observed- be'r.'¡een these three

med-ía. For later experiments, that of Provasoli (Tal1e 8) .¡¿s

usec[.

Çemaniuin d-ioxid-e (1 ppm - 1 n'l- of stocii solutionrof

t ng/lrto each lítre of enriched- seawai;er) was ad.d-ed- to suppress

d-iatora grrowth ( Lervin 1966, p.1 ) .

/'xenic cu.l-Jr,uTes y,¡ere not necessar?- for early s'cages irr

spore ge:milation for both species, and. for groi'rth of the sporelilgs

to maturity in L. aeA a. Ifowever oon-bi¡ued- grolrLh of

sporelÍng s of W. plumosa may require further efini¡ration of

contaninants than was possible j-n the tine available.

Whole plants of W, plumosa as coliected- frorn the reef r¡ere

pla.ced i:r a system of circul-ati¡ig seav,rater but these plants d-ied.

ilue to con'carn-i-rra'ti-:rrg gro.i,-Lh. Pla,nts of L. aegagropila l'¡ere

removed. from the host, and- sexual and. sporangial maierial separated-.

Plan-ts in stil-l cu-l-tures greïr equally as r¡¡ell- as -bhose which were

aerated- and- v'¡ere less con-tamirra'úed-.



ru3. Prov¿solirs ES enrichment med.ium

Stook Íjolu'cions Amount of lotal Amount of
Stoclc Add.ed- Each Component

Narsltcerophosphat e 5g/ t oona

NaNo, ,5s/loonr

Vitamin B12 tmg,/t oOmt

Thiamj-ne 50rng,/100n1

Bioti:r O.5mg/t OOnú

iTris Buffer 5g/loorrt-
(Sigma Co. )

xx¡u las IDTA 1:1 rnolar)

+PII T""ce metals

Distilled- v¡ater

10 m].

'10 mI

10 m]-

10 nr]-

10 m]-

100 nl

25O nLL

250 n1

600 m]-

l0O mg

7Ão
J. / ó

1o0 
P8

5ng

50 Ps

Ão/¿)

2J mg îe

N)\¡
@

'F Tris H01 4.05g
Tris base 0.959
pH = J.6i at 2JoC,

¿.I, FC-EDTA
re(NH4)2(sou)z.6H2o 351ns
IITA,EDTA 33Ùry
i:r 500n1 d-istilled water
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+..TAEtr,E-!. PII }iietal ni>l

Salt Amor-rnt Amormt of me'cal

.per û1_.

H-BO-tt
reCIr.6\0

I\4:rSO, .l+H^O+¿
ZnSoU.THro

cosOU"7þ0

Na,EDTA

DistÍI1-ed water

B O.2mg

Fe 0.01mg

¡,4:r 0,04rûg

Zn 0"00!ng

Co 0" 001rng

liarEDTA 1 mg

o.57g

24.5m9

82.Olng

1'1,Ong

2.)ûg

5OOnS

500n1

2On-1 of ES enrichment medium was ad-d-ed. to each

litre of filtered. seawate:"
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2. Germi¡ation of spores

Srnall- pieces of sloore bearilg filarnents were placed- i¡r

crrlture solution contai¡ed- i¡r srnafl petri d-ishes (4 ot d-iam,, ) "

Cystocarp s of YY, plumosa were cu-b open to allov¡ carpospores to

escape freely in 'che absence of water moveroent, 'Evhich v,¡ou1d-

possibly help them -bo esca,pe i:r -bhe na'çureL environment. llhen

suffj-cien-b spores had. d-ropped. 'che filaments v,rere removed-.

Ati;achmen'o of spores to the glass usually occurred- rvithj-n about J

d-ays after'ç¡hich the cul'cuz'e solu'cion Tras changed" Spcrelirtgs lrere

selected- subsequently for camera fucid.a d.rawings and- pho'cography.

'.ì'Ìren sporelings had- reached- abou'r, 2 nrn long, i-nd-ivid-ua1 plants were

removeil carefu-lly and- placed- separately Írr fur'cher snal-I petri d-ishes

contai¡rj¡g cul'cure sol-ution" lLtost of these plants became attached-

agairi with-i-n about I d-ays after vrhich the lo¡,ver hal-f of ''che petri

ùish v',ras placed. irr a Ìarger gl-ass cul-bure vesseT con'caini¡rg abou-L

fOO m1 of cul'cure solu'cion"

Cu-l-tures were kep'r j¡r cons'i;ant tentpera-bui'e rooms a'o 1/+oC or

16oC, und.er Phillips fluorescen'c lights a't 50- 1OO lumens per sq.ft'

or 25O lumens per sq.ft. (shad-e or light - see below) a:rd- d.aylengths

of '10- 16 Ìrs, T,ight i:n-tensities 1Íere measured- v¡ith a G.P.

Photome'cer mad.e by Evans Elec-lroselenir,¡¿ Ltd,¡ Potter St", Harlo'w,

Ssrrex, E:g1anô.

Contamina,ti-ng e.J-gae i/rere mai-rr1y a small fifamentous Phaeophyte
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and- a red- coloured. Cyanophl'te. The Phaeoph¡,-te ri¡as easily renoved-

'vvith a very srnall- camel hair brrrsh but 'che C¡ranophyte Íras very

d-iff icul-t to elimjta'ce " Ma'cure pIan'cs oÍ L. aegagropila vrere

subcul-tured. by breaking off srnal-l- branch systems and. placirig il

fresh so-l-u-bion in small- flaslcs stoppered wi-th co'b-bon v¡ooI. îhese

plants greriv'we11 witirout becomitg at'c?ched- to the glass,

Culture solutions lvere changed- evez.y 7 - 1+ d_ays,

3. Cond-itions of cultrrres

Sporelilgs of r,:/. plumosa cuf'cured. wrd.er a rela-bively high

light jrrtensity at firs'c greTÍ more quickl¡r than those cultured-

r:rrd.er 1oi,v J-ight il'censity" Bu-b vithi¡. about 2 -ireeksr the shad-ed-

plants appeared- healthier and- vrere more highly pigmented-, al-bhough

with shor-ber w1-rorl--branchle-bs than -'che sporelÍ:rgs i¡ the Lr:igh light

intensity. The lat'ser r,irere then placed i¡r a lower light iltensity

and the api-ces rapid-ly becarne nore hi-ghly pigmented.. IÌor,iever, these

plants haå to be di-scarded- l-ater because of bac-berial i:rfection.

The shad"ed- sporeliags liveò for about I months, reachilg about '1 cm

long, bu'c these too 1a'cer became i¡rfected- by a sud.d-en bl-oom of

bacteria. lreatment with penicill-il a-b JOOO vnits/nl (lries 1963,

p.696) and. clea¡rÍrg of filaments with a small camel hair bzush

was of no avail . No reprod-uctive s'cructures lyere forned- in 'chis

time.
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ILESULÎIJ

1. lri/rangelia umosa stages in germi¡ation of spores

(1) Tetlaspores (f':-gs. 4BA-K, 49À, Pl. 1JA-C)

lhe spore beoomes round-ed- and- then elongates slightly ìn a

vertical d-irection, becornilg ati;ached- 'co the sub,strate (glass)

af'cer about 21 T:.lcs,

l'he first division is t::ansverse and- usually unequal, 'r;he

d.istal- spore residual ce1I larger tban the prnxima1- rìni-zoi.d-al i¡itial-

ce1l (Fig. 488) u¡hich remai¡rs attached. The rhizoíd.al i¡ri'cial

elongates and. cuts off a narrÐr,Í primary rhizoid: the d-iameter beilg

approximately one third- that of tlne rhizoid-aI i¡itia1 resid.ual- cel-l

(¡ig. l+BCrD). The nex'c d.ivision, usually also unequal, occurs il

the spore residual ce1I, prrcducìag a sma]Ier apical ce11, often

slightly to one side (Fig. LBD). The first y¡horl--bra¡.sh1et j:ritial

may then be prod.uced. laterally frorn the d,Ístal enci of the spore

residuaL cell (fig. [BE,F, pI. i!L).

Axial cells at this stage are almost cubieal, but after

several- apical d-ivisions tl:ey elonga'üe and- become cylind-rical, about

2)'ci-nLes longer -Lhan r;,¡iC,e (figs. 48G-i(, l+94). As'ûhe erect part of

'r,he sporelÍlg gror-,is from an obliclue to a vertical- posi';ion, the first

formed 'rihorl-branchlet on each axial cell- tend-s to be prrrduced

u¡rilaterally on'che sid.e of the axis nearest the subs'cra-be (fig. l+8t,

Pl. 1JB). Once the vertical position is at-bailed., horiever, the
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first-fotued- rvhorl--bra.rrchlets are produced_ i:r a cl_ock-wise spiral

lookiag d.o'rvn from the apex, and. 'bhen as 'che thal-l-us matures fur-bher

-bhey are prod-uced- al'ce-fiia'çe1y on opposite sid_es of the axis. The

spore resid-ual- cel1 usually prod.u-ces on1¡r one r,.'horl-branchl-et vhich

is sÍmp1e or once branched-, consisti¡rg of 1-+ celfs.

the prinary rhízoid conti¡iues to d.ivide apical1y, often

reaching several times the leng-bh of i;he erect part and- also branchlng

1a'uerally. Occasionally the primary rhizoid- produces a smal-l,

rnulticell-ular d-iscoid. hold-fast, and. fUrther rhizoið.s ma.y be produced.

from the proximal end.s of axial cells (ef. tje). The cells of the

rhizoid.s are devoid- of rhodoplasts. lhe rhizoid-aI gelatj¡ous

sireath is muci l-agirrous.

A l-ateral de'cetrni¡rate branch may grolq at an early stage frrcm

one of the l-ower axial- cells (ef. l¡C), rather than from the basal

ce1] of a vrhorl-branchl-et as il mature plarrts" This may accor:nt

for the 'way il '¡¡hich several mai:r axes aproear -bo arise fr.on the one

hold-fast i¡r mature pl-ants.

(z) Carpospores

Stages il gernr:ination 'rvere for.u'rd to be essential-Iy the sanne

as i¡r -bhe tetraspol.e gemli_ng,

trr neither 'che 'cetrasporeli:rgs nor -bhe carposporelilgs vras

reprod.uctive ma'curity obtailed-.
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2. Le olisia ae o

ït/hen put ilto cu1'cure, plants fron 'ohe field bore tetrasporan8l-a

and cystocarps only sparsely. Àfter abou'c J 'nee]|}s, te'crasporangia

v,iere produced. profusely, but further" cys-bocarps did' not d-evelop'

Tetraspores r.zreï'e released., but only a smal] percentage (about 1Of

as corilpared- with about 95'1, u 1.',ì-. plumosa) surrrived- and- gerrnilateô"

Carpospores l.-iere not reLeased. from the cystocaÏps -v¡hich eventually

d-isi:rtegrated-.

Stages in gerÍìinati ¡n of te pore S (¡is.L9B-F)

Tiresporebecomesround'ed-and.,chenproducesasmallprotrrrsion

(¡ig. L9B) which beoomeE a'ü'cacìted- to the substrate an¿ is cut off

as a primary r,,1'zoia (Fig. L9C). îhe spore residual ce1l then

d-iviðes transversely producing a c-istal- cell, which on contj¡rued'

d_ívision gives rise to a Ltorj¿ontal or oblique axÍs 'n:¡hich is free

from the substrate (¡iS, 49Drn), hr'ther free f il-ameni;s are then

prod-uced- from the spore residual celf and- it¡; i-mmed-iate d'aughter

ce1ls, iryhile the rhizoi¿ contj¡ues to elongate (¡ig" l+9F). The free

axes la'cer begin to brarlch uyrilaterally irr their characteristic

mannera Cel-ls of the horizontaf axes may produce rrniceflu1ar

rhizoid-s (hap-bera - PI" 1¿¡B) a-t irregular i¡tervals, bu-b the terni¡ral

digita,ce d.iscs occurrì¡g on 'çhe prostra-be filaments of plan'bs

coffected- i¡l the fiel-d- have not been obserwed. i¡r cul-Lrrre"
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Sporelings prod-uced- sexual- s'cluctures, both male and- female

on the sanie plants (Pt. 14-A), after about ! v,reeks. Vessels

containjng these plants v,¡ere shakeyt a'ú i-rregular j¡l-bervals. and.

about J rveeks l-ater pos-b-fertilization stages were obser.v'edo

llowever, only one mature cystocarp lras lrod-uced- and- carpospol'angi-a

obtained from it failed- to survive.

,Some sexual sporeljrrgs about / r,reeks o1d. produced.

tetrasporangial i¡itials (eI-. tÆ), only a few of which d.ivid-ed-

te'crahed-ra11y, 'bhe o'bhers d,isi¡.tegrai;i:rg or remai¡.ing wrd-ivid.ed.,

DISCUSSIOJ{

1. Gerrni:ration of spores

i(ylin (1917, p.3) aistinguisheô three -b¡rpes of s¡rore

gerrnirla'cion:

I" d-er Keimschlaucht¡4pus (ttre germ ';ube ì;ype),

II. der iiafi;scheiben'c¡1pus ('che a+"'çaclrri,eytt-ôisc typ"), md

IIf. d-er aufrechte Typus (ttie upright tlp").

these 'chree ty-oes r;yere later oorrel-ated- vdth classifications of

other authors b;'' Boillo''G (1961: p" 687) 
"

'I'he gernr:lation of spo res of both Wrangelia plumosa and-

Le jolisia aegagrrcpíl-a are of I(y1inr s thir'ô t¡rpe r'rhere the first

div-ision of 'che spore is para.11el- 'co 'che substTa'c,e^ this type

has been obserred for other members of the Ceramiaceae, ê"g.r
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Antithannion unrula Crriffi'chsía corall- a¡rd. Ceramiim rubnur

(i-,yfi:r i917t p.15-19) und a^f so seems typical of 'che Ceran-ia1es

(lritscn 1?+5, p.517).

The horizontal axes of 1,. aeg d-evelop frorn primarilYq

erect axes wÌiich have becor,:e seoond-arily prostrate' Thus although

f'rj-tschrs statement (i?t$, p)+lv5) tnat'6ite he'.-erotrichoi-ts habii i-s

conpletel¡r suppl:essed in -blie Cera¡¡iaIes renains correct wI:en e.pplied-

to primary heterotrichy, it rrrust be recognisecl- the.t second-ary

he'r,erotrichy occurs in this ord-er.

þlanfe i¡ (t ) lqaneelia pluÈosa2. Grovrth ulture$

observations i¡r 'che fieJd- suggest tha-b this species grorüs

to re,oroòuctive maturi'cy i¡r l-ess than a yea¡. Sterile plants to

! crn high have been collecied- fron the upper sublit'coraL zone or' a

buoy irr A-nerican River InLet, Ka¿garoo Is., 5. Aust. (f¡U, IÐ+r126a,

lMomersley, 6.ix,191r6). ?hese buoys are clea,:led, an:nually. This

hence gives some estj:nei'Gion of -bhe polisible groir-bh Ta'ce. ft is

possible that plants growi:rg i:r a relati'¡ely more stable environmen'c,

such as the charrne] ai -ê¡nerican F-iver l¡let a'c abou-b I' m dep'ch,

may take several years to reach their larger sizes (to abou'c 20 cn).

thus -bhe grov,rth rate of sporeli¡gs i¡ cul'uure is probably lovi.

Drvironmental condi'cions such as light intensi'cy and'

compoSi-bionr'cemperature, salini'cy, nutrien'c Status, ÍraLet movement

and- d-aJ¡l-ength may have been suboptimal, but aE LP.IW cm

tolerate such large fluc'cuations of -bhese fac-bors lvhile growiag Í:e
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tlre l-orrer lit'ooral zorte, and- al-so grow well. i¡r the relatively

stable enrrinonmen'b of the subl-íitora1-, 'she 1ow grþrrbh rate in culture

can not be easily explailed- in -bhese terrrs. Bac'ceríal- i¡rfection

which was probably the cause of the d.eath of the sporelÍ-:rgs, may

irave been a lactor i¡r retard.iag grovrLh.

(z) Le jolisia aegagropi'l a

tr: con-trast to l,il. p}-¡¡osa, sporeli¡gs of this species grew

to reproductive maturity v'¡ithi¡ ! weeks, and alihough oontami¡ation

,;rith other algae was high, the plan'cs appeared hea1thy.. and- typical

il vegetative and- reproductive featu:ies to plants collected, i¡r the

fie1d..
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U. NUCTTAR STUDTES

N\T1'RODUCTIOiY

tiorphological stud-ies of species of -i;he 8enu8 -,rvrangelia as

previously Ìc:ol,rn, usilg -bhe anil-ine blue s-baiairig procedure, appeared

'co j-r'rd.icate 'Lhat both unjrru-cleate and- rrul-tjlucleate species occur.

I¡ ord.er to clarify 'chis situation, specifi-c nuclear stai¡rs followi:rg

special fixation ';,rere used- r,vith a ljmited, number of species previously

i-nclud.ed- in ïtrrangelia, representing bo'ch 'che 1'Ira.ngelieae and-

Sphond.ylotha.rnnieae iriþ 9 s . I:e aegagropila and- Lornath¡nion

epicod.ii'were al-so examined. as represen-ba-bíves of the Spe:motha.rurieaeo

the only spe cies of tr[rangelia ',-¡hich has been i:rvestigated.

cytologically is the t¡pe, lrl, peniciJ-Iaba. Sclnrssnig and- Yahod-a

(1927, p.245) reporteð that duri¡g the ùivision of the young

sporangir:m nucleus, I rrchromophilous granulesri (chromosomes) are

forroed- from 'che nucleus. This has sj¡rce been d-iscred-ited- by

Íestbrook (l%5rp.577) r'rho considered- -bha-b 'bheir results showed-

fragmentation of the nucl-eolus ( see \f . plumosa belor,'r). l,[agne

(l96Lr, p.51,.5, p1. 12, Figs. 386489) stud-ied the neiotic division

of the sporangi-r-rm ini-tial- and- reported- a haploid- number of 28

chromosomes; he al-so fail-ed- 'co obselve the stages d.escribed- by

Schussnig and- Yahod-a.

lio attempt -aas mad.e 'co obtai:r d-e'caj-1s of nuclear d.ivisions

or chromosome numbers, this being beyond- the $cope of this thesis.



The follorñrirÌg species'r"ere investigated-:

À. Uni¡lucleate species

(r ) lVrangelia plumosa - -{DU

269,

IL31 r5B7, Chi¡ramant s Hat

, 17.i.1968.

Ì\321155, Ellisi;on, E¡rre

fs. Bay, Yorke Pen,, S" Aust., Gord.on

(z) Urangelj-a velu-b i¡a - A-DU

Peno,,3. -{ust", Gord-on, 16,v"1968.

B. l,[u]-'r,j:rucleate speci-es

(r) itttazoyera hafura -- ADU, A32r143, *1ti::ky Bay, S. Aust.,

, L32r11+5, Stirrky Bay,

Gord-on, f.ii.1968.

, .,\J2r1L¡6, Stirk¡r Bay,

Gord-on, f.ü.1968"

(+) ri'Ioll-as-boniella mJ'riophyl-loides- - ADU, L321167,

Cabl-e Hut Bay, Yorke Pen., S. Aust., Gord.on, 23"iÅ.1968.

Gord.on, 9"i.i" 1968,

(c\\./

S. Aust.,

/ -\\t)

'S. .{ust. ,

Shepleva rvattsii - ADU

Shepleya verticill-ata - ADU

hvolucrana c?assa - ADU

lejolisia aegagropjJa - ADU

Gordon, )+.x.1968.

S. Aust., Gord-on, f.ä.1968"

(6)

, L32r1+2, Sti::ky Bay..

, Ã321168, Pond.alowie

L3211l0, rifest Beacl¡

(¡)

Lomatharcnion episod.ii - Á.DU

Bay, Yorke Pen., S. Aust., Gord.on, 22.i.x."1968.

(z)

S. Aust,,
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l"tETl{O}s

A. Fixation

sarnples were fjxed. for approxima'cely 2l¡ hours i¡r each of

the fol-lowing four fjxatives, and- then transferred- to arid- stored

in 7q" ethyl alcohol,

(r) Aloohol - formali¡r (Drevr 191+, p"551)

7V" ehinfl- alcohol z 4ú formalôehyd-e

100m1- : 6mt

(z) Fornali:r - acetio acid - alcohof (I[restbrook 1 935, p "565)

46Á fo:rmal:in z glacial acetic acid. : 5ú" et}çrl- aloohol

6"5 ù z 2,5 trù : 1oo ml-

3) liiod-if ied Karpachenko (Papenfus s 1946, p;+l-z)

Solution A Solution B

ohro¡ricacid.-1g

gl.acial acetic acid- - 5 n-l

sea 'r,vater - 65 na

( ¿.) Al-cohol - Acetic

)i/o etbyl- alochol : glacial ace'bic acid

Jl¡i.L : I m]-

4ú formal'dehyd-e - 40 nJ-

seavra'cer - 35 nI



271"

B. Stai:rj:le

(1) Ircq alurn - acetocarmi¡e (GoC.o;uarå 1948, ?,2O3)

The sanple ryas ri¡sed- in tap-water, rrrord-an-bed. jn ry" fez.ric

ammonium sulpha-be îor 10-15 mi_ns", v,rashed. r'apidl_y in wa-ber a.nd_

transferred- to o,J,4 ace'cocainine on a s'l j-d.e" The sanple was then

d.issected-, heated- gent'ly anc]- squashed. u:rd-er. a covei-:lip which wac

'¡;hen ringed r"rittr nailpolísh" This ga-'re a temporaiy moun,u v¡hich

l-asted for several weeks,

(z) Al-coholic iroa haemo'coxylirr (Johansen 1951, p"363)

?he sa.npie r'Èas nord.anted. for abou,c ! hcurs i_n a ni:cture of

approximately equal- vol-umes of absolute alcohol and. {" ferric
aumonir:m sulphate, washed- rapiòly i¡r vrater and then stai¡ied for

about 2l+ ]nours in o.1% al-cohoiic haematoxylì'. The sa.rnple rvas

then differentiated. for about t hour i¡ the mordanting solution,

taken through an alcohol - xylol series and- rcoun,ced. j¡ XAM" This

method rì¡as onty used. for Shepl-e.ya wattsii and lavolucrana crassa

as nuclei v'¡ere not detectable jn ,che üt'o species usi:-rg the

acetocazrrirre me'chod.o

lfumbers of nucLei i:: l-arge ¡:ru1'cjlucl-eate celT s Ìryere cal-cuLa'ceô

by multiplyi:rg -bhe d.ensity (nunber of nuclei per uait area of the

cel1 periphery - calcu-lated_ from rand-om quad-ra,c cor-rnts) by the
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surface ar€a of 'che cel-J.

liTuclear vol-umes rorere calculated- from the formula;

Volume )J- 2
1Í r2T1

1

't¡rhere 
"1 = larger radius of ellipsoid-

"2 = t*ufler rad-ius of ellipsoid-.

RJSULÎS

trr general, formali¡r - acetic - alcohol was forrnd- to be

-the best flxative, both for prevention of pfasmolysís of the celfs

and. for staining of the nucleus by ace'cocanni¡re, Alcohol- fornalj¡l

also gave reasonably good. results. lIo clear nitotic or meio-bic

figures vùere seen;

A. Uni¡rucleate species

(1) r.lrlranqel-ia plumo sa (¡is, 5oA-B, Prate iJD)

The nuclei of the smal1 d-ivid-ing cells of the whorl-

branchl-ets (Fig. !OA) are spherical, alrout 6¡ d.iar:r" and. suspend-ed.

j:r the centre of 'cbrc cel-l, ¡acir nucleus contai¡rs a single

nucleolus of unifor:n appearance, about 1¡. d-iam. 'S¡lal-l- d-ark1y

staini-ng bod,ies jn -bhe ex-tra-nucleolar area may be chromosomes i¡r

various stages of contraction. Progressì-ve vacuolati-on causeis
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the nucl-eus to be pushed. to the wall of 'che cell and- jn mature cel1s

it becomes flattened- (Fig. 5OB - part of a neô-ian cell of a

rhorl-branchf et at ,iLte sane na€nification as Fig. 504) " 'ihe

nucleus occurs i¡r the peripheral cy'coplasmic layer iust below

the layer of rhod-op]as',cs. Ii; is usually approxima'cely lenticrrlar

i:e sha,oe, 20 - 3T d-iam. anù 1O¡ i;hick. The irregular shape of

the nucfeus ill-ustrated may be d-ue to i¡coæec-b fixation' the

volruoe is abou,c 12',cimes -ihat of ihe nuclei of young d-ivid-ing ce11s'

The nucleolus occurs in a fragmentec state, the fragments

beirre 3- 6t d-iam. and- often joìned by narro'ø s'crips' Iragnentation
-l

of the nucleolus has been observed- jn the nuclei of other algae,

ê.g. i¡r the cel-ls of the cystocarp of, Bonnemaisonia asparagoidest

fo:mitg à-- I closely associated- granules (tfyf:l 1916, p.550) and

i¡ the resti-ng stage of sporangirur formation i¡r Ceramium fl-ab

(Westbrook 1ot35, p,571, F-lgs. 78, 79). The extra-nucleolar area is

granular.

(z) l[rangelia vefutjna (¡¡-e. 5oC)

?henucfeiofthevegeta,civecellsoftirisspeciesare

very similar to ,chcse of w:__p@sa. jlhere is a sirnilar i¡rcrease

in the vofume of the nucfeus n"ith i-ncrease in volu:ne of the ce1I.

with jncrease i-n vacuolation, there is the charac'beristic

flat-benj¡rg of the nucleus agaÍnst the .,¡all. trr con-brast to

l{. p}:mo sa. 'she nucleolus does not fragnent irr mature oc1ls but

remaj¡rs a single bod.y, often becomilg elongate.
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h 'che short cells of the fertil-e axis of -i;he fernale

gametoph¡rte during early 8oninoblast forna'cion (Iig. 50c), 'che

nuclei are particularly 1arge, They are irregularfy len-ticuf-ar

and- denscfl¡ stai¡ri:-igr reaching 25 x +oy.i-n face vie'w and aboui

25y r,hic\<. 'Ihe elongated- nucleolus appears -to contai¡ several

smal-I vacuoles -;,:,hioh are possibly concernecl- '¡ri-Lh secretion

(d-e.tobertisri\To'r,uìnslci and- Saez, 1965, p,311). the enlarged- pit

d.iscs also s-baj¡r very' d-errsely r,ri'bir ace'bocarmi¡.e. lhe lusion cell

formed. from 'bhe lor¡¡er gonirnoblast celfs of -bhe carposporophyte is

clearly rnultinucl ea'úe.

B. Iiul'ci-nucleate species

(r ) ll.azoyera halura (ris. SoDrE)

-411 -bhe vege-bative cel-Is of this specles are mul-'cinucleate.

-L'he apical cells of ind-eterni:late axes contain 10- 12 nuclei.

The mrmber i¿rcreases in l-o.,.'er axial cells, the larges-t near the

base of the planb contai¡ri:rg over 4rOO0 nuclei. They occur 1l

the pe:'ipheral cytoplasrnic layer i¡side 'che rhod.oplast layer Íl

young cell-s, bu-t amongst the rhod-op1as-bs j-n old.er eells. Apical

cel-ls of ovhorl-bra¡rchl-ets con-bain L- 10 nuclei and- med-ian celfs

20-30 (lig. 5OD - pafc of the surface layer of a r-,rhor1-branchl-e-L

med-ian cel1). triucleofi v¡ere no1, observed-. The nucfeí are

ellipsoid-, abou-b {'u d.iam. ancl- 2}t thick, i.e"., sinilar in size to
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'che rhod.oplas'r,s. 'l'he nuclei are fairly evenly spaced, aror¡rd- -the

surface of the ce1l, being approximat'e}y JJlt apart"

Reprod.uctive ceffs such as the tetrasporangial i¡itials

(¡lS. 5OE), tetrasporangia, ce11s of the carpogonial branch,

supporting ceI1s, carposporangia and- all cel]s of the spermatangial

head- are uni¡tucleate. The nucfeus (about BU d-iam.) is about

-b.wice the d.iar¡.eter of nu-cl-ei il vegetative cel-ls and- contai:rs a

promilent nucfeolus about 27-r d-iam. The gonÍmolobe celIs of the

carposoporophyte are multi¡uclea'ce.

Although stai]"Iing with aniljne blue of ma-terial fixed. i-n

forrnali¡-seawater showeô- no visible nuclei i:r M. ha.11¿r3, nuclei

ryere clearly observed. ín vegetative cefls of Maz-oye{q-lrgLensa

af'ter this trea-bment (lie. iJF).

(z) Sirepleya verti

the nuclei of all vegeta',cive celfs occur in -bhe peripheral

c¡/coplasmic 1ayer. The d.ensity of nuclei is grea-best i¡ the

apical cel-r of an ind-eternj¡ate branch, abou'b 5 per 1oo92, and-

d-ecreases 'co a rnj¡rj¡¡rurn of about 1 per 1OOùr2 lii-bh i¡rcrease i¡r size
-I

of the axial ce1l (îab1e 1 0).



TABTE 1 0. Nuclei in axial eells of ShePle.Ya verticÍIlata

CeII Ce Di-nensíons DensitY of
to nearest nuclei

(xo. per 'l
,)

Diam. Leng'bh

lTo. of Nucl-ei
in ceII
approx.

Apical

2nd- axiaf cel1

Jrd. axial- celf

l+th axial- cel-l-

17th axial ceIl

115

150

170

185

575

170

230

100

310

1525

5.0

cq

2,3

1.7

1.0

)+2O

370

)+75

h00

3270

The figures for the fir.st four axial cefl-s were obtalned.

from a single axis.

l\){
Ol
a
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The d.ensity of nuclei i:r a cel1 i¡rcreases where a c¡rtoplasraic

d.ivision is about to occur, e.go at'che dista1 enô- of an axial- cell-

.,vhich is i¡ritiating .r'rhor1-branckl-1ets. the nurnber of nuclei i¡l

ined-ian cells of v¡horl--bra¡:ch-lets is 15O-2O0r The I'ower

numbers of nuclei occurrjïig j¡ -the axial cells inned-iaLely belolv

the apex (tatte 9) nay be due to 'che produc'bion of whorl-branchlet

initials, vrhere there is probably a rnigra'cion of nuclei jnto the

d-istal protnrberances. -{t firs'c nuclear d.ivisions are probably

no'c sufficient to rnaj¡tail the original m¡mber j¡r 'che ærial cel-l.

A sjmilar situation occurs i¡ other nultj¡lucleate species in wh:ich

nuclei oan be read.ily d.etected., but comparative numerioal d-ata

vrere not obtai¡red. i¡r all cases.

The nuclei of S. vert ta are lenticular and- granular Ín

appearance, about 6¡ d.ian. and 2.5y thick in apical cells, but about

!r d,ian. i¡. old.er oel1s. Each nucleus contajns one nucleolus about

1¡-r d.iarn. Tr larger axial ce}ls, occasional ra.nd.onfy placeal larger

nuclei of 6-fu d.iarn. were obsenred-, suggesti¡g that nucleer
I

d.ivísíon i¡r these cell-s is probably not s3mchnonous.

As j¡l Mazoy.era. sporangial initials, tetra.sporangia, cell-s

of the carpogonial branch, oarpospora.rigia and- all cel1s of the

spematangial head-e are r:nj¡rucleate.
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(¡) Shepl-eya wat-bsii

Nuclei .f¡vere most successful-1y s'bained. usi¡g alcoholic

haemoto:,71-iJr iJÌ yoürg cells. old-er ceL-fs oontain relatively

large (ZO- ZOg diam.) angular storage (f ) toaies v'rhich are often

grouped and- take up 'uhe stain tend-ing to obscu-re the nuclei. The

nuclei of vegetative cefls are about 5¡ dian. and- are sinilar jn

ðis'cribution -bo tÌrose of t) verì;ici1lata.

(+) Wollastoniella nwiophylloid-e Q

As i¡ the preced-i:rg species, the d'ensit)¡ of nuclei is

greatest in the apical cells of j¡d-eteruri¡rate branches and' d-ecreases

as the ceJls mature. I-n the larger axial ce]ls, the d-ensi-ty is

greater at each end- of 'che cell (about 5 nucl-ei per-10092) tfran

i:r the mid-d.le of the ceIl (abou'c 2 nuclei per f OOg2), this is

presgmably associated. .,rith the proðuction of laterals (whorl-

branch-1ets and- rhizoid.s) near each encl.

?he mucronate cell-s terni¡atj¡rg the ¡:horl-branchlets each

contaj¡r 2- J nuclrei (about 5¡ diarn.) *d tlre med-iarr celfs about 16

nuclei (about Jp diam.). The ce1ls of the villose branches which,I

often develop fron i¡d-etennj¡ra-be lateraf s arrd- rvhich also bear

sperrnatangi-aI head-s each contaj:r 6 - 12 nucfei 'lv6ich are sparsely

d.is'cributed.

As i¡r l¿laz ra and. Shepleya, spora.nglal iniiials, te'orasporangia,
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Geffs of the qarpogonial branch, carposporangia and- aLL cel1s of

the spernatangial head- are uni¡rucleate'

/ r\\) ¿
trrvoluc rarra crassa

This species r,vas best fi:ced i¡r aJ-eoho1-forrnali¡, although

even '¡¡ith -biris fixa'cive slight plasnolysis occurred-. Stmctu-res

could- not be detec'ced- which lrlere clearly recognisable as nucl-ei

'¡ri-bh either stai¡ used-. Spherical grarrular bod-ies 5-T diam.,

but no'c selectively stainedly,Iere obsen¡ed- suspcnd.ed. in the cytoplasm

.i¡ithi¡ the layer of rhod.oplasts.

(6) Lejolis (rlate tÀÐ)LA

lìiuclei of vegetative cells vrere read.iiy stained. only irr

the apical ce11s, each of l,¡hich contai¡rs 10- 14 nuclei, about 6¡

d-iam. As i¡ the preceding genera, ferr'cile a¿d sterile celfs of

the procazp system are r¡ni¡rucleate before fegtilization. the

celIs of the pericarp prrcducei| from tire sterile cell-s associated-

with the procalp 6ysten eacl: contain 2-5 nuclei. The Liy¡togenous

and. subhy¡rogenous celfs are both rmrlti¡ucfeate.

(z) Lomatharrrion epiooðii

The nucfear si'bua-bion ís viztually 'i;he sarne as jn the

correspond-ing cel1s of Leiolisiq_e,egagropila.
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ISCUSSÏON

the possession of rL,ultjnucleate cells by L\azoyer?t 'Sh9pley?.

ltïollastonie]-l-a ( Sphonòylo'chamnieae), and. L_g.þlisia and- Lomatira,mnion

(Spermotha"wríeae) j¡r contrast to the uni¡ucleate oell-s of T[rangel.þ

(WrangeÌieae) suppozts the separation of the tribes on morphologj-caI

grorrnd-s.

The large numbers of: nuclei (over 4r000)occurring j¡r the lower

axial cells of some of -tire mul-tj¡ucleate genera are of the same

ord.er as those occurring i:r the larg e vesicul-ate cefls of Gri-ffithsia

spp. as estjmated. by Lewis (tgo9, p.6+3) for G. elobulifera (""

bornetiana a The apical ce11s of Shepleya verticil lata l'r-i'ch

over [00 nucl-ei exceed. -bhose of G. slobul-ifera with only '12-50(-75)

nucl-ei (Le-,,ris p.6U=).

The nucl-ei of yor.rng ce11s of mul'cjrruoleate species, especially

'uhose und.ergoi¡g c1-boplasrnic division are generally slightl¡r larger

thari those of oId-er ce1ls, Ir,Tuclei ir: apical oell-s are about 6¡

d.iam. and those i-:r large axial celfs abou'b 1-5y a-ian liris was

also neported. by l,er,vis for G. globuLi,fera v¡herÊ the nuclei of young

ce]1s are ahout /ap d.íam, and. those of old.er cell-s about 5¡ diam.

trr the r¡nj¡rucleate species examìled-, tlne size of the nucleus

in smal1 d.ivid-ing cell-,s is allvays smaller ihan i¡ old-er larger cel}s.

I:o l,rl'rangelia p}:mosa there is about a 12-fold- íncrease i¡ the volune

of the nucleus fron the yorrîg divid-ing cel1s of the nvhorl-branchl-ets
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-bo'che mature median cel1s, but'chere is an increase of abou'c 160

in the vo}:¡ie of the ceI1s. Thus there is not a li¡rear rela-Lionship

between nuclear and. cel-I volumes, but 'cirere may vrel1 be a closer

relationstrip bebreen the volunes of nucleus ano cyboplasm. trr

large cells, the fi-¡nc'bion '¡vhioh is sezved. by large numbers of

conparativel,w s¡1¿11 nuclei i¡r nultj¡ruoleate genera is per:formed- by

one comparatively l.arge nucleus i¡r uninuc1ea'ce genera.
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x G]T\IE.ÌAL DISCUSSION ON AI¡FN\JTTMiJ OF IRTBI]S STUDED

A. Classification of Tribes and- $ubfanilies

Tribes lhe ltlrangelieae is unique in the Ceramiaceae in the

d-evelopment of the cystocarp vhich i¡lvofves the -u,¡hole 'r;eirnj¡al portion

of the fertil-e branch. The i¡r'bernü¡rglj:rg of the fertile anô sterife

filarnents is the result of the axial ce1ls of the fertile axis

remaì-nilg rela'sivel¡ short and- the rapid- d.evelopment of the sterile

whorl-branchfe'bs after fertilizati-on. Ihe d-evelopjng gonimoblast

filaments are thus forced to grol,r along the axis anð beàween -bhe

sterile filaments, This feature al-one i:: of sufficien'c importance

to separate thj-s group of specieil as a tribe d-istinct from other

tribes r,"'here there is no comparable i¡termi.ngfi¡g of fertil,e and-

sterile tissue.

the Sphond.ylothamnieae and- Spermothamnieae are closely

rel-ated. 'bo each o-bher, but as this stud-y sho'¡rs are only d.istantly

related- to the Ì[rangelieae. They &iffer narkedly in the restriction

of the procarps to the subapical cell- of the fertile axis i¡r

contrast to 'cheir successive d-evelopment near the apex of the fertile

axis i¡t the Wrangelieae. Ho'lrever the Sphondylo'charnnieae is quite

d.istinct from the Spermothannieae j¡r -bhe d.evelopment of the i¡rner

i-nvolucrt¡m of free filaments from the steri-le cel1s associateù with

the procarp. A corni¡arable stmcture is not for:nd- il any of the

other groups with subtermj¡ral procarps. The post fertilization
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stinulation of d.ivision of the homologous cel1s (the sterile cel1

on the supportilg cel1, other -¡ràorl-branchfets on the fertil-e axial

cel1s and. the nai¡. axial cel1s) also occurs j¡ the lVrangelieae.

Horvever there is no ilterrninglilg of fertil-e and. steril-e filaments

j:r the Sphond-ylothamnieae llrhere the j¡volucrum ís completely

external- to the gonir.roblast.

trr the three follovring cases, some d-ivision of these steril-e

cefls cloes ocqur, but not to the same extent as il the SphondJrlotha¡nieae:

(t) rn Compsothamnion s (Smiil:) Schmítz (Conpsothamnieae)

studie d_ by trVestbrook (1 93O, pJ53), the apical celI of the fertile

axis continues segmentation after fettí)-ization to prod.uce a short

filament. the sterÍl-e cel1s occurrilg on both the sterj-l-e and-

fertile pericentral- cells eaoh d.ivid.e once, and- from the lower of r?re

1-v¡o cefls so formed. rhizoid.al protruberafl.ces are produced lf¡hich fuse

by second.ary pirt connections '¡¡ith bnanchlets lol¡rer on the fer*ile

axis ('destbrook, Fig. B).

(Z) Ic I:a-berthamnion (;Spermotharnnieae) these cells d-ivid-e

a fe¡¡v times, but again, no comparable i.nvol-ucru¡n is formed.

/ -\\5) l-he peracarp ( Spermothamnieae )of Lejol l_sl-a

origilates from the same ceffs but it is embedded- i¡r a single

gelatinous va1l. The irurer i¡vol-ucral filamerrts of the

Sphond-ylothamnieae are free.

ilnother inportant fea-i;ure separatÍrrg the SphonðLyl-othar¡nieae

from the Sperrnothannieae is the possession of d-ísti:rct rn¡horl-branchlets
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on axial cefls of erect axes- The erect axes of the Sperrnothamnieae

are nostfy gnbranched. to subd,ichotomously, unil-aterally or pi:rna-bely

branched and- d-o not reach the relatively greater J-engths of the

erect axes of the Sphond.ylotharnni-eae.

Subfarnilies the subfamil-ies Crouanioíd-eae (includirrg the

W.rangelieae) and. Ceramioid-eae ( i::clud-ing üylix r s Sperrnothannieae )

of Homrirersand. (1966, p.33O) liÍere separated on the ch¿racteristics

shown in Table 11 ( p.285).

Although -bhe wrangelieae Y¡as plaoed- j¡r a d,ifferent subfanrily

from the sphond-ylotharm.ieae and- spermothamnieae, seemi.I1gly

reflecti¡rg the r"elatively impor-bant d-ifferences betmeen then, the

features used- by Hommersand- are shovû1 to be inval-id- by 'che

follolvilg examples:

1. trr several cases in i;he sphond-ylothamnieae both spiral

and- or-bhos'bichous A.rrangement of whorl-bre¡rchfe'cs occurs wi'chin the

one species. T-n both Sphond.Ylo thamnion muJ-t!flidg¡q and- l"lazoyera

l-ya]lii a form occurs il which '¿he first formed r'r¡horl--brarrchlets

are fo¡rned- spirally (i.e. not or'chostichousll)¡ ,"¡itl.' the rne¡ùers of

alternati:rg ïühorls sornetjmes but not alrnrays superimposed-. tra o'cher

forrns of these species, only t'r,ro r,,¡hor1-branchlets are formed per

axial celf and- these are d-istichously arrzngeù. Both cond-itions

also occur ¡ririthi¡r cne genus; the ¡¡horl-branchl-ets of re

are aI'ways orthostichous v,¡hereas those of \[azoyera lna]l:¡a are never

orthostichous.



TABLE 11.- Differences bet'ween the Crouanioid.eae and Cerarnj-oi-d-eae

¡.EA'ruRT CROUANÏOIDEAE CERX]'IIOïDEAS

1 a Arrangement of
whorl4ranchlets

not orthostichous,
but superimposed.
on alternate
axial ce]-ls

absent

enlarges between
d.ivisions

recurved.

remai¡s as a
process with ovrn
nueleus after
fusion v¡ith
auxiliary ceI1

orthostichous

presenJg

d-oes not enlarge
betv¡een d.ivisions

ín a straight line

fuses completely
r,vith ar:xi1íary
ce11

2. Sterile celf
on supportÍng cell

3. Carpogonial
branch i¡itial

carpogonial branch

l+, Conneoti¡g cell

N
Oo
\d
a
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2. I¡r the genus wrangelia v,¡ithi¡ the tribe Tfrangelieae,

there are both species with a sterile cel1 on the supporting ceIl

(trV. penicillata) arrd- specíes ',.,¡ithout such a cell- (VI. p}¡mosa).

Th-is d.ifference coul-d- be regard.ed. as 1-nportant enough to separate

these species i¡to t¡¡,'o tenera (seu p. 9l) but certailly not into

separate 'cribes or subfanilies.

3. Although d.etai-}s of carpogonial- branch fornatÍon have

not been followed closely i¡ all species in the present stuòy, in

representative cases from the three tribes the carpogonial branch

initial enlarges between divisions and. always produces a curved

or hooked- carpogonial branch. tr1 no cases are the celfs i:r a

straight lj¡re.

4. T:r -bhe wrangelieae the connecting ce11 is occasionally

d-iscernable as either a pnccess (usua11y çrithout a nucleus) or

empty cel-l- wa1l attached- to the auciliarXr ceIL (I'tr. n"irt."ot

- Fig. JB, ill. plumosa - F ig. 5C), lut il nos'b cases fusion appears

to be complete. tr: the Sphond-ylothar¡rieae and. Spetmothamrieae a

similar situation occurs, trx severaf cases She clavifornis

- Fig. 3OC,

schmitzii -

TiffanÍeL1a c¡mod-oce ae -F ig. \oB, and Ptilotharytion

Fig. l-i¡C) protruberances from the auxiliary ceI1, which

vrere probably remai¡s of a. connecting cel1, ¡,vere obsegved. f¡1

j.,'Io IIas'coniella n¡rriophyll-oid-e s (g¡s. 33n) this process Y¡ari nucleated-.

However j¡ most cases in these tlro tribes the connecti¡g ce11 is

not discernable after fusion. :i'ollaston (t96e, p.199) pointed' out
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that i-b probably d-epend,s on the stage of fusion at v'¡hicil the

naterial- vras fi:ced- as to vrhether the connecting cell can be seen

attaci':.ed- to the auxiliary cefl. Thus both situations occur i¡r

both of ,'Iomr,rersand-r s suhfamili-es"

On the o'cher hand., Kyli¡t s two developmenta] l-i¡es, based on

the positions of the procarps, seem to reflect more firnd-amental-

d-ifferences in the reproductive stluc'cure$ of these plants and.

therefore are probably more truly phylogene-bic, The 'rrangelieae

.¡¡ith procarps forned successively on the fertÍIe axi-s falls into

the first d-evelopmental Ii:re, whereas the Sphond.ylothaunieae and.

,Sper:nothamnieae ':rith subtermila] procarps are placed in the second

d.eve1-opmental l-ine .

Detailed_ stud-ies on o^bher tribes of the cerarn-iaceae 'ni-11

help to clarify the imporbance of i(ylinrs d-evelopmental li¡res.

B. Evolu'cionary Lelationships

Relationships withi¡r each tribe and genus stud-ied. lrave been

d-iscussed. unòer 'che separate sec'cions. Here, more general

relationships of the tribes are discussed.

1. tilrangelieae

The .frangelieae has very d.efilite affinities rrith the more

primitive tribes of the Ceramiaceae, d.espite the highJ-y specialised-

mod-e of d-evelopment of the goninoblast. The prod-uction of procarps
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j¡r succession near the apices of potentialty i¡rd-eterninate bra.nches

is very si.nil-ar to that found- j¡r the Crouanieae and- Antithamnieae

stud-ied- by .'tollaston ( 1968). The procarps of spe cies of lÏrangella

lacking a steril-e cel-l on the supportÍ:rg cel1 are si¡ti1ar 'oo those

of the Crouanieae. Those ,,rith a sterile cel1 probably repre.'ient

the more p:rimi'cive condi-bion., and may have evolved. by red-uctíon

from a normaf ¡¡rhorl-branchlet as occurs in 'che Antithamnieae 'r¡here

'che suppoCcilg cel-l- is the basal- cell of an rrnmod-ified- v¡hor1-branc¡-l'l-et"

trr the Ceramieae, stud-ied- by ilommersand. ( 1963), Llte sterile group on

'che suppor'cing cell is represen'bed- b¡r 2- J ce1.1's. This is an

i¡termed-iate cond-ition.

The 'i¡rangelieae also reseinbles the Grouanieae, Antithamnieae

and. lleterothamnieae j:: forni¡rg only one gonimoblast i¡ti'cial from

each auxiliary ce1l, the resid-ual cel1 being refe::red- -bo as the

rrfoot ce11rr i¡ these tribes.

The tend-ency of some species of 'rifirangelia_: eoBo l[._ nobilisu

to forrn two carpogonial branches on each axial ce11 of the fertíIe

axis is seen irr some species of Arrtithamníeae (e.g, Pla

noôifen:m (¡ 
"-ts " ) Wol-las ton 1J68, p,3o3) 

"

There are also many vegetative similarities bet-ween these

tribes, particularly the Crouanieae" For example, the ¡elative-1y

sural-l apical cefl surror:nd-ed, by young whorf-bz'anchl,e-bs-" the for'ination

of r¡¡horl-branchlets of a defi:rlte fomr, the origin of i:ld-eterninate

branches from the basal cell-s of r,¡horl-branch-l-e'cÍ; (al'chough branches
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from axial- cells al-so occur jn the Crouanieae), the prod.uction

of cor-Lical- rhizoid-s from the basal cells of whorl-branchlets, and

j¡r some genera, e.B. Pt:!þ!]g!ia (Crouanieae) and' U.=-""þ|Ias" the

grovrth of further faterals out-¡rard-s from the rhizoiôs, are features

lrhich i¡rd-icate affi¡ri'cies.

The wrangelieae resembles the Heterothannieae in having only

erec-t axes q/hich are attached- to the substrate by d-ovrrnwarflIy

projectitg rhizoid.s, i¡r con-brast to a tribe such as the Antitharnnieae,

i¡r which prostrate creepÍrrg axes give rise to erect axes.

However, d-espi'ce the sjmilarities of the trfrangelieae to these

nore prìmitive tribes, there are a number of features vrhich ally

this -bribe uith those more ad.vanced- j¡r the family. The alterrratel¡'

obliq.ue n-arlner of d-ivision of the apical cel-l occurrÍIg i:r the

Ìfrangefíeae is seen i¡r i).hod-ocal1is i:r the Dasyphil-qe, anð" ota

i¡ the Ptilotae. A¡rother refatively ad-vanced- feature occurrilg in

at least two speci es of iiTrangelia w nobil-is and W. au-s 'cralis 1g

d-orsiventraJJ-Ly, d-ue to the as¡,æmetric prod-uc-bion of rryhorf-branchfets

in a bilateral- thallus (prinary d-orsivenirality, Hommersand-, 1963,

p.lOL). Dorsiven,cral_ity occurring j,' o-bher tribes of 'che

Ceramiaceae i-q mai¡1y of the second-ary 'cJTle, r'rhich ís the resuft

of prostrate axes proòucì¡g erect axes on one side and- often haptera

on the other.

The compact sperma'cangjra]- heaòs j:r the '.irangelieae resemble

those occurrìlg i¡r ad-vanced 'cribes such as the Sphond-ylothamnieae"
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In the Crouanieae, the spermatangia are the fi¡al cells of ordinary

whorl-branchlets, v¡hile i:r the A¡r';ithawrieae they are nore hígh1¡.

nod.ified-, but still- relatively loose and- branch-like compared- r.ritir

the constituent branch-lets in the spermatangial head-s of the

'îJrangelieae. Specialised. invol-ucral branchlets borne on the stalk

cell of the spermatangial head- of the Wrangelieae also show an

ad-vance over the above tribes. The productíon of tezminal

carposporangia and- d-evel-opment of a large central fusion cel1 are

features mostly seen i¡r ad.varrced- Ceramiaceae.

Thus the WrangeJ-ieae exhibits features vrhich are both priroi'civc

and. ad-vanced.. The tribe probably arose fairly early jl -bhe

evolution of the family and- re-baj¡ed. a. number of primitive features,

v,¡hil-e it became specialÍsed- i:r others, and- certai¡ d.evelopments

occurred- which paralleJ-ed other more ad-vanced- tribes,

2. Sphond-yl-othau:rieae

With respect to reprod.uctive stmctures, the Sphond.ylotha.rurieae

is probably one of 'che most highl-v evolved- groups in the Ceramiaceae,

although some vege'uative features may be consid-ered. as relatively

primitive.

îhe procarps have become res'crictied- to the subapical ce1l

of the fertile axis, v¡hich is il many species a determjnate branch -
either a vihorl-bran.chl-et axis or a IaLeraL of a whorl-branchfet.

Thi-s contrasts narked,ly with the more primitive tribes where 'che
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procarps are proôuced i¡1 succession along a potentially ind-ete:mi:'rate

axis. îhe m:mber of procarps per fertile axiaf cel-l has become

reduced to one, although i],l sphond-yl-othau¡rion and. shepleyl the

presence of a seoond- ar¡xi]iary ce]1 produced. from a pericentral

cel_l other than the supporting cell probabl¡r represents a vestige

of a second- procarp. An occasionaf second- carpogonial branch borne

on one of the usuall-y sterile pericentral cells ì]1 Mazoyera protp4¡e

suggests that this nay be a primif,ive cond-ition' The d-evefopment

of several gonimoblast jI1itials from the au-xiliary ce11 may represent

an ad-vance over the si3g1e one found. j¡r lovrer tribes. It is also

possible that reduction may have occurred- j¡ those genera only

producilg one.

The restriction of carposporangi-um fcnnation 'co the termj¡ra.l

cells of the gonimoblast a¡rd- 'che fonnation of a large fusion celf

incorporati-ng one or t'¡,ro cells of the fertile axis, as j:r the

Wrarigelieae, are highly advanced- features.

The mos's d-istinctive feature i-s the foroation of the i¡ner

i¡rvolucn-m frorn the steril-e cell-s associated- '¡¡ith the procarp. This

d.evelopment paraIlels 'che prod-uction of the pericarpíc filaments

sunround.ing the gonimoblasÌ; i¡r the Ðasyaceaet Defesseriaceae and'

Rhod-omelaceae. these filainen-i;s are sirnilar in e¡igin and- are forrned. by

d-ivision of the steril-e perioentrals occurrilS on the fer-Life axial

cel1s together with those from the axial cells ad-jacent to the fertil-e

axial cel1.
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Vegetatively, most genera of the Sphondylothamnieae have

retai¡red- the relatively prinitive characteristics of free whorls of

whorl-brarrchlets. There has been no vegetatj-ve red-uction comparable

to that occurring i¡l Ceramium and- Spyrid-ia. where the ',-'¡hor1-branchlets

have become cond.ensed. to a ri:rg of llbasal selfsrr at 'che proximal end. of

each axial cefl. The cortica:. rhizoid-s of the Sphond.ylothamnieae are

still- relativel-y free from each other and. none of the genera show

any tend-ency toward-s the production of a pseud-oparenclgmatous cortex.

trrstead., the rhizoid.s ad.here to the wa1ls of the axial ce11s by

d-igitate haptera.

A vegetative feature 'which is probably relativellr ad-vanced-

is that of mul-ti¡rucl-eate cell-s. h r$ollastoniel-la fovrer axial ceIls

contai¡r over fr 0OO nuclei.

Heterptrichy :-s another feature v'¡kr-ich probably ind.icates

evolutionary ad.varrce. Spore germination stuùies have sholwr that the

basic habit of the Ceramiaceae is an erect one anð,'cllrat prostrate

axes are second-arily d-erived-. The heterotrichous cond-ition has

arisen a nr:mber of tjmes in the Ceranriaceae, al-so occurrì:rrg j¡ the

Antitharurieae arrd. Heterothamnieae tribe s .

3. Spermothamnieae

ïn reproductíon, the Spermothamnieae is most closely related-

to the Sphond-ylotharmieaer mffi¡r of the developments il the hro

tribes being paralle1 (see discussion on Sperrrotha,¡:mieae, p.25i).
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It is probable that the connon ancestor of the two groups gave

rise to the Sphond-ylothannieae line by retention of the primitive

vrhorls of whorL-branchlets and- the ô"evelopment of the specialised-

j¡rner i¡rvolucrum. The Sperrnothann-ieae line probably arose by

red-uction of the plants to sma1l epiphytic fonns, the systern of

whorl-branchlets being lost and. the sterile cel-fs failirrg to

d-ivid-e after fertilization, except in treterthamion and. L,ejo l-isia

aegagropila in v¡irich the d-evelopment has probably occurrrecl

irld-epend-ent1y.
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AO AJo,84r

FÏGUET 1

Wra¡reelia princeos }Ta:srev

Apex of indete::nri¡ate branch showing

alternatelJ' obfioJ¡e segmentation of
the apical cell and. ord-er of
fo::nation of whorl-branohlets.

It{ature wlrorl--branc}r1e t.

Ce11 of mature t¡rhorl-branch_1et

showing nucleus and- lobed. rhoðoplast.

?t

It

B.

D.

c. A2oro8g Part of a thallus branch showing

origin of an jnd.eterri¡rate branch
and. rhizoid.s.
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FTGÏ]ET 2

lVrar¡gelia prj:rceps Harwey

A. A2O'O89 Apex of sporrangíal branch.

B lt Stages i¡r development of
sperroâtangial head. ..

D.

c,

T. tt

Il fi

Longitudinal section of mature

spernatangial head. with stalk cell
and. i¡rvolucral bra¡rchlets.

Stalk celI and. involucral branchlets
of spematangíal head..

Young fertile axis showing na'cure

and. i:nmature procarps.

Fertile axis v¡ith fertllízed- procarp

showilg production of auxiliary cel1,
corurecting ce11s and d-ivisíon of
sterile ce1l on the supportj¡S ceIl.

G. il
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FIGUTJ j

Wrangelia rl_nceps l{arvey

A2O, OB9 ?ertile axj-s sho'¡',¡Ílg d.evelopment

of goninoblas'c and. steri_Ie v,¡horl_-

branch_l-ets "

Þ

c. il

9urthez' development of gonÍmoblast
and. carposporangi_a"

Longitudínal- section of ¡nature

cystocar¡r with outer i¡rvolucral-
filaments,
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B. A3O,B25 lfature whorl-bra¡rchlet.

C. A27r894 Sporangial whorl-bra¡rchlet with
vegetative portion.

D. It

A. a27,89t+

E. It

tr'. ll

G.

F l+

lltlrengelia sa Harvey

,{pex of i¡.d.ete:mi¡ate branch showing

alternately oblique segmentation of
apical ceLl and prod.uction of whorl-
branchlets.

Sporangíal whorl-branchlet conpletely
norlifi.ed., lackilg vegetative portion.

îetrasporangium, stalk celI and.

involucral branchlet s.

Part of a mal-e branch with whorl-
branchlet3 beering spermatangLal

hea.ds

Stalk cel-l and. involucral
brarphl-ets of spematangial
head-.

ll
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A.

¡TGUR3 5

'trîraneelia ph.¡mosa Harwey

I\27 1891+ Transverse section of sperrnatangial

heacl.

il Ferbile axis with procarps - fowes'6

procar? has become d.etached.

B.

c.

D(i)

il Detached. procarp with auxiliary ce11

and- connectÍng ce1ls.

Sterile whorl-branchlet of cystocarp
showing cells with basal lobes.

Sane as D(i) at a higher
rnagnif ica'cion.

D(ii)
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TIGUIìE 6

tlfrangeJ-ia veIutina f-(Sonder) llanrey

-L27,5OO Apex of i¡rd-ete¡mi¡ate bra¡rch showilg
ord.er of formation of whorl-
branch]-ets.

B. L27 1325 trVhorl-branchf et.

A.

c.

D

e(i)

il lransverse section of nai¡r axis near

base of plant shorving rhizoid-al
cortication.

Sporang ial whorl-bra.nc hlet lacking
vegetative part.

Shorl-branchlet bearing imna-bure

spemlatangial head_s.

Mature spe:matangial head., stalJ<

cel1 and- i¡rvolucral branchlets.

FerLil-e axis bearing procarps.

E (ii)

ñ

It
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A

FTGURE -I

r,¡,Irangel-ia nobil_is Ì{ooker and Hanrey

A16r+15 Apex of i¡deterrni:rate branch showìlg
ord-er of fo:rration of r,¡horl_branchlets.

L291523 lfature whorl-branchlets of deeper
water fozn.

c, Ã21845 j\fature whorl-branch_].ets of shal_low
water forn. I:dete¡mi:rate branch
borne on the basal_ cel1 of first
whorl-branchlet.

D. -L21 ,622 Transverse section of main axis near
base of plant showing cortication
and. outer cortical- branchlets.

B
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tr\rrange'l ia ncbilis ]looker and- liarvey

Ä241383 lransverse secrclon of sporangial
brarrch,

A27 r9OO rilrhorl-branch.Iei, bearilg
spe::matangial heads.

C. i\271885 Fer-bife axis ïrith procarpso

D. il Procarp with cor¡nec-bing cefls and.

auxiliary cefl.
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FrGrn-I 9

\Trangelia australis (,1 .-qg.) comb. nov.

,À A32,174

Þ.

Apex o.f jnd-etemj:rate branch showilg

ord.er of fomiation of -r,rhor1-branch-1ets

and- po'centially i¡d-eterninate branches"

Simplified. d.iagrarn of lov'¡est two

axial cel-fs of A with axial- cell s

of whorl-branch-lets 
"

Vill-ose who 11 -b ranchl-et.

Normal r,¡horl-branchlet.

D"

li

ltc.
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FTGURE 10

ïfrangelia australis (J..{g, ) comb. nov.

A

B. A2orglO

C.

G.

H.

r.
K.

lransverse ¡iection of a mai¡r axis
show-ing cortication.

D. A2O,12O Whorl-branchlet bearing tetrasporangia.

E. ;\20r 081 Longitud.inal- section of spermatangial

head., stalk celI and. j¡rvolucral

branch-].ets.

F. I\33r175 Fertile axis bearing procarps.
axial celf bears tlro 5-ce1led.
carpogonial- branches.

G. K. Ord.ers of formation of whorl-
branchlets i¡r Vlrangelia:

Diagra.rn of part of i¡detern¡-i¡rate axis
bearilg alterrrate potentially
i¡rd-eterminate branches on the second.-

forted- v¡horl-branchlet on each axial
ce11.

Part of rhizoidal coztication
showing position of outer corl"ícaa

branch.]-ets.

0ne

]¡T. australis

Tl. plunosa).



FIGURE IO

cco rt.

\c
(:>sP

B

lmm

f.ax

B,D E

250 ¡t 50,u

A

ind.b

A

25p 2mm

<-l

E
inv. b

wh. b,

D

F

SU

wh.b v.wh.b 
¡

ax

2 F

su

+
53 4

43

5

4

4



FIG'LrRE 11

s nultifiðr4r (nuason) tiTaegeli

A, .l\281315 l,fhorl-branchlet.

Apex of i¡d.eter"nj¡late branoh showing

proctuc-bion of whorl-brarichlets a¡rtl'

tetrasporangia.

îetrasporangir:.n with one wall fo¡med.

D. 1l Tetrasporangiwr with a1] Tvall-s fo:mecl.

î
JJ. Longitud.inal section of spematangf-al

head.

B.

3.

il

l¡r il

'l Prooarps formecl on potenttal"lY

ind.eterninate Ð(es.

Frooarp fomed. on whorl-branch.let'

Yotmg prooarp sys'6em.

Post fer"bilization stage showing

fused. oar"pogonial branch and. two

arxiliarcy celIs.

I¡ner i¡volucral branchLet fnom

oystocarD.

G.

ËtII. Í

I. 1l

J. il
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A.

¡.TGUR-E 12

lirazoyeta Þrotensa (Ha:rrey) com]o. nov.

Iû61719 Habit of plant showirrg non inbricatìng
wlrorls of whorl-branch.1ets,

B. Apex of i¡d-eteruinate branch showing

trarrsverse èivision of the apical
ce11 and- produotion of whorl-branchlets.

c. A1O,73O Part of a mai¡r axis showing cortical
rtrizoirls fo:med- from the basal ceI1s

of whorl-,branchlets anù haptera fr¡om

clistal end-s of rhizoi-d.aL celIs.

D. l.',261719 lïhorl-branchlet bearing tetrasporangia.

Ú
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A. M.6r71g

B- trt. lt

B.

c. It

D.

TIGUE 1'

ensa (nante¡t) s6¿þ. noYr

Termi¡al part of r'IhorJ-branchfet

showing d.ensely protoplasnùc

procarp systen jnítia]- and.

nulti¡rucleate vegetative cc11s.

Stages jn fo:r.ration of maturç

procarP system.

Procarp systen j¡ritial has d-ivid.ed-

to produoe apical ancl subaPical

celIs.

Subapical cel-I witl: three pericentral
ceIls.

First cell of carpogonial branch

procluoed"

Seco¡rd. ceIL of carlpogonial bra¡ch
produceô.

I\iature procarp system r¡-ith ful1y
forrned. carpogonial branch.

Two procarps produced on orre

subapi-caI ce1J. (post ferbil-ization).

Post fertil-ization stage showing

auxilíary ce11, fusion of cell-s of
earpogoníal bra¡rch and. ôivl-sion of
steril-e cel]-s associated. with the

procar?.

T!¡a

ïì+t rl

e.

H.

It

1r
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FIGURE 1J+

Mazovera protensa (ttarvey) oombr nov.

It61719 Connecting cells produoecl from the

expand.eci end-s of the fused. carpogonial
bre¡rch.

A.

B. ¡l

c. Í

D,

Fusion ocourring between the eJ-ongate

atxÍlia15r cell ancl nearer connectiflg
ce1l,

Prinary gonimolobe i¡ítiaIs p::oduced.

fron the end.s of the ar¡xiliar¡r cel1l

Young carposporoph¡rte shovring ofie

gonÍ-mo1obe, f\rsion betrreen the

auxiliary ce11, supponting ce1I. ânA'
subapical cel1. T'wo of the four
i¡¡rer i¡volucral branchlets are

shormr The i¡voIucral brarìchlet on

the hypogenous cell has been omitted..
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FTGUR3 15

l{Iazoyera halura (Hanrcy) conb. nov.

A. A27 1887 ilabit of plant showirg i-nbricating
whorl-branchlets.

B. t\3or629 Prostrate and. erect axes with haptera.

C. A19 úa1 lÍhorl-branchlet w'itlt

tetraspo4apgia.

D. \W15,359 You::g stage in the clevelo¡ment

of slnrnatangial heails.

E. ll Longltud.Í-n¿rl eection of a
r¡ature sperrnatangial head..
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FTGUFJ 16

Mazoyera hah:ra (uanrey) comb- nov.

-4.. .t\28rOO3 L{ature procarp system.

B.

C.

D.

E.

r

tl

lr

Post fertl1J-zation stage

production of ar.¡xiliary ceIl.

Fusion of cells of carpogonial

brc¡:ch.

Segmentation of a.xÍliary cel1 and.

division of steril-c cefls associated.

v'¡ith the procarp.

Early stage in prod.uction of
gonÍmolobes (N.8. i¡urer i¡rvolucraL

branchl-et from supportÍng cel-1

omitted ) .

One gonimolobe showing production'of
carposporangia,
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FIGIJ]ì3 17

( tiarvey) c orjb , nov.l4azo-yera Ìyallii

A. A29,771r äabit of pIa.nt.

DUa Prostrabe ¿¡rrd, erec'l axes 'ç;.ith hapterc".

Partof a mai¡r axis shor,ring origil of
cortical- rhizoids.

D 1.{/ho r1 -b rr'n c h-f e t b eari:'rg t e tras po ran g ia.

:'21,354 l¡irorl-branchl-et bea::ilg te-brasporangio,

2-J per ce}l.
jjr
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FIGTIIJ 18

Mazoyera 1yallii (Harrey) comb. nov.

A, A29r774 r{pex of i¡rd-eteruj:laie branch shovring

proåuction of -;vhorf -bra,nch-le'cs artd-

position of sperinatangial head-s.

B-E Stages in fornation of spermatangial

head-.

B. 1l

EiI.

il

Longitud.i-na1 section of mature

spematangial head-"

Young stage jr forna'cion of procar?.

Mature procarp system.

Pos'u ferti-l-ization stage slrowiag

auxiliary cel-1 a¡rd- fusion of cell-s

of the carpogonial- branch.

G.

r1H.



FIGURE I8

€

A

D

st

ss

I
t

@p
D

)
sP.h

b

E

A B-E

250 p 5o¡,

P

P su

P

.st

F.H
75p

b
a

inv.b

GF
H



Mazovera tyallii

IIGURJ '19

(ilarvey) comb. nov.

A29,771r

D

Pos-b fertLJ.íza'Li-.on stage showilg

gonimolobe i¡ribial-s and- sterile
gnoupã produ-ced- by d.ivision of -ühe

steril e cell s associated- v,ri'th

-bhe procarp.

Further segmentaiion cf ar-rxiliary

^â-t l

Early s'oage il prod-uction of

gonirnolobes.

Ma'bure carposporoph¡rbe and-

involucraf filaments"
Dn il
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A, t+jOr66J F1elci-b of e1-riphyte on ro¡-b.

FTGUIùi 20

Mazo'tr¿v¿¿ relrens ilp" nov.

Pro::tia'i;e a>ri,g l¡earirrg ez'ect ancl

ll.rro ij-bra-be r.lho r1 --b ranc'ùe-bs "

{lho r-'l- -b ra"n c ¡-l- e 
-b b e a rír g -b e -bra s po ral:g ia'

Earl-;r s'cage;¡ i:r bhe formation of

the spe-rma-bangial head-"

Longi-br-rd-i:ra1 sec-bion of a ma-bure

s perina-'cang ial .ir.ead- 
"

-t) .

D

E

t
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TIGUP,.I 21

I{azoyera repens sll. nov"

A,-C. L3Or665 S'cages i¡r forrna'cÍon of procarp

sys-ben,

Ma'cure procarp sys'r,en.U

D ;t Post fertlLíze'cíon stage slrovring

fused carpogonial branch.
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îTÇU?J 22

Mazoyera repens sp. nov"

LjOr665 S-i;age shovring gonirnolobe i:ri-bials
and- d.ivision of s'ue;'ile cells
associated r'¡ii;lt -bhe procarp.

A.

D

C. n

Iiarl¡r stage i:r 'che ðeveloPment

of 'che carposporophybe and- i¡rvolucrwn.

One s-beri-le pericentraf cell remai¡s

undivided-.

il{a'rure carposporopiryie and-

i¡rvolucral'*r ranchlets.
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FIGU?,I 2l

Sh"g1-gJ3--*"k-sti (narvey) comb. nov.

A È27 ?9O)'F Äpex of i¡rd-e'celni¡rate branch

showilg transverse division of

apícal cefl and. Production of

.¡¡horl--branchlets (fiving condition)'

Sjmil-ar to A but i:a P1asmolYsed-

cond-ition,
B.

c.

D.

r
JJ¡

F.

G

It

1t

Part of a najn axis shov¡ing the

origiri of a corti.cal- rhízoid- from

the basal cel-1 of a whorl-branch-1et,

and. høptera from the proximal- end-s

of rhizoid.al ce11s,

Snatl sporangial- branchle'cs borne

Iaterally on the ce11s of a whorl-

branchlet.

Whorl--branchlet bearilg lateraI1y
small spernatangial branchlets.

Early s-bage j-n d-evel-opment of a

spermatangial head..

Longitudìnal section of a

sperniatangial head-,

lì
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Shepl-eya rryat'c

IIGIIPJ 2]+

, --(Harvey) comb. novoBl-l_

^

DDa

c,

,þ,27,9O+ l{horl-branchlet bearí:rg sinall f emale

branch_l-ets.

il

Early stage in fornation of prccar?

sys-bem"

Procarp s]¡s'cen yrith'chree-ceJled-

carpogonial branch"

D. Mature p?oaarp system.

E" L21r262 Pos-¡t f ertilizatlon stage shorring

connecti¡rg cells and fusion of
cel1s of carpogonial brarrch.

F. A27r9O+ Post ferJcllJ-zati:on s'cage sho',ring

'r;wo au--<iliary ce11s;

G, !1211262 Early stage ir gonÌ-noblas'c

fozmation and d-ivision of sterile
cefl-s associated- v¡i'ch -bhe prrocarp.

The steríle group frorn the sterile
pericen'craI ce1l has been omitted.

for olarÍ-ty,
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FIGU}ìT 25

Shepleya v'rattsii (ttarwey) conb. nov.

A. L21r262 fhro arned. fusion cel1 with
j¡nature carposporêngía,

B-D. Stages i¡ maturation of carpospora{rgia.

E. f¡vofucral branqhl-et forned- frop a

s-terile oe1I associated. v,ríth the
procaryr

F. Ã31 1422 Production of abnornal- sporangial

branchlets.

r!vl
il Prod.uction of sperrnatangial head.s

and- prooarps on the one abno:ma1

branch.letr
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FIGU''I¡- 26

Shepleya vertic,ll-1a'ba nom. nov'

L31r)PO Prostrate axis beartrg yor.rng ereet

axis.

Ã27,886 Apex of i¡rd'ete:mi¡iate branch shovring

proòuction of v¡horl-brancl:lets.

Part of maj¡ axis bearilg whorl-
branchlets with tetrasporangia.

B'

ilD.

E, 410,9Bl+ Part of mai¡r axis with t"¡horl-

bra¡Lohle'o bearing sperrÉtangial
head.s o

Part of whorl-branchl-et with
tetrasporangia..

Transverse section of fertile axial
cel-l of sper,i-oatangial head., with one

pericentral ceIl and. d.erivatives"

T.L..

G. 1,8L15r325 Î''[ature procarp system.
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FTGURT 27

Shepleya austraLe (J"Ag.) comb, nov,

, OO7 Apex of i:rd-ete¡mina-be branch shorvìng

prod-uction of ¡rhor1-branchlets and-

hapiera"

Ào L31

D

II.

D.F.

Tt

G.

1l

il

¡xis ",i-th 
whorl-branchlets bearing

-be'c¡asporangi a.

I'ongitud-iriaf section of mature

sperrnatangial head."

Stages i:r Ê.evelopment of ProcarP

sys'Eern.

Ì'[ature proearp system"

Post fertilizatlon stage showing

fused- carpogonial branch and.

oorurecti¡tg ce11sr

Pou's ferr'cilization s'cage sholring

enlarged. supportilg celI and- fe-r'bil-e

pericentral oelln

rf
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,!-.GUIìT 28

Sire p-r- e"fa aus;-brale (J,:ig.) comb" nov,

)-31rOO7 Po:,:-b f ertiJizuiion ::'tage shcwing
-b'¡o a.uxj.l-iar;' çel-f so

Po s-b f ertiliz a-bion s'r:age sìror¡ri:ig

fir¡¡-b gonirnolobe j:ritial-. anù

apical and s-berile Pericen'çral

Early '-*-ba8e irl gonì-iaoblas'c

ùeveloprnen-b.

Fu;;ion cefl- ui-bh ca.cposporangi'a'
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li fGIJRì 29

Shepleya claviformis sp. nov.

AJ1 ,008 -t:pex of ind-e-bern-ina-be branch sho'¡rirrg

prod-uction of -'¡horl-b z'anchlets .

A

I

D.

c

1l

i?

ît

Par-'c of prcs-brate axis wi'ch haptera.

Range i:r rhocl-oplast shape i:r
vegeta'cive cel ls.

l',:ho rl- -b ran c h-l- e-b b e a rlng t e tra s po ran g ia.
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Shepleya c laviformis sp. nov.

AJI ,008 Par-û of an j-.rc-ì-e'serriri¡ra-be axis sholri::g

s'u e ril e anc'l- f e rtil e';'¡ho rI -b ra-n chle'c s

bearing s;cermatangial head-s.

Mature procarp sys-beril.

Post fert llíza'cion stage showi-ng

tvro auxiliary ce1ls.

Iarly stage in production of

gonimoblas'ü.

B

I

D"
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rrGuiìE Jl

Yr/of 1 a st oniql Ia rnvrioph-r'l-1 o id-e s (uarvey) cornb" nov.

A, ]\31 ,)+32 llabi b of p-l-ant.

B A301667 -ttpex of indetermi:r¿-be branch

sho¡;.¡j:rg prod.uc-bi on of ':¡]rorl-

branch-l-e-bs 
"

i'ria-'cure .¡¡ho r-]-l ran c h-l-e -b 
"

t)

D Transverse sec-bion of a mai¡l axis
sho';iri:rg arra-ngeriÌen-b of 'che four
r¡ho rl- -b ranchl-e'c s aniì, f ou-r po'c err'c ial1y
inde berminate branches.
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FIGUÈE i2

stoniefla myriophylloid-es (Harvey) comb. nov¡

A 4271886 Potentially ind-ete¡mj¡ate branoh

beconing villoseo

B. 11121732 Part of an ind.eterninats axis showing

orígirr of cortica! vhízoíd.s from

proximal end of axial cel1o and.

haptera from -Lhe pro;d mal end-s of

rhizoid.al- cefls, Yourrg poten-bially

i¡rd-eterrn5:rate branch bonse on one

::lrízoid.,,,hor]-branclü,ets on

lower axial ceII omitted.,

C. L1Zr731'!'ThçrJ-*b¡anoh"1et bearJrrg tetrasporangía'

D. L32r167 Villose whor1-branohlet bearing

spermatangial heads,

r. I,ongí'cud-ina1 section of a

spermatangial head"

t1
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FIGUI-E ]J

filo]-l-astoniella 11oid.es (ttarvey) comb. no.r.

^
A12r732 Apex of fertile axis showi¡g . ',-¡horl

of three further 5-ce11ed. fertile
axes on i;he sixth axial celIn

B. Ll rfúz Procarp system 'with 1¡to carpogonial

branches.

C. Ã121732 Pos'b fertii,i-zation stage shovri:rg

fused- carpogonial brancir and

connecting cells.

D. Post fertiTization stage showing a

conneoti¡rg ce11 fusing with the

au:ciliary ceIl and- early d.ivisions

of sterife cel-fso

E. Early stage il carposporoph¡rte

developmen'c" trrvofucral fil-anents
from one sterile pericentral- cell
and- 'che apieal ceIl are omitted-o
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FIGLR]Ì JiF

1Ãiollas'coniel-l-a oid-es (Harvey) comb. nor.

A.
^12r732 

iia'cure carposporophy'ce wi-bh

i¡volucrrrm"

De-bait of car¡losporangiun formationnDÐç îr

w ollastoníella mucrÐnata (Harvey) oomb' nov.

C. A1B,987 Habi'c of plant*

D. î1 Ape;< of i¡ò-etenri-r'ra-be branch

shovrirrg origin of -¡trorl-branchle-üs.
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FIGÌIRT J5

Woll-astoniella rmcronata

AN A1 B, gB7

(I{arve;') conb. nov,

Sporangium'n-i-bir ei-ght spores.

Co iß,L151322 Mature procarp system.

B (i)

B (ii)

D.

F.

1l

il

îi

It

Apex of branch becornilg viflose,
Grovnbh beíng taken over by an

i¡d-eterm:inate branch on a ]o-,¡er

axial- ce]-l ,

Par-b of an axis '."¡ith l¡horI-
branch.Iets bearing te'crasporangia.

Post fertilization stage showÍng

auxÍJiary cell- and- fusion of cell-s

of the carpogonial bra¡rch"

Pcrst ferti1J-za'cion stage shorring

d-ivision of sterile cel-ls

associated- with the procarp,

Young carposporopÌryte, fu-sion ceIl
and- part of the irrner ilvolucn:m.
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FIGUXE ]6

Dre¡¡iana nitella (Uanrey) combà novô

A. WL15,32O Part of a creepi:rg prostrate axis
bearilg fateral branches nith
curled_ tips"

B.

c.

G.

L29r688 Apex of arr j¡rd-eterminate bra¡rch

shor¡i¡rg production of trhorl -branchlets
and- tetras¡rorangia,

ïfihor]--bra¡rch1et b earing tetrasporang ia.

D. NSIï i[ature procarp system.

î Post fertilization stage sho'¡¡j¡g

auxiliary cel1 and- fused carpogonial
branch.

T 1t Early s'cage i¡r d_evel-opnent of
carposporophybe and- j¡rvolucral

branch-le'ca.

ll

11 Iiature carpo sporophyLe and_ i:rvo1ucrum,.
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FIGU?,E 37

trrvolucrana crassa (Hooker f, et äar"iey) comb nov'

A" L31,159 Apex of ind-e-ber:niriate branch

showing produc bion of ¡¡horl-

branchl-ets (tiving cond-ition) .

B. L27,896 Apex of j¡rd-e'r,errni-na-be branch

(plasnolysed- cond-ition)'

c. IT,T!,I Polysporangirm','ri.th stalk cel-l-

and- i¡volucral- branchlets.

D.,!,31 rOA9 1fihorl-brarrch-fet bearing

spermatangial head-s.

Early stage irr fornation of
spermatangial head-.

Eì il

î1DI'.

G. .L25rl+67 Mature procarp systen.

t1 Part of fusion cell- with carposporangia.

I. It trrvolucral bra.nchlet from a steril-e
celJ associa'ced- ',1-ith 'che procarpo

Part of spernatangial head- shor,ring

sorne of d-ivision prod-ucts of one

pericentral cefl,

t1I¡
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FIG'IJT-Ì fB

Spernotiramnion prnnatum sp" nov.

L27,71J ProsLra'rie axiùl bearílg prostrai:e

laterals.

Prostra'be axis bearing erect

1a.-'cera1 s','¡ith te'crasporangia"

D
JJô

c.

D"

ñI!¡ ll

Prostra-be axis bearilg erect

Iaterafs.

nrec-L axis r'¡i'ch'se'craspo-rartgia'

Upper parb of an erect axis '¡rith
spermatangial heads"

Longitud-ilal section of a

spe -rmatarÌgial lr.e ad-,

T
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FIGUP J9

Spermotharnion pi:matun spc ]lo1r.

.4. ,!127,71J },[ature procarp system.

Frocarp sysrten where the aPical

cefl has d-ívid.ed. giviag a smalf

group of cells.

Post fertilization s'cage sirowiag

young gonimolobes.

Yorurg carposporophYbe sholsirrg

fusion ceIL a¡:d involucraf branchlets.

B.

c.

D.

r

ir

t1

spe (Harvey) Ðe Toni

A1Br288 ParL of an erec'b axis ¡¡ith
octosporangia.
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liff aniel-Ia sacchoriza (Setcleetl et Gardner)
Doty et 'I,lienez

A. IQ-6,OO+ I,fa-bure procarp systeß.

B. It

il

Pos'c fertiliza'cion stage showíng

enlargement of supportilg cell- and.

fertil-e pericentral cell.

Mature carposporophyLe.

liffaniella cymod.oceae ('Boergesen) somb. nov.

D. ,\3211+9 Prostrate and. erect âxes.

E. ît

F.

Part of an erect axis r.ith und.ivid.ed

sporangia.

Part of an erect axis with
spe:matang ia-1 he ad.s .
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FIGlJ",rl ¿¡

(Boergesen) conb. nov"

Â L32r149 Longibulilaì sec-i;ion of a

,'iPematang i af h¡:ad'

CN

¡i"

D

i1

î1

fi

Iertile axi-¡: ui-bh ma'bure proc¿ì.r?

syster,r.

Pos-b fe,':bíLi-zeti'on s-tage sieowìrtg

fused cai:pogonial- branch and- 'c¡ro

auxilia.r'y cells.

Xarl;r s-'cage in goni-mobLas+, d.eveÌopmen'b"

Mature carposporophyte.
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FIGU,P,T 42

Lonatirar¡nion epi s6d.ii sp. nor¡.

/\. L2A.9O9 P::os-trate and- erec-b axes ",¡ith

te braspo::angia"

11. !\,3O,961 Pros-i;rate e"nc]- erect axes lvith
spermatangial heads.

Longi-budinal sectíon oÍ a

spermatangial heaC..

Ð. Ã2Or9O9 i,la-bure procarp sys-ben"

A3Or961 Pos-b ferti-l ization stage shor,ririg

auxiliary cel-l "

1t

jj

F. Ã28,897 Yor-urg carirosporophyte.
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FIGURE 4]

PtiLothamnion subsi:r ex sp. rtoYo

L32r15O Prostra-be axes arld- erect axes with
spe-rTlatarl.gial he ad_s.

Part of arr erect axis bearing

'uetrasporan gia.

tongitud-irral section of a

sperrnataJLgial head..

1? ii{ature procarp system.

Early stage jl gonimoblast

d-evelopment.

l\,iature carposporoplSrte'with i¡volucru-u.

Ptilo'chamnion schmitzii Heydrich

G. L32r15+ Prostrate and- erect axes of fofln
on stipes of host. Spennatangial

head-s and- procarp systems on the
sanne branch systems"

ù
l!¡ Female game'copltyr'ce wi'ch a mature

carposporoph¡rte.

r. A31,3+7 Pros-brate and. erect axes of forn
on frond. of host.

J. Prostra'ce and. erect axes v¡ith
tetrasporangia.
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P-bil-o-i,hamrrion s ch¡li'a zíi :-:.eydrich

].31r1+7 Longi'L-ud-i-nal- sec-Lion of a

spe :rrira'úan gial head-.

A

Ð

li .

D i1

il

Matur.re procarp systen.

i)o,,;-û f ert|Lízation s1:age shorri¡g

au:iiliary cell ancl fused car,oogonial

branch.

-ùar1y stage in gonimobl-ast

d-evelopment"

C ar.oo sporo,ohyte showi-r'rg trvo

gonir,rolobes a-i; d,iffereir'c stages

of naturi'cl¡.
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I:rte Ccharvrion attenuatas p. nov.

A. L29r616 Prostrate and. erect axes.

B.

c,

D.

I
!¡

F.

t

1t

?t

11

tl

nrect axes bear.Í::g tetrasporar:gia1
branchlets.

longitud-ìlal sectíon of a

spenilatangial head-.

Post fer-bil-ization stage showing

connecti¡rg celis and- fusion of
cells of carpogonial branch.

Post fertilizabion s'cage sho'rjng

tr¡o auxiliary cel1s.

Mature carpoÊporoph¡rte shori¡i¡rg

groups of sterile cefls.

Part of gonimoblast showing

caïpo sporangium forrnation.
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A. A19r5O2

B" 1t

frJO

C. A181689 Part of an erect axis of a

larger celled_ form.

D. L32,161 Par'o of an erec-b axis of a

small-er cell-ed- form,

Alo/r5o2 Part of a.ri. ereclù axi-s bearìng

te-brasporangia"

I
I'.

FIGIJRÏ l+6

Lejolisia aegagropila f _ \(J.lig, ) J oAg"

Prostrate and erec'c exes v¡ith
cysJ6ocarps.

Xrect axis ';ri'ch branched- hair-like
apices.

Par/c of an erect axi s beari:rg both
s¡ermatangi-al head-s and- procarp
systems"

1l

ll Longitud-Ínal- section of a

sperma'cangial head"
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l,e j olisi¿, ae gagr"opila

¡,. I\19r5O2 Mature procarp sysÌ;em.

IIGURE 47

(J.Ag") J.Ag.

Post fertilizati-on s'cage sholrilg
ar-rxÍJ-iary celI, fused- earpogonial
branoh and- d-ivision of sterile
cel]s associated- with the procarp.

Early stage in the d.evelopnent

of goninoblast and- ,cericarp.

Latev s'cage i¡r d-evelopment of
gonì-mob1ast. Pericarp omitted..

}fature cystocarp"

Fusion cel-1 with carposporangia.

B.

C.

D.

fl

! il

F. 1l
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TTGUÏE ]+8

lrangelia p}¡mosa - stages il germination of
tetrasporos;

A. A31 1065 Mature tetrasporangiun.

B. Tvro-cefled. stage.

ll

D. lt

Four-cel1eô stage - first '''rhorI-

bna¿qlúet initíaI proðucecl.

Iour-cel1ed- stage,

Five-celled stage - rhizoid
cleveloping,

Sjx-oelled. gtage'

Seven-oel1ed. stage,

Eight-oe11"ed- stage - sporeling

growing from an oblique to an

ereot position.

lJ-even-ce11ed. stage.

Ninetee rr-rc elle d. stage .

Twentynine-celled. stage .

3.

ïr

G.

il

?r

H. fl

ilr.

ÍK

J. rf
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FIGURE 49

ïürarrselia ttnosa - tetrasporelirgs

Ã31 1065 L8-ce11ed- stage - total length of
rhizoid- not shown.

Le.jolisia aesaErÐpila - stages il geru-ination
of tetraspores

B, A32r17O Gerninati¡g te'craspore.

C.

A,

It

D. ?t

ñf¡o ¡t

Three-ce11ed- stage.

Fi-ve-ce11ed. stage.

Six-celled- stage - two free branches

arisilg fron the spore resiðual cel1.

Yor:ng sporelilg - one lrerect?r axis
growing horizontalIy.

Fo
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FIGURN 50

.Wrangelia plumosa - unj¡rucleate

L31r387 Sna1l d-ividilg cells of whorl--

branchl-et showing nuclear d.etail.
A.

B.

c.

D.

çr

Part of a med.ian cel1 of a whorl-
branchlet showilg nuclear d-etail

and- rhod-oplas'cs.

ï[rangelia velutina - uni¡ruc]-eate

L32r156 Part of ferti-1e axís of cystocarp

shol¡i¡rg nucl-ear d.etail.

$,azoyera halura - multirrucleate

L32r1+3 Part of a ned-ian cel1 of a whorl-
branchl-et showirrg nuc}ei and.

rhod-op1asts.

It

1t Longitud-ilal- sections of a

tetrasporangial j¡ritial- and- stalk
cel1 showing nuclei and. rhod-op1as'os.
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ââ É Ét¿

b.r, € M G-q

lÃIrangelia pri¡rceps Ha:rrey

ADU, AJO,T7O, Pt. Peron, T[. Aust.
llitche1.l, 22.ix.1966.



PLA:TE 2

s
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Ifrangel j-a Harvey

liarvey

\N'cnqeli< d**4
óJCm

tr?t.;
?-nt"-,

s*Iìi H"*

A, 1

ÂDU, AJ1 ,i63, fower littoral plants,
Roìre, S. .A.ust., Gord.on, 26.i. 1967.

5.rtt
Utl

Þr

A.

B. ï,?rangelia p'l urncse.

ILDIT, A3Ar823, dred.ged_ from a,-,out 3m, American
River Inlet, Kangaroo fs., S. Aust.,
Gordon, 31 .x.1966.
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PLATE ]

(Sond.er) llarv'eY

Þ'iÇ!

S¿J B"., K.r

(Sond.er) Harvey

(

# w
A.

J Crn

elia veluti¡a

elia velutina

LD:J, L26r1l+8, l-ol,¡er littoral- plan'cs,
Ponãatowie BaY, Yorke Pen., $. '{ust',
Womersley, 14.ív.1963

N 3 r<+r

B.

o^

ADU, .AJ1 ,U+7, d-rift on Acrocar?ia- S"?1 . . ^.-eay, Ka.ngaroo Is., S. Aust., Gortlon.. 2o.xi'19bIt
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5cm

t'./n- ¡.,t'-,,,, :.:!,1",.

elia nobi-l-is Hooker et HarveY B. r/ elia nobilis Hooker et HarveY

t
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+-
À

ADU, AlBr294, d-eeP rvater fonnr^.
c"oi'g"toí*, íl^u., tlarvey, rIo' 269T'

ÃDrJ, LjQr5lo, shallov¡ warÚer fomt
Seai nay, Kangaroo Ts., S. AuÊt',
Gord.on, 29.x.1966,
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Â
JCm

ù

v*4l:-i::::
D

À" Wrangelia nobilis Fiooker et Harvey

AÐIJ, L24r3B3' fertile plant, Guichen Bay,
S. Aust., Womersley, 2+.\ríaL.196O.

7qr

B. \À'rangelia austral-is (.r.-ts,) comb. nov"

!ÐIJ, A32r174, Seal Bay, Kangaroo fs",
S. Aust., Wonersley, 22.xí.1968.
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A. I:iazoye ra Drotensa (Harv. ) connb. nov.

2'5cn

B. I'i.az overa hal-ura (ttarvey) comb. nov,

'a. \\ Þ'*J"/, -1.*r c

\**.* (;vc, l*

K".J.."" .*-.., , '

C-{t ¿ Þ"1 Ê },/\ I

E

E
hd

o\

ADU, L\Ot877t American River Inlet,
Kangaroo Is., S. Aust., Gorôon,

JO,x.1966.

LDIJ, L3or666, i'cilkY BaY, S' Aust',
Gord.on, 2O..tiii' 1966 "
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-4.. Ì!azo.vera 1Ya11-ii (narrrey) cornb. oov¡

4

oh

2cm

B. I{azoJg.la_ge_pgpg sp. nov.

ADU, AJO,66J, on C.v¡lsÉgrq,
Kingston, S. Aust.,
Tilonersle¡r¡ 1 9.víii .1966,

C.rsìoÞhorc
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¿,DU, 4406J¡ linar.u, Nevr Z,eal,and,
27.xä.19+5 (ÍIerb, lindauer).
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PLATE B
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C"f ¿4"^

À. õhepleya 'ç:rattsii (Harvey) comb. nov.

4"^

B. Shepleya wat"bsii (tiarvey) comb. nov.

L34,531, fertile pla,rrt, Stinky
$" -{ust., }iitclrel1, 20.viii.1966"

LDIJ, .L31r162t sterí1e plant, Stin]ry
BaÍ: S. Aust., Gord-on, 26,i"1967.

ADU,
Bayt



PLATE 9

4.^

A Shepleya verticil-lata nom. nov.

2"-

B, Shepleya cl.avifor"mis sp. nov.

.l'ÐV, I\32r179, on Ca11opþycus, Pt, Denison

I\DIJ, Ã26157)+, Brov¡n Beach, Yorke Pen.,
S. Àust., Shepherd-, '14.iv.1963.

kJeq
crlÞ¿;.

s"-r

1¡,I" Aust., Gord-on, 8"xi.1968.



-.follastoniella muc ronata

A-DU, 418, 987, Pt.liiabDonnellt
Wonersley, 1 !.viii .1953.
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(Harvey) comb
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4cm

Wolf astoniel-La nrvriophyllgi{e s ( Harvey)
comb. nov.

ADU, -\Jl ,t+12, Elliston, Syre Pen., S. Aust.,
Parsons, 21 ,väí.1967.
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PLATE 11

þ1¡' -.

#ì,,f,,,-'

2on

A. Drewiana ni'cella (ttarvey) comb. nov"

ADU, ii181252, Plant rvith creepi-ng prostrate
axes, -r',I" Aust.-. Clifton.

o

B, Drelviana nitel-la (Harvey) comb. nov.

ADU, A29r 688, plant r¡,¡ith compact holdfast,
i.iddleton, 5. Äus'c., l:iiomersley, 1L.xi. 1965.
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A. trevolucrana crassa

PLATE 12

lr{..^o.tå---

5--t B*J

!

(Hooker f " et l{arwey) comb. rrov.

jiDU, :\2
Gord-on,

B,
2
625, Seat Ba¡r, Kangaroo Is.,
I .i.1965.

,:ì. ,\ust. r

¡f

2ern

B. Spemothamnion c¡roosum (Harv")
De Toni

ADU, 
'\1 

B,2BB, äilg Georger s

iSounrl, V. Lust., Harvey"

7J Cfn

C. Lejoh-sia aegagropila
(J.'ts") J.Àg,

ÄDU, :\19,502, on
Cyrrod ocea! Venus B D1f*Jt
Kangaroo Is . , -rt'ome rsleY,
12.ä"1954.
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Gordon, E. M. & Womersley, H. B. S. (1966). The morphology and 

reproduction of Sphondylothamnion multifidum (Hudson) Naegeli 

(Ceramiaceae). British Phycological Bulletin, 3(1), 23-30. 
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