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A phylogeny has been inferred from parsimony 
and likelihood analyses of plastid rbcL DNA se­
quences for seven recognized and six undescribed 
species of Gracilariopsis (Gpo) (Gracilariales, Rhodo­
phyta). New descriptions and illustrations of cystocarp 
morphology are provided for four Gracilariopsis spe­
cies from North and South America. The generitype, 
Gp. sjoestedtii (Kylin) Dawson, is reinstated to include 
plants distributed from British Columbia to Pacific 
Baja California, and the name is corrected to Gp. 
andersonii (Grunow) Dawson. Cracilariopsis lemanei­
[armis (Bory) Dawson, Acleto et Foldvik is shown not 
to have a worldwide distribution but to be restricted 
to the vicinity of Peru. Gracilariopsis costaricensis is 
recognized with the provision that it may prove to be 
conspecific with Gp . lemaneiformis. Gracilariopsis 
"lemaneiform is" from North and South Carolina is de­
scribed as a new species, Gp. carolinensis Liao et Hom­
mersand sp. nov. Gracilariopsis longissima (Gmelin) 
Steentoft, Irvine et Farnham from Western Europe 
and the Mediterranean Sea and Gpo tenuifrons (Bird 
et Oliveira) Fredericq et Hommersand from the Ca­
ribbean Sea and Brazil are recognized. Entities that 
have been referred to Gp. "lemaneiformis " from China 
and Japan constitute an undescribed species that is re­
lated to Gp. heteroclada Zhang et Xia. An invasive spe­
cies from the Gulf of California, Mexico, and South 
Australia that has been assigned to Gpo "lemaneifor­
mis " is resolved in a clade that includes Gp. longis­
sima. Four undescribed species are included in the mo­
lecular analyses. The systematics of Gracilariopsis is 
discussed in the light of the morphological and molecu­
lar evidence. 
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A global phylogen y for the Gracilariaceae (C racilari­
ale s) in ferred from analyses of ch lo roplast-encoded 
rbeL sequences fro m over 140 gracila riace an taxa 
worldwide (Gurgel ~OOI) confirms the monophyly of 
th e family and identifies three monophyletic clades, 
the lirst in cluding Melanthnlia a nd Curdiea, th e seco nd 
Crarilariopsis ( Gp.) , the third Crarilari« ( G.) se ns u lato 
(Abbo tt e t al, 1991 ). Rec ogni tion of Cracilariopsis as a 
ge n us distinct fro m Cra cilari n received strong support 
from th e molecular stud ies of Bird c t a!. (1992, 1994) , 
whose investigati ons of nuclear sma ll subun it (SS I) 
rR;\A demonstrated that spec ies of Gracilariopsis form 
a clad e that is widely separated from other members 
of the Cracilariaceae . 

Wh en Dawson (1949) rnonographed th e Gr acilari­
aceae from th e eastern North Pacific Ocean he es tab­
lish ed a new genns, (;mcilario/J.lis, to in clude a lgae 
havin ~ cystoc a rps with dome-shap ed gonim obl ast~ 

com posed of small densely stain ing cel ls th at ar e 
never co n nec ted to th e perica rp by tubular ce lls. In 
se parating his new ge n us fr om Grarilari a, Dawson re­
lied e n tire ly on cystoca rp ic cha rac te rs, most no tabl y 
th e abse nc e of tubular ce lls, whi ch he termed "n utri­
tive Iilamen ts" (Dawso n 1949). He design ated Gp. 
sjoestnltii as th e type species based on materi al first 
stu d ied by Sjoestech (1926) under the name (;. robu sta 
Set ch ell. This coll ection obtained by Kylin from Pa­
cific Grove. California in 1922 became th e basis of a 
new species, G. sjoestedtii Kylin (1930) . Dawson noted 
tha t the spe n nata ngia were borne in a co n tin uo us su­
perfi cial layer in G. sjoestedtii and G costaricensis Daw­
son; however, th e five ad d itional species h e placed in 
Grarilariopsis e ithe r had sp ermatangia lining the walls 
o f deep co nce p iacu lar pocke ts or the sperma ta ng ia 
were unkn own . All seve n sp ecies were ch aracte rized 
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by the presence of terete axes and branches. In the 
years that followed, numerous species that Jacked tu­
bular nutritive cells were added to Gracilariopsis, some 
of which possessed superficial spermatangia and some 
with spermatangia borne in conceptacles. 

Papenfuss (1967) compared cystocarp morphology in 
Gjl. sjopsll'dlii from Sonoma County, California with that 
of G lIPITIlCOSa (Hudson) Papenfuss from southern En­
gland, at that time the generitype of Grarilaria. He found 
no fundamental difference in gonimoblast cell sizes in 
these two species, whereas tubular cells were present be­
tween the gonimobJasts and pericarp in some specimens 
and absent in others. He concluded that the presence or 
absence of tubular cells cannot be used to discriminate 
between the two genera, and he placed Gracilariopsis in 
synonYlny under Gradlaria. 

Abbott (1983) compared cystocarpic type and male 
topotype material of G sjoestedtii, with cystocarpic and 
vegetative plants of Cordyledadia cuulcvsonii Grunow 
and G. lemaneiformis (Bory) Weber-van Bosse from 
Peru and concluded they were conspecific. Gracilaria 
sjoeslpdtiiwas reduced to synonymy under G. lemaneifor­
mis. At the same time Abbott lectotypified C. antlerso­
nii with a plant from Santa Cruz collected by Ander­
son and deposited in the Grunow Herbarium at the 
Natural History Museum in Vienna (W). A new spe­
cies, G pajml/if.Hii Abbott, was established to contain 
G. atulersonii sensu auct., non (Grunow) Kylin (1941, 
p. 21) and (;p. anrlrrsonli sensu Dawson (1949, p. 43, 
1961, p. 216). The synonymy of G sjoestedtii with c: le­
maneitormis has received wide acceptance (e.g. Wynne 
1998, Millar and Xia 1999, Littler and Littler 20(0). 
Grarilarirc lemaneitormis (sensu Abbott 1983) has been 
cited throughout the warm-temperate and tropical 
world either under Cracilaria or Gracilariopsis. includ­
ing Indonesia (Weber-van Bosse 1928), Hawaii (Ab­
bott 1999), West Africa (Price et al. 1988), Thailand 
(Lewmanornont 1994), India and Yemen (Silva ct al. 
1996), the South African west coast (Stegenga et al. 
1997), China anclJapan (Chang and Xia 1976, Xia 
1985, Xia and Zhang 1999, Yoshida 1998), and west­
ern Europe (Bird et al. 1992, 1994). On the other 
hand, Bird and Oliveira (1986) stated that it is highly 
unlikely this species occurs naturally far from the geo­
graphic regions around its type locality and that 
records from the western Pacific, Indian and Atlantic 
Ocean should he regarded with care. 

Frcdericq and Hornrnersand (1989a,h) resurrected 
Gmrilrtrir1J.li,1 based on studies of G lemaneijormis (sensu 
Abbott 1983) from California. In addition to the charac­
ters previously recognized by Dawson, they emphasized 
the feature that gonimoblast cells become linked to ga­
mcrophytic cells in the floor of the cysLocarp by means of 
secondary pit connections, while noting that multinucle­
ate tubular cells are absent in the cystocarp and that the 
spermatangial parent cells arc produced from superficial 
cortical cells (Fredericq and Homrnersand 1990). Bou­
zon et a!. (2000) commented that although spermatan­
gial parent cells mal' he derived directlv from cortical 
~ells in Gp. IlC/lUijrV11I: they can also issue 'from subtcrmi­

nal cells as in most other Gracilariaceae. Perceived vari­
ability of diagnostic features has Jed some authors to con­
sider Gracitariopsi. as indistinct from Gnuilari« at the 
genus level (Gargiulo ct al. 1992, AbboLl 1995,1999). 

Three additional species have been recognized in re­
cent years: (11. tenuijrons (Bird et Oliveira) Frcdericq 1'1 
Hommersand (Fredericq and Hommersand 1989b), 
Gp. hrtrrocladn (Zhang et Xia) Zhang ct Xia in Abbott 
ct al. (1991) from Hainan Is., China, and Gp. 100lp,il,lirna 
(S. G. Gmelin) SteentofL, Irvine et Farnham (Stccntolt ct 
al, 1995) from the southern Bri tish Isles, France, and 
Spain. Gmri{miojlsi.l' lutcrodad« was originally described as 
a species of Cnu.ilaria by Zhang and Xia (1988), a later 
homonym of G heterodcula (Montagne )]. Feldmann & 
G. Feldmann, a Mediterranean species. As Hurtado­
Ponce and Liao (1998) have shown, Gj}. hrterodada 
Zhang ct Xia in Abbott ct al, (1991) should be treated 
as a nomen novum in accordance with Art. ::;8.1 b in 
the SI. Louis Code (Creuter ct al, 20(0) , The distribution 
of Gmcilariopsis was extended to Western Europe by 
Fredericq and Homrnersand (l989b). The European 
species was subsequently characterized morphologically 
by Steentoft et al. (19%). Grari!miojJsi.l' lrmp,-issima (S. G. 
Cmelin) Steentoft, Irvine et Farnham (Stecntolt et al. 
1995) is the first Grarilariojl,l'is species described based 
on eastern Atlantic material. It was established upon 
Fucus longil,irnus S. (;. Gmelin (176H) with the selec­
tion of a specimen from Kent in the Dillcnius collec­
tion in the Ficlding-Drncc Herbarium at the L'nivcrsiiy 
of Oxford as the neotype. Nurkotidc sequences of 
nuclear-encoded SSU rRl'\A demonstrated that the 
European populations were distinct from plants re­
ferred to Gp. lemanriijimnis from Pacific Nort h America 
(Bird ct al. 1992). Gmf'ilariopsis species have been I he 
focus of several genetic and biochemical studies (Goff 
and Coleman 1988, Bhattacharya et al, 1990, Scholfield 
et al. 1991, Kapraun 199,>', Kapraun ('I al. 199,>', GoLf c-t 
al. 1994, Bellorin et al. 20(2). 

In the present study we investigate the molecular phy­
logeny of seven recognized species of Gmdlrniopsi and 
six species that arc either incorrectly assigned to Gp. lema­
neijormis or arc undescribed. '!\'e examined cystocarp 
development in three species presently placed in Gp. 
lemaneiiormis. namely the type species from Peru, the gen­
critype species Gp. sjoesll'dlii (= Gp. aiulersonii'; from 
California, Gp. costariceusis; and a new species, Gil. 1'(11'11­

linensis, from North Carolina. The significance of our 
phylogenetic and morphological observations for the 
classification and biogeography of Gracilariopsis is dis­
cussed. Cysiocarp development is also illustrated for 
the first time in Gp. costaritrusis. 

1\'IATI-:R1ALS AN]) METIlOOS 

Algal samples used in molecular xrudic« wer« desicclted in 
silica gel, air dried, or preserved ill 9Y/i, alcohol ill the field. 
Voucher specime-ns and m aterials lor morphological studies 
were fixed and stored in 5% tormalin zsr-awatcr or pressed ~IS 

he-rbarium sheets and deposited in the I k-rbari II III 01' the Uni­
versity of Louisiana at Luuvcue (LA-F) ~lIJ(l/or the l k-rb.uium 
01' tIH'· l"niYersity of North c-':arolina at Chapel Hili (NCl"). Her­
barium abbreviations Iollov. Holmgrell ('\ .i]. (1990). Hand sec­
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tions were prepare d using a d ouhle-r-dgerl plat iruun-ch ro me ra­
zu r blad e from sa m ples b leache d in the lighl in ,,% formalin 
an d rin sed in ch -io u izc d wa ter and parrlv d ried. Sectio ns were 
sta ined with ar eto-irou-hernatoxvlin-chlo ral hvd rai c (W ittman n 
19(i:;), d es ta in cd under the mi cros cope with ;15 'j;', gla cial aceti c 
acid, a nd mou n te d in ,,0 % Hoycrs mountiug medium (St eve-ns 
19HI). Photographs were p repared with a photomicrosropc 
(Carl Zeiss lnc. , Thornwood , NY, C.'lA) a nd T-~'!ax 100 black 
and whi te (Easlm a n Kodak Co.. Rochest e r. ",Y, LSA). Dig ital 
im ages were ed ited and asse m bled in pla tes us ing Photosh op 
1'.;; .0 (Adobe Syste ms In c , Sa njose. Co\., USA) . 

Silica gel -dried specim en s and ex tra cted I);-;A s.nn ples were 
deposited in th e Seaweed Lab orat ory ar the L nil'ers it}" of l. o ni­
sia na at l .afuycu c an d sto re d a t - 20D C. T he D:--:A sam ples wcr« 
p repa red using th e ONeasy Pla n I Mini Kit ( .2I1\(; I-:N, Vale ncia . 
CA, l'SA) or were submi tted to a CT.\H-cesiu m rh lorid e DNA 
p roced ure (Fres hwa te r and Ru cness 1994 ) . l'lasrid-eucod ed 
rlJlL was selec led to infer ,I phyloge ny lor (;mri lmi"!,,,i.,. PCR and 
seq ue nc ing primers used in th is study were Flh,\. start, F7, Ei7, 
Fl'J2, F i77, F753, 1"99:1, R7,, :I, R I:lRI, and IMJlS starr ;\S listed in 
Freshwater a nd Rue-ness (1994) and Hommcrsand ct al. (1 9~ 14 ) . 

Protocols fo r ge ne amplification, automated seq ue ncing , and 
alignment are idenural to th osc gi"e n in Lin e t al . (2001) . 

Partial dilL seq ue nces were produced from 20 recelllly co l­
lected samples o f (;l7l1ilmio!,si.,. MI'I.fl1l tluilio obtusatn, Curdico rona­
ira from New Zealand, an d c. rmssa Irom Austra lia wen' chosen as 
o lltgroup taxa based o n th ei r close phyloge net ic rela tio ns h ip with 
the iugroup in glohal searches of Ihe C racilariaceae (da ta not 
sho wn ). The us« of pa rtia l llid . seq ue nces in rcd a ll-(ae has been 
sho wn to produce stab le to pol ogies due to th e cvcu di stribut ion of 
in format in' chara cn:rs a nd hom oplasics across the- /en glh of tlle 
sequen ce (Fres hwater e l al . 199:,). Sequences a nd th e seq uence 
alignmen t were deposited in Ce n Ba nk (Bcnson e t al. 1994 ). Inl or­
m.nion rega rdinl-( sample site , date of coll ecti on, collecto r' s name, 
percentage of r/i,L gene sequen ced, and Ccnlsan], accession n um­
bers are listed in Table I . 

/\ 11 phy loge ne tic analyse-s wen- perf ormed with PAL'P'" 1'.'1.0 
bel" 10 (Swolfo rd 2()0~) Ii,,' Macintosh . PhyJog('ne tic lin 's were 
ge \l(' I~ tled hy maximum likel ihood ( ~,,, .) a nd maximum pa rsi­
mouy ( ~1 P ) meth ods. Beca use the fi rst ,HI bp were missing in many 
seq ue-nc es, the ph ylogen eti c analyses were res tric ted to the last 
1427 b p o f th e Ili r1. ge ne in bo th the Ml' an d :\oIl.a nalyses. Pa ramc­
ters used in the ~-Il , ana lysis were o b taine d using th e- software \I od­
dlest v , :1.0 (Po sad a a nd C ra ndall 199R) 10 com pa re dif fe ren t 
models o f l) ;'\:A subsiiu uions in a hiera rch ical hvporhcsis-u-stiru; 
framework to sclcrt a base substitu tio n model that best lit the S {~ 

qu('nc< ' data . T he optimal Ml , model fou nd was the genl'l ~1I tim e 
reversible model with invari abl e sites and gam ma distribution 
(;TR+ I + ( ;) . The parameters wen' as lilllow.s: assumed nucleotide 
frequen cies A, = 0.:1l4·t C = 0.1404; (; = 0.21,IH; T = 0.331 3: slll}­
stitu rion ra te ma trix A-C subs titu tio ns = \' (i8~H , .\ -C = :'.:F,711 , 
A-T = 1.2693, C-C; = 1.'1901. C.~T = 1 3 . ()"~9 , G ·T = 1.0; pro po rtion 
o f sites assumed to be invariable = 0.:i:\3H: and rates for ' ~lriable 

sill'S assumed to fo llow a gamllla di str ibu tio n with sha pe pa­
nune rcr = 1,4;; 112. MP tre es WLTe inferred Irom heuristic sea rches 
of :, OO(J rcplica tiuns o f 1 ~1I J(l om seq uen ce ad d itio n using o nly Ihe 
ph ylogel1etically in /il1ll1at ive C h' lI~lC ILTS , ulw rclen:d , under the 
Fitch eritnio n of eqll<ll we il-(h t, lor all substitutions (Fitch 1 ~)71 ) , 

tree bisection reconneClio n , sa,i ng multipl e trees (;vIU LT REES) 
but holding ~O tre es at ea ch sle p , and STEEPEST DESCEN T. Sup­
port hlr all nodes hJr all Irees was assessed by bootstrap analysis 
(Felsenstein 19H,,) on Ihe data set using 3000 rcpli clles k,r \1P and 
200 replical e.s Jilr ML, as implemented in PAUl"". BooLstrap pJ'(}­
Jlonion ' ",lin es a rc a bbrn i a led as Ill'. 

Wh en p rese n led . th e rall l-(e o f rhd. di\'(:rl-(l'll ce va lues \\"i thin 
a nd among species was calcn la te d nsi n l-( IlIICOITectcd pel"celll­
ages ('Yc" tota l number o f pa ir-wise SUbSliltl t ions d i"ided b~ ' the 
lot al llllln he r of ha se pairs segul'llcl'd ). 

RE.'iUI.TS 

Among th e 1 4~7 bp in the rbcl data se t, 989 bp 
(69 .3%) were identical , 438 bp CW,7%) vary a t least 

o nce, a nd 270 bp ( 19%) were ph ylog cneti cally infor­
mativ e. No insertion o r deletion mutations we re 
foun d in th e rbcL seq ue nces produced in this study, al­
Itm'in g fo r unambigu ous alignment o f all sequences . 
Tree lengths of 100 ,000 randomly ge nerated trees for 
the d at a set had a skewed distribution (gl = -1, 31, 
/) < (Un) , indicating the presen ce of nonrandom 
structures a nd phylogen etic signal in th e data se t (Hil­
lis and H uelsenbeck 1992) . 

MP produced four eq ua lly most parsim on ious trees 
of :) 91 ste ps, with one m ost parsimon iou s tree shown 
in Figure I. The topology of th e MP (Fig. I ) and ML 
(Fig. 2) ph ylogeni es differed from each other o n ly in 
th e posit ion of (;/). !on,l.,ri..uima from Engla nd a nd r;p. 
sp . Irorn Venezuela. The rel ative position of (;P, sp . 
from Venezuela, r;/), longissima from England , a nd r;p. 
"lnlloIll4imnis" from Namibia lack ed or received 10'" 
bootstrap support, a nd the phylogen etic placement of 
these taxa is not resolved. 

(;l'{[ rilll17olJSiS hetnodada was the most basal species in 
all four most parsimoniou s trees (Fig, 1) , but its basal po­
sition received no bootstrap suppo rt. In the Ml, tree (Fig. 
~ ) it is basa l and sister to the spec ies from China, Japan, 
and Vene zuela. G/"(u i{1lI70IJsis heterorlada exhibited the 
h igh est level of in tra generic un corrected pai r-wise se­
qu ence divergen ce values (5,6%- 7.51%), The close rela­
tion shi p between G/). lrmaneijormisfrom Peru and (;/). ros­
taricensis was strongly su ppo rted (MP : BP = 94%; ML: 
BP = HI % ), and this clad e in turn formed a strongly sup­
ported gro up with (;/), carolinmsis in both the MP (Fig, I, 
BP = 9~ %) and 1\11. (Fig. ~, BP = 80%) trees . 

T he topological position o f (;IJ. aiulrrsonii did not 
receive bootstrap su p po rt. Cradlaiiopsis 1"II11ijin1/S and 
GI). sp . fro m th e Gul f of Mexico fo rmed a strongly 
supported clade (BP = 95% and H~ % in MP and ML 
trees, res pectivel y) , a nd the geneti c d istance bet ween 
th ese two species is sma ll, with a , rhcL se q ue nce diver­
gence of 1.14 %. T en substitu tio ns co ntr ibu ted to this 
pair-wi se base pair difference. Five are phylogeneti­
cally noninformative (in the whole data set context), 
three are nonsynonymous substitutions in th e first 
codon position , th e fourth is a nonsynonymous substi­
tution in th e second co do n position , and the fifth is a 
synonymous su bstit u tio n in th e th ird cod o n position . 
The ge ne tic di vergence among fou r Caribbean Gp. 
all. jJrtrlm nnuis specime ns (two of the se q ue nces we re 
not included in th e a lign me n t) ranged from 0.07% to 
0. ~2 % , The pair-wi se base distance between r ;jJ. {el!l{J­

n riJ rJl'mi.l' a nd Gp. ("(l1"olinensis was 2.54 %, wherea s that 
between GI). fr~lTlml fij(mnis and Gp. c()sla r i rr ll sis was o n ly 
0.63 %, The pair-wis e base distance between Gp. {1'I!l1l­

JlfijrJl'llli .1 and GI). mulrl:wmii was 4 .49% and th at be­
tween r;jJ, muleHoni i a nd GI). {ongissinlfl from Europe 
ran ged from 4.44 % to 4.8 4%. The ge ne tic distances 
between the rbel se q ue nces o b tai ne d for specimens 
refe rabl e to (;p . longissilllfl from Italy and En gland 
were 1.42 % to 1.47 % and ran ged from 2.73 % to 
~ . 8()% between th e Eng lish and Na mibian hapl ot ypes. 
T wo samples re ferred to Gp. " fr' lI/{lI/eijimnis" fro m Pa­
cific :vlexico and So u th Austral ia differed by 4.76 % to 
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T\I\ 1.1': I , Lis t oJ'speci es , I heir co llen i011 iuformatio n . a n d the dill. (;ellRank accx-ssion IIII III bers fo llowe-d hv dHL fran ion (ill ':;,) seqllen ced , ,\ 11 seqllell ces ,,'ere n ewlv generated , 

t u-n l t.ru k /\ cCl ·.....ioll 1l1l111!>('r 

Spec ie" Cnlh-cti un data and r;_";Cl/I Il'lllTd 

Cu rdir a mril/fl'll ( I lo o k, ,,[ H arv.) J ,\ ga rd h Doubrk-ss Ba\ . \: l',, ' Zl'al a lld . col l. W . \:c\S() II. 0 l . x i i .1 9 9 ~~ , \YI H ! J.I ~ :; . liG,:;% 
Curdira rrass« :\Ii llar Bongin I ~ oll gill Ba v, Xort h olSvdncv. \:S\ \ ' Aust ra lia: co il. A. Xlilla r & P, Rich ards: 1H.ii. 19!)-1 .W( H ! ) , I ~ i . !)x. 1~t) 

C ruri lariop» ]. a ndersoni] ( ;n 1110\\ ' ) 1) ;1\\ Sl1I1 Pigeo n Po int , San :\Ia leo Co.. Cali fo rnia , l.'S/\ : co il. :\1.1-1 . & F,J-1 . H ornu u -rs and : ~O .\'. 199~ ..WO·19-1 1:\. ! H . ~ % 
(;mrifflrirr/J\i\ uudf'l:\f)uii (U runo w) Dawson Seal Ro ck, l.incol n Co .. ()\'('gon . l :Sc\: roll. S. Fre dericq : 1:) .\'. I!)!)!) .\ YI!'I!)·I I·1. %.4 % 
(;mri flllio/,,\;, rustartrrnsi«Da\lson So u th c url. Plava Tamarin do, Nicova Pe n insnl a , (; ua na cas(( '. Costa Rica: co il. D.T. Ta lbot & n .\\-. 

Fre-sh wat er: i i .i ii. 1!)9!) . 
. \ YO -l ! J.I ~ :{, !)XA% 

(;rtlcifuri o/,\i,1mHl(il)('l/~i \ Kur« Beach. Fort Fisher. xc ; L'S.\: co Il. n.w. Fre-sh wa u -r: 1·l.i\ '.1!)!lI .-\YO'I!H I ~ , % .7'Y" 
Liao er I lo uun c rsa nd. sp , 11m', 

Cmrifurio/)s;, hrtrrnrlrui« (I,hallg et Xia ) Dapda p , Bulus.m , Lu zon , Phil ip pin es: c()11. S,'''. Lin . ~~ ,i ( ' . 1 !)9H .w o-t' l·l l l. !Il. l '!c, 
I ,hallg "I Xia ill :\ lJbo l l 

( ;mr if l/l i u/,sis li'l//r/lll'ijril'll/i.- (Bon') T OPOl\Ve, Yarilla , l' ait a. Piu ra . Pe ru : ( o il. ( :. ..\ d el o & R. Zun iga: O:l.iii,19'H :W04!J.I I:-" ! 1 7 , () ~! 

Dawson, Ack -ro e l Foldvik 
(;rf/ri/arifJ/Jsi,\ ·'!FlI/({" f'U()n ni.\" T osa Bav, Shikiku (.. j a pan : co il. .\ 1. O hono , D.B, La rgo &J. Rehel lo. leg. I.. Liao: Il.i x,1 9 9 ~ :\ YO I!I-l1!I, !17,W;, 
Cmrilario]».•i.\ "Icmancijurmi, " Q.illg tlao. Sh andon u Pro ,'.. Ch ina: co il. :\1.11 . Ho nu m -rsa ud : ~ ~~ .iI ' , 199 -1 ..\ YO t ! J.I ~J . ():-,% 
(;mrifflrio/,sis "f/'ll/fl llI'i/ im l/is" Bahia d e L IS Animas. Cull' ofCaliloru ia , :'- Icxico : aq llan llt urc : leg .J. l.e rl udH'-(;() l\J<ilcs: vi.I !19X ;\ YOI!),I I (i. ' ~ I . l % 
(;mcifflrio!',;\ "f/'lll fll/f'ijiJl"lIl;I" Lake BUller. Ro be , S. Aus tra lia . Aus rral in: co il. II. I\,S, WOlllersle\': O?.iii . 1!)!l" i \Y( J.I ! I ' I ~ ~ . !J7.H% 
(;rru'ilario/l\'i, "/I'JlIfIl If'UiJrll1 i , .. Swa ko ps m u nd, Xa mib ia: co il. \1.1 1. Homme rsa nd: ()().\'ii. 199:l ' ..\ YOI!J.lI 0, 9X.2 % 
(;m,ifr/li u/"i" fOIl ~;"il/lu (St.uk h o usc-) Cad i/ . Spai n : co li .JR. :\ lld ria (;onza\('/: s.d .W l:l O ~ ' ~ -I. !li .:')% 

hviuc-. StlT IJlo fl "t Farn ha m 
Cmril« rio/H;' (ollp/,s i nut (S t:«:kill >lI S( ' ) o ff Sa nd foo r Cas tle. l'orrla ud Ha rb ou r, Dorset . Eng (and : coil. Will . Farnham & :\1. Steen[oft : ,\ Y<H !H 20 , 97 , :\':~, 

Irvine. St, 'e!1lll J't e [ Far nham :l O .Y i i i , 1 99 ~ : s.uu pi« provided b~ ' C. Bird 
Cm,ifurio/,s;1all. [mnnmrns is (Tavl or) Dall'SOl1 Fo rt Randolph . Co lou C i IV. Pana ma; co il. 1\. \\'ysor: ~(i .iii .1 ! )!m: seq ucllce used ill I he p h\' logene lic ..\ Y< l4!H O:;. ~ 1 7 . 1 I!! 

a u a lvscs 
(;mri{ari"/I,i, ;1 /'1'. pannmmsi, (T avlor) Da\lsoll l. os Fra nciskv Is" Los Roquc-s Arch ipe lago . \ 'e ne Zlll'la : co il. C.F. D. (; urgc l; (!'I.\ii.I ')')!); specim e n ,WO I!H08. !18.'1% 

no. I 
( ;mri fmi " /I, is alf. /H/I/!/I/WII"i" (Taylor) Dawson Los Franciskv Is.. Los Ro q lies i\ rch ipel ;tgo , \ 'cll c /ucl a ; co il. ( :.F.D . (;lII' gel : uI.vii.! !19!1; spccimcn :\\'IW l-!W), 9 8. l'i ;, 

no , ~. sl'ljnc ncc used in Ihl' phvlogc!H'li c analyscs 
Cmrifr/li u/Isi,' alT. /Il/I/ fllI/l 'II';' (T ad o r ) Da\\ 'SOli l.a En c ru cijada . I'c n insula Par agna lla Pan ama , Fa lcon Sta ll' , VClH'/uela: coil. C.l'.D , (;u rgcl. :\YOI!H Oi, !) : \, : ~ (){ 

JE. Co nde & C, Ca rmona: I :I,d i. 1!19!) 
Cr({{i!m io/'I"is sp . L l \ '"Ia dc Com, Falcoll S iall '. \ 'cneZilela : co il. C.F ,D. (;nrge l..J. E. COllde & C. Canno na: H .\'ii, 1!)!)9 . \YO I 9:~ O !l. 91i,7 '){ 
CI"/{{'ifm io!" i, sp. 2 mi les \fest o f .\n lon I.i/ a rd o , V''I'a CrllZarea, :'-Icxico: ('o il. ( :.F.D. ( ;llrg-el : ii, l !)!)!l :\YO -I!J40(i.80.2 % 
Cmc;fflrio/Isi~ //'/Iu i/mll.\ (Bird e [ O lin;ira) lle l Ca rc l . {;lladl'!oll pc. FI'('nch Wes! Indies: co il. .\ . Re n o u x: 2 .xii . 199:\ _WO I!) II H, !17.H% 

Fredericq <:t Il o llll llcrsa lld 
Cmri fflr;u/Jsi, //'IlII i/ i-uu" (Bird el O lin'ira) Alya Pen ins u la . SUUl' , \ 'el H'ZIl el a . co il. D.\\ '. Fresl n, 'all 'r: v. 19!10 .\ YO1!1I1 7. 8 ~ , · I % 

Frl'dcricq ('( 1l01lll1lcrsa nd 
.II"frlll/frufir/ "h/II ,I'II/fl (Llbillardi i'l'l' ).f. Agardb \ \'a r l'lla m bool. \ 'iclol'i a . ..\ U S II ~ll ia : co il. :'- 1.11. Il o m n H'I'SaIHI: I: ~. \'ii.199:; ;\ YO I !l ," ~ I , !l!l' '; 
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Gp. longissima ITAL Y
 

Gp. longissima SPAIN
 

92 Gp. longissima ENGLAND
 

Gp. "lemaneiformis'' MEXICO-- 10 changes 

Gp. "lemaneiformis" AUSTRALIA 

"lemaneiformis" NAMIBIA 

95 
tenuifrons VENEZUELA 

Gp. tenuifrons GUADELOUPE 

Gp. sp. MEXICO 

100 Gp. andersonii CA, USA 
961'--""';"--1 

Gp. andersonii OR, USA 

94 Gp. lemaneiformis PERU 

69 92 Gp. costaricensis COSTA RICA 

.....--Gp. carolinensis NC, USA 

100 Gp. aff. panamensis PANAMA 

Gp. aff. panamensis VENEZUELA 

'----Gp. sp. VENEZUELA 

lOa Gp. "lemaneiformis" JAPAN 

Gp. "lemaneiformis" CHINA 

.....---- Gp. heteroclada PHILIPPINES 

81 .....------------Curdiea coriacea NEW ZEALAND 
...-""';";"";,,.j 

.....-------Curdiea crassa AUSTRALIA 

L.... Melanthalia obtusiloba AUSTRALIA 

FIG. I. One of four NIP trees resulting from MP analysis of r!;cL sequences from 22 samples of Gracilariopsis (L = ;i9 J, CJ = O.SH, 
RJ = 0.(8). Bootstrap support based on 3000 replicates is shown above the nodes. Cunliea and Melanthnlia species were selected as out­
group taxa. 

5.24% when compared with the true Gp. Iemaneiformis oriented surface cells and 7 to 9 subsurface layers below 
from Peru. extending to 14 to 18 layers at the apex next to the ostiole 

(Fig. 4b); the lowermost cell layers separating into individ­
1. Gracilariopsis lemaneiformis (Bory) Dawson, Acleto ual cell files due to stretching in the mature pericarp, es­
et Foldvik (1964: 59, pI. 56, fig. A (as lemanaeformisi pecially in the ostiolar region (Fig. 4c); gonimoblasts pedi­

Plants cylindrical up to 100 em tall, consisting of one to cellate, attached to the cystocarp floor by palisade-like 
few irregularly branched indeterminate axes from a dis­ cells, approximately 200 urn broad (Fig. 4d), gonimoblast 
coid holdfast (Fig. 3a); axes, 0.5 mm diameter at the base, mass generally spherical, approximately 500 urn broad 
broadening to 1.3 mm diameter and tapering toward the (Fig. 4d), composed of sterile pseudo-parenchymatous 
apices, sparsely irregularly branched, the branches up to cells that give lise to straight chains of darkly staining car­
30 em or more long and resembling the main axes, some­ posporangial initials that are transformed distally into 
times with a few shorter proliferous laterals; spermatangia chains of carposporangia approximately 450 urn long 
superficial in indefinite sori; cystocarps scattered over the (Fig. 4e); gonimoblasts attached to the vegetative floor of 
axes and branches, domoid, slightly constricted at the the cystocarp by means of ovoid to irregularly shaped con­
base and often rostrate at maturity (Fig. 4a), pericarp junctor cells arising individually from basal gonimoblast 
composed of a single layer of darkly staining anticlinally cells (Fig. 4f). 
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63 
- 0.0 I substitutions/site 

'. ­

r--------....;.!O;....;;.O

82 

100 

--l 

60 

95 Gp. longissima [TAL Y
 

66
 Gp. Tongissi ma SPA IN 

73 Gp. "lemaneiformis " MEX[ CO 

Gp, "lemaneiformis " AUSTRALIA 

Gp. longiss ima ENGLAND
 

Gp. "lemaneiformis '' NAM IBIA
 

Gp. tenuifrons VENEZU ELA
 

Gp. tenuifrons GUADELO UPE 

Gp. sp. MEXICO 

100 Gp. andersonii CA, USA 

Gp. andersonii OR, USA
 

Gp. lemaneiformis PE RU
 

Gp. costaricensis COSTA RlCA
 

Gp. carolinensis NC, USA 

Gp. aff. panamensis PANAMA 

Gp. atT.panamensis VEN EZUELA 

Gp. "lemuneifo rmis " JAPAN 

Gp. "lemaneiformis' ' CHINA 

~I'---- Gp . sp . VENEZUELA 

1.- Gp. heterocladu PHILIPPINES 

r-------- Curdiea crassa AUSTRALIA 

L... Curdiea coriacea NEW ZE ALAND 

1..------------- Melant halia obtusiloba AUSTRAL[A 

FIG . ~ . Ml i tre « with a - log likel ihood o r 5l-l1:~.l-l:n !)6 ca lcu lated usin g th e (;TR+I +(; model olevohuio n and the same da ta se t as 
in Figur« 1. Bootstrap slIpport based on ~O () replicates is shown above the nodes. 

Basionvm: Gigarlina Iemrmeijormis Bo ry 1828:151 (as 
lenutnaejorm is) . 
Hv/vlypl~: An 1 8~3 co llection by Du mon t dUrvi l lc 

made du rin~ the "La Coqui lle" ex ped itio n , d eposited 
in th e Bo ry he rb a rium (PC) . (See Howe , 191 4, p I. 52 , 
Frcdc ricq and Hom rne rsan d 1989h, Fig. 1.) 

Typl'lowlil)l: Paita , coast or Peru ncar 5° sou th lati tude . 
Nomendruura l smonsms: Grarilaria lemaneiformis (Bory) 

Weber-van Bosse 1 92H :4~5 , fi g. 176 (as lcmanaejormisi ; 
Abbott 1983; Ctn'dyled£1llill lemaneij ormis (Bory) Howe 
1914: 128, p I. 52 (as lemanaejormis v. 

Taxonomic svnonsms: Cordsledadia andrrsonii Crunow 
in Piccone 1RB(j:62 (pro pan e , see Abbott 1983, iig . 4, 
righ t) : Cracilaria lichenoidrs se ns u H a riot IH89:70. 

Distribution: Piura, Peru to Provo Antofagasta , Chile 
(Ramirez and Tapia 199 1). Some records for this species 
fro m as far sou th as Chi loe, Chile (Ram ire z an d Santeli­
ces 1991 ) may be Gracilana clulensis Bird, Mcl a chlan et 
O liveira (Sec Bird ct £II. 1986, Ramirez and Ta pia 1991 ) . 

Specimens examined: Yacila, Pai ta , Piu ra , Peru , 03.iii 
1994, leg. C. Aclcto and R. Zuniga 2::1S5; Playa Pr imavera, 
Lobitos, Paita, Piu ra , Peru, 20.ii. I967, leg. C. Acleto 1204. 

FIt;. :~ . I lab its of cystocarpic plants of Crarilariopsis. Scale.?i em. (a ) Gp. leman riiormis (N ( :C) Playa Prim ivcra . I.obiros. Pai ta. Peru , 
20 ii. 196 7. leg . C. Ar k-to 1204. (h ) Gp. amtersonii (NCU) (;n'~ 'ho ll nd Rock, Ann Nuevo , San Mateo Co ., Californ ia. 17. vii , I~)(i(i , leg. 
M. [ I. l lommc rs.md. (c) Gp. carolinrnsis (CS ) lype specimen . Coqui na rock s. Kurc Beach, 1'\ew Han over Co ., No rt h Carolina , 
~H.x. 19H I , leg. :VI. H. H o rumc rsa nd, (d) GI). costarirrnsis (L-\ M) Isotype specimen, dredged from bay bottom. Pue-rto Pa rker, Bah ia 
San ta Ele na , Costa Rica , ~2 .i . 19 '~8 , leg . Croc ker 3, Zaca Exped it ion. 
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c 

b 

1-"1( ; . 4. (;m rilmi,,!,.,i., lrmnurijormi«. hased o n c~ ' s l oearpil' plan ts fro m Yaril .i. Pail a . Piu ra , Pe ru . O : I .ii i .l ! ) ~H . It-g. C. .xcle to & R. 
Zmi ig;1 ~J 5:; . (a ) Mcdi.u : "'<'li on o f m.uu rv eysloe a rp. Scal e , 100 fJ..nl. (h ) Ceiliaycr s in th e pc-ri rarp. Sra le . 100 fJ..1lI . (I") C.. lls in th e 
lower laye r of t lu - pcri c.up show ing se pa ration int o "'pa ra le ce ll Iih-s. ScalI '. 100 u.m . (d ) Fn la ry;" c1 , icw o f base o f go ni lllohlasls seen 
in a . Sca lf> . 100 u.m . (v) Carpos po rang-i;t1 cha ins at periphe ry of g-onilllo hlas is . Srul«. 100 u m . ( I") Basa l P;II'I o f gu nim ubl asts s!towing 
co nj u urto r ce lls ru n n ing secondary p it co n n ections (a rrowheads) wit h cells in the cystoea rp tloor. Scal e. flO fJ..1l1 . 

~ . Gracilariopsis andersonii (Gru now) Dawson 
arncrcr, irregularly and sparing ly branche-d, so me times 

1949,p.43 beari ng numerous short prolil crous hranchlcts (Fig. gb); 

Plants up to ~ m tall, yellowish 1)J'()\\11 , reddish brown , sp e rmal angia in <I con tin uo us su rface layer cove r ing 

or redd ish purple , co ns isting of few to man y axial m ajor branches; cys tocarps d ome-shaped , with out a 

branch es growing from a primal)! discoid holdlaxt o r promiru-nt beak, markedly co nstric te d at th e base 

Irom associated prust rat e sto lon ilc ro us branches (Fig. (F ig . 5a) ; pericarp with ;\ sing le laver of palisade-like 

~" b ) ; e re ct branches cylindrical, O.t> to 1.5 (3.5) mm in d i­ su rface ce lls and two to th ree layers of ovoid cells be­
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.. 
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FIC ;. :l . (;rt/ rilll rifJ/J.li .1 andrrsonii . base d 0 11 cys tora rpir pl a nt s from Pig-coil Point , San Mat e o Co u nty. Ca li fo rnia , ~ O . \ ·. 19~)~, !l' f.{ . 
\1. H. H0 111 111 crsan d. (a) Me-dian s('c tio llof lllal llre cystocarp . Scale, 100 f.L 1Il . (b) Ce ll layers ofpcr iru rp . Sca le . lOll p.rn. (c) Hasal por­
tio u of g-on illloblasls. Scale . \()O f.L 1Il . (d ) Da rkly sla illillg ru rposporaugia l illili ah. Sca le. IOD f.LJII. (r-) Co nj u nc ior ce ll (a rro whead ) 
fo n ni llg sccoud.uv pu co u nec uon with mul tiuucl cau- ce ll ill floo r of cysiorarp . 5c;I1(' , ~O f.L1lI. (0 \) ('gc'lwrat in g fusion ce ll curlx-dck-d 
in cysroca rp Iloo r. Sca le . ~O urn . 

low , foll owed by six to eigh t layers o f regularly a r­ 111m ac ros s (Fig . 5, a and c) ; go n imoblast mass so me­
ranged horizontall y el on g-at e inner ce lls th at a re what co nvo lu te d (Fig. 5a) a nd bearing ca rpospora n­
stre tc hed laterally in mature c)'sloca rps (Fig . :i b ) ; gial initials in d ense co m pact c hains composed o r 
go n im o blasts with a broad base , approximately 1.1 two to three filamentous ce lls attached end to e nd, 
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eac h ce ll approxim at el y 50 f.LI1l long, 10 u.m wide , 
bearing regular carposporangial ch ains distally (f ig. 
5d) ; gonim ohlast cells attach ed to th e vegetative 
floor of th e cystocarp by a sing le se condary pit co n ­
nect ion formed by ovoi d to slightly hemisphe rical 
co n ju nc io r ce lls (Fig. 5e); fusion ce ll persistent in 
mature cystoca rps (F ig. ;"), a a nd I), tubula r nu tritive 
ce lls a bsen t. 

Basionym: Cordyledadia andrrsonii Grunow in Piccon e, 
1886, p. 62 (p ro parte) . 

Holotype: A collection made by C. L Anderson and 
deposited in the Cruno« herbarium in W. (Sec Abbott. 
1983, fig. 4, lcft. ) 

Type localits: Sa nta Cruz. Ca lifo rn ia .
 
Taxonomic synonyms: Grarilaria sjoestedtii Kylin 1 9~0 :
 

55 . figs. 40 E-F, 41 A- D, 43 A-B; Gracilaria rolnis ta 
sensu Sjoestedt non Se tch ell (Sjoestedt 19~6: :') 1-64 , 
figs. 3 1 F-C, :',;1 B-F, :14 A-B, 38 A, 39 A, 40 A , 41 C-O) ; 
Gracilruiopsis sjorstedtii (Kylin) Dawson ( 1949: 4ll-42, 
pI. 15 , fig. 10; pI. 16, figs 5-8; pI. 17, figs 1-9; p I. 18 , 
fig. 4; 1961: ~ IR , pI. Ill , fig. 14. pI. 11 , lig. 10, pI. ~3 ) ; 

Gracilaria lrma nrijormis (non [Bo ry] Webe r va n Bosse 
19~ 8) Abbo tt ( EJ8?> , lig . 4, left ) ; Grarilariopsis lemanri­
[ormis (no n [Bory] Dawson , Aclc to c t Fo ldvik 19( 4) 
Fredericq and Hommcrsand (1989b, lig. ~. 5-6). (Fo r 
ad ditional synonyms see Smith 1944.) 

Note tnt tlu: no men clature: (fro m P. C. Silva) . Kvlin 
(1941, p. ~ l) noted that mixed specimens and co itec­
tion s cited in the prot ologu e of Crrrdylpd flflifl andersonii 
Gru now were re fera ble to two different species. Because 
the specime ns from Peru , co llec ted by Marcacc] am i hy 
Winierfcldr . were referable to a species th at already had 
a name , Cord ylecladia lnnaneijorinis (Bory ) Howe , Kylin 
designated the co llec tions made by Ande rson in Ca l­
iforn ia as type material ("Origina lexa mplare "). Howe 
(1914, p. 129) effective ly lccto rypified Gmly/edflllialt"fuler­
sonii with the Cal ifo rn ia pla n t, and later Ab bo tt ( 198:~ , p . 
563 , fig. 4) explicitly lectotypili ed the Gr unow na me 
with a specim en in Grunow's herbarium (a t Vll co l­
lected by Anderson at San ta Cruz, Califo rn ia. Kylin had 
available to him only two collections tha t had be en dis­
tributed as r:. andersonii, both from sou the rn Califor nia: 
Ph ycotheca Bo rca li-Amcrican a no . 839 , co llected a t La 
J olla hy Mrs. E. Snyder; and P. B.-A. 1498 co llec ted at San 
Pedro by Miss S. P. Mion ks. n ot h of these co llections are 
refe rab le to a sou the rn Ca lifor nia-Baja Ca liforn ia species 
that is dis tinct Irorn th e northern C. L. Anderson's spe ­
cies whose correct name is now Gp. aruiersonu (Grunow) 
Dawson (194!:l , P: 43) . T he sou the rn species was re­
described as (;/). pfljmrj1lssii by Abbo tt ( 1983, p. :')()2) , 
who designa ted P. B.-A no . H39 (uq as the type co llec­
tion . Ar t. 7.4 of the Botanica l Code co\"ers Da\\'son 's 
com bination : "A new name fanned fro m a previou sly 
published legit imate nam e (stat. no v., comb. no\".) is, in 
all circumstanc es, typified by th e type of the basion )'l11, 
even though it may have been ap plied errone ously to a 
taxon now co nsidered no t to inclu de tlla t type." 

3. Gracilariopsis carolil/ensis Liao e t H ommersand . 
sp. nov. 

Thalli usquPad 2 m alii, purpurascentes vel bruneoli ad ru­
ber rosi, affixi per hapteron paroum discouleum, saepeque se­
curula rialuer !Jer ramos curios [nustmtos rhizonuuososque ori­
f'II lr1.S jJlVjJl' basem axis jJ,inet/lalis, {{XI'S teretes, 0.5-2 mm 
diam., saepe IlflITI' ramosi ad puudordinrs, ramificatio hTegu­
laris, radialis saepequc breoiprolifira, Kmdll{{tim angustata in 
acutiapires sed non constncta injra, cortex 4-6-sITOmaliclis cel­
Iularu m pigmmtosarum; spPlmatlm.t,ri" supnjiriaua[armata in 
soros continuos hyali1I0.\" suuer amplas /mrll's rorticis externi; 
I)'stlllwjlia llwli/imnifl ronstiiaionibu-; itulistiuais basi vel in­
tntlu m roustrirtionihus absentibus; pl'17lmjJillm numostrato eel­
lulann» Ju/)e~jirialium atrotincuuu m in tiallo 2-3 strataque 
rrllu luru m ouoidearum infra post5-6 strata rrllularum elonga­
tnrum, cellu lar dU/llo lo llg iorores (/Uli/II la tar; gOllimoblasti lati­
basi, USqUf atl4 50 J.L m diam., massa gonilllob!asti irregulariter 
ronuolu ta vel lobata ferens inilia carposp om ngiorum curta ca. 
45J.Lrn long. [erentium rectas catenas cUl jJos/)IImngiorum dista­
lis; glll/illwb!asti ajJixi ad cellulas vegelalivas per synrtpses se­
rutulas[ormataselongalis cellulis conj unaiois natis filis ramo­
sis desccn dentibus; tetrasporangia pllijJsoitlf'{( ad subgiobosa, 
diuis« cruciatim, 25-27.5 J.L 1n diam. ]2.5--47.5 p.m long., dis­
[mx« ill rorticem externu m. 

T ha lli up to 2 m tall. purpl ish or b rownis h to rosy 
re el, attached by a small p rimary disco id holdfast, a nd 
o fte n secondarily a ttached by sho r t p rostrate rhi zoma­
LOll S branches arisin g- near th e base of the m ain ax is 
(Fig. :k ) ; ax es rc re te, O. :') -~ mm diameter, o ften 
sparsely branc hed to a few orders , b ran chi ng irreg u­
lar, radi al , and o ften sho rt prolilc ro us . tape ring grad­
ually to ac u te ap ices and sl ightly tapered bu t not co n­
stri cted bel ow (Fig-. 3c); cortex co m posed o r 4-6 layers 
of pigmen ted cell s; sperrnatangia superfi cial , fo rm ed 
in co n tin uous hyali ne sori extend ing over la rge por­
tio ns of the o u ter co rtex; cystocarp d ome-sh aped with 
in d istinct basal co ns trict io ns o r cons tric tions so me­
times abse nt (Fig . 6, a and b); peri carp with a single 
layer of darkly stai n ing su rface ce lls in palisade a r­
ra ngc meu t and 2-3 layers of ovo id ce lls below fo l­
lowed by 5-6 layers of stretc he d cell s twice as long as 
broad (Fig. 6c); gonimoblasts broad-based, up to 450 
IJ.m in diameter , th e go nimoblas t mass irregularl y 
co nvo luted o r lo be d and bearing short, loosel y ar­
ra nged ca rpospora ngial ini tials ap proximately 45 u rn 
long bearing straight ca rposporangial chains d istally 
(Fig . 6d) ; gon imoblasts a ttached to vegeta tive ce lls by 
means o f secondary pit connectio ns fo rm ed by e lon­
ga te co njunctor ce lls borne on descending branched 
filaments (Fig. 6e ) ; tetraspora ngia ell ipso id to subg lo­
bose , crucia te ly div id ed, 25-27.:) urn di ameter 32 .5­
47 .;) IJ. In lo ng, sca ttered in th e o ll ter cortex. 

Hollllypt': a fem ale specimen co llected by Max H . 
Homme rsa nd o n ~8 :--J"ovember 1981 a nd deposited a t 
US (lJS 2043~1) . 

Imlype: a fe male plan t as abo ve d eposited a t NCU. 
T'yjJe lom lity: attach ed to a coquina-type limeston e reef 

an d pardy buried in sand , Kure Beach , Fort Fisher, New 
Han over Co ., North Carolina . 

Taxonomi c synonyms: Gracilmin wnfervoides var. longissi­
mus (Harvey 1853:108) Gracilariopsis sjoestedlii (Dawson 
1953); Gmci/min sjoestedtii (Taylor 1960, Schne ider 1976, 
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b e 
FIl:.7. Grari/l/rio!Jsis costarireusis (:'\Ct:) . base d on cysrocarp ir pla n ts from Phl)'a Tarna rin do, Nicova Pc n isula . Guanacaste, Cost a 

Rica, leg. D. T. Talbot & D. W. Freshwater, 17.iii .199 ~ ) . (a) Tang-cntial sectio n of mature c)'stoc arp . Scale , 100 fUll . (b) Med ian sectio n of 
mature cvstora rp sho wing prominent fusion ce ll. Scale, 100 u.m. (c) Ta ngent ial sec tion of young cyslOcarp. Scale , :')0 u.m. (ell Hasal portion 
showing co n ju nc ior ce lls formin g seco nda ry pi t co n nections (arrows) with multinucleate ce ll in 1100r o f cystocarp . Scale , 20 /L1ll . 

e nc es from th e generitype species of Gradlariopsis, (;p. personal obse rvations). The opposit e ma y not be tru e , 
sjoestedtii (=GjJ. andersoniiv fro m Californ ia (4.49%) howeve r, because species with less than 2% pai r-wise 
and from Gp. carolinensis from Nort h Carolina (2.54%), sequcnce divergence are no t necessarily conspecific 
simila rly to the results obtained by Goffet al. (1994) . and can sometimes be distingu ished based on mor­
Gracilari acea e phylogenies based on rbd: seq ue nces phologi cal criteria . Additional d ata ma y be required 
sugges t that haplotype s with valu es above 2% se­ in evaluating th e sta tus of taxa that show littl e ge ne tic 
qu ence divergence correspond to tax onomic species divergence. The phylogen etic position of th e group 
es tablished upon mo rphological cha racte rs (Gu rge l, encompassing Gp. leman eijormis/ Gp. costaricensis and 

c 
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Dp. carolineusis rec eived strong bootstrap support in 
both ML a nd MP analyses, suggesting that they are in­
deed related. Cysto carpic material of (;/). lemaneiformis 
from th e type locality correspo nd ed closely to th e ster­
ile type specimen illustrated by Howe (1914, pl. :'J~) 

and Fredericq and Homrnersand (1989b, fig. 1). 
Our molecular data suggests that G/). lemmwijimllis 

and Gp. costarirensis ma y be conspccific, co rrespond ing 
to distinct forms of a single species. However, Gmci{mio/J­
sis rostarurnsis is generally shorter and narrower th an (;/). 
lemaneiformis ircni: Peru. The cystocarps are dornoid and 
rostrate in both species (our data, Bird and Oliveira 
1986 ). On th e o the r hand, spennatangial so ri are said to 
be produced in anastomosing longitudinal patches sepa­
rated by extensive sterile co rtex in Gp. costaricensis (Daw­
son 1949, Bird and Oliveira 1986) and to be superfi cial 
in indefinite sori in Gp. lemaneiformis (Dawson e t al, 
1964). The reported distribution of (;/). rostariamsis from 
Jalisco , Mexico to Costa Rica places this species within 
the Eastern Pacific tropical region characterized by aver­
age water temperatures of ~6 to 270 C and large yea rly 
variations in temperature of 15 to ~2° C (Lun ing 1990) . 
In contrast , Gp. lemaneiformis known from Paita, Peru to 
Taital, ProvoAntofagasto, Chile lies within the warm-tern­
perate region of coastal upwelling provided by th e Hum­
boldt Current with average temperatures ranging from 
15 to 2:')0 C. It is unclear at this point whether the plant 
known in Peru and Chil e as Dp. lemnneifonnis comprises 
one or more species. The reliability or morphological 
and molecular characters for separating all the t;1XO' 
nomic entities in th e com plex will require an extensive 
investi gation of sam ples throughout their geographic 
range . In the absence of detailed information it seems 
best to con tin ue recognizing G/). costnrirrnsis in addition 
to Gp. leuumriionnis. 

In agreement with th e phylogenetic analyses , a n 
eva lua tio n of similarities and differences in cystoc a rp 
morphol ogy among th e three North and South Am e r­
ican sp ecies formerly placed in Gp. lenm neiiormis a lso 
suggests that (;/). lenuineiformis and Gp. costaricensis 
stand closer to (1). carolin ensis than to Gp. ander sonii. 
The largest cystoc a r ps o f Gp. lenumcifonnis, (;/J. rostnri­
trnsis, and Gp carolinensis a re narrow based with indis­
tinct pericarp constri ctions at th e point of th allus in­
se rt io n co m pared with th e usually b roader cystocarps 
of Gp. an dersouii with well-defined co ns trictio ns a t th e 
bas e. Co rres po nd ing ly, the gon ill1oblasts are not as 
massive in the three Iormer species as those seen in large 
cystocarps of ( ;p. andnsonii. Cystocarps ill Glmi{lIri(1)sis 
mature at different stages in their d evelopment a nd 
may continue to enlarge- and fruit after the first rel ease 
of carposporangia. For exam ple , th e cystocarp of {;p. 
audcrsonii illustrated by Bird and Oliveira (1986, as Gp. le 
maneifonnis; appears to re presen t an ea rly fruiting' stage 
of a young cystocarp . It is clear that the morphology 
must be co m pared ove r th e full cycle of cystoca rp devel­

j 

opmen tto yield useful di agnostic ch a racters. 
Five haplorypcs cluster with high bootstrap su ppo rt in 

the MP tree (fiP = 9~% ) but arc unsupported in th e ML 
tree , namely Gp. umgi\sima from England, Spain, and It­

aly and G/). "l emanriformis" from th e west coast of th e 
Gulf of Ca lifo rn ia and Aus tralia . Gmcilm iopsis"lcmaneijor­
mis" from Namibia (Stegenga et al. 1997) is basal to this 
clade but without b O()tSLJ~lP support in the MP tree and 
with weak support (BP = 6~ %) in th e ML tree. In view 
of the lack of congrucnce in the MP and ML an alyses 
and 10\1' bootstrap support, the relationship between At­
lantic and Mediterranean specimens placed in G/). longis­
sima should be investigated further using a more rapidly 
evolvin g molecular marker, such as nuclear in te rnal 
transcribed spacer seque nces (Fam.i et al. 2000). The 
Mediterranean Sea is kn own for a high degree of ende­
mism , and th e Strait of Gibraltar ma )' se rve as a barrier 
promoting the geographic isolation and speciation of 
th ese two populations. Plants belonging to the "longis­
sima " gro up have apparently been introduced recently 
into th e Gulf of California, Mexico , and South Australia, 
The Mexican plants mav have been recorded bv Dawson 
(1949) as a slender vari ;1l1t of Gjl. sj or'sln/lii (see!Bird and 
Oliveira 1986 , p. ~ 18 ) , o r they ma y co rrespo nd to more 
rec ent introductions. Seasonal biomass densities and 
agar strengths and yields have been investigated for the 
plant seque nced here under th e name G/). "lemuneifor­
mis" from the Gulf of California where com me rcial ex ­
ploitation of this resource has begun (Pacheco-Rufz et 
aJ. 1999) . Male , female , and tetrasporangial stages have 
be en described and illustrated for a similar plant re­
corded as (;/). "lemaneijormis" from th e harbor and fish­
ing village at Lake Butler, Robe, South Australia, wh ere 
it is thought to be an adventive species (Womersley 
1996, lig. 8, A-F). The origin of this invasive species in 
th e Gulf of California and South Australia is unknown. 
Millar and Xia (1999) noted that th eir record of Gp. 
{(,))/(tI /f'i/imllis from No rfolk Island might have resulted 
from an anthropogenic introduction even t. The plant 
we sequenced from Swakopmund, Namibia that was re­
corded as Gj). "k-maneiformis" hy Stegenga et al. (1997) is 
not to be co nfused with the more widespread TJeITl/ COsr/­
type Gracilaria studied by Bird et a l. (1994) from Luder­
itz, Namibia. The phylogenetic distance of the Namibian 
Grarilaiiopsis compared with that of the northwestern At­
lantic spec imens is suffi cient to sugges t that the Namib­
ian plant is an undescribed species. 

(;rru-ilari()/J.111· tmuifron«from Guadeloupe (Fre nc h West 
Indies) and Venezue la and Gp. sp. fro m Mexico form a 
well-supported clad e in MP (BP = 9:')%) and ML trees 
(BP = 8 ~ %). Gratilariopsis tenulfrous (Bird c t Oliveira) 
Fredericq e t Hornmersand was originall y d escribed by 
Bird and Oliveira ( 1980) as a nan-ow freely branched spe­
cies or Gmcilruia possessing a well-developed cortex , sub­
cortical cells in radial files, and few large medullar 
cells. Th e spermatangial cortex was distinct in having 
sperm atangia interrupted by scattered cortical ce lls . 

(;!Yl ri{miojJsis heterodada from th e Philippines, Gp. 
" lr'man r'i/im nis" from China and .lapan , Gp. sp. from 
Ve nezue la, and (;p. aff. [umamensis from Panama and 
Venezuela ap pear to form a basal gro u p in th e ML 
tree , but thi s clade is not well supported (BP = 60%) . 
Gracilariopsis hetcrorlada Zhang c t Xia in Abbott e t £II. 
( 199 1) was originally described as a species of Gracilaria 
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Ff(;.~. (~rr((i/(I/j(J/).(i., alL /NIIIIl/I/I'I/.\j, (I .A}'). I Iabir of rvstocarpi« plants from I.a Encrucijad«, Pe-ninsu!a Para~lIana, Vt-ncviu-la. \cR. 
C. F. D. Gurgel, I 'J.lii. 10~)9. (;1) I Iabit of"spccuucns in 1he field. (h) Hcrb.uium-mouuted spccinu-us. 

from Hainan, China, (Zhang and Xia 1988, Xia and 
Zhang 1999, as G. bailinae; and is widely distributed in 
the Philippines (Hurtado-Ponce and Liao 1998). 
Gracilanopsis "lernauriformis" is reponed from China 
(Xia 198:1, Xia and Zhang 19S19, fig. :14) and from 
Shikoku Island in southern Japan (Yoshida 1998, as 
Graciloria lemo.ueiiormis), This species has slender 
branches and greenish main axes, unlike CII. chorda 
Holmes (I H96), which is thicker with reddish axes 
and main branches (Chirapart et al, 1994). Ch irapart 
et al. (1994) treated their plants from Shikoku Island 
as new to the Japanese nora. 

Craalariopsis punamensis (Taylor) Dawson (1949) 
was originally described as a species of Gracilaria by 
Taylor (1945: 2:11, pI. 7(), jigs. 1-4) from the Pacific 
("oasl of Panama where it has a recorded range from 
Costa Rica to the Galapagos Islands, Ecuador. A spe­
cies found in the Caribbean Sea from Panama and 
Venezuela that is morphologically similar to (;jJ. pana­
meusis is a common member of the upper subtidal 
zone in sandy habitats (Curgel, personal observa­
tion). Plan ts of Gil. all. panamensis arc characteristi­
cally yellow in color except at the base where dense 
patches may be pinkish to dark brown. Usually several 
distinct thalli grow closely together forming clusters 
of long cylindrical entangled axes. Individual thaJJi 
may be branched (Fig. Sa) or unbranched (Fig. 8b). 
Occasionally, a Iew short hook-like branchlets arc 

formed. These occur mostly ncar the apices but some­
times in the middle portion of entangled axes where 
they may link to adjacent thalli to form clusters. Plants 
of exposed shores (c.g. La Encrucijada, Venezuela) 
are thicker and seldom ramified, whereas those from 
calm protected bays and Thalassia tcstu dinu m Koenig 
beds (e.g. Francisky Is., Los Roqucs Archipelago) arc 
thinner and more delicate and may be more highly 
branched with frequent terminal hooked branchlets, 
The Caribbean plant is not as tall as CII. [ian.amrnsis 
Taylor, a species that reaches up to I f-i:"i em in length. 
It also displays a range 0(" morphological variability 
not reported for C/I. panamcnsis. Unlike the Carib­
bean plant, Gp. panamensis hax two cortical cell layers 
and the subcortex contains several layers of larger 
cells. Dawson (19:1''') detected a t ropical G/"(U:iffl/"ioj!,is 
species in the southern Caribbean, which he consid­
ered to be close to, but distinct Irorn, Cp. .IjOi'.Iltrllii. 
This species may be Gj!. alf. [iana.mcnsis, identified in 
this study. Cracilariopsis alf. [utnamensis may han' 
passed under the name Gp. lemaneijormis in floristic 
surveys during the past two decades. The Caribbean 
plant may represent a new species and will be the sub­
ject 0(" further study. Should it prove to be genetically 
distinct but, nonetheless, related to (;p. [unutmeusis, 
the rise of the Panama Isthmus could have been the 
vicariant event responsible lor its isolation and subsc­
guent speciation (I-bug and Tiedemann 19~)8). 
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Giadlariopsis comprises a monophyletic group in the 
Cracilariaceae (Bird et 'II. 1992, 1994, Gurgel 2001). Di­
agnostic characters that have defined Gmrilflrio/Jsis in 
the past, namely, superficial spermatangia, cystocarps 
lacking tubular cells, and gonimoblasts linked by sec­
ondary pit connections to modified gametophytic 
cells in the floor of the cystocarp were confirmed for 
the taxa studied. Species diversity among the charac­
ter-poor species of t aarilariopsis has been underesti­
mated in the eastern Pacific and western Atlan tic 
Oceans and generally throughout the world. Even in 
the absence of species descriptions and diagnostic 
species characters, the molecular evidence presented 
here suggests a pattern in the biogeography of species 
assigned to Gracilariopsis. The ancestral forms in the 
genus, although still unknown, may have originated 
in the Indof'acific Ocean, as suggested by the appar­
ent basal position of Gp. helnodada in our trees and 
in other molecular studies (Bellorin ct al, 2002). 
Gracilariopsis 'Iff. panamcnsis may be a species belong­
ing to this group of early diverged lineages that 
reached the eastern Pacific in central and South 
America and spread to the Caribbean Sea. There ap­
pears to be an American cluster that includes the true 
Gp. lemancijonnis and G/}. costnrirensis together with G/}. 
carolinensis in the western Atlantic Ocean. Gracilariop­
sis tcnuiirons and Gp. sp. from the Gulf of Mexico form 
a separate \'\'estertl Atlantic group. Finally, Gp. longissima 
from Europe and the Mediterranean Sea comprises a 
group that includes an invasive species reported as G/7. 
"lemanriformis" from the Gulf of California and also 
from South Australia. Gp. "Irmanl'ijimnis" from Namibia 
may also belong to this Western Atlantic assemblage. 

Much of this work was submitted as part of the Ph.D. disserta­
tion by C. F. Curgd to the Department of' Bioloi-,rv, L'niversirv of 
Louisiana at Lafayette. and by L. Liao to the U u ivc rs irv of:-';orth 
Carolina at Chapel I Iill. This study was supported in part by a 
Smithsonian Iustuution and Link Foundation graduate SUIll­

!TICI' internship at the Smithsonian Marin« Station at Fort 
Pierce, Florida (L'SA), a Sigma Xi graduate grant-in-aiel. Phvco­
logical Society of America research and travel awards and CI.­
La(~tyette CSO financial awards (1997-2000) to C. F. C .. and a 
r.s. Department of Energy grant DE F(;02-ll7ERI22220, :\L:RC­
:\OI\A. grant :\NJ6Rl'-02(jO, and I\SF gran I DFB-990;)lJOO to S. F. 
L L receil'ed support from a W. C. Coker Fellowship and ,r PSA 
Grant in Aid and thanks \'. ,\ll(lerson and D. R. Reynolds lor 
the access to anclloans from the E. Y. Dawson 1Ierbarium at the 
Los Angeles County Yluseum. Tlw collectors C. Aclcto, K. S. 
Cole,J Cahioch, W. Freshwater, S. ~vl. Lin, A. ~;lillar, W. :\elson, 
A. Renoux, H. B. S. Womerslc)', B. Wysor, and ~;l. Yoshiz'lki sent 
alg,t1 specimens that were greatl)' appreciated. C. F. G. thanks 
J E. Conde and C. Carmona ([VIC, \'enewda) for bcilitating 
fieldwork in Vene/,uela. We thank P. c:. Silva (i)r his help in re­
solving nomenclatural problems, J \i. :\orris for his SUpporl 
and inlerest in tlris study, and Dr. \,\'. T. Stam ,md the two anon­
ymous reviewers wllo greatly iJllproved this manuscript. 

Abbou. I. A. I')W\. Sume specics of (;racilaria (Rhudophyta) from 
Calif(,rnia. ·/(I.\DlI 32::,() 1-4. 

Abbult. I. A. 19')S. A decade of species of Graci/"ri([ (sensu lato). III 
Abbou, I.A. IEd.1 T([xonumy o( Frrnwmic Seawl'l'd, Vol. \'. Calilor­
n ia Sea Cram College Program, l.a Jolla. CA. pp. 1H:'-94. 

.\bbott. I. A. 1~)lll). Jl"ril/f' 1'1'11 A(~lII' oj I},,, f Iruoaiian Islands. Bishop 
Muse-urn Press. Honolulu. 477 Pl'. 

,\bboll, I. A., Zhang. J 8.: Xia, B. H)~l I. Grarilori« mixt« sp. nov. and 
other wvsuru Pacitic specil's ot\\", geuus (Rhodophyta: (;racilari­
.ucac). 1'([0/ Sri. 1:':12-27. 

Ikllurin. A. ~L Oliveira, ~I. c. 8.,. Oliveira. E. C. 2002. Plwlogenv 
and systclnalics of the murim- algal LlIuily CraciL;ria~cd:' 
(C:racilarial,'s, Rhodophyta) based o u small subunit rDNA 
~~l(l I::S sequences of A t la n rir and Pacific species. I Phvcol. 38: 
:ul-h.,. 

Benson, D. A., Boguski , M., Lipman, D. J & Ostell, J. 1994. (;en­
Bank. Sudril' ,\ritls u-: 22:;1441-4. 

Bhauach.uva, I) .. EII,·ood. H.J. Coff, LJ. 8.:Sogin. ~'I. L 1')90. Phy­
logl'nl' of Grarilari« h'/I/(()/('ijormis (Rhodophyta) based on sc'­
quenl'l' analysis of ITS small subunit ribosomal R1'\.\ codiug rc­
v,ion.}. Phytol. ~(i: 1HJ-(-j. 

gil'll, c:.J ..van del' ~kcr.J 1'. 8.: ~kl.achbn.J j(lH2.:\ cumment on 
Crarilnnn I'I'I'I'ums" (Hucls.) Pape-nf. (Rhodophvra: Cigartin,t1l's). 
I !H"r. Hiol. AWl(. [·.K. 1;2:4:');)-'l. 

Bird, c:J, \·IcLlchlan. J &: Olive-ira. 1':. c. 1986. (;mrilari,f1 chilcnsi» 
sp. nov. (Rhodophyta, CigMtinalcs). from Pacific South Amer­
ica. ellll.I Rol. 64:292H-'\4. 

Bird. c. J 8.: Ol iveira, L c:. 19H1i. Crurilarin tnnufron» sp. nov. (Gi­
garlinalcs. Rhodophvra). a species from the tropical western 
Allan tic with superficial spl'rlllat,mgid. I'h)'mlogifl 2')::\ I :',-20. 

Bird, C.J. Ragan, \1. .\.. Critchley, A. T., Rice, 1':. f" 8.: (;utl'lI, R. R. 
l'l~14. ~'lolecubr relationships dll10ng Cracilariarcac (Rhodo­
phyta): further observations on some unden-rmiucd species. 
liur]. Phym!. 29:19:,-202. 

Bird. <:.J 8.: Rice. 1':. L 1990. Rl'ccnt approaches to the taxonomy ofthe 
Crdcilariaceal' (Ciganinalcs. Rhodophvta) and the Graciuuin 1!I'1TIl­

rosa problem, II)'tlml)i%.~i"204/20;,: 111-8. 
Bird. c.J. Rice, E. L.. Murphy, C. A. 8.: Ragan, M. A. Il)l)2. Phvloge-­

netir rel.uionships in the Cracilariak.« (Rhodophyta) as deter­
mined by ISS rD:\A sequences. Pltymlogil( 31::,10-22 . 

Borv cle Saint-Vincent. J B. C. M. IH28. Cryptogamic In Duperrcy, 
L I. [Fd.]. \loy"g" autourdu moudr, "La Coquille" . . . . Ber­
uand. Paris. pp. 97-200, pis. [-:\9. 

Bouzon, Z. I.., \Iigucns. F. K· Oliveira. E. C. 2000. \hle gamt'logen­
esis in the re-d algal' (;rt(rilmi" and (;mri/({/io/J"is (Rhodophyta, 
Cracilariak-s). en'!'(o,!!,. ,\Igo!. 21:'\'\-47. 

Chaug. c:. F. 8.: Xia, B. 1~17(i. Studies on Cuiuesr- species of 
t anrilari«. SllIti..\101'. Sillim 11:91-\(1:\ (in Chine-se). 

Ch i r.rp.ut , A. Ohno. "I. 8.:Yamamoto. H. ] ~lll'l. Occurrence of a dif­
Icrc-nt Gmrilarin in Japan. In Abbott.!. A. [Ed.] Taxonomv o( 
I,'(()//OII/;' Sl'm(lI'",ls unth HI'!,'rl'l/((' 10 "011/1' I'arijlc anti Caribbean SjJe­
(in. Vol. f\'. California Sea Cram Collcge, Uuiversity of Califor­
niu. LaJolld, C\, pp. 119-24. 

Dawson, E. Y. 19'19. Studies of northeast Pacific Crar ilariaceae. AI­
1,," l lo nrork Foundation, Publ., Ocr. I'a/J. 7: 1-10:,.2" pis. 

Dawson. E. Y. I \1:-,;). On the occurrence of Cmrilariopsis in the Arlan­
lie and Caribln-un. iiI/II. Torrr; Hoi. CI/lhHO:314-(). 

Dawson. E. Y. 191;I. vl.uinc red algal' uf Pacific Mexico. Part 4. Gi­
gdrtinalcs. I'acil IVai. 2:191-'\4'\. 

Ddwson. E. Y.. ,\clell>, c:. & Fo\dvik. :'\. 19fir. The seaweeds of Pent. 
lil'ih. 1\'01'0 Ul'tlw. I:·U-III. HI pis. 

Fam,i. P., Olsen,J L., Stam, W. T. 8.:Procaccini. C. 2000. High le\els of 
illlra- dncl illter-uldividual polymorph isms in the rDNA ITS1 of 
(,(1lI/1'ljJ({ mmllOSfl (Chlorophyta). Vur.J. PltJwl. :;;->:349-:;6. 

Fcl.scnstl'in,J 198:,. Cunfidence limils on phylogenies: an approach 
using the hootslrap. I"'voluliull :)lJ:7H:1-lJ I. 

Filch. \\'. ~.I. 1971. Tm,'ard ddining the coursc' ur evolution: lIlini­
lIlal ch'lIlgc tur a specific tree t<>pol0I':Y' S\,sl. Zoot. 20:l0<:i-16. 

Frl'dcliclj, S. 8.: I-lonlllll'rsand. \1. H. IlJH9a. Prol)osa] or 11ll' Gracilari­
ales, l>rd. no\. (Rhoduphyta) based on an analysis ur the re" 
productive dcvelopmellt or Graci/aria vermwsa. I Phyw/. 25: 
213-27. 

Fredericq, S. 8.: HOllll1lersand, "I. I-l. 1989b. COlnpal~ltivc morphology 
and taxonomic status of Grwilmia/Jsis (Cracilariales, Rhudophyta). 
.1 Pltyml. 25:228-41. 

Frl'dericq. S. 8.: I-lonul1ersand, ~J. H. 19~1O. Diagnoses and key to the 
gcnera or the C;racilariaceac (C;racilarialcs, Rhudophyta). II)'· 
tlmbiologia 204/20:,: 173-8. 



170 CARLOS FREDERICO D. C;URGEI. ET AL. 

Fres hwa ter, D. \1".• Frcdc ricq . S. &- Ho n un c rsanrl. M. II. 1995. A molec­
ular ph ylogen y olihe Cclid ialcs (Rho dop hyta) based on ana lysis 
o f plast id ,.hr! . nurlcorld e sequenees ..J. Phsrol. ~ I :til 0-32. 

Fres hwa te r.	 D. \\ '. & RULO nLOss. .J. 1994. Phylogen et ic relatio nsh ip o f 
some Enropean GdidiulII «:C·lidia les. Rhodophyta ) species. based 
o n ,bd . n uclco ride seq uence a na lysis. I 'h.l"d llgiu ::\:1: IR7-94. 

(;al ·giulu . C . \ -1.. de :VIasi. F. & Tripo ni. c . 1992. :VI o rph oloh'Y, repm· 
d uc tion and taxo nomy of the Mediu-m uu-an species ol (;"urilmiu 
« ;/OU'ilaria!cs. Rhodo phyta ) . I'hl'coillgiu :~ I.ss-so. 

C mc lin. S. (; . 176R. I !i,lvria/;/('IJ1'111I/. Academia Srien tari um , St. Pet e rs­
burg, rXIIII 1 2:,\) I (; pp ., 3" pis. [lA, 11\,11.\, IIlI , III-XXXlII ]. 

Gu ff , I.. j. & Co leman. A. W. 19RR. T he use 01 p las tid DNA rcs tric­
tiu n c ndo u u rk-asc pa ue rn s in d elineating re d algal species 
a nd po pul a tions..J. 1'11.1"'01. 24 ::n7-li8. 

Goff, I ...J., \100n . D. A. & Coleman. A. W. 1994. Mo lecu lar del ineati on 
of species and specks rela tionships in the red algul agarophytes 
(;mrilmio/',I'il and (;,,,,,i lmiu (C;racilaria les). / I 'hy n!. :lO:521- :n. 

Grenier. W.. i\1c"'ei ll, J.. garrie. F. It, Burnet , H . :VI., Demoul in , V.. 
FilglJ(' il ~ lS , T. S.. Nico lson , D. H .• Silva, 1'. C.. Skog,.J. E., Trcha nc , 
P., T urla nd, "' . .J. & H uwksworth , n. I ., 200 0. lntrmntional (.'oflr o] 
Boumiro!Xomenrlruurr (SI. /.OIl;S (.'01/"). Koeltz , Kiinigstein . rR''gll ll m 
\fIg. J:~S] xviii + ,174 pp. 

(;urgd, C F. D. ~OO I. l 'hvlogm .1" 7 /1XIIIWII1J and liio,W'oKm/Jh\, oj lilt' 
Gmrilmi'JII'lIp (Gm ri lnnnlrs. Hhod0f>h)'lll) unth 1':ml,llI,sis on 'I i I.'''' }ram 
1//1' l1i" ll'l'II ; It/ll l1lil'. Ph .O. Dissc ruu io n. Univcrsi rv of Lou isian a at 
I .darct le , l'\-l1 micro Jel)'J n no, :,029ft I5, IkU & 'l-!o\\,e ll-Proq u LOst 
Info rm a tion a nd Learni ng Press, An n Ha rbo r, MI. :0:, Pl' . 

H ari ot, P. A. IHR9. A(ff;lII·.I, Mission srirntijiqu« du Cal' Hom 1882-1883. 
Vol. V. Botaniq uc. C auth ier-Villa rs c t Iils, Paris, PI" :\- 109, pis. 1-'1. 

Ha r",' y, "V. H . 11'1,,:1. "' en' is boreal i-americana. l'al1 II. Rh odosper­
n1<'at'. ,)milli.,olI ;f/li COlill i/JIIlion> 10 Kli inoll'llgl' :, . 25S PI' .. pis. I:\-?6. 

lI an g , C. H . 8.: T ied e man n , R. 199 5. Efrec t o f tl1<' (ormat ion o f til(' 
ISlh mns of Pa nama on Atlan tic' Ocean lh e rm ohal in e circula ­
tiu n . ,\'11111/'1' :~9 :\:(i 7 '\-(). 

Hil lis. D. :VI. 8.: H ue lsl'n heck. P. 19\12. Signa l. nuise . a nd rdiahili ll' 
in m o lecu lar phd ogl'netic ana lyses..f. H em l. l):~ : 1l)9-Y5 . 

Il o hn( 's, E. :VI. I H9li. !':CII' mari ne a lgae frum Japan. j. Linn. Soc 
Lond. Bol. :~ 1:248-(jO , p is. 7- 12. 

1-lolmh'1'Cn. 1'. K.. Holmgren , "'. H. S,' Barn e t!, I .. )990. Irull'.I·/{l'rbmc 

iO)'1lm. PII ,.t I : 7111' 1I1'1'1)(/rill ojlhf' \\Iorld, 8th l'rl. Internatio nal As­
soc ia tio n or Pla nt Taxono my, :\e\\' Yo rk Bot anical garde ll. 
Bron x. Nell' York. x + 1)9;1 pp. rRrgllll m vegrillbilt , \'Ill. 120 ] 

HOlllm e rsan d , } I. H.. Frcrleric' 'l , S. K· I:-resh \\'a tn , D. W. 1994. Ph y­
log-ell c tic sy~tl" n lati( s and biog"L'ugraph y or ( ~jgarli n aceac (C i­
ga rti na lt's, Rh od o p hyta ) basLOd un se 'l ne nt'<' a na l)'sis of ,.btl .. 
i lol. .11111'. ,\7: I~n-20;l , 

/-IolI'e , M. A . I ~I I ·1. The marine algae uf Penl. Mml. Tum)' n ol . Club. 
I fl:I-HFI . 6(; pis. 

H un aclo-Po nCl', A. Q., & l. iao , I.. 1998. Th e ge n us (;mcii/l ri ojJs;s 
(Rh u dophyla . Gr acila rialcs ) in the Ph ilip p in es: m orp hological 
anr l taxonomic con li rma. io ns . Philip/,. Slim I. :~,,: 1'11-51 . 

K..praun , D. F. 19RO. Au //Ius lrall'd GuidI' 10Ihl' H"u lhic MflJ;ul' A~~"'/i'(J/ 

Cooslal.vvrlh C"wlillo. f . 11111)(10/,".,'111. u n i\'e rsity· of \!o rth Ca rl}­
lina Press, ( :hape l H ill , l'ii + 206 Pl' . 

K"p l~lu n. D. F. 199:t Ka ryo logy and cytopho lo me lric esti mation o f nn­
d ear D"''' contelll l<lriatiu n in (;mlil",ill, (;/(/(il"';"/,.,il a" d Ifrdn~ 

IWIII;o (Crat' ila riaks. Rhodo phyta) . 1':uI.] I'hyml. 2R:25'\-liO. 
Ka pralln . D. F., DlItt'her. j. .\ . & Fre shw a ter, D. W. 199:1. Quantifica­

lion an d chara cterizat io n of Illld l.'ar gl'11011H:S in ( Oll11l1ercial 
re d sea wt't' rls: (;racilaria lt-s a " d (; d idia ks. flwl rubiolugia 260 / 
26 1:679-l-\H. 

Kylin . l-!. 1 ~)30 . Cber dit' Ent\\' ick lungsgescbiehte de r FIurideen . 
1,1IIId l Univ. AHSkr.. ,\ '. F Atd . 2, 2:1:1 -104. 

Kylin , H . 194 1. ( :alilo rn ischt' Rh uclo ph yeee n . f ,unds Univ. ,h,f.lhr.. 
S. F Ald . :U : 1-:; " . 

Lt:ln nano mo llt, K. 1994. T he 'pecit's of (; ,a,ri l",io from Thailand. 111 
:\bbOtl, 1. .\. [Ed. I ·/iI.Vil/OIllY vjJ<;rm/IJlllir SI'fI7l'IWl.I wilh ReII'lY!I/(f' 10 
>lilJlI' I'm'iJir I1 l1d (.l lIihbr lll1 S/m ·;I:I. Vol. IV. Californ ia Sea C ral\l Col­
lege . C n iversity of Califimli ... LaJolla. C \ , pp. I :U -4R 

l .in . S. M.. Flwl,' ,ic'l' S. & I lo mme rsa nn , \1. H. 200 I. Sys l~'ma tics of 
Ihe Delcsseriaceat' (Ceramial"s . Rh odo ph yta ) based on 1St' 
rll !'::\ and d'd . Sl''luelll'l'S, including [be Phyt'o d ro ideae, sub­
I' ''n . nov .j. PhJrol. :{7:l)8 1-Y9. 

Li ttler, D. S. & Littl e r, M. \ '1. 2000 . Caribbean H,·ejPlll ul.l: AI/ ld enl ifica­
li on Guid« 10the Rl'IjPlalll.l of the Clll i iJIJl'fIl1, Bahamas, Florit!« lind 
Culjoj iVlex;w. OfIsh o re (;raph irs Inc., Washington, DC, 542 Pl" 

Luning; K. 1990. SellTI" 'I'''- ' . Th rirEmnronnuni, Bio,W'ogm /' h}', 111/11 Eco­
/'ItY.liolog.1" J ohn Wiky & So ns, ;-';" 11' York. ,,27 pp. 

Millar. A. .J. & Xia , B. I ~ J 9Y . Th t' g,'ntTa Crari lann and Gmt'ilmi"jJ.,i., 
from No rfolk Island, Southwestern Pacific. I II Abbott . I. A. 
[Ed.1 Taxononr: of ["(0 1111111 ir Sf'IITIWf,d.I. Vol. VII. I. Ca liforn ia Sea 
C ra nt Co llege Pro g ram, LaJoll a , CA, PI' . 11,\-9. 

Pucheco-Ru iz, I. Ze rtuche-CO/milel ,j. A , Corrca-Diaz. F.. Arellano­
Carbajal, F. & Ch ec-Barra gan , A. 1999 . Gml'ilo ,,:o/),li,I/t' /II' IIl t:iji,r­
mis bed s along th e wcs: coast of th e ClIl f o f California , Moxico. 
HJl lmhiolog;fI :198/:1\)9:509- 1-I. 

Papc ufuss. (; . F. 19li7. No n-s o n a lga l uomcucl.uu rc . V. Vario us 
Chlorophyceae ancl Rh o d ophyccac , Plrikns :>:95- 105 . 

Piccon e. A. I881i. Aighf drl vi oggio di rirru mnmngmionr della nettor 
Pisa ni , R. Ist iuu o Sordo-muri, (; e no\'a, 97 PI' .. ~ pis. 

Posad a , D. •1(,' Cranda ll. K. A. 1991). Mo delu-st: [es ling the m odel o f 
D1\,.\ su hsti uu io n. Hioiu /ormlllil'.1 14:S 17-tl. 

Pric e , J H .. J ohn, D. \ '1. & Lawson , C. W. 191'18. Seaweeds o f the 
west ern coast of tro pical Alri ra and ad jacent islands: a critical 
assessm ent. IV. Rh odophyta (Flo rid c ac) 2. Ccuera C . BIIII. /Jr, 
,'vill I. (.""01. H isl) /Jol. 1R:1~)',-2 7 :\. 

Ram irez. :VI. E. 8: San rcliccs. B. 1991 . Cfliliingo deIns O~ff;a.1 nuumns benton» 
cas de la rosta temprmda del J'arifirl} dr Suda mnir« . Monogrnfin» lJio!t;g'i­
ras "". ; . Fac:. Cicnc. Biol. , Pon tificia U n iv, ( ~It, ', l i('() Ch ile. ,1:\7 Pl" 

Ramirez. ,\01. r. 8: Tapia , I.. 1991. (;mtilm;o/,.I;'I lcmn nrifo rm is ( Bo ry) 
Dawso n , Ac le ro & Fo ld vik en c l no rt e de C h ile (Rhodop hyta . 
Craci lariaccuc-). Rro. Chi l. tu« No l. 6 4: '~2 :'-:~O . 

Schneider , C. W. 1976. Spatial and telllpOI~\1 distrihutiolls of benthic 
m arine a lgae on Ihe conti ne ntal shelf o f th e Ca rolin ,lS. /JIII/. 
M ol'. Sri . (; ul/ (;o ribh. 26: ) :1;1-" I . 

Sc h ne ider, C. W. & Se a rles , R. II. 1991 . Srmvl'f'dl "jlh,' S"lI lhl'lJ.III'I'II 
Unill'd SI"II' \. Co/)(' HaU"m,1 10 C,,/w Conm}('m l. Du ke uni\'e rsitv 
Pr e.,Ss, Durham & l. ondo n , xiv + ,':' 3 Pl' . 

SchoUieid. CI., Gael'sa, P., I'rice ,.J. 1-1 .. R,LsseU, S..J. & Bhoday, R. 19!)L 
Reslli ction fragm e nt lengt h polymo rphism o f e mym ica lly-am pli­
lied sma ll-su buni t rRNA-<:odi ng re gio lls from Gml'il",i" an d 
(;mrilm;o/!.Iil (Rh odophyt.a)-a rapid method te,r assessin g "SPl'­
eies" limi ts..J. ,1/'/11. l 'h.1'lOl. :1: 329-;14. 

Silva, P. C , I1asson, P. W. & \-1 oe . R. I... 199 6. Colo loglI" fI/ lh,' M oril/{ ' 
A (~'lII' of Ihr I ll di l/.l1 Or",,)}. L:n il't' rs ity o f Ca lif(,rnia puh!. BOl., 
Vol. 79 , C n iversi t)" of Ca lililrnia Press. Berkeley. 1259 PI' . 

Sjoestedt, I.. C. 1926 . Flo riclean studics. ; It'11I l ':)}i ll . I ,I/ il d. ,\ ', F , Awl. 
2. 22 :~ J ll -:~23 . 

Smi th . C . \1. 1944. M llli)} 1'i1lgfll'''1 IIII' M o)}lm :r·l'm ill .l1llo. Coli/imlia. 
Sta nfo rd C ni \'ersi lY, Sta nt' ,rd . CA, li22 pp .. 98 pis . 

Stee n to l'r. M., Irvin e, J.. .\ -1. & Fa rnh,"n, W. F. 199:,. TII'o tere te spe­
ci t's o f (; mril" r;o an d Gmril" l'irr/Jsis ((;racil ari alcs, Rh odophyta ) 
in Brit a in . Ph\'rologi ll :,4:11:1-27. 

Stegenga, H .. Bolton ,.J..J. & Anderson. R. .J. 19 \17. SI'I/II"'l'd, '1' lhl' SlIulh 
Aji;mJl m'I/I.;)((sl. Co ntr. Bolus Herhali um :-.1r. (8. li5:' pp. 

Stevens, R. II . ! ')81. M \,mlog)' (;uidl'i)(JIi/{. Un ive rsit), of Washin gton 
Press, Seatt le , 7 12 Pl'. 

S\I'oftorc l, D. l.. 2002. PAUl" '>: Ph.\' ln{!;f'11rlic /11/1I1\,si.1 U'i l/g l ' IIHi milI/J 
(allli 0 1111''' M l'lhod.I) . Version 4 .0 , b('t a re lea s(' v('rs io n Il l. 
Sin au ('r As.socia lt'.s, Su nde rla nd. \ 'Iassa chusetts. 

T aylo r, \Y. R. 194:;. Paei tie marin e a lgae of th e .\ llan Han cock expe­
diti o ns til th e Ca lap agos Isla nds . AI/all IIr/l1rorh Pll r ill·;x/wd. 12: 
[:'] . iv + 528 pp. 

Taylor, \V. R. 1960 . Mllriw' , l/gz/l' oj 11/1' Fa .llrw TmjJiml alld SlIhlmjJiml 
CIlI/.\/.1 oj 11/1' AIII,·/i('//I . L' n i\'crsity of Mich igan Press, ,'In n .\ rho r. 
xi + l)70 Pl' . 

Wehn-van Bosse . A. 192::;. I.iste d('s a lg lles du Sihuga. IV . Rh odo­
ph yceae , Part :1 . Gigan inales e l Rh odp)Jeniale s. Si bl~e:rt 1'.'.1/,. 
;\[ ol/ogr, ',9 d: 3! 1:l-5~:I . 

Wiseman, D. R. & Schneider, C. \1'. 1976. IllI 'csligalion.s o f the ma­
rin c a lgae of Sou th Ca ro lina . I. "'ell' records of Rh od ophyta . 
/{/wdom 7R::; I 6-24. 

Will mann, W. 1965 . Acc to-iro n-haema lox\'lin-e h lo ra l h\'dral " It,r 
chromosome staining. Slain 'fpchnol. 4():16 1-4. . 

WOllll'rsJt'y, H . B. S. I99ti . n Jl' ;\I m; ,/I' 8mlhi r N om vI 11/1' SOl/IIII'm 
AI/.,Iralia . Pari 1118. - Gmril"riall'l. Rlu/ll.\'JJlI'II ia l,·s, Coml/illalt·.1 al/ll 

http:molecularphdogl'neticanalyses..f


171 SYSTE~vIATICS OF G/uIUL/I/UOPS[S 

Brmnenunsonmlcs. Australian Biological Resources Study. Can­
berra, :jC)~ Pl'. 

Wynne, M.J. 1991'.A checklist of the benthic marine algal' of the tropi­
cal and subtropical western Atlantic: first revision. XIfIIII Hals». llli: 
l-IS'i. 

Xia. B. 1985. Gml'iIIll;1l from China: key. list and distribution of the 
species. [n Abbolt. 1. A. & :-.Jorris. .J. :-.J. [Eds.] "j"IlXmwIIIY (I/l~m­
nomu. Smw""ds. Vol. r. California Sea Grant College Program, 
Lalolla, CA. Pl'. 71-6. 

Xia. B. & Zhang. .J. I<)c)9. Flora illgm'lIm ,11111;1/11111 Sinirurum, '(011/11., 

Il, RlwdojJ/tylll . .vo. If. Ahl/iellillin. (;igarlil/Ill"s, Nhodymnlillin. 

Florarum Crvptogumarum Siuicarum .:\C<ld Clll id l' Sinicac Ed­
ira. Science Press, 2011'1' .. XI pis. (in Chinese). 

Yoshida, T. L998. :v["rille .llgllr' ofJofJUI/. l"chida-Rokakubo, Tokyo, 
25 + 12221'1'. (injapanese). 

Zhang, .J. & xu, B. I~)1'1'. On two new (;rrllillll;" (Gigartinales, 
Rhodophyta) from South China. II/ Abbott, 1. A. IEd.1 '( IlXUI/­
om)' ofFronomic S"(17{!('N!S ioitl. Hrj('rrurl' tv somr P(u:i/ir and Carib 
bran. Sfwl'in. Vol. II, California Sea CraIlI College. Univcrxitv of 
Californi«, Lalolla, C.\, PP l'lI-:~(j. figs, 1-17. 

Zhang. X. & van dl'l' ~\'h·cr.J. P. 198H. A gClletic study Oil Crruilaria 
'jonled/ii. CIlI/.j. liol. 66:2022-6. 



RELATIONSHIP BETWEE N PRESENCE OF A MOTHER CELL vVALL AND SPECIATIO N IN
 
TI-IE UN ICELLU LAR MICROALGA NANNOCHLO[US (CHLOROPHYIA) I
 

Ma ki Yamamoto, '2 Hisasoshi Nozaki, Yutaka iHiyaw wa:1
 

De partment of Biol og ical Sc ien ce . C rud uau- School o f Scienc e . L'niversirv ofTok yo . (-loJlgo. Bunkvo-ku , Tokyo I I:1-OO:I:I. j a pan
 

Tomojiro Koule and Shigp'vuk i Kawano 

De puru n e ut o f Integra ted Biosci c uccs, C;radual e School ol' Fro n t in Sc ie nces. l:ni\'lTSi I)" o f To kyo . Hldg . FSH-(jO I . ,-,-1-,'-, Kash iwanoh».
 

Kash iwa , Ch iba 27 7-iF,()2..J<l p<ln
 

The cell division mechanisms of seven strains from 
six species of Nannochloris Naumann were analyzed 
and compared with those of three species of Chiarella 
Beijerinck and Trebouxia erici AJunadjian using differ­
ential interference microscopy and fluorescence mi­
croscopy. Nannochloris bacillaris Naumann divides by 
binary fission and N. coccoides Naumann divides by 
budding. Distinct triangular spaces or mother cell 
walls were found in th e dividing autosporangia of the 
oth er five strains from four species of Nannochloris, 
three species of Chiarella, and T. erici. In an attempt to 
i.nfer an evolutionary relationship between nonauto­
sporic and autosporic species of Nannochloris, we con­
stru cted a phylogenetic tree o f the actin genes using 
seven strains from six species of Nannochlaris, three 
species of Chlorella, and T. erici. Nannochloris species 
were polyphyletic in the Trebouxiophyceae group. 
Two nonautosporic species of N. bacillaris and N. coc­
coides were monophyletic and positioned distally. 
Moreover, to determine th eir phylogenetic position 
within the Trebouxiophyceae, we constructed phylo­
genetic tree of 18S rRNA genes adding other species 
of Trebouxiophyceae. Nannochloris species were poly­
phyletic in the Trebouxiophyceae and appeared in 
two different lineages, a Chlorella-Natmochloris group 
and a Trebouxia-Choricystis group. The nonautosporic 
species, N. bacillaris and N. coccoides, and three au­
tosporic species of Nannochloris belonged to the Chlo­
rella-Nannochloris group. Nannochloris bacillaris and N. 
coccoides were also monophyletic and positioned dis­
tally in the phylogenetic tree of 18S rRNA genes . 
These results suggest that autosporulation is the an­
cestr al mode of cell division in Nannochloris and that 
nonautosporulative mechanisms, such as binary fis­
sion and budding, evolved secondarily. 

Key index words: 18S rRNA; actin gene; autosporula­
tion; binary fission; budding; Chiarella ; Chlorophyta; 
molecular phylogeny; Nannochloris; Trebou xia 

Abbrevia tions: ME, minimum evolution; MP, maxi­
mum parsimony; TBR, tree bisection reconnection 
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Ce ll div isio n is one of the most im porta n t and fun­
dam ental p rocesses in a ll livin g organisms. T he p lant 
ce ll is enclosed by a r igid ce ll wall. New daug h ter ce lls 
are generated in th e space that is e nclosed by the wall 
o f th e mo the r ce ll. Terrest ria l plan ts m ul tipl y by 
ph ragmoplas t form ation . where as some a lgae mult i­
ply by au tos poru la tio n. Because protoplas t div ision 
and da ught er ce ll wall fo rm atio n occur in the m o th e r 
cel l wall, th e daugh ter ce lls are enclosed by the 
mother ce ll wall d uring a utospo ru l.uion . 

The prese nce of a mother cell wall is a cent ral issu e 
in th e taxo no my o f Nnnnochloris. According t o Nau­
mann 's ( I ~)~ 1) original descri p tion of the ty-pc species 
N lnuillaris, thi s alga propagates by bina ry fission . Th e 
second species described in the gcn us, N. rorcoidrs. 
was a lso reported to undergo bi na ry fission . Na u mann 
e m phasized th at autosporu laiio n di d not occur withi n 
this ge nus (Krie-nirz e t al, I~9ti) . Several m ar in e sp e­
cies we re later added to the genus (Butch e r 195~, 

Droo p I 95r> , J d Trey IYtil , T homas I ~)(j() ) . However, 
a Ulospore Iormation was o bserved subseq uently in 
most mari ne species a nd fres hwater N. rorroulrs (SAC; 
25 1-1) by E~\'I (Sa ro kin an d Carpe nter 1 9R ~ , Brown 
and Elfma n J9H3, Me nze l and Wild 19H9) , Me nzel 
and Wild (19H9) insiste d tha t Nannoth lons was cha rac­
terized by autosporulation and tr ans ferred th e au­
tos poric Nanochlorum euraryonun Wilh elru et al. to th e 
gen us Nannochloris as i ll. eucarvonun (Wilhe lm c t a l.) 
Me nzel c t Wild . However, Shi mada ct al . ( 1 9 ~1:) ) rc iso ­
la tcd N. bacillaris and ve rified Na u man n 's ( ID~ I ) orig­
ina l find ings. Krie n itz c t a l. ( I~ ~)ti) ins isted tha t d is­
c ussio ns of whe ther aurosporu la iion was a fea ture of 
Na nnochloris we re meaning less, because th e co ncl u­
sions we re bas ed o n a m isconception or the ge n us 
Nunnochloris. Indeed , th ey transferred th e a u ios p o ric 
"N coccoides 5A(;25 I-I " to th e ge n tls C1uni!'ystis (S kt~j a) 

Fo u and re designated it as C. minor. H uss c t al . (1999) 
suggestect that the rev ised name "N annochloris 1'1/('(11)'11­

tum" d eno ted by Me nzel and Wik l was untenable a nd 
that th e original ge nus name "Nanoclilonun' should be 
main ta ined. In ad d itio n , Woess (1999) insisted that N. 
coccoidrs (C CAP25 1/ G) , whi ch was es ta b lished by Hib­
berd ( 19Bl) , was no t a Nan.nochloris spec ies bu t in­
stead was Maroania grminn!« Hind.ik (H inr lak 197G), 
which reproduces by budd ing. 

Curren tly. it seems th a t the gen us Na unorhloris co n­
tains dubious species tha t co u ld proba bly be tra ns­


