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Generic concepts in the economically important 
agarophyte red algal family Gracilariaceae were 
~val~ated based o? ~aximum parsimony, Bayesian 
likelihood, and rrurnmum evolution analyses of the 
chloroplast-encoded rbcL gene from 67 specimens 
worldwide. The results confirm the monophyly of 
the. family and identify three large clades, one of 
which corresponds to the ancestral antiboreal 
genera Curdiea and Melanthalia, one to Gracilar­
iopsis, and one to Gracilaria sensu lato, which con­
~ins n~e distinct independent evolutionary lineages, 
m.cludmg Hydropuntia. The species currently at­
tributed to Hydropuntia comprise a single well­
supported clade composed of two distinct lineages. 
The two most basal clades within Gracilaria sensu 
lato deserve generic rank: a new genus centered 
around G. chilensis Bird, McLachlan et Oliveira and 
G. aff. tenuistipitata Chang et Xia and a resurrected 
Hydropuntia encompassing primarily Indo-Pacific 
(G. urvillei [Montagne] Abbott, G. edulis [So Gmelin] 
P. Silva, G. eucheumatoides Harvey, G. preissiana 
[S.onder] Womersley, and G. rangiferina [Kiitzing] 
Piccone) and western Atlantic species (G. cornea J. 
Agardh, G. crassissima P. et H. Crouan in Maze et 
Schramm, G. usneoides [C. Agardh] J. Agardh, G. 
caudata J. Agardh, and G. secunda P. et H. Crouan in 
Maze et Schramm). Cystocarpic features within the 
Gracilaria sensu lato clades appear to be more 
phylogenetically informative than male characters. 
The textorii-type spermatangial configuration is rep­
resented in two distinct clusters of Gracilaria. The 
rbcL genetic divergence among the Gracilariaceae 
?,enera ranged between 8.46% and 16.41 %, provid­
mg at least 2.5 times more genetic variation than 
does the I8S nuclear rDNA. rbcL also resolves 
intrageneric relationships, especially within Graci­
laria sensu lato, The current number of gracila­
riacean species is underestimated in the western 
Atlantic because of convergence in habit and 
apparent homoplasy in vegetative and reproductive 
anatomy. 
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The Crarilariales comprises a reccnr!v descrihed 
order of marine red algae (Frcdcricq and Horruncr­
sand 19H9a) based on the Cracilariaccae Nii""di (1847), 
a /;lI11ily previollsly placed in the (;igartil;7des (Kvlin 
I Dc):!, I ~)fifj), Members are characterized hy the 'fol­
lowing: 1) a female reproductive apparatlls composed 
oj a two-cel~ed carpogoniurn branch, 2) a supporting 
cell producing' other two to three two-celled sterile 
filaments, c)) the fertilized carpogonium fusing with its 
supporting cell 10 form the fusion cell, 4) the cells of the 
sterile lilarncnts hlsing and transfer their cellular-rich 
contents into the lusion cell, and :i) the gonilllohlasts 
developing directly and primarily outward from the 
fusion cell (Frcdericq and Hommcrsand 1989a, 1990b, 
Hommersand and Frcdericq 1990). Studies targeting 
the higher cvoluuonarv relationships amorisr red alzac~ I . • t1. t') (I 

based,on ~1]()~ecular ~lIlalyses confirm the l11ol1ophyly of
 
the Lractlana1cs (heshwater ct al, I~)94, Frcdcricq
 
et al. 19%).
 
, The order is composed of a single laruilv, Cracilar­

racc.u-, because the status of the parasitic Ptcrocladio­

philaccac is still unresolved hv molecular methods
 
Ceneric concept s within the C':aeilariaceae have bee~
 
based on anatomical details in cvstoearl) ontoucnv I hal
 

I h / 

rdlect strategies Ior the provision of nutrients by the 
g,nne(ophyte (0 the d('\'c!oping' carposporophyic 
(heclel'lcq and Hommersand 1990b). Currently, the 
(;racilariaeeae is composed of IIp to seven u'enera 
(Frcdc-rirq and Llornmersand 199011), namely (;)~(ilaria 
Greville (113:30). l Iydrojnnuia Montagne (U142), Mel­
anihalia Montagne (I H4,1), Cunliea Harvey (18:):)), 
Cracdariophila Selehell eL Wilson in Wilson (1910), 
(;mcilllriojJsis Dawson (1949), and Congracilaria Yama­
moto (19H(j), Identification keys and short diagnoses 
lor each genus arc provided ill Fredericq and Hom­
mcrsand (I ~)q()b). Curdiea and iVlelant/lillio are restricted 
to the temperate regions around southern Australia, 
i asmauia, and Nell' Zealand; the !{ll'IllCr is also Iound 
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in An ta rc tica . Oudim is characterized by a thick foliose 
habit a n d a hi gh d egree o r morphological plasticit y, 

Considered syn onymous with (;mrilrtria are Com ]: 
lO/isis Cre\ 'ille ( Ut W) a nd "f5'!eiopfwm .J. c . Agardh 
( IH90). PO(V U"iwl"/wsa C hang et Xia ( I9()g) h as been 
subs u med into Hyi mpulll ia (Wyn ne 19H9), Morpholo­
gica lly and ge netica lly Curdira a nd Mrlantnaii« are 
co ns ide red di stinct genera fr om each o ther a nd From 
th e remaining C racilariaceac (Fre dericq and Hom­
mersand I ~)H ~ )a,h,c , I 9g0a,h , Bird c t al. I 99~ ). Although 
so me a u tho rs consid er Gracilaria (hereafte r r; .), Crari­
lal'iojisis (he rea fte r (;p. ), and Hydropuniia distinct ge nera 
(Wyn ne 19H9, 199 H), others co nsid er Hydrobuntia a 
sy no n ym ol'Gmrilal'ia (Abb ott c t al. J 99 1, Ikllorin e t al. 
20(2), and still others place all three gener,1 in 
synonymy with Cracilana (Cargiulo er al. 1992, Abbott 
I !l9 :>, 1999). The proposed synonymy between Graci­
lnria and Cmciianopsis is based on practical taxonomic 
considerations (Abbott 199 9) inst ead or true phyloge­
neti c uncertainties, because there has been overwhelm­
ing morphological and genet ic e vide nce suppol'ling 
th e separation or th ese two genera (Fredc ricq a nd 
Hommersand 19H9a ,b , Bird e t a l. 1992 , Bellorin c t al. 
2( 02) . ~ on ethel e ss , th e precise taxonomic id entifica­
tion of ste r ile cylindri cal specimens re ma ins a difficult 
task, es pecia lly in cases o r m o rphological m odilicati on 
due to th e influence ofpart icul a r biotic (e .g. herbivory) 
a nd a bio tic (e .g, drifting habit, wave e xposure, sa nd 
sco urs) 1 ~lC t ors , In th ese cases , veget ati ve cha rac ters of 
cylin d r ica l species from both gene ra often converge . 

Subgenera with in Gracilaria a re based o n th e shape 
or the mature sp ermatan gial co ncep taclc: the texiorii 
type , th e ucrrucosa typ e , a nd th e J-Iydrojill/lti" type (SI' II S Il 

Yamamoto, 1971'! ). Howe ver, di stinguishing subgenera 
O il suc h a basis is sai d to be unreliable because seve ra l 
species display features cha racte ristic of more than one 
subgenus (Abbott et a l, 1991 , Schneider and Searles 
199J , Gargiulo ct al . 1992). 

Whereas all genera bUI Cracilruia are relativel y 
sm all, comprising Icwer than 20 sp ecies each, Giacilaria 
has nearly 300 described species, of which I I0 are 
currently recognized worldwide (Oliveira and Plastino 
1994 ). At present, the genus Grarilaria is the major 
so u rce or agar and th e third Iurgest Iarmed se aweed 
worldwide (Zc rn ke -W h itc a nd Ohno 1999). Propelled 
by a n econo m ic int erest in ph ycocolloids, th e stu dy or 
Gracilaria has resulted in numerous proposals fOI' tax­
o nom ic and nomenclatural changes (Silva et al , 199fi). 
Arte r a ve ry confused and d yn amic lectot ypilicati on 
h istory (nom e ncla tu ra l reviews in Frcdericq and H om­
m crsand 19H9a , Sree n rofi c r al. 1991 , Silva 1994, Bird 
I~95 , Irvin e ann Ste c n to fi 1998 , Silva e t al. 1996 ), 
Cracilaria was offi ciall y typ ified with (;. comptrss« (C 
Agard h) Crcvil lc I I'! :W (GreweI' e t a l. 20 00: I (}R); thi s 
name is a synony m ul' G. hum t-j)(/sluris (S. (;mclin) Sih'a 
( 1952 :2( 5). 

In addition to morphological lCatu n:s, molecula r 
a nn caryolog ica l studies have a lso been a p p lied to so lve 
tax onom ic and sys te m atic p roblems within the C raci­
lariaceae. ( :hromosollle co u n ts, reponed so Eu' only Ic)!' 

so me species o f Graciloria a nd (;wril"rioji,is , ITH'al 1hat 
th ese two genera have di stinct ch ro mo some 1III11Ibers 
(24 an d :12, resp ecti vely), co r ro bora ting th at th ese 111'0 

genera are indeed distinct ta xonomic entitics (Kapr. run 
199,", K apraun et al . 199:"), H owev er, thi s technique has 
no resolution below th e ge ne r ic level and has n ot 

helped to solve sysrcmaric ques tions helc)\\' tlt e level or 
ge n us . C hro mosom e co u n ts lo r the remaining ( ;raci­
lari aceae ge ne ra did not p ro vid e reliab le result s (/-Iyrlro­
punti« , Kapraun e t al. 1 9~) :" ) o r have not been assessed 
(eil nl iea a nd Melnuthalia) . 

Alloz yme profiles have been used only to infer 
genetic variation at population level within a sin g le 
sp ecies, (;m";!rtrirt chilcusis, from N c ll' Zealand ( I n ias u ­
wan e t al . 199:\). The a u thors Iound popul.u ion struc­
ture despite the lact th at inuapopulation variati on 
(hete ro zygosity) and genetic distance among' New 
Zealand; C;. cllilensis populations arc low, Aflozymc 
profiles have not been applied to resolve broad-scale 
systematic questions in red algae be cause this technique 
has limited appli cations ann is more suitable lor studies 
at, and esp ecially bel ow, th e species level . 

Restriction maps (RFLl') a nd primer-D NA simil arit y 
random a m p lified pol ymorphic DNA (R.i\ PD) has 
been more widely used 10 add ress systematic quest ions 
in the Cracilariaccae . RAP!) has been successf u lly 
app lied to infer in trac kina l gene tic variation within 
a nd a mo ng population s, st rains , a nd coalesced versus 
no ncoal cscccl thalli in C. chilcnsi« (Conzale z c t a l. I9~)( i , 

Sani cliccs e t al. 199 6, Meneses a nd Sa nrc liccs I ~ ) 99) . 

RFLI's o f isolated plastid DJ'\: ;\ have also b een su cces s­
Iully a pp lied to infer th e potential usefulness o r thi s 
technique (Co if and Coleman 19HH) in red a lga l 
systematics. The RFLP pall ern gene ra ted upon ih c 
electro pho retic se paration or digestion fragments 
sho wed th at within Grarilariopsis arulersonii (as Cracilar­
iOjJsis 11'"W/wi/iJnllis ), patt erns a re identical among pOpll­
lati ons spread 20()O miles along the western Nort h 
Am erica coast but not betw een higher taxa , Even 
though Cotf and Coleman (19HH) showed that this 
molecular rcrhniquc can disl inguish different genera 
a nd species, only one Gnuilnriopsis and two Cracila riu 
sp ecies were used in th eir study. RFU's of specif ically 
chose n PeR-amplifi ed marke rs were a p plied to infe r 
populati on differences betw een Chilean and New 
Zealand populations o r Cuuilari« chilcnsis (in te rna l 
tra nscribed spacer lITSJ, Ca ndia et al, 199 9) a nd 10 

assess species limits within Gradlaria and Crati la­
riopsis (1HS d)N,\, Scholfie ld e t a l. 1991 ). Both studies 
included small numbers o r species , th e Iorrucr target a 
single species . and the latt er, two species ({;jJ. longissinui 
a nd (;. gm l:ilis las "L] , iW ITlIW ,Ift" J) fro m different parts o r 
the world . Micro sat cll itc prime rs, a co do m ina nt m arker, 
hav e been d eveloped lor ( ;racilariaceae, but tit is 
tech nique , besid es being d ev eloped for a single species, 
G. gmcilis, locllse s u n inkrring populati oll level qnes­
tions a nd proved to be a ble to id enl if')' indi\'idllals withi n 
a population (Wallier e t a l. 199H, l.uo et al. 1999). 

DNA sequence analysis has been the m ost rel iab lv 
a nd widely used m ole~:ular technique to inkr ph yl< ;­
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ge nic re lations hips al th e species level with in th e 
Cracilariaccae. These stud ies have used region s of 
the nu clear ribos om e cistron (Bir d er a l. 1992, 1994, 
Goff ct al, 1994, Bird 1995), th e chloroplast enco de d 
rbcl: ge ne ((; urgel cr a1. 200 3a,b), and th e rhd.-rbt:S 
spacer region (Coif c t al. 1944). In th e C rac ilariaccae 
th ese st ud ies have I ) identif ied n ew Gracilanopsis 
spec ies (C;urgel ct al. ~O();)a , b ), ~ ) sho wed th at world­
wide dist ributed species a re ind eed art ificial asse m­
blages of d istinct taxa (e.g. the " G. uerrurosa" and Cp. 
lellll ll l l' ij imll i.\ species comp lexes) (Bird ct al. 19~)4 , GolT 
ct a l, (994), and :') p ro vided nell' ins ights abo ut 
cor relations between molecula r a m i morphological 
phy logene tic relationships (Bird ct al. 1~) 9~ , 1994 , ilird 
1995, Bellorin et al. 200~ ) . 1\ 11 th ese DN1\ sequence 
studie s produced strong evide nce supporting th e 
taxonomic distinctiveness of the gen era Curdiea, Graci­
lari« , Gmcill/riopsis, and Melanthalia, hut the position or 
the ge nus HylmpuTltia rem ains cont roversial. Despite 
these ad vances in I he sysrem arics 0 1'th e Cracilariaceae, 
all molecul ar techniques applied so far have focused on 
Dnly a lew species (c.g. G. chilensis, (;. grudlis, G. 
tenuistlpitata, G. tikuahiae Gp. longissuna , Gji . lemancifor­
lIlis) and were geogra p hically restr icted (mostly No rth 
America, Atlantic Euro pe , Chinese, a nd Ch ilea n 
species). The most extensive ph ylogen etic surve ys pub­
lished to dale arc provided hy Bird ct al, ( 199~ ) and 
Bcllorin c t a l. ( ~ O () ~ ) in which 10 a nd :"0 Grac ilariaccac 
ItiS r D"i ,\ seque nces were a na lyzed , re sp ectively, 
Ln(()rLUlliltely, th e IHS rD:\'A provides insufficient 
resolution al th e spe cies level in the Graci{ll riaIHyrlro­
purui« co mplex (Bird 1995:263, Bello rin e t al. ~002 , 

fig. I B). T he two 11"S of t.hc r ibosol1lal cislron havc pro­
ven uscl"ul in distinguishing hetween so me closely 
relaled congeners. How eve r, th e level o f genc tic var­
ial ion is too great to allo\\" u na mbiguous alignmcnt o f 
seque nces among 1I10si spec ies within the gen era 
Gr(J(illlrifl or GmrilariojJsis, let a lone between gen era 
(Bird c t al. 1994, IkJlorin e t al. ~OO ~ ). Therefore ITS 
canno! be used I(lr determining ph ylogenetic relation­
ships in the Cuuily as a whole (Bird Hl95). 

In this SIUOY, the rbcL is considc red to provide 
optima l resolution for inferring spe cies level phyloge­
netic rela tionships within t.he C racilar iaceae, rel ativc 10 

ot he r cOllll1lonly used ge netic ma rkers ( 18S, ITS I , 
:"» ) )S , I TS~ , and ~ 8S rD NA region s). T he main goal or 
this study is 10 usc rhcL seq llence data 10 provioe a 
cri tical assess me nt of generic a nd su bgcneric con cepts 
a nd (0 resoh-e spec ies-level ph ylogen etic ano biogeo­
gra p hic qu estion s pe rt ain ing to th e Cracilariaceae . 
T his study is th e most extensive syste malic su rve y a nd 
phylogen ctic a na lysis o f lhe GraciJariaceae with mole­
cula r da ta perfor me d to date . 
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Silica-gel d ried specilll cns and eXlrilcted DK\ sa III pies we re 
d eposi led in th e Seaweed l.aborawry a t the l :n iversity o f 
l.u tl isia na at l. afayelle a nd s lo red a l - 20 ' c:. D i\:\ sa m ple s 
were p repared using th e DNeasy Plant :Vlini Kit ((2iagen , 

Valen r ia , C:\ , L S.\ ) o r were subm itted to a CT\ B-c t"sillln 
ch lo r id e D i\.\ p rocednre (Fres hwate r a nd Rucncss 1991 ). 
l' la stid- cncod ed rhrt . was sel ected 10 in fer a p h ylogen y fi ll ' the 
( ;' ·;Kila riil fea e . PCR (Fr bcLsla n -R7:-,:I, F:i7-R 7;i ;l , F:i77-R I :\0 1, 
H19::-Rr bcSs la n ) and seq llel Killg p rime rs (Vrbd .sla r l. V7. V87. 
F 'l ~)~ , F:,77 . 1'7 :,:>' . F ~ ) ~ l:1, R7:,:',. IU 10:). IU :ltll , RrbcSsla n ) 
u sed ill th is s ludy a r e lislcd in Frcs hwan- r a nd Ru eucsx ( I9!H ) 
.u u l ( ;,w io a nd Frcde ricq ( 2 (J (J ~ ). Protoco ls [01' g'e ne a lllp lifica­
lion . a u to m a ted seq ue ncing , a nd rn uir ipl e seq ue nce a lig n mcnt 
a re identical 10 th ose giv e n in Lin e l a l. (2[)(JI ). Vo ucher 
specimen s a nd uuu c rial s 101' morpholog ica l st ud ies we re lixcr l 
a nd stored in !J'1t Iormal iu/scawau-r a nd/o r p re ssed as 
herba riu m sh eet s a nd d e posited in rh« lh-rbaruuu o f t he 
C nin:rs ity o f Louisiana a t l .al ayen c . l lcrbarium ab hrc vi.u ious 
filllOl\' th ose o f Ilolmgren c t a l. ( 1 9~) (J) . Species id enti licali ons 
we re based on the o l'igina l d escri p tio n», Crilic !l analysis of 
puh lishccl literal nrc, nnrl Oil th e type met hod (Silva I ~ J :i2 ). , \ 11 

cx tc n sivc photograpbic co llec tion o f type species of (;racila r­
iaceae housed in llcrbariurn o f th e Uu ivc rs itv of Louisiana .u 
Lalaycu« was used to marrh rerv nrly co llecte il specimens. 

Partial .md complet e r/JcL S('ljue nces \\"Cre produced for a 
to ia l o f 67 specimens of (;rafil a r iacc'ac (Tabh- I) comprisi ng :1 
(,'urtli m . 1 ,Hl'luflllw1 ill, 13 ( ;rucil l1 riojJsi\. a ncl -I/ (;ranli/rii/ \ (' 11.\/1 

lat« specime ns (( ;mr ilar;u .11' 11 .111 lut« , as d e fin cd hy .vhbou Cl a l. 
[ 199 11, in cludes a ll species on ce placcd ill llylmjlll lll ill ). DN:\ 
seq ue nces ha ve heeu d e posited in Cen 13ank (Benso n c t a l, 
J9~H ) . ( ;e n13ank acc cssio n n umbe rs . spec ies id e lll ilica lio n a nd 
a u tho rs. an d information co ncer n ing orig-in . d al e , a nd co llen o r 
are listed in ' 1;lhk I . The gc'n crate rl sefJue nce d al a wc n ' 
compiled a nd a lig-ncd wit h Scque nrh cr ((;cnc Codes COl''' .. 
.vnn .vrlx» , :VI! , I S\) and MarC lack- 4.() (Madd isou a nd 
\-[a ddison 2()()() a nd e x po rted J,,,' ph ylog-enetic an alvxis. 
Becau se- so me seq ne nce d a ta we re incom ple te a l lit e ,i' 
ie rru iu us o f t ile co ding rq !;io n in l1\any l;\xa , th e d ala SC i W ; IS 

restr icted to th e last 1:l(iX haxe pairs (hp) oft he H (i7-bp rbd .. 
PIt)'logeJll" lic analyses were cu nclurtcd with ma ximu m 

pnrsi rno uv ( i\ 1P) .m d rnin im urn e vo lu tio n ( \ 1E) as irn p le me uu -d 
in PA ' p';' \'.'1.0 bet a I() (Swo lli m l 2()02 ), a nd Ih e Bav esia n 
like liho od as im pkme nled in \lr Ba yes 1.11 (111Ie!se nhel:k a nd 
RonC]uisl 2()() I ). Parsinlou ) Irees o hrai ne d ullder th e FiHh 
criterio n of equa l weight s li ll' all SUbSlilUlio llS (f ilCh I !171) werc 
in ll'ITed in a III'o-pa rt heu r istic sea rc h sche m e , e xcludin g 
uninfo rmalive charaners. lnil ial sea rc lte s designed II) increase 
the likelihood of swappin g within IIw "i sland " of trecs leading 
10 th e lIIos1 parsimonious so lu tio n (:Vl ad dis un I ()91) consiS ll'd 
o f j () () () random sequence addi tions h olding 2:) lrees al eac h 
slep , :vI .LJ',\RS, and trce-hiserlion-reconncc! ion algorilhms 
with M UU 'R EES (savi ng lIlu ltiple lrees) and STEEPEST 
DESCE NT oplions. ,\ 11 m oSI parsim o nioll s trces lonnd in thi s 
in ilial ~ t'a rch wcre I hen swa pped lo co m ple lio n usin g the trec­
bis r'r1io n- r<:"cOlm eflion a lgorith m . Co ns iSle nC) and rcl enl ion 
ind iccs were ca lcu late d ( Fa rris 1909 , Kluge a nd 1 ,~-.tTis 1 9H~ ) ) . 

The o p timal model o f sefJue nce ('\'o lut ion to til the d al a 
a lill; n l1\e n t cSlimatc d by hi n arl'h ir al likel ihood rat io tesls 
pe rformed by \( od dtest \·.:U H (Pos ada a nd C I'anclall 19!JH) 
was th e (;TR 1+r (ge nera l time reversib le lIIodei \\'il h 
ilwa r iahle sites an d gamma distribulion ). The pa ra melers used 
wert' as fi ,lJow s: as sumed n ucl eotide rrequ t'nc ies A = 0 .:1'17;-,: 
<: =0 . 1~02 ; l ; = 0 .1:l :>U; T =O.:\7 G7; subslitn tion rate matrix 
A-C subsl itnt ioll s = I .O () G ~ , A-(; = (' .4 7(i:1. :\ - T = O.7W(i, C­
(;= 1.7 1·1K, C-T := 1 1.5 J IS. G-T = 1.0 ; propo rtion of siles 
assu med 10 he in variahl e = O.:-l4'15 ; a nd ra tt's Ii,r ,"ilr iahle sill'S 
assu llled to (,,11011' a g-an lma d isir ib lll io n with sh ap c para­
m ei e r = 1 . ~ I :>~ . T hese likl'!ih o od param et ers Wl'rl:' a p p lied in 
Ba yesian ILse l Nsl = (i re\"lnat = ( I .O(j(' :I. (,.'! 7G:l, () .7(i~)( i , 

1.7 140 , I I. :il 1:-" 1.0 ) ra tes = invga m ll1a shape = 1. 2 [;-, ~ 

ncat = 4 basefre 'l =eSlim a le ;] a nd ;\1E a na lyses . 
Fo r th e Bilye siall .m a h·sis, \\ ' c ran lour cbaillS orthe .\1a l'ko v 

C h a in MOllic 'Car lo , sam'p ling I lr ee e very \ () generations !(lr 
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-10 changes 

98/9 

83/97


50/­

99/9
 Graci/aria
81/­

sensu stricto 96/9 

Gracilaria
 
sensu lato
 

Major Clade 

\ 
76/­

99/99 

64/62 

Graci/ariopsis 
Major Clade 

M. concinna AUSTRALIAj Curdiea +
..1:§L!~...r------[:::::~;M. intermedia AUSTRALIAM. obtusata AUSTRALIAr 78/64 MelanthaliaM. abscissa l\TEW ZEALAND 

_______1IIIj ""'-----------c. racovitzae ANTARCTICA Major Clade 

L 
-/88L_~!.._-[======~ C. coriacea NEW ZEALAND

C. crassa NEW ZEALAND 
-/57 Rhodymenia pseUdopafmata] 
{=~======;;;;;;::~ Grateloupia doryphora Outgroup

Pachymenia carnosa 

1'1<;. I. One of :\(1 most parsimonious trees horn analysis ol the rbrL gene sequence data of the Elmily Gracilariaceae (tree 
length = 2805 steps, consistency index = 0.29:\, retention index = 0.6421. number of phylogcncticallv inforrn.uive characters = 490). 
Numbers above the branches correspond to bootstrap proportion values ('l) from maximum parsimony and minimum evolution 
analvses, respectively ( = M I'/M E, both based on 1000 resamplings) and thick bold branches correspond to IOO'l bootstrap proportion 
values obrained ill both phylogenetic methods ( = 100/1 (0). Roman numerals correspond to (nine) distinct cvolurionarv line;lges 
( = subgroups) with ill the genus Crarilaria sensu. 101o, as also seen ill Figure 2.'\. 



>­
T\BLE I. l.ist of species identification, collection information, and the rlu.), GenBank accession numbers Iollowed by rbrL fr a ct io n se q u e nce d (in (ib). H"­

I'-:) 

Cc-n bank ac rc-ssio u 

E!1lity Coll ection data numbe-r and !)(TCCIl ( SCCjllCnCCu 

Chi tg-ro\l ps (non-I ;raci l.rriak:«) 
nliOr/\'IIli'll io jisl'/ulojJIIllllflla (Lamoureux) Silva 
Gmll;lolljJ/o dm)jJllOm (YIOnlag-nc) Howe 

Parlronrn,« catuosa U· :\ g-.) .I . :\ g-a r d h 

lng-roup (Cracilariales) 
Curdiea coriacra (I look. ct I Iarv.) j. Agardh 
Curdica crassa vlill.u 
Crariluru: ajiilllil//I/ I' el II. Cronan in 

Schramm eL \Iaz(' 
(;mcillirio arrnata Zanardini 
tanrilrtna beckeri U. .\g-ardh) Papenfuss 
Crorila ria IJil l"Sa-jH}lloris (Gmelin) Silva 
Giruilana canalu.ulata Souder 
Craciln ria caprnsis Schmit! ex \Iazza 
Cracilaria can da!« J :\g-anlh 
Gmei/I/ria cen ncorms (Turne-r) J .\g-ardh 
(;mrilluil/ chilensis Bird . vlrLac.hlan et Oliveira 
(;racilaria COI'IINI .I . .\g-anlh 
Grwilaria uaslislilllO I' ct II. Cronan in 

\[a/~' et Schramm 
(;II/cill/rill hayi Curgel, Fredcricq el J:--.! . Norris 

(;rwi!aril/ hayi Gurg-d , l-rcdcricq ct J"'. 0' o rris 
Grarilan« curussia« J . . \g-anlh 
Cracilana damaecorn}: .I. Ag-ardh 

(;mlilaria dlJlllillg"lIsis Souder ex Ki'ltzing 
Crarilana rdul». (Cmcliu) Silva 
(;mlilaril/ cnrhrn nmtoides Harvcv 
Cracilana jll/l)"llijol'lllis comb. 1](;1. (I' ct I I. C.rouan 

in ylaz(o et Schramm) 
Curg-ell'l Fredericq 

(;mli!aril/ gli!t/nl si,\ Gurgel , Fredericq 
el .J. ~. Norris 

(;mrilluia gmcilis (Stackhouse) Sleentofi, 
In'ine er Farnham 

(;lI/rillJr!a gmlilis (Stackhouse) Steenro!i, 
In'ine el Farnham 

(;II/cilaria illlerllledia .J. :\g-ardh 
(;r/llilaria Iluinllioll/ (Vahl) Howe 
Gmcilarill 1IIII/ll111illaril (\Ionlag-nc) 

HO\I't' in Brillon 
(;mrilluia /lllIllijJarlila (C1emem) I lane: 
(;II/eili/ria occidmll/Ii" (Borgenscn) Bodanl 
Gmcill/ria oml//I/ .\reschoug­
(;rlllill/ria jmu{tw .\hhott 
(;II/rill/ria jm:issilllla (Souder) \I'omersle: 

in \Iin:rhein ct \I'omersley 

Pon Aransas jt-uv, TX. l.lS:\ ; coIl. C.E Curgol. 17 \1<11 I~)~)S 

Playa de San Francisco. Bahia de . xn co n , Peru; coil. I' Carh,ijal. 
\:; Se-ptember ~OO I 

Kommctjie, Cape Pcnisula, South Alrica: coil. O. De Clcrck , 
() 0io \'(~mber 199~) 

Douhrk-ss Bav, i\e\\ Zealand: coli. \\'. Nelson, I December I CJ93 
Bong-in Bay, '.;onh of Svdnev, i\ SW Australia : coIl. A. Millar &: P. Richards: IS February 1994 
I'LII'a Barranquiia. Puerto Cumarcho area, Falcon Slate, Venezuela: coll. C. 1'. Gurgel. 

14Jul),1999 
I l ilurangdu, Cehu, Philippines; coil. S. iv!. Lin. l~) .xpri! I ~)9H 
Sharks Bay, Port Alfred, South .vlric«: coli. ill. H. l l ommcrsand. 19 Jul), 19CJ:\ 
Italy: coIl. E. Cecere, ~;; Jul\ 19()[ 
Philippines; coli.: S. \1. Lin, .\pril 19~JS 

Sharks Bav, Port .\JliTd, South .vlrica; colI. \1. II. l lununcrsand, 19Jul), 199,\ 
Wallon Rocks , SI. Lucie Co., FL. lS\; coli. C. F. Gurgel,.J. "J. Norris &: S. Frcdericq, II .vpril 199tl 
Ilig-g-is Beach,Ke\ \\'est, FL, USA; roll. c:. F. C;lIrgcl, Juh I ~J~)S 

Plava Charla, Coquimbo, Chile; coli. S. Fredericq, I () January I ()9;; 
Puerto Escondido, Peninsula Paraguana, Falcon State. Venezuela: coIl. C. F. Curgcl, 1:\ .I ulv I ~)~)~) 

Fort Randolph, Colon Cily, Panama: coli. B. \\\-sor, G \Iarch 199(J 

Huuhiuson Is. beach close to Fort Picrtc jcu v, Fort Pierce. FL, LlS:\ ; coIl. c:. F. C;urg-c1, 
Octobe-r I()98 

Galera Point, Colon Ciiv, Panama: coIl. B. \\\-sor, ~ I September I~J~)~) 

\Iaglle Lloroso, Peninsula Parag-lI:llJa, Falcon Slate. \'enelllela: coil. C. F. Gurg-c1, 1:\ .I ulv 1~)9~) 

Beach behind I he l l.ubor Branch Oceanographic Instit uiion jcnv, Fort Pierce, FI., l 'S :\: colI. 
c:. F. C;III'g-el, 1:\ .Iuh I~J9H 

Praia Rasa, Bllzios cit 1', Rio de Jaueiro Slale, Brazil; coli. C. F. C;urgcl, I ~ December I ~J~JS 

Little Santa Cruz. Philippines, roll. I.. \1. Liao, ~S .vpril I (J9H 
"larnbuli. Ccbu, Philippines; roll.: S. \1. Lin: I H .\ p r il 19YH 
Playa BalTauquila, Pueno Cumareho area , Falcon State, Venezuela: coIl. c:.F. Curgcl, 

Ii .Iuh 19~1~) 

C;,t!eta Poinr, .\t1anlic Panama; coil. B. Wysor, ~O .Iunc I ~J9~) 

W. :\ugle Bay, \\ 'ale s, England; coil. \1. H. &: F. I lommersaud, ~~ Jnly 19 ~17 

lie Verte, Roscolf, Brillam', France; coil. J. Cahioch, ~~ .I une 199,; 

Puerto Escondido. Peninsula Paraguana. \'cnezuela; mIl. C. E C;urgel, I,; .I uh I 9~)~) 

La Encmcijada, Peniusula Parag-uana, Falcon Slale , \ 'enezucla; coIl. C. F. C;urgcl: I,) Jnll' 1~)99 

OnshOl't' L\. LS.\; coli. C. F. C;lII'gcl &: S. Frdcricq, ~() \Ia\ ~OOO 

Caranlec, Brittany, France; coll..I. Cabioch, ~2 \Iay ~OOO 

Onshore L\, US:\ : coIl. c:. F. C;lII'gel &: S. Fredericq, ~() \1al ~OOO 

Fort Randolph , Colon city , Panama: coIl. B. \\",sor, ~(i Febman I~199 

Indian Island. W:\, US.\ ; coli. \1. II. I·lolllmersand 
Cen'anres, :\ u slra lia ; coli. :vi. II. &: F. H. Hommersand, ~o September 19~1:; 

\Y!(iS(i,,(;;;
 
:\FIHHH 17
 

.\F'IS5(ilO 

AY04'H2;;. GG .:J'k 
.\Y(WH~7. 9H.I '!;, o 
.\ Y(W) '\4I. 9tl.H 'X S; 

r­
AY049,)W), ~JS .() 7< o 

cr. 
AY049,)77, %. 'lo/r 
.\ Y04~J:) 7G. ~J 1.6% ;>:: 

[T' 

"\Y04 ~n90 . H7.9'7c; C 
AY049';7H. %. :; ');, 7 

H 
.\Y04~J:\;;H. 7(i A');, 
AY(WnG;;.9".6'!t:, ;.; 

AYO·!')3%, ~ ) H . ~% (j 

iW04~):\'IS. 9H.S% 
:\Y049,1;) I, 9H.0'J, 

T-
J\Y04~n I ~). 9;-)'(;'!c, 

~, 

;;­
.\Y049'11'" ~)8.I 'k Z 
.\ Y(W),1~7, 9H.I'l< C 

V:..\YOI9:\~(). 100'k ,­

~ 
;;...

j\Y049';71. 9H.ii'k 7 
AY049'IS7 . 9H.6Ck Z 

~:\ Y049,;S9, 9:\.:\o/r 
AY(WJ,WI, (J8.H'7c 

~ 
o 
r-c 
T­

.\Y049'i~0. ~J7.3 % 
1", 

(j
.\\'0494000, ~)tlJ),); 

,\\,(H9TI9() . ~lH.O 'X 

.\Y049,) ,I(;, ~)7 H, 
,\Y049'H4.97.I';( 
:WO cJ 9 :\ ~ :\ , 97.1';; 

.\Y049,12~, 9H.()'.1c
 

.\Y049:1~2. ~)HH,
 

.\Y049';IH, 9~.~)S;
 

,W049'197. ()7.7',;
 
.\Y049cJO:\, 9,1.7'/(
 



T.\~I.L 1. (continued'; 

(;cI1Hallk au"essin!l 
Emily Collection data number and pern .'lll sequ ellced 

Cmcilan« rangifenn« Kiilzing") Piccone 
Grad/aria rallgtji,rinll Ktitzing) Piccone 
Cranlana salicornia ( ..\ganlh) Dawson 
Grartlarr« secunda 1'- el H. Croaun in 

Schramm ct \'Iaze 
Cracilan« sIJ. 
(;rarilarill _1/lIillisonin/sis Gurgel, lredcricq 

et.J. "J. Non'is 
t .racilnria S/)illillosll (Okamura) 

Chang el Xia 
Crarilarm II/I tenII istipitata 

Chang et Xia 
Grali!lIri" afr Int/li,tijJilala Chang et Xia 
Crarilaria Inlorii (Su rinuar) De Toni 
Gra/ilrnill lilroahra« \'lcl.achlan 
Gmlilarill urrillc: (\'[onlagne) 

.\bboll in Abbo tt. Zhang ct Xia 
Gran/llrii/ 1I_I/ir'oit/n (C .\gardh).J. .\gan1l1 
Gracilaria <'r'lIe://(,{ellsi" -Iuvlor 
Crarilarur uictlmrli! Silva . 
Cracitarin olnv-irarun: Cllrgel. Fredericq 

cr J ~. ~orris 
Gracilorill )"())({'sliigll((l//I/ (;lIrgel, 

Freclcricq ct J 1\. :\ orris 
Crarilfll'io/)"is iWt/NS,i/lii i( .runow) Dawson 
(;ml'ilario/)"is ((/)"{J!iIlI'll\lS l.iao & 

l lonuucrs.md in Cllrgel, Liao, 
Fredericq /I.: l Ionuncrs.md 

(;raeilllriojJlis 1011l-III:illl/(/ (;urgel. 
FredericCJ /I.: \' olTis 

(; racilario/)sis costariulIIsi" l)a WSOII 

(;ml'ill/rioj)lis ltrtrnularla 
Ct:hallg el Xia) Zhallg el Xia in Abholl 

elm)I,/rio/)\is !tOIllIllNVllidii 
(;urgel. Fredericq /I.: \'orris 

(;meilllrinjJsis 1I'IIIIlIlti!,)/'/lIi" 
(Bon') Da\\"son, ,\c1elo et Fold\'ik 

Grwila;'io/)sis IOllgissilll1l (Slackhouse) 
In·ille. Sleell\o!i el Farnham 

(;mril"rinj)sis IOllgissilllo (SlackhollSC) 
I n·ille. Sleentoll el Farnham 

Gmrillllio/Jsis sp. 
Graeilllrio/his sp. 
(;mcilllrioj)s /~1 sp. 
(;)'(({illlrioj)sis Inllil/rolil (Bird el Olin'ira) 

Fred(Ticq Cl J JOJ)lIlHTS;I!H! 
.\ [ t l flll i i /(/l ill o"suw/ C!ilrIler) Ilookcr /I.: 
Ilane\' 
.\ [ t l ill/ I!ntl ill umeillili/ .J. .\ gar d h 
,\l"lrwll/lilio ililNII{/'dill Ilarn,,\ 
.\[I'!'llIl!tfili" ohlll,lf/11I (Labilbrdib'c) J. .\g;mlh 

'lerna, (;hana; coil. C ..\meka, leg. .\1. I I. J-1ommersand. vlarch 200 I 
La Vista del Mar, upper Cal.uian. Zamboanga Citv, Philippines; coli. S.\'1. Lin; 27 April I ~)9il 

Sulpa, Ccbu, Philippines; coll. S. \,1. Lin, I~) .vpri! 199il 
Tampa Hay, FL. l' S.\ ; coli. C Dawes , 2(; October 199<J 

Bulusan, Sonth Luzon, PhiliIJpines; coil. S. \,1. Lin, :?I ,\pril J99il 
Caleta Point, .xtlantic: Panama; coil. B. \\'ysor, BW#T\7, 20.Jllne I~l9~l 

'I;liwan; coil. S. .\1. Lin,	 I I vlav 19~)il 

'j(,ka\\a, Japan; coIl. \,/. Yoshizaka, 7.!une 1993 

Ilog Island Ba\', Easlern Shore, V.\, LS.\; coil. C '1),Iet" 10 l-ehruarv 1~)99, leg. T Frankovich
 
Cobogahana . .Japan; IO.J ulv \ ~J~)4, leg. \1. Hommcrsancl
 
Morrc-t pond, l'omquet harbor, .\nligonish Co., 0!O\'a Scotia, Canada: coil. C.J. Bird, '1.Jllly 199~)
 

l.ee Point, Darwin, .vust ralia: coil. \,1. I I. I-Iommersand , 22 .\;o\"(~ll1ber ] 9~):;
 

Santa Rosalia bridge, C<lmpeche Bay, Mcxio»: coil. C F. Cnrgcl, 1'1 February I ~)<)~)
 

Indian River, Fori Pierce. 1'1., LiS.\; coil. C. F. (;urgel , October I ~l~)H
 

l aiwan ; coil. S. \,1. Lin, 22 .vpril 1~)9il
 

La Vela de Coro, Falcon St.uc. \'enezncla: coil. C F. (;nrgel. I:1.Jnly I~)99
 

Prainha beach .. \rraial do Cabo City, Rio de] anciro Suuc. Brazil; coil. .\ . 'l;lOnil. 13 vl.rrch I<J9il 

Seal Rock, Lincoln c:«. Oregon, t .S,\; coil. S. Frcdcricq. [;; \'Ia;' 1999 
Kure Beach, Fori Fisher, NC, LiS.\; coil. D. W. Freshwater, 14 .vpri] I~J~JI 

I<J 0,1.31' x x 9(; 0.4,1' W. \'era Cruz area, vlcxico: coil. C 1'. Curgel; ]() Fcbru.uv I ~l<J~) 

South end, Plava '];lll1arindo, '..:icoya l'cuninsula, Cnanacasle, Cost» Rica; coli. D. T 'Ldbo l /I.: 
D. \\'. Freshwater, 17 March I ~)9~) 

Dapdap, Bulusan, Luzon. Philippines; coIl. S. \,1. Lin, :2:2 .\pril 19~Jil 

Fon Randolph, Colon City, Panama: coil. B. \\\sor, 2(; \'Iarch I 'l~)il 

Yacilla, Paila, Pillra, Peru; coil. C. AdelO /I.: R. Zuniga, ,\ \'Iarch )9(l! 

"enetian lagoon, .\drialic Sea, Iialy; colI. K. S. Cole, 7 Seplember I<J9il 

Off SanJlilOl Castle, Portland Ilarbour, Dorsel, England; coil. \\"111. Farnham /I.: 'vI. Steentoft. 
,\0 .\Ilgnsl 19~12, leg. C.J. Bini; 

Lake Bnller, Robe, ,\nslralia; coil. II. H. S. I\'olllersle\', 'I .\larch 19~f; 

Swakopsmund, '..:alllibia; coil. \,1. II. Ilollllllersand, (; .Jllly I <l~J:l 
(2ingdao, Shandollg 1'1'0\'., China; coIl. \,1. II. J ]o III lllerS;nHI. 2'1 April I ~)~q 

Ill"! Carel, Cuade!onpe. French Wesl Indies; coil. .\. Rcnonx, :2 Decelllber 1~)ll,\ 

'..:e\\ Zealand; coIl. W. '..:e1son, 2:-, .\pril I~nl 

\\'alTnambool , .\llsiralia; coli. \1. II. HOlllmersand. I'l./ul' I~J9:-,­

\Varrnalnbool. .\llslralia; coIl. \1. II. 1-1 o III llIersalld, 1:\ .Jul I <J~).-, 

Warmalllbool, "iuoria.. \nslralia; coil. \1. II. I I0111 ll1erSal I. I,) Jill: I 9~F, 

.\Y04 9,\79, illi.O'i! 

.\Y049'lilO, '):;.:i'/; 

.\Y049'lil:;, ~)il.O'X 

.\Y049,liiO, 97.ilS'; 

.\Y0493il4. ~n.2'; 

.\Y04~)3:21, 97.3';; 

.\Y04~l:I(J:1, ~n.:l'!; 

.\Y049'1:24,97.3',; 

.\\"049312. 9il.0% 

.\Y04~n2:;. 97.:;% 

.\Y04~14:14, 97.0';( 

.\Y04lJ402.97.4% tr: 
-<o: 
.....:

.\Y049:l4G, 9il.0% r-;
 

.\F:-"I~)fiO'1. 9:;.4" ;
 

.\Y 04 ~n ( ) 1. 9,-,.:)';; -­~ 

.\Y04lJ'UO. ~) I.Wi; ~ 
.r: 

AYO-!<)'\72. ~):\A'\	 o 
": 
.....: 

.\Y(WH 1--1, %.4'/i 

.\Y01(HI2, ~)(j.7~/; ~ 

;;: 
~ 

.\Y04~)j()(j, HO.2',;	 ;....; 
r­
c

.\Y04912'\. ~m.V{	 ~­

.­,...., 
.\YlWJ -} 11, 91. 1'/; i-=' 

C;: 
,\Y01~lHl:l. 97.1'; 

XY01~)[ I :;, ~17H:f 

,\F:l27ilil I, m.:;'+ 

.\YOlllI20. ~J7.'l'i; 

,\YOIDI22, !J7.Wi 
.\Y04!H I0, ~m.2'/; 

.\Y049,12I, Ii:;'; 
,\YO,I~)[ I il, (17 .Wi 

. \ YOj~H2il, ~)7.u'/( 

,\ Y(W H 2(), ~)(j.1 'Ie 

AY04D-l;',O. ~17. C)'il 

,\ Y(Wl-l:ll, 9~)', ; >J:­
vo 
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14 4 CARLOS FRED ERI CO O. Gt: RGE I. , \ ~ D S l :Z,\,\I~E 1'R EDERI CQ 

T~RLE~. Co m pariso ns of Crac ilariaceae gen e tic dive r sit y betwee n rbcL a n d J1lS rD NA (SS C) se q ucnces. 

ruel . (th is st ud y) SSlJ (Br-Ilorin r-t al. :!()O:! l 

l mergeucric 
Curdie« vs. ?vIeill nthalia 
Crarilari« sensu 1010 vx, Graalariopsi: 
Cu uliea + M rlauthalia vs. Gmr i lar iujJsis 

Proposed ne ll" iuic rgen e ri« d ivision s 
Subg ro u p I vs . t.mritana sensu stricto 
S u bgrou p II vs. Gmrill/ria 51'i n U stricto 
Subl-\roup III vs . (;mrill/ria sensu. stricto 

I nt c rs pecilic 
Curdien 
jVlelanthalia 
Gracilariopsis 
Grarilaria sens1l laio 
Gracilaria s ubgrou p I 
Gracilaria subgroup [J 

Crocilaria subg ro u p II I 
Graciloria sen-lit strirlo ( = su bgro u ps IV-IX ) 

I nl raspcdfw ' 
Giacilariupsi,
 
Graciiario SI'l /.l U stn rto
 

14.1 :\- 1:-, .·10 
8.4:'> - 11.84 

[4 .44-1 (i.ll 

10.0 1- 1:\.05 (n = :\) 
12.31- tlAo (n =0) 
9 .9 1-G.7 1 (11 = 5) 

1 1.70- 1(;.20 (n = 3) 
O.H-8.70 (n = 4 ) 
2.37-7.47 (n = 13 ) 
2 .00- I?d) 1 (II = '17) 

12 .1 2-1 Vi7 (n =3 ) 
" .22 - 1(l.08 (n = 0) 
OAO-4 . 18 (II = .'J ) 
2 . I<Hl.05 (It = 33) 

O.OO- O.O? 
0.00-1.89 

1.4 7 
~.~" -l .(j :·) 

'Ui:J-(i .:\:i 

0 .'17-2.88 
0.00- 1.29 

0.18 
O.OO-O.'ll 

Ge netic d ivc rgenre expresse d as un corrected p ercen tages (11r., "p" di stan ces]. Cmolanasmsu lato as defined b y Abbo tt e l a l. ( I!l!l l) 
\.0 include I l ytl ru/Jlllll ill . Gmcilana sen5ll lain SUbgrou ps com posed of su bgrou p I , G. clnlrusi, + G. I//I Il'IIl/ isl ijt il ll ll/ ; subgrouJl II , 
G. unnllei, G. etu.lteumatoules, G. edulis, G. preissiana and G. rangiferina; subgrou p II I, G. rrassissim« , G. coruru, (;. WIII II/ II/ , t ;. .\1'1"11111111 . 

G. usncoides. 
"rbeL data used to compu te in t ras pecific ge netic distances from C u rge! et al . (2 00 1). 

I,UOO,QUOg-eucra t iolls sta r lillg with a random free . Slationa r ily Muurrion al s.uur.u iou o f thi rd codon position s in riJd. was 
was r each ed a t above gene ration 20.2UO. Thus, the fir st 20, 2UO exami ne d by plotling a ll pai rwise ge netic' d ista nces unco rrect ed 
generati ons were the " b u rn in " of th e chain, and inf e re n ces for mul tipl e substiuuions C'p" distance ) aga in st those co r rected 
about the p hy lo ge ny were based on th ose trees sampled al ter for m ult iple substitu tions with Kimu rn-t! parallleter ( Ki i u u ra 
th e buru in point . A 50'/6 consensus tree (m aj o r ity r ul e as 198 0), accor d ing to the p roced u re in J) au gl ~erg and And ersen 
impk-mcnu-d by I'.\UP") was co m p u ted Irorn th e 98,98 1 trees ( 1907) iu wh ich lor all p:li r wise cout liiuations. rorrertcd a lld 
sa ved a lte r th e bu rn in point. Reli ab ility of th e Ba yesian unco rrected values lo r multiple su bst itut io ns were r. rlcuian-d 
consensus tree is g ive n b y the freq uency a t whic h each no d e for first/second position s u u ly a nd Ihird co do n positio ns o n ly. 
a p pears amo ng a ll saved t rees afte r the bu rn in generation. Se que nces of R hod ym eniao- ae ilt hodymmia /J.\l'IlIl lJ/JII llllaJll ) 
T h is freque ncy corresponds to the true probability of th e clades a nd rIalyme-n iaceae «;mit'l lJ ll jJill dlJl)jJllIJm a nd PnrltYII/I'l/ ill 
(H a ll 2(0 1). UII7I OSII ) were se lected as th e o uurroup based o n ph ylogene tic 

~I E was pcrlormcd using a h eu r istic searc h 01 10 00 h ypo th eses d erived [rom ea rl ier g loba l a nalyses or rhe Flo r­
re p lica tio ns . holdin g 10 trees each stepwise ad dition step, ideophyci dae as a wh ole (Fredcric q c t a1. 1\)\)6). l'airwis« genetic 
with a t rec-biscc tion -reco uncruon swa p pi ng a Il-\oritl lin , .vI L:L­ d ista nces were ca lcu lated bas ed o n unco rrected pe rce nt ages, 
TREES and STEE PEST O I':SC I'::' ;T o p tions. St arting tr ees we re " p " d ista nces U~\hl e 2). 
obtained via stepwise ad d itio n wi th a ra nd o m seque nce 
adrlirion an d a random nine di gits sta rting' seed ( = 86366 ). A 
ma xim um likelihood di sta nce co rrec tio n was used and set with RESLLTS 

th e GTR substituti on ra te m a tri x para meter s list.ed a bo ve , No inse rt io n o r dele tio n mU LaLi OIl S we re found in 
excluding invariable sites a nd th e gam ma d istribu tion . T he M E th e rbci . seque nces , pcrm iu ing u na m big uo us a lign­
method only reco vered th e mo st p robab le h yp o thesis similar to 

ment of" a ll seq ue nces . Tree length s of" 100 ,00 0 ra n­those given hy Ihe .vI P and Baye sia n m e tho d s w h en simpler 
doml y ge ne ra tecl trees had a skewed d istribu tion (g l == models of seq uence evolut ion we re a p p lied (d a ta nOI shO\ \"II ).
 

Sup po rt for nodes in th e :'vIP a nd .v11': ana lyses were assessed h y - 0.:i70H, P < 0.(1 ), indi ca tin g the p resence of no nran ­

ca lcu lat ing' boots trap p ro po rt ion (BP) values (Fclsc nstci n 1985) dom str uc tu re (Hi llis a nd H uclsenbcck I99~, Hill is
 
based on 1000 rcs. un plings, c t a l. 1993).
 

- - ------- --- - - --- ------------ - - - - -------- - --.. 
FIG. 2. Cracilariaccae lJhy logc n ), ba sed on FbeL DNA sequences. (A ) Majority ru le conse-nsus or97 . ( ) ~ )} tr ees sam pled acc ordiug TO:l 

Bayesian MCM C tree sam pling procedure (n u m be r of gener ati o ns = 106
, b untin g point = 20.200, evolutionary model = (;TR + I + f). 

Numbe rs above the b ranche s co rrespond to Bayesian posterior probability su p po rt, and thick bo ld hr.m ches cor re spo nd to I()()'!r 
Bayesian poste r io r p ro babil ity. Curdiea and ,Helm ll /w tia monop hyletic clad e is in ye llow, th e r ;mrilll riu jJ.\i., clade in p in k. a nd species Irom 
th e ge n us Hvd roinmiia co m ple x in f{ ray. Roman n u me ra ls correspond to distinct evolu tionary lineag-es ( = su bgrou]1s) with in The gen us 
Gnll:ilaria SI'/I.\1I lnln. (13-:) ) tran sve rse sections ofr;mri lnrill sensu loto re p ro ductive srrurt urcs . (B-E) Reprod uctive morpho log ira l lc.uure» 
characteristic ols peric» Iroiu Grarilaria srusu strirtn o n ly (su bg ro u ps IV-I X). (1'- 11) Rep roduet in · lIIorph ologicall i..a IIlITs charurt cris ric IJr 

the ge llus I-Iy l mp ll nl ill (subgroups II a nd (II ). (I 'lI1d .J) Repvod urt in- m orph olo g irul katlln's characteristic of a l It'\\" ge u llS (subg ro u p I). 
(13, C, F. I) Sperrna Tangi:rl m nceptacll"s. (B) "[i'xlali i lype (G. " blodgr ll i i" , repmd llce d frolll ' Ic rada a nti Yamalllo ro 2(00). (C ) VeT/II/ OSI/ type 
(l i 'olll (; . grari li.\). (F) H yd /IJ/JIL/t/il/ trpe (li'Olll (; . I"Iw.\is.\ilJlll). (I ) dlill ' IL\i.\ t.YIJe (C . rhiIPlJ.\i.\ . re p rod llced li·o lll Bini e l a l. I lJlIO). (n, L G . 11..1) 
C)'sto ca r ps " 'ith d iffe. ·c nt carpusporophyte d esign s. (D) C . jllIbellijonlll', (1':) G. l ibahiae, (G) C . crassisoilJlll. (I I) ( ;. edatis, (.J) (; . 'If/. 
lellni.l/ ijJil ala li'o m L SA. 
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T.\ I ~ l. f 3 , Co mpa ra tive mo rph ological dil lereuccs of"tl'xturii -type spe rma tang ial conccptarle be tween th e Cvacikuu: cliilensisl 
G, aJI Il'IIuistijJitata and C , bursa-pastorislt) . textorii lineages, 

Spc rma t.mgia l ch arart e rs Suhgroup I X (;. lrxlnri i hl1cagl ' 

Con ical cells Elongated . as in Gracilariopsis Variable : isodiarncrric, ro unded, 
squaris h , or c longarcd 

Co rt ical cells Ranking xpc rrn a ta ng ia Club shaped , wid e Linea l' to obovoid , th in 
Co nce p tac le in transverse seruo n Squarish Concave 
Spermatangia l parent cell layer Restrir-red to floor of Surrounding e nt ire in terna l xu rlarc 

ronccpracle o n ly 
T hree-dimensional shape or Well shaped Bow shaped 

no ncoalesced con ceptacles 

Among the I:Vjt) h p in the da ta se t (excludi ng 
o u tgrou p seq ue nces) , ;j GI arc co ns tan t a nd H0 7 va ry (of 
whi ch 49 0 are phylogcnet icall y info r mative ), l nforrua­
rive and noninforrnativc va ria ble site s, regardless of 
codon positio n , were ev enly d ist r ibuted throughout 
the gene (data not shown) with a n ov e ra ll average 
tra nsi tion / tra nsve rsio n rat e of 2 ,289, (A larger than 1.0 
transit ion/t ra nsversion rare is ex pected because a mo ng 
single-ste p subs titu tio ns in t hc universal ge netic code at 
a th ird codon position , o n ly y )(, or th e tr ansiti ons ca use 
amino ac id replaceme nts compared with 4 1(j{ fill' trans­
versions [Wak eley 1996]). T he translated amino acid 
da ta set (no t shown) is less variable than th e UNA 
sequcnce data se t and does not provide p hylogen etic 
reso lution. No evidence of wide spread saturation is 
present among th e firs t and second codon positions (data 
nOI sho wn) , hu t sa tu ration was obse rved in nuc leo tide 
site s a t the thin] m oon position that dilTer in pairwise 
dista nce comparisons between cvohuio na riiy d istant taxa 
(da ta no t shown) . Eve n tbough so me nu clco iides at third 
codon position a re sa turated, they con tribu ted to th e 
hi~ges l n umber olintormariv« sites in th e data se t (7~YYc.) 

compared with th e firs t (179i ) and second (about 4%) 
codo n positions. 

Co m pariso ns between p ub lished ISS rONA (small 
sub un it [SSUll sequences (Bi rd ct a l. 1992) and the 
rbcL se q ue nces used in this study reveal a ~re ater 

phylogenetic signal in rbcL (:~;j .8 1 % = 490/ I:)6H bp, 
ri = ()7 ta xa) than in SS L r DNA (6.H6% = 119/1 7:)4 bp , 
n = 1n iuxa) in the Cv acilar iaccae. T he over all geneti c 
var iatio n d ispl ayed hy these two markers a lso shows 
tha tl'bd . has more va riat ion tha n SSt:, a nd the lowest 
ge netic va lues 0 1' in rergencric d istances lor rbci: a re 
twice as large as I hose (o r 5S L r DNA Ctable 2) . ,'\ mo ng 
Cracilaiia sensu 1010 species, Ihe sma llest di sta nce is 
large r than the largest valu e in SSL r ONA (Tab le ~) . 

MP a na lyses result ed ill :Hi equally most pa rsim o­
nious t rees of ~RO :-, steps (tree le ngt h ), co nsis tency 
index = ( 1. 29 '~ a n d retention inde x = IUi42 1. T he M P 
p hylogra rn presente d (Fig . I ) is the o ne a mo ng all :Hi 
most parsimonious trees that p resent s the hi ghest like ­
lihood va lue (- In = 15?,(i2 .lFl4) under the best evolu­
tionary 1II0dd Iou ud by the h iera rch ical likeli hood 
ratio test. ME a na lysis resu lted in 2:; m ini mu m tr ees 
with an :vIF. score = 2 .0~::>4::>0 (data not shown). T he 
overa ll m a jority rul e co nsensus topo logy g ive n by th e 
Bayesian analysis is fu lly reso lved and we ll su p ported, 

with th e excep tio n of C, testori) a nd C, sp. Ii'orn th e 
Ph ilippines (Fig . ~A), 

All three phylogene tic a na lyse s id entified three 
m aj or asse m blages (Figs . I a nd 21\): a Currlim/Ml'lmlthfl­
lift dade , a Crncilaiiopsis dade, a nd a Gracilari« sensu lato 
dade (includ ing Hylrojluntia ). In tbe (hucilanosensu [!Ito 
clade , ni ne distinct e vo lutiona ry lineages (su bg ro ups) 
were a lso ide ntif ied (Figs. 1 a nd 21\): a (;, chile11.1 i.lj(; , flIT 
Il' lIu istij l il flta clade (subgroup I); a L . un/illt ,; clad e 
(su bg ro u p 11 ); a C. a rudatalt) . crassissinm clade (sub­
group 1u). a G. gracilis tc . pacijica clade (subgroup I V) ; 
a G. arcuatalt). salicornia clade (subgroup V); a ( ;. ve ne­
zuelmsislt] , iutcnnedia clade (subgrou p VI) ; a C. 111(//11­

uullaris cla de (subgroup V II) ; a ( ;, l i/w !lh i!lr/G. 
damaecomis clade (subgro u p V [II ); a nd. the m ost 
de r ived lineage , th e G. bursa-pastorisltl , textorii clade 
(subgrou p IX) (Figs . 1 a nd 2i\) , 

.\ st ric t co nse ns us o r th e ;\6 m ost parsimon ious trees 
resu lted in a fully resolved tree e xcep t for th e p resence 
of't\\'o po lyrom ics: one at th e dee pe r nodes of' I he I h rcc 
most derived su hgrou ps wi th in Cmrilflrifl .11' 11.11/ luto 
clade (subgrou ps V I, Vl I l , and I X), for wh ich boo t­
st ra p SUpp0l'l is low (8 1' = 7::>%) to lack ing (Fig . I ), and 
the o the r a t Ihe position or GjJ , sp , fro m Na mi b ia w it hiu 
Grucilariopsis. The stric t co nsensus o f th e 23 M E tr ees 
resulted in a less resol ved p hy logra m when compared 
with the M P consensus, with polych o ro m o us nod es at 
the three most basal sp ecies in Gracilariopsis, Gjl. sp. 
Irorn Na m ib ia , Gracilaria subgroup I (;. rhill'll.lis), a nd 
a t th e basal nodes among Graciluria subgro u ps 111 to V 
a nd among subgroups V I to IX (da ta no t sho wn) , 
Ma jor inco nsiste ncies among the :\11' a nd ME p hv lo­
grams pertai n to the positio n or G. trxtorii , C. nnilti­
partit«, and (; . bursa-pastoris wit hin Crarilaria .1('/1.111 lato 
su bg ro up I X; the posi tion of' Cmd laria sensu lat» 
subgro u p V I II; th e posit io n or Gp. sp . Irom Na m ibia ; 
and th e two mos t basal sp eci es in Cracilariopsis, In a Jl 3G 
most pa rsimonious frees, Craciloriaseusu lato su bgrou ps 
II and III Io rm a mono ph yletic clad e withou t boot strap 
su pport (Fig. I ); ho weve r, hi gh support fell' th e same 
topo logy was ob ta ine d in t he Ba yesia n tre e (I' P = 99'ft" 
Fig . 2:\). Only ME d id no t dus ter th ese subgrou ps 
toge th e r (da ta no t shown) . T he Ba yesia n t ree (Fig. 2t\) 
has the sa me topolog y as the M P tree (Fig. I ) except [ill' 
the position of subgrou ps V I a nd V I I thal in I he M P 
tree (Fig. I ) a p pears inverted : su bg ro u p V I a t a m o re 
derived position th a n subgrou p VI I. In both trees 
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(Figs. I and 2/\), however, the internal node leading to 

subgroup VII received high SUpp0rL (BI' = 9Wri, 
PI' = 91 (j(.), making' this phylogenetic difference the 
most st riking one bel ween the results Irorn these two 
phylogenetic methods. Detailed characterization or 
more derived relationships will he treated in the 
discussion or each Gracilaria sensu lruo subgroup. 

Comparisons he tween rbci . molecular phylogenies 
(Figs. I and 2A) and morphological characters or male 
reproductive structures within the Craalaria sensu 1(110 

clade revealed two independent origins lor I he textorii 
type or spcrrnarangial conccptacles (Yamamoto 197H): 
one at Gracilaria sensu lalo subgroup I and the other at 
Gracilaria.1('//.\/1 lain subgroups V I-I X. A reexamination 
or the spermatangial conccpiacles Irorn these two 
distinct monophyletic groups revealed stable morpho­
logical differences CElble ;~). 

OISClSSION 

Although it was previously shown rha: the Crarilar­
ialcs is a monophyletic order as inferred Irom 
chloroplast-encoded rbci: and nuclear-encoded 1HS 
SSL rD Ni\ ami 2HS large subunit rDNA sequence 
analyses (Fredcricq et al. 1996, Harper and Saunders 
20()]), phylogenetic information is published that 
clarifies the generic concepts within the order, espe­
cially within Gracilaria. The most recent and compre­
hensive phylogenetic study based on DNA sequence 
analysis or the Cracilariaccae is given by Bellorin et al. 
(2002) using.% SSU rDNA sequences. OrSSL rDN/\, 
large subunit rDNA, and rbci ; rhct. sequences show the 
highest genetic variation (Freshwater ct al. 1999) in the 
(;elidiales, ITS rDNA sequences in the Cracilariaccae 
are alignable only among closely related species, 
whereas alignmelHs among distant species are limited 
only to specific regions presumed constrained by sccon­
dary structures (Bird I 99!J, Bellorin et al. 2(02). sse 
rDNi\ sequences among distinct species are sometimes 
identical and not sufficiently variable to dillercruiatc 
bet ween closely related species, producing low boot­
strap support and equivocal relationships (Ikllorin 
el al. 2(02). In contrast, rbci . DNA sequences in the 
(;racilariaceae revealed higher levels or interspecific 
genetic diversit y (Table 2), especially within Graciiuriu 
sensu laio, enabling liS to detect not only interspecific 
relationships among closely related species but also 
population structure among a sample or haplotypes 
within a species (Curgel and Frcdcricq 2000, Curgel 
ct al, 200 I). Major clades and subgroups within I he 
Cracilariaceae are discussed below along with phylo­
geographic and morphological remarks. 

Curdica and Mel.inrhalia major r!(/{IC'. The genera 
Curdiea and Melanthalia forrn a monophyletic group 
endemic to the antiborcal regions, well supported in 
Ml' and ME analyses (BI' = 100 in both) and mod­
erately supported in the Bayesian analysis (PI' = 7S'!c) 
(figs. J and ~L\). These two gencra share morpholo­
gical features supportive olthcir alliance, including a 
cystocarp cavity completely filled wit h gonimoblasrs 

and carposporangia formed in long straight chains 
(Fredericq and Honuncrsand 19H9c, 1990a,b). Mel­
anthalia differs from Curdiea by having dark , linear, 
narrow thalli with distinct subdichotornous branches, 
a prominent apical zone composed or a thick multi­
cellular meristemauc cortex, and sterile thick-walled 
gonimoblasts in the cystocarp (Frcdcricq and Hom­
mersand ]990a,b, Womersley I 9~1(j). In all MI' (Fig. 
I) and ME (not shown) results, C'.mcoliilwe, a species 
endemic to the Antarctic Peninsula, appears as sister 
to the genus MC'lanl!to!i(I, rendering Curdiea para­
phyletic in excluding the lorrncr genus. However, in 
the Bayesian tree (Fig. 2A), C'. racouitxae is placed back 
in Curdiea., rendering both genera monophyletic and 
sister to each other. Recent vegetative and rep rod uc­
rive morphological analyses or extensive collection or 
c. racooiua«, made by Dr. R. Moe and deposited in L C 
(e.g. \.;'(:#1:) ;')7;)73, LC# IS:)7 ;') 7:')), reveal that this 
species corresponds better to the genus Curdiea. 

Three or [<lUI' Meknuhalia species included in this 
study, M. abscissa, M, concinna, and !\iI. obtusata, arc 
reported from southern Aust ralia. The first was 
originally described Irorn i\: ew Zealand and the laucr 
two Irom Australia. Worncrslcy (I 99G), alt hough recog­
nizing all three species, pointed out that morphological 
similarities among them might warrant their treatment 
as varieties 0[' the same species. The phylogenetic 
results herein indicate thai despite veget .uivc and 
reproductive similarities, M. abscissa is genetically 
distinct Irorn the other two species (Figs. I and 21\.). 

The rbci . data set presented in I his study indicates 
that uncorrected pairwise genet ic distances ("p" distance) 
between two haplorypes Irorn the same species range 
between zero and I.:YI<, iVIorphologically distinct and 
well-defined species usually have values equal to or 
greater than 2(j(. Species whose "p" distances lie 
between I.S';{ and 2,0% often require further systema­
tic analysis before a Iinal taxonomic conclusion can be 
made. Between M, concinna and !VI. obl/lsaln there is a 
1.(i5o/r pairwise "p" distance, and our phylogenetic 
results (tree topologies) support the recognition oftwo 
distinct species. Melanihalia absciss« is reported 10 have 
distinctly compressed branches, mostly 0.7-1.3 mm 
broad, whereas iVI. coruinna has tcrctc to slightly compres­
sed mostly 0.;)-0.8 mm broad branches ("romel'sley 
I Q96, p. 31). A fourth species, M. iniermedia, was 
originally described as M. obtusaut val'. iniermedia 
Harvey (I HSH), but Worncrsley (1996) merged it with 
M. abscissa. The rhct. sequence or M. mlermedia was 
nearly identical to that of /vI. conciuna (0. J4(;-{), sug­
gesting that these two species arc conspecilic. Mel­
nnthalia abscissa is the only species ofthe genus reported 
Irom Ne w Zealand (Adams I Q94), and the inclusion or 
new rlu: L haplorvpcs of jVI. abscissa Irorn Aust ra Iia could 
reveal geographic isolation among New Zealand and 
Australian popular ions. 

Gracilariopsis major dade . The genus Graciloriopsis 
has been well characterized morphologically (Frcdcr­
icq and Homrncrsaud 19H9b, Stccntoh ct al, 1995, 
(;urgel et al. 200;~b) and genetically (Go!f and Cole­
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man 19RH. Ka prau u 199 3 , Kapraun ct al. 199 3, Bi rd 
e t a l. 1994. Cofl c t al , 1994 , Gurge l e t aJ. 20 03a.c) . 
The present ph ylogene tic a na lysis a lso co nfi r ms th e 
rnon oph yly 0 1" th e ge n us (Fig s. 1 an d 2A). 

Gurgel c t al. (2003c) p rovided an rbcL phylogen y of 
Gracilariopsis and reinstat ed the generityp c. Gp. sjoestedii 
(Kylin) Dawson, to include plants distributed from 
Vancouv er, British Co lu mbia to Pacific Californin, 
Mex ico. a nd th e name was co r rected to Gp. andersouii , 
Giucduriopsi: Iemaneijonuls was show n not to have a 
worldw ide di st r ibution but to be restricted to the 
vicin ity of Peru in So u th Amer ica, with Gp. costaricensis 
from Cos ta Rica most likely bein g the sa me species . 
Gracdariopsis carolinensis, a new species fro m North 
Caro lina (G urgel et a l. 2003c), is re lated to Gp. 
lemaneijon nis and G/l . cosiaricensis. Entities that have 
been referred to as Gp. lenumeiformis Irorn China and 
Japan co nstitu te an undescribed sp ecies that occupies a 
basal position in associati on with Gil . heteroclada from 
the Philippin es (Figs. 1 and ~A). Cradlariopsis tmuijrons 
fro m th e Car ibbean sea is identified as a distinct siste r 
species to (;p. cata-luzianu, a species so ta r endemic to 
the southweste rn Gu lf of Me xico. Gracilariopsis long­
issima is recogn ized fro m Wes te rn Europe. An un de­
scribe d species from Na m ibia a nd an unidentified 
in vasive species from the Gu lf of California, Mexico , 
and So uth Austra lia a re re p rese n ted in a clad e th at 
includes GP. lOllp;i.\silllll Irorn Eu rope. T hree new species 
for th e northwestern Atlantic Ocean, Gp. silvana 
Curgcl, Fredericq c t No rr is from Venezuela , Cp. 
hommersmuiii Curgel , Fred cricq e t Nor ris from Ven e­
zuela a nn Panam a, a nd Gp. cata-luziana C urgel, 
Fredcricq e t Norr is fro m th e Me xican Gu lf of Mexico 
were recently d escrib ed (C urgcl et al. 2003a). Cracilai­
iopsis silvana is th e first co nfirmed Oat Gracilariopsis 
species, a genus current ly cha rac te r ized by o n ly cylin­
drical species. 

Cracila ri a sensu lato major d ade. Gracilari a , the 
most sp ecies-rich genu s in the Cracila riaceac and o ue 
of th e mo st taxonomically difficult ge n e ra in the 
Rhodoph yta . comprises a t least nin e di stinct evolu­
tionary lin eages (Figs. 1 a nd 2A). T he ph ylogen eti c 
relationships a mo ng deeper nodes wit h in th e most 
derived Graci laria lineage (subgro up I X, Figs . 1 an d 
2A) are not resolved ill MP phylog rams (Fig. I ) an d 
rece ive d the low est values 0 1" ph ylogeneti c su p po rt in 
th e Bayesian tree (Fig. 2;\) . T h is lin eage is co m posed 
of sm all e r clades with va riab le de grees 0[" ph yloge­
neti c su pp o r t that incl ude the generitype G. bursa­
pastoris. This su bgrou p is characte r ize d by flat-foliose 
species with lextorii-type spcrmatangial co ncep tacles , 

There is a stronger co r rela tion be tween th allu s 
sha pe and type of spcrrnatangial co ncep tac1e than 
between female and male reproduct ive fea tu res (Ya­
mam oto 19tH ), with a te ndency for cylind r ica l species 
to ei the r d ispl ay a uerrucosa- (dee p p its) or chorda-type 
(su perficial) sperrn ata ngial arrangem ent and fu r flat , 
com p ressed , and foliose species to be of the textorii type 
(sha llow pi ts). Major evolu tiona ry trends a mong th e 43 
di stinct Cvacdarui species recognized in th e data se t 

em erge. The five m ost basal Crarilaria sensu lato sub­
g ro u ps (I-V) a re cha ra cte rized mainly by cylindrical 
sp ecies; exceptions such as ( ;. crassissima and G. enchcuum­
loides possess a range o f phenot ypic var iation that 
extends from totall y cylindr ical 10 com pressed habits . 
Only l,. mngiferinll and l,. prcissuma among the 17 
species in this assemblage are chara cte rized by ex clu­
sively Ilat thalli. In cont rast, th e lour most derived 
subgroups (V I-IX) are co mpo sed mainl y of Ilat species. 
Twen ty-seven 0 1" the :; 1 species in Ihcsc liJIII' subg ro u ps 
are flat, one (C. lihmhil/e) displays both phen otypes, 
and th ree have cylindrical to slightly co m p ressed th alli 
(G. damaecornis, G. oenezuelcnsis, am i G. but:\{1-/JlIsIIJri,). 
These results suggest that the cylind rical ha bit is th e 
plcsiomorphic co nd ition in Cracilariopsis and Grarilmin 
s('nsu lato, 

Subgroup I-lite Gracilaria rid/m ol is complex: T he 
li rsr div ergent clade within Gracil aria sensu lalo is co m­
posed ofG. chilensis from Chile and (;. aIr tenui.llijJil llla 
from J apan ami Virginia , l! SA. T h is assemblage 
sh a res severa l cystoca rp cha racte rs with Gmri /arill/Js is, 
suc h as th e lack of multinucleat ed tubular nu trit ive 
ce lls linking gon imoblas ts to the peri carp a nd a 
g ra d ua l morph ological transit ion bet ween go ni rno­
bla sts a nd matu re carp ospora ng ia (Fig . 2./) (Bird 
et a l. 1 9~(j , 1990, Nelso n and Ryan I~)9 1). 

Both speci es typically inhabit protected estuarine 
environments. Sp ecim ens newl y id entified as G. flIT 
tenuistipitata collected Irom the eas t coa st of the united 
States possess cyslOcarp features rhat a re remarkabl y 
similar to those fo und in G. chileusis and G. air 
tenuistipitata from 'I okawa , Japan . T he 101'· pa irw ise 
genetic di stance be tween th e Japanese a nd C .S. speci­
m ens (O .~W!c. bp ) su ggests th at th e G. lifT trnuistipita:« is 
a non-nati ve introduction in th e northwest Atlan tic 
from J apan. The spec ies seems to he spreadi ng in 
northern Euro pe (J . Rueness. University of Oslo , 
p erson al co m m unication), co nsisten t with t he general 
trend o r numerous Asia tic invaders ill European a nd 
North American Atlantic waters as a result of aqua­
culture introductions (Ribera and Boudouresque 199;), 
Maggs and Stegenga 1999, Gavio and Frcdcricq ~()()2 ). 

Subgrou p I , so Ell ', is cha ra.cterized ex clus ively by 
cylind rica l a nd ir regu lar ly bran ch ed Pacific an d Inrlo­
Pacific sp ecies with a texturii-typ e s pe r rn.ua ng ia l co n­
ce p tac lc (Fig. 21). T he non-Pacific rerer e co unte r part, 
C. bursa-pastoris, has proved to he part of a separa te 
evolu tiona ry lineage (su bg ro u p IX). Our result s 
sugges t th at th e textori] type or sp ermatangial cOllce p­
taclc arose at least twice in the evolutionary history o r 
Gracllaria S I' 1/.11I laio (Table :1, Fig. 2, B and I). It is likely 
that ad d itional Asian cylind r ical species with textorii­
typ e sperrru uangial p its are part o f this complex and 
th at futu re inclusion of DNA sequ en ces fr om those taxa 
(e .g. C. chouae Zhang et Xia, G. miuuta Lewmanomoru , 
and G. parilis/JU ra Abbott) should co nfirm thi s hypoth­
esis. Future cri tical exam ination and co m para tive a na ­
lysis o f spern uuangial d evelopme nt betw een G. cliilensis 
and (;. bursa-pastorisitl. textorii may reveal further develop­
mental d ifferen ces not di scernible in matu re slages . 
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'I 'he reproductive characters or (;, rhilcnsis and (;, air 
ImliislijJitrl!a (Fig. 2, I and J) are sullicicntly different 
from the type oiGracilaria lor these species to be elevated 
to generic rank, This observation was Iormulated 
previously by Nelson and Ryan (1991). 

S'ubgrulljJ II-Pru:ifil Hydropuntia. This clade in­
cludes only Indo-Pacific species to date. The type 
species or Hydropuiuia ((;, urinllei [Montagne] Abbott 
in Abboll ct a1.1I991J) is found in this clack (Figs. I 
and 2A), The name Hvdrnirurit ur has priority over 
Polscaoernosa Chang ct Xia ((;, rduli: [So Cmelin] 
P Silva I9:i2) (Wynne I9~9). All members olthis clade 
possess diagnostic Icaturcs that correspond to the 
generic concept or HylrojJurllia, such as the develop­
ment of deeply embedded, often confluent, sperma­
tangial conccpracles of subcortical-medullary origin 
that produce spermatangia in clusters (Chang and 
Xia 196:L Xia and Abbott I9R :i, 1987). Xia and Abbott 
(19~7) considered the distinct cystocarp ontogeny 
described lor G. crassissima (Frcrlericq and Norris 
I 9~:i, Fredericq and Hommersand I990b) as the 
Hydropuiuia type. Subgroup I I docs not contain 
G. cornea and G, crassissima, species previously group­
ed and currently placed in Hsdropuntu. (Wynne 199~). 

The latter two species arc part ora distinct clade (sub­
group III). However, both MP (Fig. I) and the 
Bayesian analysis (Fig. 2A) places species with Hxdro­
jJ1lnlirt-like reproductive characters (Fig. 2, F-H) 
within a monophyletic clade or the genus Gracilarui, 
with varying support (MP, no support; Bayesian, 
PP = 99(;(), The rcproduct ivc features that character­
ize this clade are different enough Irorn those found 
in the type or Cracilarut for the species in this 
assemblage to be elevated together with subgroup 
II I to generic ran k, as a Hsdroinmiia: 

SUb,!!,TOlljJ Ill-s-Atlantic Hyd ropunua. This sub­
group rhus far includes only western Atlantic species. 
All species arc typically cylindrical, with (;, rrussissima 
sometimes displaying a compressed prostrate thallus. 
Gracilurui seru.nda is a validly published species that 
has been considered a synonym or (;. corne« Cl aylor 
1960, as G. debilis), Our phylogenetic results support 
the recognition of this species distinct from (;. IOr!WU 

and sister to G. caiulata, There is a striking morpho­
logical similarity between C. caudate and C, secunda. 
The morphological plasticity within each of these two 
species is huge and overlaps, making their taxonomic 
delineation problematic. Nevertheless, two dist inct 
genetic entities do exist, and the type of (;, sccuutla is 
the best match to the specimens used in this study 

Gracilaria usneoules is phylogenetically closer to 
G. crassissima than to G. cornea (Figs. 1 and 2A), but 
morphologically G, cameo and C. usneoides are much 
alike. Fredcricq and Norris (1983) provided an account 
of the development of reproductive features of 
G. crasstssima from Belize and demonstrated its dis­
tinctness in terms of an elaborate reticulate postferti­
lization fusion cell and origin or male reproductive 
parent cells. A reinterpretation of the photographs or 
G, auulala in Plastino and Oliveira (1997) reveals that 

carposporophvte development is or the same type as 
that oU;, crnssissima, even though a few upper tubular 
nutritive cells arc depicted, The sexual reproductive 
structures or (;, secunda are still unknown. It is clear 
Irorn the current study that there arc two distinct 
evolutionary lineages encompassing the concept of 
Hydrojnullia. 

Because subgroups II and 111 form a well-supported 
monophyletic group (Fig. 2/\) and the type species of 
Hydropuniia is found in this clade (H. urtnllei), all the 
species pertaining to these two subgroups are, in this 
st ur lv, transferred to Hylroinnuia (see below lor nell' 
comhinat ions). 

Su!JgronjJ IV-Ihe C. salir.ornia complex: Gracilaria 
canaliculata, (;. crassa Harvey cx]. Agarrlh (I R7b), and 
Corallopsis opuniia .l Agardh (I ~72) were considered 
conspcci lic by Newton (19:);\). The first two species 
were subsumed into G. salicoruia by Xia (19~6) and 
Meneses and Ahbou (19~7), who independently came 
to the same conclusion (Abbott l ~)r;~). However, Silva 
ct al. (199b) recognize both G. canaliculata and (;. 
saliccrnia as distinct species, 

In this lineage, the morphological variation displayed 
by species with cylindrical and constricted thalli corre­
sponds to a phenotypic continuum from one species 
description to the next, which makes species delineation 
impossible based solely on morphological grounds. 
Abbott (19~H) mentioned that plants or (;, canaliculaia 
or (;, crassa could be placed in any or those proposed 
names. The molecular results obtained in this study, 
however, do not support the conspecilicity of (;, sa!i­
cornia and G, canaliculata. HIzrL-based phylogenetic trees 
show that these two species arc related hut taxonomi­
cally distinct (Figs, I and 2A) (genetic distance based on 
rlieL is :J.;);)(X). The future inclusion of sequences from 
G. racali« U. i\gardh) Dawson (I 9:i4, p. 2), G, ciassa 
Harvey ex J Agardh (I R7(i, p, 417), and other 
morphologically similar species is necessary to resolve 
the taxonomic status or this species complex, which is 
characterized by some degTee or constrictions in their 
tcrcrc thalli and 1!I'/TUUJsa type or spcrrnatangia. 

The presence of distinct constrictions at the nodal 
and internodal regions were once used to create the 
genus Corallopsis ,I. Agarclh 1~7(), which included 
G. urtiillri (as Hvdrojnmtia nrvillei) and the 11 names 
currently in synonym with c. salicornia (Xia 19~6, 

Abbott 19~~). Thallus const riction grades Irorn almost 
nonexistent (c.g. G. canaliculaia.; to very pronounced 
(e.g. G, salicoiula), \'\'hen comparing plants with div­
ergent morphologies (e.g. with or without constric­
tions), the identification is clear but in many cases there 
is a phenotypic continuum between distinct pheno­
types among specimens in the same population. 
Dawson (l904) concluded that nodal constrictions 
may not define genera and placed Coiallopsis in syno­
nymy with Grarilaria . The presence of some degree of 
I halli constrictions and the presence of only '')I'/TIIWSO 

type of spcrmatangial conccptacles characterize this 
highly polymorphic lineage, Although characteristic of 
this species complex, the pall ern or thallus constriction 
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is no t sha re d by all members of thi s clad e , which 
includes G. arcuala, with stro ng bootst rap sup po rt . Th e 
placem ent of C. urvillci in a d istinct se pa ra te clade 
(Gracilaria sllbgro up [I ) is eviden ce that shar p co n­
strictions at th e base olb ranchcs arose more than o nce 
ill Gvadlari«, increasin g the degree of morphological 
homoplasy. However, th e thallus constriction pa ttern 
and habit o f G. urtnllei ar e different fro m th at found in 
species of this G. salicornia linea ge. All memb e rs of this 
clade for whic h reproductive cha rac te rs are known 
ha ve cystocarp str uctures typical of Gracilana sensu 
stricto tsensu. Fre de ricq and Honunersand 1990b) (Fig. 
2, D and E). Corallopsis is not su pported by rb c): seq ­
uence ana lysis as ge nericaUy di stin ct Irorn Graciku ia 
Creville. All members of th is subgroup are character­
ized by having ucrrucosa type of spc rrnatangial con­
ceptacles (Fig. ~C) th at do not develop into th e 
Hydropunua type (Fig . 2F) . 

Sub g roup V Gracilaria gracilis and G. pacifica fo rm a 
well- support ed clade based on rbeL se que nce an alysis 
(BP = LO O~, in both MP and ME result s: PP = I00r;; ), 
and th eir ge netic d istance is 4.479'0. CUITen Lly, 
G. grac ilis is the on ly tc rctc species of Crucilaria 
described for th e Ilo ra of th e no rth eastern Atlantic 
(ex clud ing the Medit er ran ean ). T he ge ne tic distan ce 
between t hc so u rhcrn U. K. G. gracilis haplot ype a nd 
the northern France specime n inclu ded in th e da ta 
set is n ot large enough (0.95%) to suggest that these 
two populations ar e di stinct species. T he ontogen y of 
reprodu ctive structures of G. gracilis (as G. uerrucosa 
[Hudson] Pap enfuss) was used as th e re ference to 
define th e o rder Cracilari ales (Fre dericq and Hom­
rnersand 19H9a ). All mem bers of th is subgroup arc 
characterized by hav ing lInTl /I"OSa typ e o f sper ma ta n­
gial co ucep iacles (Fig . 2C) tha t d o no t d evelop in to 
the Hydropuutia typ e (Fig 2F) . 

Su hgroujJ VI- Lhe Graci lar ia m amrnill a ri s co mplex : 
Mo r p ho logica lly, thi s is one of th e mos t probl em atic 
lineages in the genus Crac ilaria . The ove rall habit o f 
members of this subgroup show re ma rkable simil a­
r ities, especially wh en dealing with at ypical phen o­
typ es and sm all specim en s. In o the r parts of the 
world, phenot yp ic plasticit y and stri king morpholo ­
gica l simi larities among Hat Gracilaria spec ies also 
produce simi lar ra xonornic problems (e.g. G. texuni i' ; 
(Ya ma mo to 19H4). This su bg ro up is co mposed 
e n tir ely of foliose d ichotomou sly bra nched species 
rcst.ricted to th e wes te rn Atlan tic tha t a re o fte n 
misi d entified as G. nuumnillaris. The curre n t co ncep t 
of G. mam millaris correspond s indeed to a sp ecies 
complex . Morphological com pa r iso ns among ph ylo­
geneti c di stinct popula tions (based on rbci . phyloge­
ni es ) and typ e specim en s revealed th at a t least lou r 
species were new a nd have been recentl y de scribed : 
G. ga/('/I'/tsis , c; hn)'i , G. olioeirarum, and G. smithso­
niensis, (C urgcl e t al, ~003 b) . Ste r ile speci mens of G. 
galetensis Illay have co m mo nly bee n misiden tified 
as R hodymenia pseudopalma ta . T he ex pansion of sys­
te matic surveys of flat Gracilaria species in th e 
Ca ribbea n may reveal a n even grea ter numbe r of 

ne w species current ly passin g und er the nam e or 
c. mamtnillaris, 

Su bgnm/llIll: Th is is a well-su p po rted g ro up co m­
posed of only poorly known western Atlantic species. 
All speci mens exa m ine d have a d istinct habit: 
C. int cnnedia (Ven ezuela) and G. )'()1I11shiglU'Il/UI (Brazil) 
are flat , whereas (,. tienezuelensis has tcrete to slightly 
compressed thalli (I~ly l o r J 942). More ext en sive 
co llections of fe rt ile members of th is clad e a rc 
necessary befo re a full characte rizatio n of th ei r rcprod­
uctive strurt urcs can be accom plish ed . Since its 
description , G. venautelcnsis has been cited onl y twice 
in flori stic surveys : one record from th e Mexi can C;ulf 
of Mexico (Dreckrna n n a nd Perez-H ernandez 1994) 
a nd th e ot.hor trom the Philippines (Westc rn hagcn 
197:1, I D/4) . Rep orts of thi s spec ies outside th e 
western Atlant ic sho uld be cons ide red tcnt.u ivc, 
because it is uulikelv that southeastern Asia and the 
Caribbean share (;'m ei/aria sp ecies that wer e not 
artifi cially introduced . In th e western Atlan tic, 
G. uene zurlcnsis see ms to be co m mo n hut n or recog­
nized a nd onen p resents as th in cvlindrica l and vcrv 
br anch ed ph en ot ypes when g ro wi;lg as drifting mats 
a t p rot ected e nv iro nme n ts such as bays a nd th e L:.S. 
intracoastal wate l'ways (e.g. Tam pa ~ a y, western 
Florida, a nt! the Indian River, easte rn Florida ; C. F. 
Curgel , person al obse rvation) . Wh en gTowing at­
tach ed to subtidal rocky substrat a (e.g. Capron Shoa l, 
Fort Pierce Co. , FL, L SA), G. uenezuclensis develo ps a 
more robust, thi cker, and regul ar dichotom ous 
branch ed phenot ype . Crad laria J()!Ieshigu rana is a 
d elicat e 7-cm-l on g Hat e ndemic spec ies from Bra zil, 
so far co llected only ill the Rio de J an eiro sta te , 
occurri ng in ex posed as well as protected in te r tida l 
roc ky sho res (C u rge l ct a l. ~003 h) . 

Subgroup IIIll-nil' ( ;racilaria tikvahinr clndr: This 
clad e is co m posed of th e wes tern Atla n tic spec ies 
G. damaecornis a nd (;. tikuahiae and th e pootl y d efined 
G. laciuulata. All species a re re st ricted to th e western 
Atlantic with the excep tion of C. tikuahiae, whi ch has 
been introduced in Hawaii (Abbott 1999, p. ~ IG). All 
species in this subg ro u p display a persist ent la rge 
postl crtili ziu ion fusio n cel l (Fig . ~E) . Gmcilari« tikua ­
hiae, a d ich otomou sly bra nch ed species , displays a 
wide ra uge of hab it morphologies ranging fro m I h in 
to thi ck , en tir ely Ilat to icrcte phen ot yp es. Mo rpho­
logically dif ferent specimens of (;. tikualun« a re o lie n 
fou nd growing on th e sa me rock . Bran ching patt ern 
in G. damaecorn is is sti ll more co nsta n t e ven a mo ng 
specime ns from di stinct ge ogra p hic regions, and 1he 
degree of thallus co mp ression also vary greatly. 
Gracila ria lacinulala shows a broad range in blade 
width and branching p aLLcrn but is cha rac ter ized by a 
distin ctl y Haucn ed g ree n thallus. 

Previou s rbcL ana lysis (u npublished d ata) revea led 
th at th e g ree n Gracilaria sp. variety far me d at H arbor 
Br anch Oceanographic In st itut e is part of this Crucilar­
ia subgrou p. This taxon co r respo nds to an unidentified 
species origina lly collecte d on th e eas te rn L .S. coas t 
th at has ne ver bee n found in th e lield ag ain. All th rcc 
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Harbor Branch Oceanographic Insiit ution Gracilaria 
varier ics (brown, green, and red) have been kept in 
culture since 1977, 1982 and 1982, respectively, (D. 
Hanisak , HBOI, personal communication) and do not 
develop reproductive structures in the cultures. The 
brown variety is a true G. tikuahiae and pan ofsubgroup 
VIII, hut the reel variety, producing the highest quality 
agar, is part of subgroup IV (unpublished data). The 
ibc), DNA sequence analysis of the three Graalaria 
varieties mentioned above have also been deposited 
in Ccnlsank (brown = AY049,~62, red = i\Y049,\ 10, 
green = AY049,Q I). 

SubgroujJ lX-lilt' G. bursa-pastoris rtf/fir'.' Deeper 
nodes within Gracilaria subgroup IX, composed 01" 
the \:) most derived species, have loll' bootstrap 
support in the MP (Fig. I) analysis and even less in the 
ME trees (data not shown). In the Bayesian tree these 
nodes have higher support, with the exception of C. 
spinulosa and Gracilaria sp. Irorn the Philippines. In 
this subgroup, lour distinct clades are resolved with 
high su pport. Two of these clades are composed of nat 
and compressed species Irorn the western Atlantic: (;. 
occulerualis, G. ornata, and Plocariatlabellitornie, P. et H. 
Crouan in Schramm & Maze (1865, IJ. 21) with 100/ 
84/859; support (Bayesian/MP/\iIE, respectively) and 
C. apiculata, C. cervicornis, G. domingensis with 100/97/ 
97(Yc support (Bayesian/MP/ME, respectively). The 
phylogenetic position 01" C. curtissiae in the latter clade 
had 100(/r Bayesian support but was not resolv­
ed in either MP or ME analyses (no HI' support). 
The third clade is composed of the eastern Atlantic 
species (;. bursa-pastoris and C. niullipariii« with 100/ 
9H/9(i<!r support (Bayesian/MP/ME, respectively). The 
fourth and most derived clade is the least supported 
cluster (64(;{ Bayesian support and no BP support lor 
neither MP nor :\'IE) composed of the remaining six 
species in this subgroup, all with an east South African 
and I ndo-Pacific distribution. 

Thirteen of the fifteen species in subgroup IX have 
both a foliose habit and ll'x/orii-type sperrnatangial con­
ceptacles. The exceptions are the compressed species 
G. lnasa-pastori, and G. ceroicornis; and G. rlmningnl.lis 
bearing verwcosa-type sperrnatangial conccptacles. 
This lineage is composed orwell-known species ofGm­
cilaria and one unidentified species Irorn the Philip­
pines that is morphologically similar to, hut genetically 
distinct Irorn, C. texioru. 

The most derived lineage in subgroup IX holds the 
type of the South African endemic genus 'lj'leilJ'jJlwra J. 
Agardh, G. beckeri U. Agardh) Papenfuss. This species is 
sister to another South African-Madagascar endemic 
(Silva et al. 1996), G. ((j;jJensis. Jacob Agardh (1890) 
established the genus lj'leiojJlwrrt to contain Gmcikni« 
species with ietrasporangia aggregated in nernarhecia. 
Dawson (1949) reported that a tetrasporangial nernathe­
cium is not a stable character and demonstrated thai 
many flat northeastern Pacific species display a variable 
degree 01" nernarhecal development. Papenfuss (19:)2) 
subsequently concluded that this character should not 
be used Lo recognize genel"(I, merging 7}leioplwra back 

into Cmalaria. Gmcilaria spinulosa, Cnuilaria sp. from 
the Philippines, and (;. textorii received low bootstrap 
support (Figs. 1 and 2A), and their phylogenetic 
relationship within subgroup IX is still unresolved. 

Three frequently confused and morphologically 
similar species, (;. ceroicornis, G. dOlJlingenlis, and G. 
[erox .I. Agardh (18:)2), were reassessed by Oliveira 
et a!. (19H')). They concluded based on morphologicaJ 
grounds that C. ceroicomis and G. [erox are conspecific 
and that G. donungensis can only he reliably distin­
guished Irorn C. ceroicornis based on sperrnatangial 
Icatures. The molecular study herein confirms that G. 
ceroicornis is a distinct sister taxon to what is known as 
(;. domingensis lroru Brazil. Specimens of" Gracilaria 
recently collected from Venezuela and Mexico, resem­
bling atypical phenotypes 0\(;. cerou.omis, turned out to 
belong to a distinct species, herein identified as G. 
ajriculala I' et H. Cronan in Schramm and Maze (18G:), 
p. 19) based on examination and comparison of 
photographs of type material housed in BM! and 
PC!. Another resurrected name, previously recognized 
in Kapraun (199,~), is based on Plocariajlobelliiorme. A 
nell' comhinat ion is made in this st udy for this com­
mon, Ilai, western Atlantic tropical Gracllaria species. 
Several specimens of G. apiculat« and C. Jlabdli(onne 
were sequenced (data not shown); these taxa represent 
common species Ior the Caribbean and the sout hcrn 
Culf" of"Mexico passing under the names C. cerincornis 
and C. mammillaris, respectively. 

Male reprodudioe structures. Dawson (1949) was the 
Iirstto stress the importance of the shape and origin 
of spermatangial conceptacles in the taxonom y of the 
Cracilariaceae. Ohmi (19:)8) pointed out that they 
were the most important character to distinguish 
among species. Yamamoto (1975, J97H) divided the 
genus Gracilaria sensu. lato (including (;)"((.rilarioJJsis) 
into three subgenera based on three different types of 
spermatangial conceptacles previously recognized by 
Thuret and Bornet (1878) and Dawson (1949, 1961): 
a subgenus Gracilariella (spennatangia flush with 
surface: chorda type, as in Gracilaria chorda [Holmes] 
Ohrni 119:)8, p. :)()J) , Lexumella (sperrnaumgia orga­
nized in shallow pits: tcxtcni! type, as in C. textorii, 
Fig. 2B), and Gracilaria (spermatangia organized in 
deep pits: j)f1T7IW.la type as in Grartlaria VlnTlIWSa = 

G. gracilis, Steentoft et al. J 99:>, Fig. 2(;). Later, 
Yamamoto (1!)H4) included other kinds of sperma­
tangial types in his classification, such as the sylmnetrica 
type and the henriquesiana type (Bird 1995), for which 
he did not established any new subgenera. 

'lSeng and Xia (1999) formally described the new 
subgenus Hyd1"Ojmniia to include species with sperma­
tangial conccptacles in multiple cavities (Fig. 2F) in 
which the spcrmatangia cover the entire surface of the 
conceptacles (encompassing the Polxcaoernosa and 
henriquesuma types). The superficial spcrmatangia of 
the chorda type have been considered ancestral with the 
deeper and complex coriccptacles considered derived 
(Yamamoto 197 :>, 1978, 19R4, 'Iscng and Xia 1999). 
Yamamoto (1984) presented a schematic diagram 
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depict ing a sequen ce that had the chorda-ty pe config­
uration g iving rise to th e o the r more co m plex typ es: 
chorda typ e (type 1, spermatangia continuously and 
homogeneously distributed along th e thallus surface), 
to the syuunctricu type (type 2, sperrnat angia superficial 
but discontinued by large scattered cortical cells), to th e 
texioru type (type 3, sh allow cavity, Fig. 2B), to th e 
uetrucosa type (type 4, d eep cu p-shapcd cavity, Fig. 2C), 
to the henriouesina type (ty pe 5 , agg re ga tion of 
verrur.osa-ty pe conceptaclcs), and finall y to the Poly­
cauernosa typ e ( = HydropulLlw type , Fig. 2F ) with d eep 
co nflue n t a nd branch ed conceptacl es. 

The chorda type is now known to be cha racte ristic of 
and restri cted to the gen us Cracdariopsis . With th e 
exception of Melanthalia for which th ere is still no 
reported spe rm arangia l description, the two major 
basal lineages in the rbci: tree (i.e . Gnicilaiiopsis and 
CU1'Ili.ea) have superficial spermaLangia with small color­
less spcrrnatia and do not form conccptaclcs (Frcdericq 
and Hornmersand 19l'{9b, 1990b, Nel son and Knight 
I!-l97). Male structu res in Graciluriopsis diff er from th ose 
of Curdica in ha ving th e sp ennatangium cut off sin gly by 
transverse di vision of th e spe rmata ngia l parent cell an d 
by not having sperrnatangia organized in nemathecia . 
The ancestral condition for the Gracilari alcs appears to 

be one in which undifferentiated cortical cells produced 
spermar.angia by oblique longitudinal divisions, follow­
ing the same division pattern as the surface cells . 

Our results agree with Yamamoto (1984) and 
Bellorin et a l. (2002) in which the most plesiornorphic 
spc rmaiangia l state in the Gracilariaceae seem s to be 
the chorda type. However , this stud y does not support 
the phylogenesis hypothesis provided by Yamamoto 
([ 984). In light of th e new molecular evidence 
produced in this study, the evolutionary history of 
spermatangial types in the Cracilariacea c is more 
variable and complex than currently appreciated . 
Based on literature accounts for the species included 
in this study, the HyrlmJ}/{nlia type or spermauuigiai 
conccpiacle (hercaltcr treated as synonymous to the 
lu-nriquesiana and the Polvcauernosa type) is present in 
four Cracilari« subgroups: in all tax a placed in sub­
g ro up II (G. eduiis , Abbott et al. 1991 ) and subgroup 
III (G. anulata, Plastino and Oli veira 199 7; G. crassi­
ssima, Fredericq and Norris 1985), in G. domingensis 
from subg roup IX (C uimaraes et al. 1999), and in 
G. damaeconus (C anesa n 1989) from subg ro u p VUL 
However, th e independent acquisition of the Hydro­
punua typ e hy G. dumaecovuis and G. doIII ingem is may not 
correspond to a true homoplasy but to misidentifica­
tions. It is possible th at more than o ne species may 
be passing under the names G. damaecornis and G. 
donungeusis and that th ese ta xa may indeed correspond 
to two distinct species co m ple xes in n eed of a careful 
system a tica l revision. 

This study reveals th at a "chilensis" typ e of sp erma­
tangial co nce p tacle is possibl y the ancestral sperma­
tangial configuration within (aucilavia Sl' /ISU 111[0 . The 
textorii t)'Pe . considered the most primiti ve, is in fact 
present in the most derived lineages (subgrou p IX ). 

These results suggest that the textorii type as currently 
defined a rose independently at lea st twice in (;l"IIcilllrill 
sensu laio, once in th e (;. cluleusis lineag-e (proposed here 
as the chilensis type) (Table 3, Fig. 21), and once in the 
most d erived subgroups characterized by (;. bursa­
pastoris, G. ceroicomis, and G. textoril (proposed here as 
the true texloru type) (Table 3, Fig . 2B) . 

There are reporL~ that the uerrucosa and HyrlroJJlllllill 
type or spcrma tangia have been louud on thc same 
thallus in se veral Indo-Pacific (Abb a II cr al. 1991 ) and 
.\ tlan tic (Cancsan I !-l89 , Plastino and Oliveira I!-l97) 
species and that both th e textorii and uerrurosa typ e or 
spcrrnat angial concepi aclcs have b een reported Irom 
the sa me th allus in "G. bLodKellii" Harvey (Zhang and 
Xia 1985 , Reading- a nd Schneider 198G. Abbott 1988) . 
Those reports sug-gest that the uerrucnsa-i ype conccp­
tac!e may develop into a Hsdropuntia type when inter­
calary spcrm.u.mgial parent cells fus e hack to vegetative 
cells (see lig . 14 in I'rcdcricq and H ornrnersand 19!-lOb 
for H. crassisshnu'; or that a texiorii type may develop int o 
a ll/~ ITUCUSU type if' the r o nce p tac lc d eepens into the 
th allus. H owever, ou r obse rva tio ns do not point in this 
direction . So Iar, only su bg rou ps I Vand V seem to h ave 
sp crmat angia restricted to the verrucosa type. whi ch are 
morphologically distinct from the ,II11Tt1WS(], type re­
poned fOl ' species placed ill other subgroups in our 
rbci . phylogenies . Comparisons between uetrucosa typ e 
of sp errnatangia between species from subgroups IV 
and V with those found on species from subgroups 1I 
and III reveal a remarkable distinction. The sp erma­
tangial parent cells from sp ecies from subgroups IVand 
V never interact with medullary cells . a nd the verru casa 
type of sper mat.mgi» in these species never develop 
into th e Hydropiuuio type. On the other hand. sp erma­
tangial parent cells from species from subgroups I I and 
III always int eract (via se co nd a ry pit-connections) with 
m edullary cells, and it is on these groups that reports of 
plant s ca r ry in g both kinds of spcrmatangia! conccpia­
ell'S h ave been mad e (Abbo tt et al , 109 I). Therefore , 
the way the spcrrnaumgial parent cells interact with 
vegetative cells is the key character to distinguish these 
two groups of Gracilaria sensu lata species and helps to 
recognize Hydropuntia as a distinct . stable. and reliable 
genus from Gracilaria sensu stricto. In sp ecies or 
Gracilaria sensu. stricto with th e true uerrucosa typ e or 
sperrn.uangia (the one that d ocs not interact with 
medullary cells ) (Fig . ~ q, as the thallus age the cortical 
cell s multiply alter th e spcrrn.u angial conrcpr acle 
growth . This development pattern is ve ry evident in 
mature spermataugia from G. salicoruia (Abbott 2000, p. 
215) and G. shnnodensts (Tcrcada and Yamamoto 2000 , 
p. 192), species characterized by having only vcrrurasa 
type of spcrrna ta ng ia l conccptaclcs that do not eve r 
develop into the Hydropuntia type. 

The obse rvation o r more than one kind or sperma­
tan gial co nrc ptac le lor a particular Gracikuia specie s, 
especially when th e textorii type and the V/' ITUcos// type 
are said to co-occur on the same species, should be 
considered with caution because more th an one sp ecies 
may have been consid ered in those stud ies. Also , the 
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possibility of hybridization between two distinct taxa 
should be considered. H ylnidizarion tests in vitro have 
been applied to infer limits among species of Crarilaria 
(Bird and Mcl.achlan 1982, Plastino and Oliveira 1988), 
but nothing is known about how this corresponds ill situ. 

The integration of newly generated ibci., phyloge­
nies (Figs. I and 2A) and new morphological inter­
pretations of male reproductive structures supporl the 
separation of (;rlu:ilaria sensu lilio into four distinct 
groups based on kind of sperrnatangial conceptacle: 
the clulensis type (Fig. 21), composed or only Gracilaiia 
subgroup I; the Hydro/mnlill type (Fig. 21"), composed 
of subgroups II and III; the 1Ji'I'J'IU'OSIi type (Fig. 2(;), 
composed of subgroups IV and V; and the texiorii type 
(Fig. 28) , composed of the most derived subgroups 
VI-IX. A more detailed comparative analysis of 
sperrnatangial ontogeny and anatomy among these 
lour groups may reveal news insights about how to 
interpret them in a taxonomically and evolutionary 
framework. Ontogenetic observations show that the 
degree of interactions between spermatangial mother 
cells with conical or medullary vegetative cells is a more 
important morphological character than the shape of 
mature conceptacles (Frcdericq and Norris 1985). 

Female reproductive structures. The rbc), phylogenies 
presented in this study (Figs. I and 21\) corroborate 
Fredericq and Hommersand's (1990b) synthesis of 
cysrocarp types fill' the family Gracilariaceae. These 
authors recognized lour distinct cystocarps lor the 
nonparasitic genera: 

I. The (;lIrr!inI/MdaJllhlllili type: Cvsrocarp cavity 
completely lilled by gonimoblasts, multinucleated 
tubular cells absent, carposporangia formed in distinct, 
elongate, narrow files of similarly sized cells, gameto­
phytic cells in the floor of cystocarp becoming 
cytolog-icaJly transformed. incorporation of gameto­
phytic vegetative cells into the fusion cell restricted to 
cells of the sterile filaments of the supporting cell. 

2. The Graciiariopsis type: Cystocarp cavity nOI 
completely Iiiled by gonimoblasts; multinucleated tub­
ular cells absent; carposporangia aligned in compara­
tively straight chains with smaller immature carpospor­
angia at the base and larger mature carposporangia 
at distal portion of chains; gametophytic cells in Boor 
of cystocilrp cytologically transformed, incorporation 
of gametophytic vegetative cells into the fusion cell 
restricted to cells of the sterile filaments of the support­
ing cell. 

3. The HydJ'lltJunlil( type: Cystocarp cavity not 
completely filled by gonimoblasts, multinucleated basal 
and lateral tubular cells often present, multinucleated 
upper tubular cells often absent, carposporangia often 
aligned in straight chains with sharp transition between 
gonimoblast mass and a mature narrow carpospor­
angial layer, cytologically transformed gametophytic 
cells in floor of the cystocarp often present and 
composed of small cells arranged in layers, incorpora­
tion of gametophytic vegetative cells into the fusion cell 
not restricted lO sterile filaments of the supporting cell. 

fusion cell becomes highly reticulate and inconspic­
uous, gonimoblast mass with regular development, 
gonimoblas!s with variable cell wall thickness (Fig. 2(;). 

4. The Gmci!l(ria type: Cystocarp cavity not com­
pletely filled by gonimoblasts, multinucleated basal and 
upper tubular cells often present, carposporangia 
organized in clusters of cells of variable sizes, gameto­
phytic cells in Boor olcystocarp not transformed cytolo­
gically, incorporation of gametophytic vegetative cells 
into the fusion cell not restricted to sterile filaments of 
the supporting cell, mature fusion cell globose, variedly 
ramified or indistinct from other large gonimoblasts, 
inner gonimoblasts with conspicuous thick cell Willis. 

In light ofour molecular results, at least four distinct 
cystocarp types can now be distinguished wit hin the 
genus Gracilarin sensu ku» alone (Fig. 2, D and E, G and 
H, and j» 

I. The rhilensis type. This cystocarp is morphologi­
cally similar 10 the Gracilariopsis type but with a less 
dissected organization of the inner gonimoblasts and 
with carposporangia in unbranched chains limned by 
gonimoblasts that gradually I ranslorru into large 
terminal carposporangia. This cysiocarp type (Fig. 2J) 
is characteristic and so Ell' only found among members 
of Gnu.daria S(,IlSU 1010 subgroup I. Morphological 
similarities and differences between the cystocarps 
of G. chilensis and Gp. lemanriiormis have been well 
documented (Bird et a!. 19H6, Ryan and Nelson 199]). 
Among Cracilan« sensuIruo species, this cysiocarp type 
lacks multinucleated tubular cells connecting outer 
pericarp and gonimoblasts, has an extensive cystocarp 
cavity, a regular pattern of gonirnohlast development, 
large external gonimoblast cells, and orderly arrays of 
carposporangia (Fig. 2.1). 

2. The Hyiropuntia type. This cystocarp type is 
present so Ell' only in Indo-Pacific species once placed 
in Hydropuntia, members of Gtuciiari« sensu 1010 sub­
group II (Fig. 21\). Distinct Icarures include an 
irregularly shaped fusion cell enclosed within the 
pericarp before gonimohlast initial ion, with gonimo­
blast filaments developing in nearly complete straight 
hies with the inner d erivatives linking rapidly with one 
another by means ofsecondary pit-connections, mature 
mass of gonimoblasts often branched or lobed, carpo­
sporangia organized in short chains with sharp transi­
tion with gonimoblast mass (hg. 2H). 

3. The crassissim« type. This type of cysiocarp is 
characteristic of Cradlaria II'I15U lato subgroup III. 
Distinct Icarures include gonimoblast filaments devel­
oping in complete straight Iiles producing a regular, 
not lobed, centralized, and broad-based mature goni­
rnoblast mass with carposporangia ill usually short 
chains (Fig. 2(;). Morphological observations from 
species included in this study agree with those of 
Abbott et al, (1991), who noted that gonimohlast 
organization in the Caribbean Hydropuntia species 
(subgroup III) is centralized, whereas that of Pacific 
I-lylm/Jlilllill (subgroup II) species is diffuse. This type 
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of cystocarp was illustrated by Fred ericq and Norris 
(198£» , Fredericq a nd Hommersand (1990b), a nd 
Plastin o a nd Oliveira (1997). 

4. The Grad laria sensu stricto type. This typ e of 
cystocarp is characteristic of th e 1110st derived sub­
groups within Gracilniia sensu lata (subgroups IV-IX) . 
Its distinctive features include a regularly shaped, ofte n 
persistent, fusi on ce ll th at ca n be quite co nspicuo us 
throu gh out gonimo blast de velopment, go nimo blast 
filam ents developing at regul ar or ir regularly ra tes 
but often producing a go nimoblast mass com posed of 
large cells with cons picuo us cell walls, and with 
car posporang ia organized in di chotomou sly bran ch ed 
chai ns (Fig. 2, D <I nc! E). Us ually, whe n the fusion ce ll is 
pers isten t, the rate of gonim oblast development is 
irregular, thus producing an irregul a rly shaped goni­
moblast mass composed of variably sized ceUs (c .g. 
G. gracilis, G. tikvahiae) . Cystocarps with a more re gul ar 
rate of go nimoblast devel opment typically produce a 
rounded go nimo bl<ls t mass com posed o f large long­
itudinally e longa ted ce lls with conspicuo us ce ll walls 
(e.g . G. fiabellifarme). 

The presence or abse nce and location of tubular 
multinucleat ed cells co nnecting th e peri carp with the 
go nimo blasts alon e is not a stable taxonomic characters 
to defin e Gracilaria sensu lata subgroups, with the 
exc eption of subgroup I that complet ely lacks th ese 
ceUs. However, despite the many hornoplasies, a 
pattern can be observed where subgroups II and II I 
a re often characterized by having th em rest ricted to th e 
base of th e cystoca r p cavi ty, whereas th e most derived 
subg ro ups (I V- IX) are ofte n cha racte rized by typ ical 
Gracilaria sensu strirto cystocarps with tubu lar ce lls 
distributed along th e ent ire cystocarp cavity. 

Ter ruspo rungia in th e C rac iiar ia les are cruciate ly 
di vided or decus sate . T he development of nernathecia 
observe d in some species (e.g. G. beckeris was corro bo­
rated by this molecular stud y as being indistinct at th e 
generic level (Dawson 1949, Papenfuss 1952). 

CONCLUS IONS 

Morphological charac te rs found in th e C racilari a­
ceae th at do n ot take into acco un t development ofte n 
resemble one an oth er in th e mature sla te and are 
noninformativc taxonomically, eve n amo ng distant 
taxa (c.g . shape and size of vegetative cells frequently 
ove rla p amo ng species). Also , o n togenetic featu res 
should be assessed with care becau se abo r tive p re­
and postfertilization stages are COIDmon (Fredericq and 
Hornmersand 1990b). 

Delineation of new and previously defined subge ­
neric g ro ups within Gracilaria sensu lata needs to be 
reassessed and requi res the co mbina tio n of male and 
female reproductive cha racter s cou pled with molecular 
phylogenies inferred trorn informative ge netic mar­
kers. Distin ct spe rma tangial concepta cle typ es withi n 
Gracilaria sensu lato a re represen ted by th e chilensis typ e, 
the Ilydropunt ia type, the oerrucosa type , a nd th e textorii 
type. Distinct cystoca rps types with in Gracilaria sensu 

lato are likewise represen ted by th e G. chilensis type . I he 
Hydropuntia-G. crassissima types, a nd th e (;. bursa-pastoti s 
type . T hese four kinds o f sperrnatangial and cystocarp 
organi zations plu s the phylog enet ic relation ships in­
ferred Irom rbci , seque nce an alyses produced in this 
study define stable clades at th e ge ne ric rank. Also in 
the literature th ere is alread y a plethora 01" ge ne tic 
(Bird et al, 1992 , 1994, Bird 1995, Bellorin ct al . ~()() ~ ) 

a nd morphological (Nelson and Ryan 19~) I , Ryan a nd 
Nel son 199 I ) evidence su ppo rting the uniqueness of 
th e su bgroup I and its reco gnition as a distinct ge nus 
within the Cracilari aceae. T he d escripti on and del inea­
tion of a new genus to accom modate the C. clulcnsis 
clad e will be done elsewhere. The ge nus H)'dmplllltill , 
d efined by the ge ne ritype G. uroillei, is herein re in­
stated enco mpassing sp ecies from SUbgroups II and 
Ill. The remaining terminal tax a (subgroups I V-I X) 
are defined by th e ge ner itype G. bursa-pasioris and 
co ns ide red the true ge nus Gracila ria senS1l stricto, 

At the species level , distin ct evolutiona ry lineages 
withi n th e Craci iaria sensu lato clad e ( = subgroups) 
p resent stro ng b iogeograp hy patt e rn s of d istribut ion. 
Subgrou ps l , II, and IV have to date a restr icted Indo­
Pacific distribution , whereas subgroups 11 I , VI, VII , 
a nd VII I ha ve <I western Atlant ic res tr icted di stribu­
tion . In subgroup IX, the most recen t clad e in the 
Gracdaria sensu lato ph ylogen y, ce rta in lineages are 
restricted to the western Atlantic (e .g. the C. ornata and 
the G. cervicornis lineages), whereas o thers have a Indo­
Pacific-South African distribution (c.g . G. capensis line­
age). T he se patte rn s suggest tha t eco logical rad iation 
and local speci a tion are a co mmo n ph en omen on in the 
ge nus Gracilaria sensu lata. On th e othe r hand, th e 
biogeog raph y patt erns o bserved in the ge nus Grncilar­
iopsis are different fro m the ones found in Gracilaria 
(Gurgcl e t a l. 2003b). Cu rdiea and Melanihnlia dade 
may p resent int erestin g biogeographic patterns. but 
more da ta arc need ed before th ey ca n emerge. 

The rbcL gene tic distances amon g the four di stinct 
Gracilaria sensu lata ge ne ric grou ps mentioned above 
are cons isten t with th e generic rank differences found 
am on g acce pted C raci lar iaceae ge ne ra . Placing more 
th an roospec ies with in a sin gle ge nus underestimat es 
o u r capacity to recogni ze d iffe rent evolu tio nary his­
tories a mo ng ge ne tically di stinct lineages of Craci lar­
iaceae. H owever, whe n morphological cha racte rs, 
in forma tive molecula r data , and so und phylogenet ic 
h ypotheses are com bine d, the recognition of three 
dist inct ge ne ra cu r ren tly plac ed within Gracilaiia SCllSU 

lata co r respo nds to a more natural, ph ylogen etically 
informative, and information-rich taxonomy th an the 
on e cur re ntly in use . 

O u r results suggest th at seve ral independ ent dis­
persal even ts took place in Gracilaria , Cracilariopsis, and 
Hydropunua but not in Cu rdiea and Me lan thalia. In th is 
study, the fir st d ivergent n ode in all three C ra cilar­
iaceae m ajor clades are typ ically indo-P acific in 
distribu tion, lending sup port to th e biogeog raphic 
h ypothesis th at th e order's ancesto r originated in 
ea stern Go nd wana before the opening 01" the Teth yan 

-~- ---------
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O cean (Houu uersand 1090 ). The a us tral 1 cihya n 
g ro u p is co m pose d or Melanthalut and Cunliea with 
ex ta nt tax a cu r re n tly found in South Aus tra lia, 
Ta smania, New Zcaland , South Africa, a nd the Ant a rc­
tic I'cninxula, Represent ativ es o f Cra cila ria , Graclla r­
iopsis, a nd Hydro/mlllill are p re sent in both the Southern 
and No rt he r n hemispheres , rang ing Irorn temperate 
10 tropical e n viro n men ts. Hom mersaud ( 1990) su g­
ges ted three m <!jor dispe rsal scena r ios: I ) Cmcilariopsi: 
a nd some taxonomic sect ions or C ntcila rio were 
di stributed from the northwest Pacifi c to No rt h 
Am eri ca by way o f th e Alaska n Peninsula, e ither in lat e 
Cretace ous or in the Paleocene , ultimatel y reaching th e 
Ca r ibbea n Sea, and possibl y also Europe and th e 
Mediterranean Sea ; 2) sp ecies cluste r s in Cractluria may 
hav e a Tethyan distribution : a n d ;~ ) others appear to 
have e xte nd ed their range westward from the Indian 
O cean to the western Atlantic a nd Caribbean Sea by 
way of South Africa, Th e inclusion in the rbct . data set 
of'm ore species world wid e is needed Lo fully assess su ch 
sce na r ios olancieru dispersal pau ern». SS l! rD NA clara 
a lso place s a Curdiea and Melanlltalia clades a t the root 
o r C ra cilariaccac trees (Bc llo rin e t a l. 2 ()02). 

The three major' clades or Gracilariaceae Illa y ha ve 
di verged ea rly in rhe evolution of' the Iamil y. The low 
bo ot strap sup port lor nodes dete rmining the relation­
sh ip s a m ong these three clades a nd or th e (; racil«rill 
.\ I'/tSU lato subgroups in th e Ml' ana lysis m ay he 
in terp ret ed as t he lack of sull icient phylo geneti c signa l 
in rbc) , to resolve I hc sc relationships (ge net ic conse r va­
tio n) or a hi gh level o f mutation acc u mu latio n a nd 
a fas te r rat e of gene evo lu tion (gene saturation ). T he 
latter h ypothesis is more likel y due to d etected 
sa tu ra tio n at the I hi rd codon position. Similar low 
bootstrap results for particula r clades arc indicative o f' 
ada p tive radiation , lineage sort ing , o r of' a bSI origin 
for major evolutionary clades that o r iginated within a 
sho rt period of time li'om one another. as has be en 
suggested lor other organisms (Mard ulyn and Whit­
field 1999, Hampl et al . 200 I) . Ph yloge netic analysis of 
o ther r ed algal famili es an d o rde rs based on different 
gene tic markers often present sim ilar bootstrap results 
su p p ort in g the latter int erpret ation (Sau nd er s and 
Kr aft 1996. Freshwater and Baile y 199H, Freshwater 
c t a l. 1999). The Ba yesian anal ysis has a maximum 
likel ihood co r rect ion lo r het e ro geneit y in the nuu.uion 
ra te s a nd provided high probab ility sup po rt fill' th e 
sa m e nodes gene ra ted by M I ~ 

The inclusion o f more Gmcilarui taxa in th e data se t 
m ay better resolve th e evolu tionary rel ationships of th e 
cla des already observed, es pecially those wiih low 
boo tstrap support. Nevertheless. th e rbc) , gene showed 
sig ns o r sign ifica n l sal urati on at the I hiI'd codo n 
positi on , .m gg es ting thai a no the r nonsaturat ed gene lic 
mark(;r should he used to co n fir m th e phylogenel ic 
relations h ips among d eeper nodes in the CraciJaria­
cea(; . /\ s important as s(;q ue nc ing di stinct sp (;cies o r 
usin g the proper genet ic marker is se quencing multiple 
spec in len s belonging to a same species. By doing so . th e 
full range of the phenotypi c plasticity lor a particular 

species G ill be asse sse d . d illc re n t Iorms and va rie ties 
a rtrib utcd to a particular species co n firmed, trans­
/CITed 10 a nother species o r recognized as a di stin ct 
ta xon, and the true ta xonomy for ce rtain spec ies 
co m p lexes, cry p tic spec ies . a nd su pcrspec ics eva luated . 

:\1-: \ \ ' C() ~lll I :\ . \T I() :\S 

Gracilaria ftabelliforme (P c t H . C ro na n 111 

Sch ra m m et Maze) Fredcricq c t C;urgel co m b. nov, 

Nllsio/lJm: Plocaria .fllI llI'I /i j im ll l' P. c t H . Cronan in 
Sch ramm et Ma ze I Hl);), Essai C las s.Alg. Cuadcloupc , 
p . 21 , # I: ~ I 

f-IoIII 0 IIY'II : Plocari« {labellijornu: 1'. e t H. Crouau in 
Schramm el Maze IHfi6 , p . 4H 

I,aloly/H': Ii \:1', largest sp ecimen on shccr , Algae 
Cuudcloupcnsis, H. Maze , Pu rchased IH90, in th e 
Cracilariajoliijera fold e r, :i i lh l st series, Mo nle Vieux 
Bou rg. 

"l5'ji(' locality: Guadeloupe , collected on submerged 
roc ks in April. 

T he clade composed oU;mcilar ill sensu 11110 subgroups 
II a nd III (Figs. 1 and 21\) is herein recogn ized a nd 
co n fir med as the genus Hydro/nll/lill, di stinct Ii-OIn th e 
remain ing Cra rilari« species . Some o l' rhc species na mes 
that a re part of th is clade were pre viously placed ill 
Hvdropuntia before : thus, th e remain ing a nd following 
o ues are transferred to l-IylrojJIIlll i l1 fell' th e lirst time: 

Hydropuntia caudata U.. \ ga rdh ) (;Ilrgcl et Frcder­
icq co mb , no v. 

Bosionxm : Cracilnria ((JudI/III J.Aga rd h I R52, Sp. Gen. 
cr Ordines A lg., 2(2), p. :-l9K 

'laxnnomic SJIIO IiJ IlIS : See Plastino a nd Ol ivei ra ( 1997, 
p . 220). 

Hydropuntia edulis (C;II1e1 in) Curgel c t Frec lc ricq 
co m b. nov. 

!JlIsio71Jm: FII I"IIS ed ulis Grnel in. 17(iH. Hist. Fu c., p. 
I:);). 

Synonyms: J>o!yuwenwsil filS/i,/!;illlll Chang el Xia , 
19() ;~, p. I:i, p. 120, pl . I : ligs. 1-12, pl. II: figs. 1-6; 
Gru cilaria alulis (Gmelin) Silva , 1%2. p. 293; IJJdTO­
{nntti« fastip.ill/a (Chang & Xia ) Wynne , 19K9 , p . 477; 
S jl !Wl'roro(I"US iichcnoidc» C . Agardh I K22, p. ;-1 I 0; 
Sphacrococrus lichenoules va l'. tenuis C. Ag ard h 18 24 , 
p . 2:14. 

Taxon ouur SJ'ItI))/J IIIS: See Silva e t a l. ( I !J96, p. I i :i ). 
Hydropuntia eucheumatoides (Haney) Cll rgel ct 

Frcdericq co m b. nov. 
Hnsumvm: Gracila ria euclieumoidcs Harvey. 11:1 60, 

Pr oceedin gs Am er, Acad . Arts Sc i. 4:33 1 (as " eucheu­
mioul es") , 

Taxon om ic SJIIOIIJIIIS : See Silva e t 'II. (199l). p. 168) 
as (;rtleilliTill I'IIC!l1'1I111111oidl's Har\'e y. 

Hydropuntia preissiana (So nde I') Curgel e t Fn'c1er­
icq co m h. no\'. 

BasiollJlIl : R/wdplIl'Il ia /m'issia/lll SondeI', 184 5 , Bo­
tanische Zeit ling 3, p . 56 (as ..R/wdl)/II1'lIill" ) 

SJlWlIyillS: mwdajlllyl/is jJrl'issia)J (J (So nd e I') Kiil zin g , 
I K49 , pp . i H6-7; (,'a l/ihl(~jJ!/itris jlJPissinua (Son de I') 
Har\'ey, 11:159, pI. cvi.; (;m rilaria jmissiana (Sander) 
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Womcrsley in Min-Thein cr Wornersley, 1976, p. 109; 
\Virhell, Millar ct Kratt, 1994, pp. 294-7, figs. 11-13. 

Taxonomic syrwuym.s: Sec Silva et al, (I ~)95, p. 174). 
Hydropuntia rangiferina (Kutzing) Gurgcl et Fre­

clericq comb. nov. 
Basionvm: SP//lu:I'OCOCCUS rangiferinus Ki.itzing, 1849, 

Sp. Alg., p. 779 (= Sphaerococcus cervicornis Kutzing, 
] 1'43, Phyc. Gen. PI. 52, fig. II; see Abbott et al. 1991) 

Synonyms: Gracilarta denlata J. Agarclh 18:')2, p. 603; 
Polscaoernosa deniata (J Agard h) Lawson &.J ohn 1982, 
p. 22H; Hvdropuruia dentata U.Agarc.lh) Wynne 191'9, p. 
477; Cracdaria henriquesiana Hariot 1901', p. ](j2; Poly­
cauernosa henriquesiana (Hariot) Chang et Xia 1968, pl. 
2, lig. 6; Hvdropuntia henriquesiama (Chang et Xia) 
Wynne 191'9, p. 477. 

Hydropuntia secunda (P et H. Crouan) Gurgcl et 
Fredericq comb. nov. 

Basionyrn: Gracilaria secunda P et H. Crouan in 
Schramm et Maze 1865, Essai Class. Alg. Guade­
loupe, P: 19. Nor Gracilaria securula (Ag.) Zanardini 
1840: Bibliorh. Ira!' (Milano) 99, p. 214l·"jphaervcoc(ll.s 
securulus Ag.J 

Hydropuntia usneoides (c. Agardh) Gurgel ct FI'C­
dericq comb. nov. 

Basiousm: Sphaerococcus usneoides C. Ag. 1822, Sp. 
Alg., p. 333. 

Synonym: Gracilaria usneoides (c. Ag.) J. Agardh 
1852, Sp. Alg., 2(2), p. 595. 
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