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Generic concepts in the economically important
agarophyte red algal family Gracilariaceae were
evaluated based on maximum parsimony, Bayesian
likelihood, and minimum 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-
tains nine distinct independent evolutionary lineages,
including 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 [S. Gmelin|
P. Silva, G. eucheumatoides Harvey, G. preissiana
[Sonder] Womersley, and G. rangiferina [Kiitzing]
Piccone) and western Atlantic species (G. cornea .
Agardh, G. crassissima P. et H. Crouan in Mazé et
Schramm, G. usneoides [C. Agardh] J. Agardh, G.
caudata J. Agardh, and G. secunda P. et H. Crouan in
Mazé 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
rbel. genetic divergence among the Gracilariaceae
genera ranged between 8.46% and 16.41%, provid-
ing at least 2.5 times more genetic variation than
does the 18S 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 Graclariales comprises a recently described
order of marvine red algae (Fredericq and Hommer-
sand 1989a) based on the Gracilariaceae Nigeli (1847),
a family previously placed in the Gigartinales (Kylin
1932, 1956). Members are characterized by the fol-
lowing: 1) a [emale reproductive apparatus composed
ol a two-celled carpogonium branch, 2) a supporting
cell producing other two 1o three two-celled sterile
lilaments, 3) the lerdlized carpogonium lusing with its
supporung cell to form the [usion cell, 4) the cells ol the
sterile lilaments fusing and wansfer their cellular-rich
contents into the fusion cell, and 5) the gonimoblasts
developing directly and primarily outward from the
fusion cell (Fredericq and Hommersand 1989, 1990hb.,
Hommersand and Fredericg 1990). Studies targeting
the higher evolutionary relationships among red ‘thm‘
based on molecular rm,l|vwc s confirm the monophyly of
the Gracilariales (Freshwater et al. 1994, Fredericq
ct al, 1996).

The order is composed ol a single family, Gracilar-
flaceue, because the status ol the parasitic Prerocladio-
philaccae is sull unresolved by molecular methods.
Generie concepts within the Gracilariaceae have been
basced on anatomical details in cystocarp ontogeny thal
refllect strategies for the provision ol nutrients by the
gamctophyie 10 the developing  carposporophyte
(Fredericq and Hommersand 1990b). Currently, the
Gracilaviaceac is composed of up 10 seven genera
(Fredericqand Hommersand 1990b), namely Gracilana
Greville (1830), Ilydropuntic Montagne (1842), Mel-
anthalia .\[011[.1}411( (1843), Curlica Harvey (1833),
Graciluriophila Scichell et Wilson in Wilson (1910),

Graciluriopsis Dawson (1949), and Congracilaria Yama-
moto (19806). Tdentihcation keys and short diagnoses
lor cach genus are provided in Frederieq and Hom-
mersand ([990b). Crurdiea and Melanthalia ave restricted
to the temperate regions around southern Australia,
Tasmania, and New Zealand; the Tormer is also Tound
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in Antarctica. Curdiea is characterized by a thick [oliose
habit and a high degree ol morphological plasticity.

Considered synonymous with Gracilaria are Coral-
lopsis Greville (1830) and Hleiophora |. G. Agardh
(1890). Polycavernosa Chang et Xia (1963) has been
subsumed into Hydropuntia (Wynne 1989). Morpholo-
gically and genetically Cuwrdiea and  Melanthalia are
considered distinet genera from each other and from
the remaining Gracilariaceae (Fredericq and Hom-
mersand 1989a.b,c, 1990a.b, Bird et al. 1992). Although
some authors consider Gracilaria (herealter G.), Graci-
lariopsis (herealter Gp.), and Hydropuntia distinet genera
(Wynne 1989, 1998), others consider Hydropuntia «a
synonym of Graciaria (Abbott et al. 1991, Bellorin et al.
2002). and sill others place all three genera in
synonymy with Gracilaria (Gargiulo et al. 1992, Abbott
1995, 1999). The proposed synonymy between Graci-
laria and Graeiluriopsis is based on practical taxonomic
considerations (Abbott 1999) instead of true phyloge-
netic uncertainties, because there has been overwhelm-
ing morphological and genetic evidence supporting
the separation of these two genera (Fredericq and
Hommersand 1989a.b, Bird et al. 1992, Bellorin et al.
2002). Nonetheless, the precise taxonomic identifica-
tion of sterile cylindrical specimens remains a difficult
task, especially in cases of morphological modilication
due to the influence of particular biotic (e.g. herbivory)
and abiotic (e.g. drifting habit, wave exposure, sand
scours) factors. In these cases, vegerative characters of
cylindrical species [rom both genera ofien converge.

Subgenera within Graeilaria are based on the shape
of the mature spermatangial conceptacle: the fextorii
type, the verrucosa type, and the Hydropuntia type (sensu
Yamamoto, 1978). However, distinguishing subgenera
on such a basis is said to be unreliable because several
species display features characteristic ol more than one
subgenus (Abbott et al. 1991, Schncider and Searles
1991, Gargiulo et al. 1992).

Whereas all genera but Gracilaria ave relatively
small, comprising lewer than 20 species cach, Gracilavia
has nearly 300 described species, of which 110 are
currently recognized worldwide (Oliveira and Plastino
1994). At present, the genus Gracilaria is the major
source ol agar and the third largest farmed scaweed
worldwide (Zemke-White and Ohno 1999). Propelled
by an economic interest in phycocolloids, the study of
Chracilaria has resulted in numerous proposals for rax-
onomic and nomenclatural changes (Silva et al. 1996).
Alter a very confused and dynamic lectotypification
history (nomenclatural reviews in Fredericq and Hom-
mersand 1989a. Steentoft et al. 1991, Silva 1994, Bird
1995, Irvine and Steentoft 1995, Silva et al. 1996),
Gracilaria was officially rypified with G. comfnessa (C.
Agardh) Greville 1830 (Greuter et al. 2000:168); this
name is a synonym of G. bursa-pastoris (S. Gmelin) Silva
(1952:265).

In addition to morphological features, molecular
and caryological studies have also been applied to solve
taxonomic and systematic problems within the Graci-
lariaceae. Chromosome counts, reported so far only for

some species ol Gracilavia and Gracilariopsis, veveal that
these two genera have distinet chromosome numbers
(24 and 32, respectively), corroborating that these two
genera are indeed distinet taxonomic entities (Kapraun
1993, Kapraun et al. 1993). However, this technique has
no resolution below the generic level and has not
helped to solve systematic questions below the level of
genus. Chromosome counts for the remaining Graci-
lariaceae genera did not provide reliable results (Hydro-
puntia, Kapraun et al. 1993) or have not been assessed
(Curdiea and Melanthalia).

Allozyme profiles have been used only o infer
genetic variation at population level within a single
species, Gracilaria chilensis, from New Zealand (Intasu-
wan et al. 1993). The authors found population strue-
ture despite the fact that intrapopulation variation
(heterozygosity) and genetic distance among New
Zealand G. chilensis populations are low. Allozyme
profiles have not been applied to resolve broad-scale
systematic questions in red algae because this technique
has limited applications and is more suitable for studies
at, and especially below, the species level.

Restriction maps (RFLP) and primer-DNA similarity
random amplified polymorphic DNA (RAPD) has
been more widely used to address systematic questions
in the Gracilariaceae. RAPD has been successfully
applied to inler intraclonal genetic variation within
and among populations, strains, and coalesced versus
noncoalesced thalli in G. chilensis (Gonzilez e al. 1996,
Santelices et al. 1996, Mceneses and Santelices 1999).
RFLPs of isolated plastid DNA have also been success-
fully applied o infer the potential usefulness of this
technique (Goll' and Coleman 1988) in red algal
systematics. The RFLP pattern gencrated upon the
clectrophoretic  separation ol digestion  fragments
showed that within Gracilariopsis andersonai (as Gracilar-
iopsis lemaneiformis), patterns are identical among popu-
lations spread 2000 miles along the western North
America coast but not between higher taxa. Even
though Goff and Coleman (1988) showed that this
molecular technique can distinguish different genera
and species, only one Graciluviopsis and (wo Gracilaria
species were used in their study. RFLPs of specifically
chosen PCR-amplificd markers were applied o infer
population differences between Chilean and  New
Zealand  populations ol Gracilaria chilensis  (internal
transcribed spacer [I'TS], Candia et al. 1999) and 10
assess species limits within Gracilaria and - Gracila-
riopsis (18S rDNA, Scholfield et al. 1991). Both studies
included small numbers of species, the former target a
single species, and the latter, two species (Gp. longissima
and G. gracilis [as G verrucosa” ]) from different parts ol
the world. Microsatellite primers, a codominant marker,
have been developed for Gracilariaceae, but  this
technique, besides being developed for a single species,
G. graalis, locuses on inferring population level ques-
tions and proved to be able to identity individuals within
a population (Wattier et al. 1998, Luo et al. 1999).

DNA sequence analysis has been the most reliably
and widely used molecular technique to inler phylo-
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genic relatonships ar the species level within the
Gracilariaccae. These studies have used regions of
the nuclear ribosome cistron (Bird er al. 1992, 1994,
Goff ct al. 1994, Bird 1993), the chloroplast encoded
rbel. gene (Gurgel et al. 2003a.b), and the rbel-rbeS
spacer region (Goll et al. 1994). In the Gracilartaccae
these studies have 1) identificd new  Gracilariopsis
species (Gurgel et al. 2003a,b), 2) showed that world-
wide distributed species are indeed artificial assem-
blages of distinet taxa (c.g. the “G. verrucosa™ and Gp.
lemaneiformis species complexes) (Bivd et al. 1994, Goff
et al. 1994), and %) provided new insights about
corrclations between molecular and morphological
phylogenetic relationships (Bird et al. 1992, 1994, Bird
1995, Bellorin et al. 2002). All these DNA sequence
studies produced strong  cvidence supporting the
taxonomic distinctiveness ol the genera Curdiea, Graci-
lavia, Gracilariopsis. and Melanthalia, but the position ol
the genus :‘hn’m{mn!m remains controversial, Dcspue
these advances in the systemarics ol the Gracilariaceae,
all molecular tuhmquu applied so far have focused on
only a few species (e.g. G. chilensis, G. gracilis, G.
lenuistipitata, G. tkvahiae, Gp. longissima, Gp. lemaneifor-
mis) andd were geographically restricted (mostly North
America, Atlantic Furope, Chinese, and  Chilean
species). T'he most extensive phylogenetic surveys pub-
lished to date arc provided by Bird ct al. (1992) and
Bellorin et al. (2002) in which 19 and 39 Gracilariaceae
I8S rDNA scquences were analyzed, respectively.
Unlortnately. the 185 rDNA provides insufficient
resolution at the species level in the Gracilavia/Hydro-
puntia complex (Bird 1995:263, Bellorin et al. 9002,
fig. IB). The two ITS of the ribosomal cistron have pro-
ven useful in distinguishing between some  dosely
related congeners. However, the level of genetic var-
iation is too great to allow unambiguous alignment of
sequences among most species within the genera
Gracilaria ov Gracilariopsis, let alone between genera
(Bird et al. 1994, Bellorin et al. 2002). Therefore I'T'S
cannot be used lor determining phylogenetic relation-
ships in the family as a whole (Bird 1995).

In this study, the rbel is considered to provide
optimal resolution for inferring species level phyloge-
netic relatonships within the Gracilariaceae, relative 1o
other commonly used genetic markers (18S, ITSI,
5.8S, I'TS2, and 28S rDNA regions). The main goal of
this study is 10 use rbel. sequence data 10 provide a
critical assessment of generic and subgeneric concepts
and to resolve species-level phylogenetic and biogeo-
graphic questions pertaining to the Gracilariaceace.
This study is the most extensive systematic survey and
phylogenetic analysis of the Gracilariaceae with mole-
cular data performed to date.

MATERIAL AND METHODS

Silica-gel dried specimens and extracted DNA samples were
deposited in the Seaweed Laboratory at the University of
Louisiana at Lafayete and stored w — 207 €. DNA samples
were prepared using the DNeasy Plant Mini Kit (Qiagen,

Valencia, (7, USA) or were submited o a CTAB-cesium
chloride DNA procedure (Freshwater and Rueness 1991),
Plastid-encoded shel, wis selected 1o infer a phyvlogeny for the
Gracilariaceae. PCR (FrbeLstart-R753, FA7-R753, FA77-R15581,
1995-RebeSstart) and sequencing primers (Frbelsur, F7, F57,
FAO2, FA77, F755%,. FO93, R753, R1105, RIS31, RrbeSstan)
used in this stady ave listed in Freshwater and Roeness (1994)
and Gavio and IFredericg (2002). Protocols [or gene amplifica-
tion, antomated sequencing, and multiple sequence alignment
are identical 10 those given in Lin e al. (20010). Voucher
specimens and nunerials for morphological studies were hxed
and stored in 3% lormalin/seawater  and/or pressed s
herbarium sheets and deposited in the Herbarinn of the
L niversity ol Louistana at Lalayeue, Herbarium abbreviations
follow those of [olmgren et al. (1990), Species identibeations
were basced on the original deseriptions, oritical analysis of
Imhlishul lirerature, and on the tvpe method (Silva 1952). \||
extensive photographic collection ol Lype spec ics ol Graci
tuceae housed in Herbarium of the University of Louistana a
Lalayerie was used to maich recently collected specimens.
Partial and complete rhel. sequences were produced for a
total of 67 specimens ol Gracilariaceae (Table 1) comprising 3
Curdiva, 4 Melanthalic, 13 Gracilaviopses, and AT Gracdurin sensu
lata specimens (Gracilaria senste lato, as delined by Abbow et al.
(19917, includes all species once placed in Hydrofoitia). INA
sequences have been deposited in GenBank (Benson et al.
199:4). GenBank accession numbers, spee tes identihication and
anthors, and mformation concerning origin. date, and collecior
are |l!~l((| i liable 1L The generated sequence data were
(-nmpi]etl and aligned with chucnrlu'r (Gene Codes Corp..
Ann Arbor. ML USA) and MacClade 1.0 (Maddison and
Maddison 2000) and exported lor pl]\lu;_‘uum analysis,
Because some sequence data were incomplere at the 5
terminus of the coding region in many taxi, the data sei was
restricted to the last 1368 base pairs (bp) of the 1467-bp rbel..
Ph)!n senetic m.ti)sm were conducted  with maximum
p.lmmtm\' (MP) and minimum evolution (ME) as implemented
in PAUP? v.0 beta 10 (Swollord 2002), and the Bavesian
likelihood as implemented in MyBaves 111 (Huelsenbeck and
Ronquist 2001). Parsimony irees obtained under the Fitch
criterion of equal weights for all substitutions (Fitch 1971) were
inferred in a two-part heuristic search scheme, excluding
uninformative characters. Initial searches designed to inerease
the likelihood of swapping within the "island™ of trees leading
to the most parsimonious solution (Maddison 1991) consisted
ol 5000 random sequence additions holding 25 trees at each
step, MULPARS, and tree-bisection-reconnection algorithis
with MULIRELES (saving multiple wees) and STEEPEST
DESCENT options. All most parsimonious trees found in this
initial search were then swapped to completion using the tree-
biwtlinn -rec onneﬂiun .|]gmi1hm ('nmiqu ney .|m| nlemlnn

]

lhc npurml mmlt-l of .\t.qutllt{. l‘.\U|lIlIOII lu fit the d: ua
alignment esimated by hicrarchical lkelihood ratio iests
performed by Modeltest v.3.04 (Posada and Crandall 1998)
was the GI'R [+T (general time reversible model with
invariable sites and gamma distribution). T'he parameters used
wur - as follows: assumed nucleoride requencies A = 0.3475;
1= 0.1202; G =0.1556; 1= 0.5767; substitmtion rate mairix
A—C substirutions = 1.OG63, A-G = 6.4763, A=1"=0.7696, C-
G = 17148, C-T=11.5115, G=T= 1.0; proportion ol sies
assumed (o be invariable = 0.5445; and rares for variable sites
assumed o follow a gamma distribution with shape para-
meter = 12152, These likelihood parameters were applied in
Bayesian [Lset Nst=06 revmat = (10663, 64763, 0.7696,
1.7148, 115115, 1.0) rates=invgamma shape = 1.2152
ncat = 4 basefreq = estimate;] and ME analyses.
For the Bavesiun analysis, we ran lour chains ol the Markov
Chain Monte Carlo, samplhing I wee every 10 generations for
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G. beckeri SOUTH AFRICA ™|
G. capensis SOUTH AFRICA

G. viellardii TAIWAN

G. spinulosa  TAIWAN

G. sp. PHILIPPINES
G. textorii  JAPAN

G. flabelliforme VENEZUELA
— 10 changes G. occidem{a‘i\‘ LA, USA IX
G. ornata  PANAMA
98/9 G. apiculata VENEZUELA

G. domingensis BRAZIL

G. cervicornis  FL, USA

G. curtissine  VENEZUELA

G. multipartita.: FRANCE

G. bursa-pastoris  ITALY__ —

G. tikvahiae CANADA
G. lacinulata VENEZUELA ‘ VIl Gracilaria
7 f&;f;‘”;‘?l‘_’f‘g ol ELLGA sensu stricto
G. hayi PANAMA
G. galetensis  PANAMA VI
G. oliveirarum VENEZUELA
G. smithsoniensis PANAMA
G. mammillaris LA, USA —
G. yoneshigueana BRAZIL
G. intermedia VENEZUELA < Vil
G. venezuelensis FL, USA e
. , G. gracilis ENGLAND
Gracilaria G. gracilis FRANCE <

s pacifica WA, USA s
sensu lato 73/80 G, canaliculata’ _PHILIPPINES
Major Clade o G. salicornia. PHILIPPINES v
G. arcuata  PHILIPINES )

95/98e== (. usneoides MEXICO
G. crassissima  PANAMA <

98/98

50/

G. cornea  VENEZUELA
G. caudata FL., USA
G. .u;z;{)lda FL, USA
G. edulis PHILIPPINES i

G. preissiana AUSTRALIA Hydrop:mna
G. r(mgrferma GHANA 11
G. rangiferina  PHILIPPINES
G. eucheumatoides PHILIPPINES
G. urvillei  AUSTRALIA e sk
G. aff. tenuistipitata  JAPAN
M aff. tenmmpé}am VA, USA] I | New Genus
G. chilensis CHILE
Gp. lun issima ITALY o |
. longissima ENGLAND
. S[\E) AUSTRALIA

AMIBIA

% ? Cﬂ!a-!:fuzim{a IQIQEPI{J[CO Gracilar Lopsts

sp. lemaneiformis PE aj

Gp. costaricensis COSTA RICA MdJOI' Clade

Gp. carolinensis NC. USA

— e (ip. andlersonii  OR, USA
e Gp. hommersandii PANAMA

/51 Gp. sp. CHINA

Gp. heteroclada PHILIPPINES —_— —

M. concinna  AUSTRALIA '

M. intermedia AUSTRALLA Curdiea +

M. obtusata AUSTRALIA 2
M. abscissa . NEW ZEALAND | Melanthalia

III

76/-

64/62

78/64

C. racovitzae. ANTARCTICA Major Clade
C. coriacea NEW ZEALAND
C. crassa NEW ZEALAND S
-/157 Rhodymenia psendopafmma
1 Grateloupia doryphora Outgroup
L Pachymenia carnosa —

Fig. 1. One of 36 most parsimonious trees [vom analysis ol the rbel. gene sequence data ol the family Graciluriaceae (tree
length = 2805 steps, consistency index = 0.293. retention index = 0.6421. number of phylogenetically informative characters = 490).
Numbers above the branches (t}l'!l.'s])()ﬂf_l o bootstrap proportion values (%) trom maximum parsimony and minimum evolution
analyses, respectively (= MP/ME, both based on 1000 resamplings) and thick bold branches correspond 1o 100% bootstrap proportion
values obrained in both phylogenetic methods (= 100/100). Roman numerals correspond to (nine) distiner evolutionary lineages
( = subgroups) within the genus Grarilaria sensu luto, as also seen in Figure 24,




TaeLe 1. List of species identification, collection information, and the rhel. GenBank accession numbers [ollowed by rbeL fraction sequenced (in %).

Entity

Ouigroups (non-Gracilariales)
Rhadymenia psendopalmata (Lamouroux) Silva
Grateloupa doryphora (Montagne) Howe

Pachymenia carnosa (. Ag.) . Agardh

Ingroup (Gracilariales)
Curdiea coriacea (1ook, et Harv) |. Agardh
Curdiea crassa Millar
Ciracilaria ap:'rm‘r:m 2 et Il Cronan in
Schramm et Maze
CGracilavia avcuatn Zanardini
Gracilaria beckeri (]. Agardh) Papenluss
Gracilaria bursa-pastoris (Gmeling Silva
Gracilaria canaliculata Sonder
Gracilaria capensis Schimitz ex Mazza
Cracilaria candala |. Agardh
Gracilavia cervicornis (Turner) ]. Agardh
Gracilaria chilensis Bird, McLachlan et Oliveira
Gracilaria cornea J. Agardh
Gracilarm evassissema 12 et H. Crouan in
Mazé et Schramm
Gracilaria hayi Gurgel, Fredericg et LN, Norris

Gracilaria hayi Gurgel, Fredericg et N, Norris
Gracilaria curtissiae | Agardh
Gracilaria damaecornss |. Agardh

Gracilaria domingensiss Sonder ex Riizing
Gracilaria edulis (Gmelin Silva
Coracilaria enchenmatoides Harvey

Gracilaria flabelliformis comb. nov. (P et . Crouan

in Maz¢ et Schramm)
Gurgel et Fredericq
Gracilaria galetensts Gurgel, Fredericy
el ]. N. Norris
Cracilaria gracilis (St ackhouse) Steentoft,
Irvine et Farnham
Gracilaria gracilis (Stackhouse) Steentoli,
Irvine et Farnham
Gracilarie intermedia |. Agardh
Graciluria lacimadata (Vahl) Howe
Gracilavia mammillaris (Montagne)
Howe i Britton
Gracilavia multipartita (Clement) Harvey
Gracilaria oceidentalis (Borgensen) Bodard
Gracilaria ornala Areschoug
Graciluria pacifica Abbou
Cractlari prr.:'.\.virmf: (Sonder) Womersles
in MinThein et Womersley

Cuollection data

Port Arvansas Jetty, TX. USA: coll. C.F. Gurgel, 17 May 1998
Plava de San Francisco, Bahia de Ancon, Peru; coll. P Carbajal,
15 September 2001
Rommetjie, Cape Penisula, South Alrica; coll. O. De Clerck,
9 November 1999

Doubtless Bay, New Zealand; coll. W. Nelson, 1 December 1993
Bongin Bay, North of Sydney, NSW Australia: coll. Ao Millar & P. Richards; 18 February 1994
Playa Barranquita, Puerto Cumarebo area, Faleon State. Venezuela; coll. C. T, Gurgel.
14 July 1999
Hilutangdu, Cebu, Philippines; coll. S. M. Lin. 19 April 1998
Sharks Bay, Port Alfved, South Afvica: coll. M. H. Hommersand, 19 July 1993
Italy: coll. E. Cecere, 25 July 199
Philippines; coll.: S. M. Lin, April 1998
Shi—ll'L:i Bay, Port Allred, South Alvica; coll. M. . Hommersand, 19 July 1993
Walton Rocks, St. Lucie Co., FL, USA; coll, C. F. Gurgel, |. N. Norris & S, Fredericg, 11 April 1998
Higgis Beach, Key West, FL, USA; coll. C. F, Gurgel, July 1998
Playa Charia, Coquimbo, Chile; coll. 8. Fredericg, 19 January 1995
Pucrto Escondido, Peninsula Paraguana, Falcon State, Venezuela: coll. C. F. Gurgel, 13 July 1999
Fort Randolph. Colon City, Panama: coll. B. Wysor, 6 March 1999

Hutchinson Is. beach close to Fort Pierce jeny, Fort Pierce, L, USA; coll. C. E Gurgel,
October 1998

Galeta Point, Colon City, Panama: coll. B. Wysor, 21 September 1999

Mague Lloroso, Peninsula Paraguana, Falcon State, Venczuela: coll. C. F. Gurgel, 13 July 1999

Beach behind the Harbor Branch Oceanographic Institution jerty, Fort Pierce, FL, USA: coll.
C. F. Gurgel, 13 July 1998

Praia Rasa, Buizios city, Rio de Janeiro State, Brazil: coll. C. F. Gurgel, 12 December 1998

Litle Santa Cruz, Philippines, coll. L. M. Liao, 28 April 1998

Tambuli, Cebu, Philippines: coll: S. M. Lin: I8 April 19938

Plava Barranquita, Puerto Cumareho area, Falcon State, Venezuela: coll. C.F. Gurgel,
14 July 1999

Galeta Point, Atlantic Panama: coll. B. Wysor, 20 June 1999
W. Angle Bav, Wales, England; coll. M. H. & F Hommersand, 22 July 1997
Ile Verte, Roscolt, Brinany, France; coll. ]. Cabioch, 22 June 1993

Puerto Escondido, Peninsula Paraguana. Venezuela; coll. C. E Gurgel, 13 July 1999
La Encrucijada, Peninsula Paraguana. Faleon State, Venezuela; coll. C. F Gurgel: 13 July 1999
Offshore LA, USA; coll, C. F. Gurgel & S. Frdericg, 26 May 2000

Carantee, Brivany, France; coll. ]. Cabioch, 22 May 2000

Ollshore LA, USA: coll. C. I Gurgel & S. Frederice, 26 May 2000

Fort Randolph, Colon city, Panama; coll. B. Wysor, 26 February 1999
Indian Island, WA, USA; coll. M. H. Hommersand

Cervantes, Australia; coll. M., H. & F H, Hommersand, 20 Seprember 1995

Genbank accession

number and percent sequenced

AY 1686565
AlABSE1T

AF385640

AY 049425, 66.5%
AYO49427, 98.1%
AY04934 1, 95.8%

AY 049385, 98.6%
AY(M9377, 96.3%
AY 049376, 91.6%
AY 049390, 87.9%
AY 049378, 96.5%
AY 049358, 76.4%
AY 049365, 95.6%
AY 019396, 98.2%
AY (9538, 98.8%
AY040351, 98.0%

AY0493149, 95.6%

AY0493515, 98.1%
AY 049327, 98.1%
AYO19326, 100%

AYO49371. 98.6%
AY (049387, 98.6%
AY 0493589, 93.9%
AY 049343, 98.8%

AY 019320, 97.3%

AY 0494000, 98.0%

AY 04935599, 98.0%

AY (49356, O7.6%
AY049344, 97.1%
AY (49323, 97.1%

AY 049322, 98.6%
AY 049322, 98.6%
AY049318, 92.9%
AY 049397, 97.7%
AY 0494035, 93.7%

ol
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Tasre 1 (continued)

Entity
Gracilaria rangiferina (Kiltzing) Piccone
Gracilaria rangiferina (Kiitzing) Piccone
Gracilaria salicornia (C. Agardh) Dawson
Gracilaria secunda Poet H. Croaun in

Schramm ¢t Mazé
Gracilaria sp.

Gracilaria swithsoniensis Gurgel, Fredericq
et J. N. Norris
Gracilaria spin wlosa (Okamura)

Chang et Xia
Coracilania aff. tevaustipitala

Chang el Xia
Gracitaria aff. tenwistipiteda Chang et Xia
Gracilaria textorii (Suringar) De Toni
Gracilaria tivaliae Mclachlan
Gracilar wroitlet (Montagne)

Abbou in Abhot. Zhang et Xia
Gracilaria wsneordes (C. Agardh) |. Agardh
Gracilavia veneznelensiy Laylor
Gracilarie viellardi Silva
Gracilaria oliverrarion Gurgel, Fredericg

et J. N. Norris
Corncalaria _\'mmf.i.-';;:ur*mm ( im'gcf.

Fredericq et J. N. Norris
Cracilanopsis andersoni (Grumow) Dawson
Ceracilariopsis carolinensis Liao &

Hommersand i Gurgel, Liao,

Fredericq & Hommersand
Cractlariopsis cata-luziana Gurgel,

Fredericq & Norris
Gracilariofsis costaricensis Dawson

Gracilariopsis hetevoclacda
(Zhang et Xia) Zhang et Nia in Abbon
Gracilariopsis hommersandii
Gurgel, Frederieq & Norris
Gracilariopsis lemaneiformis
(Bory) Dawson, Acleto et Foldvik
Gracilariopsis longissima (Stackhouse)
bryvine, Steentoft et Farnham
Cracilaviopsis longissima (Stackhouse)
Irvine. Steentoft ¢ Farnham
Gracilariopsis sp.
Coracilarviopsis sp.
Graetariopsis sp.
Gracilariopsis texaifrons (Bivd et Oliveira)
Fredericq ¢ Hommersand
Melanthalia abscissa ((Turner) Hooker &
Harvey
Melanthalic concinna ). Agardh
Melanthalic intermedia Harvey

Melanthalia obtusata (Labillardiére) |. Agardh

Collection data

GenBank accession

number and percent sequenced

Terna, Ghana; coll. G. Ameka, leg. M. H. Hommersand. March 2001
La Vista del Mar, upper Calarian, Zamboanga City, Philippines: coll. S.M. Ling 27 April 1998
Sulpa, Cebu, Philippmes; coll. 5. M. Lin, 19 April 1998
Tampa Bav, FL. USA: coll. C. Dawes, 26 October 1999

Bulusan, South Luzon, Philippimes; coll. S. M. Lin, 21 April 1998
Galeta Point, Atlante Panama: coll. B. Wysor, BW#737, 20 June 1999

Taiwan; coll. S. M. Lin, 11 May 1998
Tokawa, Japan: coll. M. Yoshizaka, 7 June 1993

Hog Island Bay, Eastern Shorve, VA, USA; coll. C. “Tvler, 10 February 1999, leg. 1. Frankovich
Gobogahana, Japan: 10 July 1994, leg. M. Hommersand

Morret pond, Pomquet harbor, Antigonish Co., Nova Scotia, Canada; coll. C. |. Bird, 3 July 1099
Lee Point, Darwin, Australia; coll. M. H. Hommersand, 22 November 1995

Santa Rosalia bridge, Campeche Bay, Mexico: coll. C. F. Gurgel, 14 February 1999
Indian River, Fort Pierce, FL, USA; coll. C. 1. Gurgel, October 1998

Laiwan; coll. S. M. Lin, 22 April 1998

La Vela de Coro, Falcon State, Venezuelas coll, C. . Gurgel, 13 July 1999

Prainha beach. Arraial do Cabo Ciy, Rio de Janeiro State, Brazil; coll. A, Taouil, 13 March 1998

Seal Rock, Lincoln Co., Oregon, USA; coll. S. Fredericq, 15 May 1999
Kure Beach, Fort Fisher, NC, USA; coll. D. W, Freshwater, 14 April 1991

19 03317 N x 96 0447 W, Vera Cruz area, Mexico: coll. C. F. Gurgel: 10 February 1999

South end, Plava Tamarindo, Nicoya Penninsula, Guanacaste, Costa Rica: coll. D, I Talbor &
D. W. Freshwater, 17 March 1999
Dapdap. Bulusan, Luzon, Philippines; coll. S. M. Lin, 22 April 19938

Fort Randolph, Colon City, Panama: coll. B. Wysor, 26 March 1998
Yacilla, Paita, Piura. Peru: coll. C. Acleto & R, Zuniga. 3 March 1994
Venetian lagoon, Adriatic Sca, laly; coll. K. S. Cole, 7 September 1998

Ofl Sandloot Casle, Portland Harbour, Dorset. England: coll. Wi, Farnham & M. Steentofi.
30 August 1992, leg. C. . Bird;

Lake Butler, Robe, Australia; coll. T, B. S. Womersley, 3 March 1995

Swakopsmund. Namibia: coll. M. H. Hommersand, 6 July 1993

Qingdao. Shandong Prov., China: coll. M. . Hommersand. 25 April 1994

Her Carer. Guadeloupe, French West Indies: coll. Ao Renoux. 2 December 1993

New Zealand: coll. W. Nelson, 25 April 1994

Warrnambool. Australia: coll. M. H. Hommersand. 13 July 1995
Warrnambool. Australia; coll. M. H., Hommersand, 13 July 1995
Warrnambool, Victoria, Australia; coll. M. H. Hommersand, 13 July 1995

AY 049379, 86.0%
AY 0403580, 95.5%

AY 049385, 98.0%

AY 049360, 97.8%

AY049384, 93.2%
AY 049321, 97 3%

AY 93495, 95,54
AY 049524, 97.3%
AYO493 12, 98.0%

AY049325, 97.5%
AY 049434, 97.0%

AY 049402, 97 4%

AY 049346, 98.0%

AFR39603, 95.4%
AY(H9391, 95.5%
AY 93350, 91.58%

AY49372, 95 4%

AYO494 14, 96.4%
AY 049412, 96.7%
AY 049106, 80.2%
AYOLGI2S, 9840
AY049411, 91.1%
AY 019405, 97.1%

AYOA9115, 97.6%

AlF5327881, 97.5%

AY 049420, 97 .3%

AY D422, 97 8%
AYO494 10, 98.2%
iy

AV 04942 1. 654
AYOH1S, 97.8%

AY 049428, 97.9%

AY 049429, 96.1%
AY 049430, 97.9%
AY04943 1, 99%

AVADVIIVTIOVED AL 1O SOLLYIWILLSAS
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TaBLE 2,

Intergencric

Curdiea vs. Melanthalia

Gracilaria sensu lato vs. Gracilariopsis

Curdiea + Melanthalia vs. Gracilariopsis
Proposed new intergeneric divisions

Subgroup 1 vs. Gracilavia sensu stricto

Subgroup 1 vs. Gracilaria sensu stricto

Subgroup I vs. Gracilaria sensu stricto
Interspecific

Cuwrdiea

Melanthalia

Gracilariopsis

Gracilaria sensu lato

Gracilaria subgroup 1

Gracilaria subgroup 11

Gracilaria subgroup 111

Gracilaria sensw striclo (= subgroups I'V-IX)
Inwvaspecific!

Gracilarivpsis

Crraciluria sensu stricto

Genetie divergence expressed as uncorrected percentages (%,
to indude Hydropuntia. Gracilaria sensu luto subgroups compose

Comparisons ol Gracilariaceae genetic diversity between rbeL and 188 rDNA (SSU) sequences.

el (this study) SSU (Bellorin et al. 2002)

14.15-1540 1.47
d.45-11.84 2.24-1.65
14 44-16.41 5.65-6.55

10.01-13.05 (n = 3) s
12.31-8.46 (n = 6) -
9.91-6.71 (n = 5) U

11.79-16.20 (n = 3) =
0.14-8.70 (n = 4) g
9.37-7.47 (n = 13) 0.47-2.88

2.00-13.61 (n=47) 0.00-1.29
12,12=-12.667 (n = 3) —
4.99-10.08 (n = 6) -
040—4 18 (n = 5) =
2.10-9.05 (n = 33) —
0.00-0.07 0.18
0.00-1.89 0.00-0.41

dm.nm.s] Gracilaria semsu lalo as defined by Abbott et al. (1991)
[ subgroup 1, G. chilensis + G. aff. tenuistipitatu; subgroup 11,

G. urviller, G. encheumatodes, G. edubs, G. preissiana and G. rangiferina; subgroup 1L, G. crassissima, G. cornea, G. caudata, (. secunda,

G. usneodes.

“rbeL. data used to compute intraspecific genetic distances from Gurgel et al. (2001).

1,000,000 generations starting with a random tree. Statonarity
was reached al above generation 20,200, Thus, the hrst 20,200
generations were the “burn in” of the chain, and inferences
about the phvlogeny were based on those trees sainpled alier
the burn in point. A 50% consensus tree (majority rule as
implemented by PAUP*) was computed from the 98,981 trees
saved alter the burn in point. Reliability of the Bayesiun
consensus tree is given by the frequency at which each node
appears among all saved trees after the burn in generation.
This Irequency corresponds to the true probability of the clades
(Hall 2001).

ME was performed using a heuristic scarch of 1000
replicatdons, holding 10 ees each siepwise addition swep,
with a tree-bisection-reconnection swapping algorithm, MUL-
TREES and STEEPEST DESCENT options. Starting Lrees were
obtained via stepwise addition with a random sequence
addition and a random nine digits starting seed (= 86366). A
maximuim likelihood distance correction was used and set with
the GTR substitution rate matrix parameters listed above,
excluding invariable sites and the gamma distribution. The ME
method only recovered the most probable hypothesis similar to
those given by the MP and Bayesian methods when simpler
models of sequence evolution were applied (clata not shown).
Support for nodes in the MP and ME analyses were assessed by
calculating bootstrap proportion (BP) values (Felsenstein 1983)
based on 1000 resamplings.

Mutational saturation of third codon positions in rbel. was
examined by plotting all pairwise genetic distances uncorrecred
tor muliple substitutions (“*p” distance) against those corrected
tor multiple substilmions with Kimura-2 parameter (Kimura
1980), according to the procedure in Daugbjerg and Andersen
(1997) in which (or all pairwise combinations, corvected and
uncorrected values for multiple substitutions were calculated
for first/second positions only and third codon positions only.

Sequences of Rhodymeniaceae (Rhodymenia pseudopalmata)
and Halymeniaceac (Grateloupia doryphora  and  Pachymenia
carnosa) were selected as the outgroup based on phylogenetic
hypotheses derived from earlier global analyses of the Floi-
ideophycidae asa whole (IFredericg et al. 1996). Pairwise genetic
distances were caleulated based on uncorrected percentages,
“pT distances (Table 2).

RESULTS

No insertion or deletion mutations were found in
the 7bcl. sequences, permiting unambiguous align-
ment of all sequences. Tree lengths of 100,000 ran-
domly generated trees had a skewed distribution (g, =
—0.5708, P <0.01), indicating the presence of nonran-
dom structure (Hillis and Huelsenbeck 1992, Hillis
et al. 1993).

>

G, 2. Gracilariaceae phylogeny bdacd on el DNA sequences. (A) \h]m n,y mh. consensus ol 97,991 rrees ‘..uup'l{ d according 1o 2
Bayesian MCMC tree sampling procedure (number of generations = 10%, burning point = 20,200, evolutionary model = GI'R +1+1T),

Numbers above the branches correspond to Bayesian posterior probability support, and thick bold brunc hes correspond o 100%

Bayesian posterior probability. Curdiea and Melanthalia monophyletic clade is in vellow, the Gracilariopsis dlade in pink. and species (rom
the genus Hydropuntia complex in gray. Roman numerals correspond o distincet evolutionary lineages ( = subgroups) within the genus
Gracilaria sensu lalo. (B=]) wansverse sections ol Gracilaria sensu lato reproductive structures, (B=L) Reproductive morphological features
characteristic ol species from Gracilaria sensu striclo only (subgroups IV=IX). (F=H) Reproductive morphological leatures characteristic ol
the genus Hydrapuntia (subgroups 11 and [11). (Land J) Reproductive morphological features characteristic of a new genus (subgroup I).
(B, C, I, I) Spermatangial conceptacles. (B) Textorii type (G. “blodgettii”, veproduced from Terada and Yamamoto 2000). (C) Verreosa tvpe
(from . gracilis). (F) Hydrapuntia type (from G. erassissima). (1) chilensis type (G. chilensis, reproduced from Bird etal. 1990). (D, ¥, G, 1. ])
Cystocarps with different carposporophyte designs. (D) G. flabelliforme, (F) G. tkoahiae, (G) G. crassissima, (H) G. edulis, (]) G. aff,
tenwistipitata from USA.
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Tapir 3. Comparative morphological dillerences of lextorii-type spermatangial conceptacle between the Gracilaria chilensis!

G. af]. tenuistipitata and G. bursa-pastoris/G. lextorit lincages.

Spermatangial characters

Cortical cells

Cortical cells Hanking spermatangia
Concepracle in ransverse section
Spermatangial parent cell layer

Squarish

Subgroup [ G. chilensis lineage
Elongated, as in Gracilariopsis
Club shaped, wide

Resiricted 1o Aoor of

Slll)grnup IX (. textarii lineage

Variable: isodiametric, rounded,
squarish, or elongated

Linear to obovoid, thin

Concave

Surrounding entire internal surlace

conceptacle only

Three-dimensional shape ol
noncoalesced conceptacles

Among the 1368 bp in the data set (excluding

oulgroup sequences), 561 are constantand 807 vary (of

which 490 are phylogenetically informative). Informa-

tive and noninformative variable sites, regardless of

codon position, were evenly distributed throughout
the gene (data not shown) with an overall average
transition/transversion rate of 2.289. (A larger than 1.0
transition/transversion rate is expected because among
single-step substitutions in the universal genetic codle at
a third codon position, only 3% of the transitions cause
amino acid replacements compared with 41% for trans-
versions {Wakeley 1996]). The wanslated amino acid
data set (not shown) is less variable than the DNA
sequence data set and does not provide phylogenetic
resolution. No evidence of widespread saturation is
present among the first and second codon positions (data
not shown), but saturation was observed in nucleotide
sites at the third codon position that differ in pairwise
distance comparisons between evolutionarily distant taxa
(data not shown). Even though some nucleotides at third
codon position are saturated, they contributed 1o the
biggest number ol informative sites in the data seu (79%)
compared with the frst (17%) and second (about 4%)
codon positions.

Comparisons between published 185 rDNA (small
subunit [SSUT) sequences (Bird etal. 1992) and the
rbell sequences used in this study reveal a greater
phylogencetic signal in rhel. (35.81% = 490/1368 bp,
n= 067 taxa) than i SSU rDNA (6.86% = 119/1734 bp,
n= 19 taxa) in the Gracilaviaceae. The overall genetic
variation displaved by these two markers also shows
that rbel. has more variation than SSU, and the lowest
genetie values of intergeneric distances for rbell are
twice as large as those for SSU rDNA (lable 2). Among
Gracilania sensu lalo species, the smallest distance is
larger than the largest value in SSU rDNA (Table 2).

MP analyses resulted i 36 equally most parsimo-
nious trees of 2805 steps (tree length), consistency
index = 0.293 and retention index = 0.6421. The MP
phylogram presented (Fig. 1) is the one among all 36
most parsimonious trees that presents the highest like-
lihood value (<ln = 15362.054) under the best evolu-
tionary model found by the hierarchical likelihood
ratio test. ME analysis resulted in 23 minimum wees
with an ME score = 2.085450 (data not shown). The
overall majority rule consensus topology given by the
Bayesian analysis is [ully resolved and well supported,

Well shaped

Bow shaped

with the exception of G. fextorii and G. sp. [rom the
Philippines (Fig. 2A).

All three phylogenetic analyses idenified  three
major assemblages (Figs. | and 2A): a Curdiea/Melantha-
lia clade, a Gracilariopsis clade, and a Gracilaria sensu lato
clade (including Hydropuntia). In the Gracilaria sensn lato
clade, nine distinct evolutionary lineages (subgroups)
were also identified (Figs. 1 and 2A): a G. clilensis/G. aff.
temstipitata clade (subgroup 1y, a G. wwiller clade
(subgroup 11); a G. caudata/G:. crassissima clade (sub-
group LL1); a G. gracilis /G. pacifica clacle (subgroup 1V);
a G. arcnata/G. sabicornia clade (subgroup V); a G. vene-
zuelensis/G. mtermedia clade (subgroup VI): a G. mam-
millaris  clade  (subgroup VI, a G, tikvahioe/G.
damaecornis clade (subgroup VIIL); and, the most
derived lineage, the G. bursa-pastoris/G. lextorii clade
(subgroup IX) (Figs. 1 and 2A).

A strict consensus of the 36 most parsimonious trees
resulted ina fully resolved tree except for the presence
ol two polytomies: one at the deeper nodes ol the three
most derived subgroups within Graeilaria sensn lato
clade (subgroups VI, VIII, and 1X), for which boot-
strap supportis low (B’ = 75%) 1o lacking (Fig. 1), and
the other at the position of Gp. sp. lvom Namibia within
Gracilariopsis. The sirict consensus ol the 235 MFE trees
resulied in a less resolved phylogram when compared
with the MP consensus, with polychotomous nodes at
the three most basal species in Gracilariopsis, Gp. sp.
from Namibia, Giacilarie subgroup 1 (€. chilensis), and
al the basal nodes among Gracilaria subgroups 111 1oV
and among subgroups VI 1o IX (data not shown).
Major inconsistencies among the MP and ME phylo-
grams pertain to the position ol G. fextorii, G mulii-
partita, and (. bursa-pastoris within Gracilana sensu lato
subgroup IX; the position ol Gracilaria senwsu lato
subgroup VIII: the position ol Gp. sp. from Namibia;
and the two most basal species in Gracilaviopsis. In all 36
most parsimonious trees, Gracilaria sensiu lato subgroups
11 and T [form a monophyletic clade without bootstrap
support (Fig. 1); however, high support for the same
topology was obtained in the Bayesian tree (PP = 99%,
Fig. 2A). Only ME did not cluster these subgroups
together (data not shown). The Bayesian tree (Fig. 2A)
has the same 1opology as the MP wree (Fig. 1) except lor
the position of subgroups VI and VII that in the MP
wec (Fig. 1) appears inverted: subgroup VI at a more
derived position than subgroup VII. In both 1rees
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(Figs. 1 and 2A), however, the internal node leading to
subgroup VIT received high support (BP = 98%,
PP =91%), making this phylogenctic diflerence the
most siriking one between the results from these two

phylogenetic methods. Detailed characterization of

more derived relationships will be treated in the
discussion of each Gracilaria sensu lato subgroup.

Comparisons between rbel. molecular phylogenies
(Figs. | and 2A) and morphological characters ol male
reproductive structures within the Gracilaria sensu lato
clade revealed two independent origins lor the lextori
type of spermatangial conceptacles (Yamamoto 1978):
one at Gracilaria sensu lato subgroup I and the other at
Gracilaria sensu lalo subgroups VI-IX. A reexamination
ol the spermatangial conceptacles [rom these two
distinet monophyletic groups revealed stable morpho-
logical differences (Table 3).

DISCUSSION

Although it was previously shown that the Gracilar-
iales is a monophyletic order as inferred [rom
chloroplast-encoded rbel. and nuclear-encoded 188
SSU rDNA and 28S large subunit rDNA sequence
analyses (IFredericq et al. 1996, Harper and Saunders
2001), 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 ol the Gracilariaceae is given by Bellorin et al.
(2002) using 36 SSU rDNA sequences. Of SSU rDNA,
large subunit rtDNA, and rhel., rbel. sequences show the
highest genetic variation (Freshwater et al. 1999) in the
Gelidiales. I'TS rDNA sequences in the Gracilariaceae
are alignable only among closely related species,
whereas alignments among distant species are limited
only to specific regions presumed constrained by secon-
dary structures (Bird 1995, Bellorin et al. 2002). SSU
rDNA sequences among distinet species are sometimes
identical and not sufliciently variable to differentiate
between closely related species, producing low boot-
strap support and equivocal relationships (Bellorin
et al. 2002). In contrast, rbel. DNA sequences in the
Gracilariaceae revealed higher levels of interspecific
genetic diversity (Table 2), especially within Gracilaria
sensu lato, enabling us to detect not only interspecific
relationships among closely related species but also
population structure among a sample ol haplotypes
within a species (Gurgel and Eredericq 2000, Gurgel
ct al. 2001). Major clades and subgroups within the
Gracilariaceae are discussed below along with phylo-
geographic and morphological remarks.

Curdica and Melanthalia major clade. The genera
Curdiea and Melanthalia form a monophyletic group
endemic to the antiboreal regions, well supported in
MP and ME analyses (BP =100 in both) and mod-
erately supported in the Bayesian analysis (PP = 75%)
(Figs. 1 and 2A). These two genera share morpholo-
gical features supportive of their alliance, including a
cystocarp cavity completely filled with gonimoblasts

and carposporangia formed in long straight chains
(Fredericq and Hommersand 1989¢, 1990a,b). Mel-
anthalia differs from Curdiea by having dark, linear,
narrow thalli with distinet subdichotomous branches,
a prominent apical zone composed of a thick multi-
cellular meristematic cortex, and sterile thick-walled
gonimoblasts in the cystocarp (Fredericq and Hom-
mersand 1990a.b, Womersley 1996). In all MP (Fig.
1) and ME (not shown) results, €. racovitzae, a species
endemic to the Antarctic Peninsula, appears as sister
to the genus Melanthalia, rendering Cuwrdiea para-
phyletic in excluding the former genus. However, in
the Bayesian tree (Iig. 2A), C. racovitzae is placed back
in Cuwrdiea, rendering both genera monophyletic and
sister to cach other. Recent vegetative and reproduc-
tive morphological analyses of extensive collection of
C. racovitzae, made by Dr. R. Moe and deposited in UC
(e.g. UC#1557573, UC#1557573), reveal thau this
species corresponds better to the genus Curdiea.

Three of four Melanthalia species included in this
study, M. abscissa, M. concinna, and M. obtusala, arc
reported [rom southern Australia. The first was
originally described [rom New Zealand and the Javer
two from Australia. Womersley (1996), although recog-
nizing all three species, pointed out that morphological
similarities among them might warrant their treatment
as varieties ol the same species. The phylogenctic
results herein indicate that despite vegetative and
reproductive  similarities, M. abscissa is - genetically
distinet from the other two species (Figs. | and 2A).

The rbel. data set presented in this study indicates
that uncorrected pairwise genetic distances (“p” distance)
between two haplotypes Irom the same species range
between zero and 1.5%. Morphologically distinet and
well-defined species usually have values equal o or
greater than 2%. Species whose "p” distances lie
between 1.5% and 2.0% ofien require further systema-
tic analysis belore a final taxonomic conclusion can be
made. Between M. concinna and M. obtusata there is a
1.65% pairwise “p" distance, and our phvlogenetic
results (tree topologies) support the recognition of two
distinct species. Melanthalia abscissa is reported (o have
distinelly compressed branches, mostly 0.7-1.3 mm
broad, whercas M. concinna has terete to slightly compres-
sed mostly 0.3-0.8 mm broad branches (Womersley
1996, p. 31). A fourth species, M. inlermedia, was
originally described as M. obtusata var. inlermedia
Harvey (1858). but Womersley (1996) merged it with
M. abscissa. The rhel. sequence ol M. itermedia was
nearly identical to that of M. concinna (0.14%), sug-
gesting that these two species are conspecitic. Mel-
anthalia abscissa is the only species of the genus reported
[rom New Zealand (Adams 1994), and the inclusion of
new rhel. haplotypes of M. abscissa [rom Australia could
reveal geographic isolation among New Zealand and
Australian populations.

Gracilaviopsis major clade. The genus Gracilariopsis
has been well characterized morphologically (Freder-
icq and Hommersand 1989h, Steentoft cval. 1995,
Gurgel e1 al. 2003b) and genetically (Goll and Cole-
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man 1988, Kapraun 1993, Kapraun ct al. 1993, Bird
et al. 1994, Goll et al. 1994, Gurgel et al. 2003a,c).
The present phylogenetic analysis also confirms the
monophyly of the genus (Figs. | and 2A).

Gurgel et al. (2003¢) provided an rbcL. phylogeny of
Gracilariopsis and reinstated the generitype, Gp. sjoestedii
(Kylin) Dawson, ro include plants distributed from
Vancouver, British Columbia to Pacilic California,
Mexico, and the name was corrected o Gp. andersonii.
Gractlariopsis lemaneiformis was shown not to have a
worldwide distribution but to be restricted to the
vicinity ol Peru in South America, with Gp. costaricensis
from Costa Rica most likely being the same species.
Gracilariopsis carolinensis, a new species from North
Carolina (Gurgel etal. 2003c), is related to Gp.
lemaneiformis and Gp. costaricensis. Entities that have
been referred o as Gp. lemaneiformis from China and
Japan constitute an undescribed species that occupies a
basal position in association with Gp. heteroclada from
the Philippines (Figs. 1 and 2A). Gracilariopsis tenuifrons
from the Caribbean sea is identified as a distinet sister
species o Gp. cata-luziana, a species so far endemic to
the southwestern Gulf of Mexico. Gracilariopsis long-
wsima is recognized from Western Europe. An unde-
scribed species from Namibia and an unidentified
invasive species from the Gulf of California, Mexico,
and South Australia arc represented in a clade that
includes Gp. longissima from Europe. Three new species
for the northwestern Atlantic Ocean, Gp. silvana
Gurgel, Fredericq et Norris from Venezuela, Gp.
hommersandii Gurgel, Fredericg et Norris from Vene-
zuela and Panama, and Gp. cala-luziana Gurgel,
Fredericq et Norris from the Mexican Gulf of Mexico
were recently described (Gurgel et al. 2003a). Gracilar-
iopsis silvana is the first contirmed flat Gracilariopsis
species, a genus currently characterized by only cylin-
drical species.

Gracilaria sensu lato major clade. Gracilaria, the
most species-rich genus in the Gracilariaceae and one
of the most taxonomically difficult genera in the
Rhodophyta, comprises at least nine distinct evolu-
tionary lineages (Figs. 1 and 2A). The phylogenetic
velationships among deeper nodes within the most
derived Gracilaria lineage (subgroup IX, Figs. 1 and
2A) are not resolved in MP phylograms (Fig. 1) and
received the lowest values of phylogenetic support in
the Bayesian tree (Fig. 2A). This lincage is composed
of smaller clades with variable degrees ol phyloge-
netic support that include the generitype G. bursa-
pastoris. T'his subgroup is characterized by flat-foliose
species with textorii-type spermatangial conceptacles.

There is a stronger correlation between thallus
shape and type of spermatangial concepracle than
between female and male reproductive features (Ya-
mamoto 1984), with a tendency for cylindrical species
to either display a verrucosa- (deep pits) or chorda-type
(superficial) spermatangial arrangement and for flat,
compressed, and [oliose species to be of the textorii type
(shallow pits). Major evolutionary trends among the 43
distinet Gracilaria species recognized in the dawa set

emerge. The live most basal Gracilaria sensu lato sub-
groups (I-V) are characterized mainly by cylindrical
species; excepuons such as G. erassissima and G, enchewma-
towdes possess a range ol phenotypic variation that
extends from totally cylindrical to compressed habits,
Only G. rangiferine and G. preissiana among the 17
species in this assemblage are characterized by exclu-
sively (lar thalli. In contrast, the four most derived
subgroups (VI-IX) are composed mainly of (lat species.
Twenty-seven of the 31 species in these four subgroups
are fat, one (G. tkoahiae) displays both phenotypes,
and three have cylindrical to slightly compressed thalli
(G. damaecornis, G. venezuelensis, and G. bursa-pastors).
These results suggest that the cylindrical habit is the
plesiomorphic condition in Gracilariopsis and Gracilaria
sensu lato.

Subgroup I—the Gracilavia chilensis complex: The
hirst divergent clade within Gracilavia sensu lato is com-
posed ol G. chilensis from Chile and G. aff. tenuistipitata
from Japan and Virginia, USA. This assemblage
shaves several cystocarp characters with Gracilariopsis,
such as the lack of multinucleated tubular nutritive
cells linking gonimoblasts to the pericarp and a
gradual morphological transition berween gonimo-
blasts and mature carposporangia (Iig. 2]) (Bird
et al. 1986, 1990, Nelson and Ryan [991).

Both species typically inhabit protected estuarine
environments. Specimens newly identified as G. aff.
tenuistipitata collected from the east coast of the United
States possess cystocarp features that are remarkably
similar to those found in G. chilensis and G. aff.
tenuistipilate from Tokawa, [apan. The low pairwise
genetic distance between the Japanese and US. speci-
mens (0.88% bp) suggests that the G. aff. tenwastipilata is
a non-native introduction in the northwest Atlantic
from Japan. The species seems to be spreading in
northern Europe (J. Rueness. University of Oslo,
personal communication), consistent with the general
trend of numerous Asiatic invaders in European and
North American Atlantic waters as a result of aqua-
culture introductions (Ribera and Boudouresque 1995,
Maggs and Stegenga 1999, Gavio and Fredericq 2002).

Subgroup I, so far, is characterized exclusively by
cylindrical and irregularly branched Pacific and Indo-
Pacific species with a textorii-type spermatangial con-
ceptacle (Fig. 21). The non-Pacific terete counterpart,
G. bursa-pastoris, has proved to be part of a separate
evolutionary lineage (subgroup IX). Our results
suggest that the fextorii type of spermatangial concep-
tacle arose at least twice in the evolutionary history of
Gracilaria sensu lato (Table 3, Vig. 2, B and 1). It is likely
that additional Asian cylindrical species with textorii-
type spermatangial pits are part of this complex and
that future inclusion of DNA sequences from those taxa
(e.g. G chouae Zhang et Xia, G. minuta Lewmanomont,
and G. parvispora Abbott) should conlirm this hypoth-
esis. Future critical examination and comparative ana-
lysis of spermatangial development between G. chilensis
and G. bursa-pastoris/G. textorii may reveal funther develop-
mental differences not discernible in mature stages.
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The reproductive characters of G. ehilensis and G. aff.
tenwistipitata (Fig. 2, 1 and [) are sufliciently different
from the type of Gracilaria for these species 10 be elevated
to generic rank. This observaton was [lormulated
previously by Nelson and Ryan (1991).

Subgroup HH—~Pacific Hydropuntia: This clade in-
cludes only Indo-Pacilic species 1o date. The type
species of Hydropuntia (G. wrvilleir |Montagne| Abbott
in Abbott et al. [1991]) is found in this clade (Figs. 1
and 2A). The name Hydropuntia has priority over
Polycavernosa Chang et Xia (G. edulis [S. Gmelin]
P Silva 1952) (\ﬂ)lmc 1989). All members of this clade
possess diagnostic features that correspond to the
generic concept of Hydropuntia, such as the develop-
ment of deeply embedded, often confluent, sperma-
tangial conceptacles of subcortical-medullary origin
that produce spermatangia in clusters (Chang and
Xia 19635, Xia and Abbot 1985, 1987). Xia and Abbou
(1987) considered the distinct cystocarp ontogeny
described for G. erassissima (Frederieq and Norris
1985, Iredericq and Hommersand 1990b) as the
Hydropuntia type. Subgroup II does not contain
G. cornea and G. crassissima, species previously group-
ed and currently placed in Hydropuntia (Wynne 1998).
The later two species ave part ofa distinet clade (sub-
group I11). However, both MP (IFig, 1) and the
Bayesian analysis (Fig. 2A) places species with Hydro-
puntia-like reproductive characters (Fig. 2, F-H)
within a monophyletic clade of the genus Gracilaria,
with varying support (MP, no support; Bayesian,
PP = 99%). The reproductive leatures that character-
ize this clade are dilferent enough from those found
in the rype ol Gracilaria for the species in this
assemblage to be clevated together with subgroup
LT ro generic rank., as a Hydropuntia.

Subgroup 1H—Allantic  Hydropuntia: This sub-
group thus far includes only western Atlantic species.
All species are typically eylindrical, with . eyassissima
sometimes displaying a compressed prosirate thallus.
Gracilaria secunda is a validly published species that
has been considered a synonym of G. cornea (lTaylor
1960, as G. debilis). Our phylogenetic results support
the recognition of this species distinct from G, cornea
and sister to G. caudata. There is a striking morpho-
logical similarity between G. candata and G. secunda.
T'he morphological plasticity within each of these two
species is huge and overlaps, making their taxonomic
delineation problematic. Nevertheless, two distinct
genetic entities do exist, and the type of G secunda is
the best match to the specimens used in this study.

Gracilaria  usneoides is phylogenetically closer 1o
(. crassissima than to G. cornea (Figs. 1 and 2A), but
morphologically G. cornea and G. usnevides are much
alike. I'redericq and Norris (1985) provided an account
of the development of reproductive [eatures of
G. crassissima {from Belize and demonstrated its dis-
tinctmess in terms of an elaborate reticulate postferti-
lization fusion cell and origin of male reproductive
parent cells. A reinterpretation of the photographs ol
G. caudata in Plastino and Oliveira (1997) reveals that
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carposporophyte development is ol the same type as
that ol G erassissima, even though a few upper tubular
nutritive cells are depicted. The sexual reproductive
structures ol G. secunda arve sull unknown. It is clear
from the current study that there are two distinct
evolutionary lineages encompassing the concept of
Hydropuntia.

Because subgroups IT and 111 form a well- suppm'tul
monophyletic group (Fig. 2A) and the type species of
Hwhujmunn is found in this clade (H. wrwillei), all the
species pertaining to these two subgroups are, i this
study, translerred o Hydropuntia (see¢ below for new
combinations).

Subgroup [V—the G. salicornia complex: Gracilaria
canaliculata, G, crassa Harvey ex |. Agardh (1876), and
Corallopsis opuntia |. Agardh (1872) were considered
conspecific by Newton (1953). The first two species
were subsumed into G. salicornia by Xia (1986) and
Meneses and Abbott (1987), who independently came
to the same conclusion (Abbott 1988). However, Silva
ctal. (1996) recognize both G. canaliculata and 6.
salicornia as distinct species.

In this lineage, the morphological variation displayed
by species with eylindrical and constricted thalli covve-
sponds to a phenotypic continuum from one species
description to the next, which makes species delineation
impossible based solely on morphological grounds.
Abbott (1988) mentioned that plants ol G. canaliculata
or (. erassa could be placed in any ol those proposed
names. The molecular results obtained in this study,
however, do not support the conspecilicity ol G. sali-
cornie and G. canaliculata. Rbel.~based phylogenctic wrees
show that these rwo species are related but taxonomi-
cally distinet (Figs. 1 and 2A) (genctic distance based on
rhel.is 5.55%). The future inclusion of sequences from
G. cucalia (). Agardh) Dawson (1954, p. 2), G. crassa
Harvey ex J. Agardh (1876, p. 417), and other
morphologically similar species is necessary to resolve
the taxonomic status of this species complex, which is
characterized by some degree of constrictions in their
terete thalli and verrucosa type of spermatangia.

The presence of distinet constrictions at the nodal
and internodal regions were once used to create the
genus Corallopsis ], Agardh 1876, which included
G. wroiller (as H\rhopﬂnha wrviller) and the 11 names
currently in synonym with G. salicornia (Xia 1986,
Abbout 1988). Thallus constriction grades from almost
nonexistent (e.g. G. canaliculata) to very pronounced
(e.g. G. salicornia). When comparing plants with div-
crgent morphologies (e.g. with or without constric-
tions), the identification is clear but in many cases there
is a phenotypic continuum between distinet pheno-
types among specimens in the same population.
Dawson (1954) concluded that nodal constrictions
may not define genera and placed Corallopsis in syno-
nymy with Gracilaria. The presence ol some degree of
thalli constrictions and the presence of only verrucosa
type ol spermatangial conceptacles characterize this
highly polymorphic lineage. Although characteristic of
this species complex, the pattern of thallus constriction
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is not shared by all members of this clade, which
includes G. arcuata, with strong bootstrap support. The
placement ol G. wrvillei in a distinct separate clade
(Gracilaria subgroup 1) is evidence that sharp con-
strictions at the base ol branches arose more than once
in Gracilaria, increasing the degree of morphological
homoplasy. However, the thallus constriction pattern
and habit ol G. wrville are different from that found in
species of this G. salicorma lincage. All members of this
clade for which reproductive characters are known
have cystocarp structures typical of Gracilaria sensu
stricto (sensu Fredericq and Hommersand 1990b) (Fig.
2. D and E). Corallopsis is not supported by rbel. seq-
uence analysis as generically distinct [rom Gracilaria
Greville. All members of this subgroup are character-
ized by having verrucosa type ol spermatangial con-
ceptacles (Fig. 2C) that do not develop into the
Hydropuntia type (Fig. 2F).

Subgroup V: Gracilaria gracilis and G. pacifica form a
well-supported clade based on rbcL. sequence analysis
(BP = 100%, in both MP and ME resulis; PP = 100%),
and their genetic distance is 4.47%. Currently,
G. gracilis is the only tercte species ol Graciluria
described for the flora of the northeastern Atlantic
(excluding the Mediterranean). The genetic distance
between the southern U K. G. gracilis haplotype and
the northern France specimen included in the data
set is not large enough (0.95%) to suggest that these
two populations are distinct species. The ontogeny of
reproductive structures of G. gracilis (as G. verrucosa
[Hudson] Papenfuss) was used as the relerence o
define the order Gracilariales (Fredericq and Hom-
mersand 1989a). All members of this subgroup are
characterized by having verrucosa type of spermatan-
gial conceptacles (Fig. 2C) that do not develop into
the Hydropuntia type (Fig 2F).

Subgroup Vi—the Gracilaria mammillaris complex:
Morphologically, this is one of the most problematic
lineages in the genus Gracilaria. The overall habit of
members of this subgroup show remarkable simila-
ritics, especially when dealing with atypical pheno-
types and small specimens. In other parts of the
world, phenotypic plasticity and striking morpholo-
gical similarities among fat Gracilaria species also
produce similar taxonomic problems (e.g. G. textorii)
(Yamamoto 1984). This subgroup is composed
entirely of foliose dichotomously branched species
restricted to the western Atlantic that are often
misidentified as G. mammillaris. The current concept
of G. mammillaris corresponds indecd to a species
complex. Morphological comparisons among phylo-
genetic distinct populations (based on rbel. phyloge-
nies) and type specimens revealed that at least four
species were new and have been recently described:
G. galetensis, G. hayi, G. oliveirarum, and G. smithso-
niensis, (Gurgel et al. 2003b). Sterile specimens of G.
galelensis may have commonly been misidentified
as Rhodymenia pseudopalmata. The expansion of sys-
tematic surveys of flat Gracilaria species in the
Caribbean may reveal an even greater number of

new species currently passing under the name ol
G. mammillaris.

SubgrowpVII: This is a well-supported group com-
posed of only poorly known western Atlantic species.
All specimens  examined have a  distinet  habit:
G. intermedia (Venezuela) and G. yonesligueana (Brazil)
ave flat, whereas G venexuelensis has tevete 10 slightly
compressed thalli (Taylor 1942). More extensive
collections of fertile members ol this cdade are
necessary belore a full characterization of their reprod-
uctive structures can be accomplished. Since its
description, G. venezuelensis has been cited only twice
in floristic surveys: one record from the Mexican Gull
of Mexico (Dreckmann and Perez-THernandez 1994)
and the other from the Philippines (Westernhagen
1973, 1974). Reports of this species outside the
western  Atlantic should be  considered  tentative,
because it is unlikely that southeastern Asia and the
Caribbean share Gracilaria species that were not
artificially introduced. In  the western  Atlantic,
G. venezuelensis seems 1o be common but not recog-
nized and often presents as thin cylindrical and very
branched phenotypes when growing as driflting mats
at protected environments such as bays and rthe U.S.
intracoastal  waterways (c¢.g. Tampa Bay, western
Florida, and the Indian River, eastern Florida; C. F
Gurgel, personal observation). When growing at-
tached to subtidal rocky substrata (e.g. Capron Shoal,
Fort Pierce Co., FL, USA), G. venezuelensis develops a
more robust, thicker, and regular dichotomous
branched phenotype. Gracilaria yoneshigueana is a
delicate 7-cm-long fat endemic species [rom Brazil,
so ftar collected only in the Rio de Janeiro state,
occurring in exposed as well as protected intertidal
rocky shores (Gurgel et al. 2003b).

Subgroup VIH—The Gracilaria tikoahiae clade: This
clade is composed of the western Atlantic species
G. damaecornis and G. tikvahiae and the poorly defined
G. lacinulata. All species are restricted to the western
Atlantic with the exception of G. tilkvahiae, which has
been introduced in Hawaii (Abbott 1999, p. 216). All
species in this subgroup display a persistent large
postlertilization fusion cell (Fig. 215). Gracilaria tikoa-
hiae, a dichotomously branched species, displays a
wide range ol habit morphologies ranging from thin
to thick, entirely flat to terete phenotypes. Morpho-
logically different specimens of G. tikvahiae are olten
found growing on the same rock. Branching pattern
in G. damaecornis is still more constant even among
specimens [rom distinct geographic regions, and the
degree ol thallus compression also vary greatly.
Gracilavia lacinulata shows a broad range in blade
width and branching pattern but is characterized by a
distinctly Hattened green thallus.

Previous rbel. analysis (unpublished data) revealed
that the green Graciluvia sp. variety farmed at Harbor
Branch Oceanographic Institute is part of this Gracila-
i subgroup. This taxon corresponds to an unidentified
species originally collected on the eastern U.S. coast
that has never been found in the lield again. All three
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Harbor Branch Oceanographic Institution Gracilaria
varieties (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. tikvahiae and part of subgroup
VIII, but the red variety, producing the highest quality
agar, is part of subgroup IV (unpublished data). The
rbel. DNA sequence analysis of the three Gracilaria
varieties mentioned above have also been deposited
in GenBank (brown = AY049362, red=AY049310,
green = AY04931 1).

Subgroup IX—the G. bursa-pastoris clude: Deeper

nodes within Gracilaria subgroup 1X, composed ol

the 15 most derived species, have low bootstrap
supportin the MP (Fig. 1) analysis and even less in the
ME trees (data not shown). In the Bayesian tree these
nodes have higher support, with the ¢xception of G.
spinulosa and Gracilaria sp. from the Philippines. In
this subgroup, lour distinct clades are resolved with
high support. Two ol these clades are composed of (lat
and compressed species [rom the western Atlantic: G.
occidentalis, G. ornata, and Plocaria flabelliforme, P. et H.
Crouan in Schramm & Mazé (1865, p. 21) with 100/
84/85% support (Bayesian/MP/ME, respectively) and
G. apiculata, G. cervicornis, G. domigensis with 100797/
97% support (Bayesian/MP/MLE, respectively). The
phylogenetic position of G. eurtissiae in the latter clade
had 100% Bayesian support but was not resolv-
ed in either MP or ME analyses (no BP support).
The third clade is composed of the eastern Atlantic
species G. bursa-pastoris and G. maltipartita with 100/
98/96% support (Bayesian/MP/ME, respectively). The
fourth and most derived clade is rthe least supported
cluster (64% Bayesian support and no BP support for
neither MP nor ME) composed of the remaining six
species in this subgroup, all with an east South African
and Indo-Pacific distribution.

Thirteen of the fiftcen species in subgroup IX have
both a foliose habit and textorii-type spermatangial con-
ceptacles. ‘The exceptions are the compressed species
G. bursa-pastoris and G. cervicornis; and G. domingensis
bearing  verrucosu-type  spermatangial - conceptacles.
This lineage is composed of well-known species of Gra-
cilavie and one unidentified species [rom the Philip-
pines that is morphologically similar to, but genetically
distiner from, G. lextorii.

The most derived lineage in subgroup IX holds the
type of the South African endemic genus Bleiophora J.
Agardh, G. beckeri (]. Agardh) Papenfuss. This species is
sister to another South Alrican-Madagascar endemic
(Silva et al. 1996), G. capensis. Jacob Agardh (1890)
established the genus Hleiophora to contain Gracilaria
species with tetrasporangia aggregated in nemathecia.
Dawson (1949) reported that a tetrasporangial nemathe-
cium is not a stable character and demonsirated that
many flat northeastern Pacific species display a variable
degree ol nemarhecal development. Papenfuss (1952)
subsequently concluded that this character should not
be used to recognize gencra, merging Tyleiophora back

into Gracilavie. Gracilaria spinulosa, Gracilaria sp. from
the Philippines, and (. fextorii 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, G. cervicornis, G. domingensis, and G.

Jevox ], Agardh (1852), were reassessed by Oliveira

et al. (1983). They concluded based on morphological
grounds that G. cervicornis and G. ferox are conspecitic
and that G, domingensis can only be veliably distin-
guished from G. cervicornis based on spermatangial
[eatures. The molecular study herein confirms that G.
cervicornis is a distinet sister taxon to what is known as
G. domingensis [rom Brazil. Specimens ol Gracilaria
recently collected from Venezuela and Mexico, resem-
bling atypical phenotypes ol . cervicornis, turned out to
belong to a distinct species, herein identified as G.
apicilata P. et H. Crouan in Schramm and Maz¢ (1865,
p. 19) based on examination and comparison of
photographs of type material housed in BM! and
PCL Another resurrected name, previously recognized
in Kapraun (1993), is based on Plocavia flabelliforme. A
new combination is made in this study for this com-
mon, [lat, western Atlantic tropical Gracilavia species.
Several specimens ol G. apiculata and G. flabelliforme
were sequenced (data not shown); these taxa represent
common species for the Caribbean and the southern
Gull of Mexico passing under the names G. cervicornis
and G. mammillaris, respectively.

Male rveproductive structures. Dawson (1949) was the
first to stress the importance of the shape and origin
of spermatangial conceptacles in the taxonomy of the
Gracilariaceac. Ohmi (1958) pointed out that they
were the most important character 1o distinguish
among species. Yamamoto (1975, 1978) divided the
genus Gracilaria sensw lato (including  Gracilariopsis)
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 (spermatangia flush with
surface: chorda type, as in Gracilaria chorda [Holmes]
Ohmi [1958, p. 50]), Textorielle (spermatangia orga-
nized in shallow pits: fextorii type, as in G. lextori,
Fig. 2B), and Gracilaria (spermatangia organized in
deep pits: verrueosa type as in Gracilaria verrucosa =
G. gracills, Steentoft et al. 1995, Fig. 2C). Later,
Yamamoto (1984) included other kinds of sperma-
tangial types in his classification, such as the symmetrica
type and the henriquesiana type (Bird 1995), for which
he did not established any new subgenera.

Tseng and Xia (1999) [ormally described the new
subgenus Hydvopuntia to include species with sperma-
tangial conceptacles in multiple cavities (Fig. 2I) in
which the spermatangia cover the entire surface of the
conceptacles (encompassing the  Polycavernosa  and
henriquesiana types). The superficial spermatangia of
the chorda type have been considered ancestral with the
deeper and complex conceptacles considered derived
(Yamamoto 1975, 1978, 1984, Iseng and Xia 1999).
Yamamoto (1984) presented a schematic diagram
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depiciing a sequence that had the chorda-type conlig-
uration giving rise to the other more complex types:
chorda type (type 1, spermatangia continuously and
homogeneously distributed along the thallus surface),
to the symmetrica type (type 2, spermatangia superficial
but discontinued by large scattered cortical cells), to the
lextorii type (type 3, shallow cavity, Fig. 2B), to the
werrncosa type (type 4, deep cup-shaped cavity, Fig. 2C),
to the henriquesina type (type 5, aggregation ol
verrucosu-type conceptacles), and finally to the Poly-
cavernosa type (= Hydropuntia wype, Fig. 2F) with deep
confluent and branched conceptacles.

The chorda type is now known to be characteristic of
and restricted to the genus Gracilariopsis. With the
exception of Melanthalia for which there is stll no
reported spermatangial description, the two major
basal lineages in the rbcL tree (i.e. Gracilaviopsis and
Curdiea) have superficial spermatangia with small color-
less spermatia and do not form conceptacles (Fredericq
and Hommersand 1989b, 1990b, Nelson and Knight
1997). Male structures in Gracilariopsis differ from those
of Curdiea in having the spermatangium cut off singly by
transverse division ol the spermatangial parent cell and
by not having spermatangia organized in nemathecia.
The ancestral condition for the Gracilariales appears to
be one in which undifferentiated cortical cells produced
spermatangia by oblique longitudinal divisions, follow-
ing the same division pattern as the surface cells.

Our results agree with Yamamoto (1984) and
Bellorin et al. (2002) in which the most plesiomorphic
spermatangial state in the Gracilariaccac scems o be
the chorda type. However, this study does not support
the phylogenesis hypothesis provided by Yamamoto
(1984). In light of the new molecular evidence
produced in this study, the evolutionary history of
spermatangial types in the Gracilariaceac is more
variable and complex than currently appreciated.
Based on literature accounts [or the species included
in this study, the Hydropuntia type ol spermatangial
conceptacle (herealier treated as synonymous o the
henriguesiana and the Polycavernvsa type) is present in
four Gracilaria subgroups: in all taxa placed in sub-
group Il (G. edulis, Abbott et al. 1991) and subgroup
111 (G. caudata, Plastino and Oliveira 1997; G. crassi-
ssima, Fredericq and Norris 1985), in G. domingensis
from subgroup IX (Guimardes et al. 1999), and in
G. damaecornis (Ganesan 1989) from subgroup VIIL
However, the independent acquisition of the Hydro-
puntia type by G. damaecornis and G. domingensis may not
correspond to a rrue homoplasy but to misidentifica-
tions. It is possible that more than one species may
be passing under the names G. damaecornis and G.
domingensis and that these taxa may indeed correspond
to two distinet species complexes in need of a careful
systematical revision,

This study reveals that a “chilensis” type of sperma-
tangial conceptacle is possibly the ancestral sperma-
tangial configuration within Gracilaria sensu lalo. The
lextorii Lype, considered the most primitive, is in fact
present in the most dervived lincages (subgroup IX).

These results suggest that the textorii type as currently
defined arose independently at least twice in Graciluria
sensu lato, once in the G. chilensis lineage (proposed here
as the chilensis type) (Table 3, Fig. 21), and once in the
most derived subgroups characterized by G. bursa-
pastoris, G. cervicornas, and G. lextorii (proposed here as
the true fextorii type) (Table 3, Tig. 2B).

There are veports that the verrucosa and Hydropuntia
type of spermatangia have been found on the same
thallus in several Indo-Pacific (Abbott et al. 1991) and
Atlantic (Ganesan 1989, Plastino and Oliveira 1997)
species and that both the textorii and verrncosa type of
spermatangial conceptacles have been reported Irom
the same thallus in “G. blodgettii” Harvey (Zhang and
Xia 1985, Reading and Schneider 1986. Abbott 1988).
Those reports suggest that the verrucosa-type concep-
tacle may develop intwo a Hydropuntia type when inter-
calary spermatangial parent cells fuse back to vegetative
cells (see fig. 14 in Fredericq and Hommersand 1990h
for H. crassissima) oy that a lextorii type may develop into
a verrucosa Ltype il the conceptacle deepens into the
thallus. However, our observations do not point in this
direction. So lar, only subgroups IVand V seem to have
spermatangia restricted to the verrucosa type, which are
morphologically distinct from the wverrucosa type re-
ported for species placed in other subgroups in our
rbel. phylogenies. Comparisons between verrucosa type
ol spermatangia between species {rom subgroups 1V
and V with those found on species from subgroups 11
and I1I reveal a remarkable distinction. The sperma-
tangial parent cells from species from subgroups IVand
V never interact with medullary cells, and the verrucosa
type ol spermatangia in these species never develop
into the Hydropuntia type. On the other hand, sperma-
tangial parent cells from species from subgroups 11 and
11T always interact (via secondary pit-connections) with
medullary cells, and it is on these groups that reports of
plants carrying both kinds of spermatangial concepta-
cles have been made (Abbott et al. 1991). Therelore,
the way the spermatangial parent cells interact with
vegetative eclls is the key character to distinguish these
two groups ol Gracilaria sensu lato species and helps to
recognize Hydropuntia as a distinet, stable, and reliable
genus from Gracilaria sensu striclo. In species ol
Gracilaria sensu stricto with the wrue verrucosa type of
spermatangia (the one that does not interact with
medullary cells) (Fig. 2C), as the thallus age the cortical
cells multiply after the spermatangial conceptacle
growth. This development pattern is very evident in
mature spermatangia (rom G. salicornia (Abbott 2000, p.
215) and G. shimodensis (Tercada and Yamamoto 2000,
p. 192), species characterized by having only verrucosa
type of spermatangial conceptacles that do not ever
develop into the Hydropuntia type.

The observation of more than one kind ol sperma-
tangial conceptacle lor a particular Gracilaria species,
especially when the textori type and the verrucosa type
are said to co-occur on the same species, should be
consicered with caution because more than one species
may have been considered in those studies. Also, the
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possibility of hybridization between two distinet taxa
should be considered. Hybridization tests i vitro have
been applied to infer limits among species of Gracilaria
(Bird and McLachlan 1982, Plastino and Oliveira 1988),
but nothing is known about how this corresponds in situ.

The integration of newly generated rbel. phyloge-
nies (Figs. | and 2A) and new morphological inter-
pretations of male reproductive structures support the
separation ol Gracilaria sensu lato into four distinct
groups based on kind of spermatangial conceptacle:
the chilensis type (Fig. 21), composed ol only Graeilaria
subgroup [; the Hydropuntia type (Fig. 2F), composed
ol subgroups 11 and 111; the veyrucosa type (Fig. 2C),
composed of subgroups IV and V; and the lextorii type
(Fig. 2B), composed of the most derived subgroups

VI-IX. A more detailed comparative analysis of

spermatangial ontogeny and anatomy among these
four groups may reveal news insights about how to
interpret them in a taxonomically and evolutionary
[ramework. Ontogenetic observations show that the
degree ol interactions between spermatangial mother
cells with cortical or medullary vegetative cells is a more

important morphological character than the shape ol

mature conceptacles (Fredericq and Norris 1985).
Female reproductive structures. The rbel. phylogenies
presentec in this study (Figs. | and 2A) corroborate

Fredericq and Hommersand’s (1990b) synthesis of

cystocarp types for the family Gracilariaceae. These
authors recognized (our distinet cystocarps lor the
nonparasitic genera:

. The Curdiea/Melanthalia rype: Cystocarp cavity
(,nm]JILI{*I\ filled by gonimoblasts, multinucleated
tubular cells absent, carposporangia formed in distinct,
elongate, narrow liles of similarly sized cells, gameto-
phytic cells in the fAoor of cystocarp becoming
cytologically transformed, incorporation of gameto-
phytic vegetative cells into the fusion cell restricted to
cells of the sterile filaments of the supporting cell.

The Gracilariopsis type: Cystocarp cavity not
completely filled 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 Hoor
ol cystocarp 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 Hydropuntia type: Cystocarp cavity nol
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-
angml layer, cytologically wansformed 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 to sterile ilaments of the supporting cell,
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fusion cell becomes highly reticulate and inconspic-
uous, gonimoblast mass with regular development,
gonimoblasts with variable cell wall thickness (Fig. 2G).
4. The Gracilaria type: Cystocarp cavity not com-
pletely filled by gonimoblasts, multinucleated basal and
upper tubular cells often present, carposporangia
organized in clusters of cells ol variable sizes, gameto-
phytic cells in floor ol cystocarp not transtormed cytolo-
gically, incorporation of gametophytic vegetative cells
mto the fusion cell not restricted 1o sterile filaments of
the supporting cell, mature fusion cell globose, variedly
ramiflied or mdisunct [rom other large gonimoblasts,
inner gonimoblasts with conspicuous thick cell walls.

[n light of our molecular results, at least four distinet
cystocarp types can now be distinguished within the
genus Graciluria sensu lato alone (Fig. 2, D and E, G and
H, and |):

The chilensis vype. This cystocarp is morphologi-
cally similar to the Gracilaviopsis type but with a less
dissected mgdmmnnn of the inner gonimoblasts and
with carposporangia in unbranched chains formed by
gonimoblasts that  gradually  vransform into hng__t:
terminal carposporangia. ‘| “his cystocarp type (Fig. 2])
is characteristic and so [ar only found among members
ol Gracilavia sensu lato subgroup 1. Morphological
similarities and differences between the cystocarps
ol G. chilensis and Gp. lemaneiformis have been well
documented (Bird et al. 1986, Ryan and Nelson 1991).
Among Gracilaria sensu lato species, this cystocarp type
lacks multinucleated tubular cells connecting outer
pericarp and gonimoblasts, has an extensive cystocarp
cavity, a regular pattern of gonimoblast development,
large external gonimoblast eells, and orderly arrays of
carposporangia (Fig. 2]).

The Hydropuntia 1ype. This cystocarp type is
present so far only in Indo-Pacilic species once placed
in Hydvopuntin, members ol Gracilaria sensw lato sub-
group 11 (Fig. 2A). Distinct [features include an
irregularly shaped fusion cell enclosed within the
pericarp before gonimoblast initiation, with gonimo-
blast filaments developing in nearly complete straight
files with the inner derivatives linking rapidly with one
another by means of secondary pit-connections, mature
mass of gonimoblasts often branched or lobed, carpo-
sporangia organized in short chains with sharp transi-
tion with gonimoblast mass (Fig. 2H).

3. The crassissima type. This type ol cystocarp is
characteristic ol Gracilavia sensu lato subgroup [I1.
Distinct [eatures include gonimoblast [ilaments devel-
oping in complete straight files producing a regular,
not lobed, centralized, and broad-based mature goni-
moblast mass with carposporangia in usually short
chains (Fig. 2G). Morphological observations from
species included in this study agree with those of
Abbott etal. (1991), who noted rhat gonimoblast
organization in the Caribbean Hydrvopuntia species
(subgroup T11) is centralized, whereas that ol Pacilic
Hydropuntia (subgroup 11} species is diffuse. This type
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of cystocarp was illustrated by Fredericq and Norris
(1985), Fredericq and Hommersand (1990b), and
Plastino and Oliveira (1997).

4. The Gracilaria sensu stricto type. This type of
cystocarp is characteristic of the most derived sub-
groups within Gracilaria sensu lato (subgroups IV-IX).
Its distinctive features include a regularly shaped, often
persistent, fusion cell that can be quite conspicuous
throughout gonimoblast development, gonimoblast
filaments developing at regular or irregularly rates
but often producing a gonimoblast mass composed of
large cells with conspicuous cell walls, and with
carposporangia organized in dichotomously branched
chains (Fig. 2, D and E). Usually, when the fusion cell is
persistent, the rate of gonimoblast development is
irregular, thus producing an irregularly shaped goni-
moblast mass composed of variably sized cells (e.g.
G. gracilis, G. tikvahiar). Cystocarps with a more regular
rate of gonimoblast development typically produce a
rounded gonimoblast mass composed of large long-
itudinally elongated cells with conspicuous cell walls
(e.g. G. flabelliforme).

The presence or absence and location of tubular
multinucleated cells connecting the pericarp with the
gonimoblasts alone is not a stable taxonomic characters
to define Gracilaria sensu lalo subgroups, with the
exception ol subgroup I that completely lacks these
cells. However, despite the many homoplasies, a
pattern can be observed where subgroups 11 and 111
are often characterized by having them restricted to the
base of the cystocarp cavity, whereas the most derived
subgroups (IV-1X) are often characterized by typical
Gracilaria sensu stricly cystocarps with tubular cells
distributed along the entire cystocarp cavity.

Tetrasporangia in the Gracilaviales are cruciately
divided or decussate. The development of nemathecia
observed in some species (e.g. G. beckeri) was corrobo-
rated by this molecular study as being indistinct at the
generic level (Dawson 1949, Papenfuss 1952).

CONCLUSIONS

Morphological characters found in the Gracilaria-
ceae that do not take into account development often
resemble one another in the mature state and are
noninformative taxonomically, even among distant
taxa (c.g. shape and size of vegetative cells frequently
overlap among species). Also, ontogenetic features
should be assessed with care because abortive pre-
and postfertilization stages are common (Fredericq and
Hommersand 1990b).

Delineation of new and previously defined subge-
neric groups within Gracilaria sensu lato needs to be
reassessed and requires the combination of male and
female reproductive characters coupled with molecular
phylogenies inferred from informative genetic mar-
kers. Distiner spermatangial conceptacle types within
Gracilaria sensu lalo ave represented by the chilensis type,
the Hydropuntia type, the verrucosa type, and the textorii
type. Distinct cystocarps types within Gracilaria sensu

lato are likewise represented by the G. chilensis type, the
Hydropuntia-G. crassissima types, and the G. bursa-pastoris
type. These [our kinds of spermatangial and cystocarp
organizations plus the phylogenetic relationships in-
ferred from rbel. sequence analyses produced in this
study define stable clades at the generic rank. Also in
the literature there is already a plethora ol genetic
(Bird et al. 1992, 1994, Bird 1995, Bellorin et al. 2002)
and morphological (Nelson and Ryan 1991, Ryan and
Nelson 1991) evidence supporting the uniqueness of
the subgroup I and its recognition as a distinct genus
within the Gracilariaceae. The description and delinea-
tion of a new genus to accommodate the . chilensis
clade will be done elsewhere. The genus Hydropuntia,
defined by the generitype G. wrvillei, is herein rein-
stated encompassing species [rom subgroups IT and
I11. The remaining terminal taxa (subgroups 1V-1X)
are defined by the generitype G. bursa-pastoris and
considered the true genus Gracilaria sensu styicto.

At the species level, distinct evolutionary lineages
within the Gracilaria sensu lalo clade (= subgroups)
present strong biogeography patterns of distribution.
Subgroups 1, 11, and IV have to date a restricted Indo-
Pacific distribution, whereas subgroups I, VI, VII,
and VIII have a western Atlantic restricted distribu-
tion. In subgroup IX, the most recent clade in the
Gracilaria sensu lalo phylogeny, certain lineages are
restricted to the western Atantic (e.g. the G. ornata and
the G. cervicornis lineages), whereas others have a Indo-
Pacific-South Alrican distribution (e.g. G. capensis line-
age). These patterns suggest that ecological radiation
and local speciation are a common phenomenon in the
genus Gracilaria sensu lato. On the other hand, the
biogeography patterns observed in the genus Gracilar-
iopsis are different from the ones lound in Gracilaria
(Gurgel et al. 2003b). Curdiea and Melanthalia clade
may present interesting biogeographic patterns, but
more data are needed belore they can emerge.

The rbcL. genetic distances among the four distinct
Gracilaria sensu lato generic groups mentioned above
are consistent with the generic rank ditferences found
among accepted Gracilariaceae genera. Placing more
than 100 species within a single genus underestimates
our capacity to recognize different evolutionary his-
tories among genctically distinct lineages ol Gracilar-
iaceae. However, when morphological characters,
informative molecular data, and sound phylogenetic
hypotheses are combined, the recognition of three
distinct genera currently placed within Gracilaria sensu
lato corresponds to a more natural, phylogenetically
informative, and information-rich taxonomy than the
one currently in use.

Our results suggest that several independent dis-
persal events took place in Gracilaria, Gracilariopsis, and
Hydropuntia but not in Curdiea and Melanthalia. In this
study, the first divergent node in all three Gracilar-
iaceae major clades are typically Ilndo-Pacific in
distribution, lending support to the biogeographic
hypothesis that the order’s ancestor originated in
castern Gondwana belore the opening of the Tethyan
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Ocean (Hommersand 1990). The austral Tethyan
group is composed ol Melanthalia and Curdiva with
extant taxa currently found in South Australia,
Tasmania, New Zealand, South Africa, and the Antare-
tic Peninsula. Representatives of Gracilaria, Gracilar-
iopsis. and Hydropuntia are present in both the Southern
and Northern hemispheres, ranging from temperate
to tropical environments. Hommersand (1990) sug-
gested three major dispersal scenarios: 1) Gracilariopsis
and some taxonomic sections ol Gracilaria  were
distributed  from the northwest Pacific 10 North
America by way of the Alaskan Peninsula, either in late
Cretaceous or in the Palcocene, ultimately reaching the
Caribbean Sea, and possibly also Ewrope and the
Mediterrancan Sea; 2) species clusters in Gracilaria may
have a Tethyan distribution; and 3) others appear to
have extended their range westward from the Indian
Ocean to the western Atlantic and Caribbean Sea by
way of South Africa. The inclusion in the rbel. data set
ol more species worldwide is needed to fully assess such
scenarios ol ancient dispersal paterns. SSU rDNA data
also places a Cwdiea and Melanthalia clades at the root
of Gracilariaceae trees (Bellorin et al. 2002).

The three major clades ol Gracilariaceae may have
diverged early in the evolution of the family. "The low
bootstrap support for nodes determining the relation-
ships among these three clades and ol the Gracilaria
sensu lato subgroups in the MP analysis may be
interpreted as the lack of sullicient phylogenetic signal
in rbel. to resolve these relationships (genetic conserva-
tion) or a high level of murtation accumulation and
a faster rate of gene evolution (gene saturation). The
latter hypothesis is more likely due to detected
saturation at the third codon position. Similar low

bootstrap results for particular clades are indicative of

adaptive radiation, lincage sorting, or ol a fast origin
for major evolutionary clades that originated within a
short period of time from one another. as has been
suggested for other organisms (Mardulyn and Whit-

field 1999, Hampl et al. 2001). Phylogenetic analysis ol

other red algal families and orders based on different
genetic markers often present similar bootstrap results
supporting the lawer interpretation (Saunders and
Kraft 1996, Freshwater and Bailey 1998, Freshwater
etal. 1999). The Bayesian analysis has a maximum
likelihood correction for heterogeneity in the mutation
rates and provided high probability support lor the
same nodes generated by MP.

The inclusion ol more Gracilaria vaxa in the data set
may better resolve the evolutionary relarionships of the
clades already observed, especially those with low
bootstrap support. Nevertheless, the rbel. gene showed
signs ol significant saturation at the third codon
position, suggesting that another nonsaturated genetic
marker should be used to conlirm the phylogenetic
relationships among deeper nodes in the Gracilaria-
ceac. As important as sequencing distinct species or
using the proper genetic marker is sequencing multiple
specimens belonging to a same species. By doing so, the
full range of the phenotypic plasticity for a particular
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species can be assessed, diflerent forms and varieties
attributed 1o a particular species confirmed, trans-
ferved to another species or recognized as a distinet
taxon, and the true taxonomy for certain species
complexes, cryptic species, and superspecies evaluated.

NEW COMBINATIONS
Gracilaria flabelliforme (P. ¢t H. Crouan in
Schramm et Mazé) Fredericq et Gurgel comb. nov.

Basionym: Plocaria flabelliforme P. ¢t H. Crouan in
Schramm et Mazé 1865, Essai Class.Alg. Guadeloupe,
p. 21, #131

Homonym: Plocaria flabelliforme P. et H. Crouan in
Schramm et Mazé 1866, p. 48

Lectotype: BM!, largest specimen on sheet, Algae
Guadeloupensis, H. Mazé, Purchased 1890, in the
Gracilaria foliifera folder, 57th 1st series, Monle Vieux
Bourg.

Tipe locality: Guadeloupe, collected on submerged
rocks in April.

The clade composed ol Gracilaria sensu lato subgroups
IT and I1T (Figs. 1 and 2A) is herein recognized and
confirmed as the genus Hydropuntia, distinet from the
remaining Gracilavia species. Some ol the species names
that are part of this clade were previously placed in
Hydropuntia before; thus, the remaining and following
ones are transferved o Hydropuntia for the lirst time:

Hydropuntia caudata ( ]. Agardh) Gurgel et Freder-
icq comb. nov.

Basionym: Gracilaria caudala |. Agardh 1852, Sp. Gen.
et Ordines Alg., 2(2), p. 598

Taxonomic synonyms: See Plastino and Oliveira (1997,
p. 229).

Hydropuntia edulis (Gmelin) Guigel et Fredericq
comb. nov.

Basionym: Fucus edulis Gmelin, 1768, Hist. Fuc., p.
133,

Synonyms: Polycavernosa fastigiale Chang et Xia,
1963, p. 15, p. 120, pl. I: figs. 1-12, pl. 11: figs. 1-6;
Gracilaria edulis (Gmelin) Silva, 1952, p. 293; Hydro-
puntia fastigiata (Chang & Xia) Wynne, 1989, p. 477;
Sphaevococcus lichenoides C. Agardh 1822, p. 310;
Sphaerococcus lichenowdes var. tenuwrs C. Agardh 1824,
p- 234.

Taxonomic synonyms: See Silva et al. (1996, p. 175).

Hydropuntia eucheumatoides (llarvey) Gurgel et
I'redericq comb. nov.

Basionym: Gracilaria  eucheumoides Harvey, 1860,
Proceedings Amer. Acad. Arts Sci. 4:331 (as “cucheu-
mioides’).

Tuxonomic synonyms: See Silva et al. (1996, p. 168)
as Gracilavia euchewmatondes Harvey.

Hydropuntia preissiana (Sonder) Gurgel et Freder-
icqg comb. nov.

Basionym: Rhodymenia preissiana Sonder, 1845, Bo-
tanische Zeitung 3, p. 56 (as “Rhodomenia’)

Synonyms: Rhodophyllis preissiana (Sonder) Kinzing,
1849, pp. 786-7: Calliblepharis preissiana (Sonder)
Harvey, 1859, pl. cvi.; Gracilaria preissiana (Sonder)




156

Womersley in Min-T'hein et Womersley, 1976, p. 109;
Withell, Millar et Kraft, 1994, pp. 294-7, figs. 11-13.
Taxonomic synonyms: See Silva et al. (1996, p. 174).
Hydropuntia rangiferina (Kiuzing) Gurgel et Fre-
dericq comb. nov.

Basionym: Sphaerococcus rangiferinus Kiitzing, 1849,
Sp. Alg., p. 779 (= Sphaerococcus cervicornis Kiitzing,
1843, Phyc. Gen. PL. 62, fig. 11; see Abbott et al. 1991)

Synonyms: Gracilaria dentata J. Agardh 1852, p. 603;
Polycavernosa dentata (. Agardh) Lawson & John 1982,
p. 228; Hydropuntia dentata (]. Agardh) Wynne 1989, p.
477; Gracilavia henriquesiana Hariot 1908, p. 162; Poly-
cavernosa henviguesiana (Hariot) Chang et Xia 1968, pl.
2, fig. 6; Hydropuntia henriquesiana (Chang et Xia)
Wynne 1989, p. 477.

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

Basionym: Gracilavia secunda P. et H. Crouan in
Schramm et Muazé 1865, Essai Class. Alg. Guade-
loupe, p. 19. Not Gracilaria secunda (Ag.) Zanardini
1840: Biblioth. Ital. (Milano) 99, p. 214 |Sphaerococcus
secundus Ag.|

Hydropuntia usneoides (C. Agardh) Gurgel et Fre-
dericq comb. nov.

Basionym: 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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