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Abstract - T he ge nus Graci laria (G raci larialcs, Rhodophyta ) has lon g been o ne of the most
taxon om ically cha lleng ing groups of red algal: as a res ult of the high number of species, sma ll
num ber of distinct ive characters, and the high levels of morphological plasticity amo ng vcge ta­
rive and re productive fea tures, Recently,D NA sequence ph ylogen ies base d on the chloroplas t­
e nco de d rbci: ge ne have resolved many systematic qu est ion s in this gen us. T his st udy
provides an rb cL-based ph ylogeny of the most derived linea ge of Gracilaria sensu stricto , the
assemblage co nta ining the generitype , G. bursu-pustoris. In th is clade, two poorly known and
overlooked spec ies of Gracilaria, G. fiabellifo rm is and G. apiculata, were found to be very
common me mbers o f the ge nus in the tro pica l western A tlantic. Gtucilaria apiculata belo ngs
10 the G. cervicornis complex, a clade co mposed of highly branched species with teret e to
co mpressed main axes, while G. jiabellifo nnis is a member of a clade co mposed on ly of
A tlantic flat species. Exceedi ngly d istinct phen otypes for each of these species we re
observe d in our circumscrip tio n an d are described as new subspecies, a long with detailed
morphological cha rac teriza tion for each of these tax a: G. fiabellifo rm is subsp. aionana subsp.
nov. G. fiab elliformis subsp. simplex subsp. nov., and G. apiculata subsp. candelabriformis
subs p, no v., and G. isabellana nom . no v., a repl acem ent nam e fo r G. lacinulata (Vahl) How e
which is a hom on ym of G. lacinulata (Ku rzing) Piccon e.

Gracilaria I Gracilariales 1 marine algae 1 morphology 1 phylogeny I rbcL 1 Rhodophyta 1
taxonomy I Western Atlantic

Resume - Gracilaria fiabelliformis et G. apiculata (Gracilariaceae, Rhodophyta): res­
tauration d 'anciens noms pour les especes communes de I' Atlantiques tropical occidental,
avec reconnaissance de trois nouvelles sous-especes, et un nouveau nom pour " G. lacinu­
lata", Le genre G racilaria (G rac ilariales, Rhod ophyta) es t de pu is lon gtemps un des gro u­
pes d 'algues rouges dont la taxinomie est un perpe tue l def ; ccci es t du a u grand n ombre
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d 'especcs, a u pet it nombrc de carac tcrcs di stinct ifs c t II un c gra nde plas ticitc morpholo ­
giq ue des caractcrist iqucs rcproductriccs ct vegc ta tivcs. Rcccrn ment, des ph ylogen ies
basees sur l'an alyse des seq uences J'A DN du ge ne ch loroplastiquc rbci: a n t rcso lu de
nornbreuscs ques tio ns systcrnar iq ues dan s le ge nre. La presente e tude Io urni t un e ph ylo­
ge nie co ns trui te a pa rt ir de l'un ai ysc du ge ne rbcL de la lignce la plu s dcri vee de Gracilaria
sensu stricto, ce t e nse mb le co ruc na nt l'especc type du genre, C. bursa-pustoris. D ans ce
clade , deux especcs peu con nucs e t passces ina pcrcues de Gracilaria : G. jtan cllijonnis cl
G. apiculata, son t up pa rues co rnrne deux taxons du genre, ires cornmuns dans l'Atl antique
trop ical occidenta l. Gracilaria apicu lata uppartien t au cornplcxc G. cervicornis. un clade
com pose d 'cspeccs Ires rarni lices avec des axes pr incipau x de sectio n c ircula ire i\ apla tie ,
G. jlubellifonnis, e n revanche, appartic nt il un cla de co mpose sc ulcrncn t d 'esp eccs at lan ­
tiques ap ia ties. Pour chacune de ccs cspcccs, des ph enot ypes cx trc rncmcn t dist inct s on t e tc
o bserves dan s not re circonscr ipt io n des taxon s : il so n t decr its com rne dc nou ve lles so us­
es pec cs po ur chacunc dcsqucll es un e carac terisa tio n det a illec es t don nee : C. .fIahcll~f()Jmis
subsp, aionuna subsp, nov., G. f!lIbC' lIi(ol'lllis subsp, sim plex subsp. nov., G. apiculutu subsp,
cundelubrifonnis subs p, nov., el G. isab cllunu nom. nov., pour rc m placcr G. lacinulata (Va hl)
H ow e, un hom on yrnc de G. lacinulatu (Kutzing) P icco ne .

Algues marines / Atlantique occidental/ Caraibcs / Gracilaria / Gracilariales / morphologie
/ phylogenie / rbcL / Rhodophyta J taxi nomic J

INTRODUCTION

The ge nus Graciluria G reville ( IRlO: liv, ] 21) has lon g been o ne of the
most taxon om ically cha llenging gro ups of the red algae. Whi le the nam e
G ruciluriu is deri ved from the Latin gracilis, meaning " thin, slende r" (Brown, 1950:
376; Stea rn, 2004: 421), taxon omic usage has also implied "simple" , thu s portraying
a ge nus with a simplicity of vege ta tive organ izat ion , witho ut o rna me nts, and the
lack of morphological characters.The relatively small number of diagnost ic features
has lon g made the taxonom y of Grucilaria at the spec ies level one of the most di f­
ficult , which has been furth er co mplicated by the high number of spec ies
described . In man y cases spec ies identifi cat ion has of te n been co nside red nearl y
impossi ble, especia lly when only sma ll. immature, ste rile or a typical ph en ot ypes
a re ava ilable (Tay lor 1960). Foliose spe cies of G racilaria have also had taxon om ic
problem s, such as mem bers of the G. m ammilluris complex in the Ca ribbea n
(Schne ide r, 1975; Ga nesa n, 1989; G urge l et al., 2004a), and G. multipurtita-G. foliifera
complex in the northeastern Atlantic (Guiry & Frearnhainn, 19R6).

It is only when rel ativ ely la rge coll ections of specime ns are available th at
morphological patterns eme rge and specime ns can be gro upe d in different taxa.
St ill in some cases, du e to their plasticity, the morphological bo undaries of man y
spec ies ca n overlap, and ide nt ificat ions often become ten tati ve. However , as advo­
cat ed by Bird (1995), molecul ar biology and more specifically D NA seque nce
techn ology, has significantly resolved man y taxon omi c qu estions in the G racila­
riaceae. G urgel et at. (2003a, b; 2004a, b) and G urgel & Fr ed ericq (2004) have
shown th at rhcL -base d phylogeni es are a power ful tool to recognize differ ent
species re ga rdless of their morphological sta tus.

Recently, a broad phylogenetic study based on rbcL DNA seque nce
ana lysis of 68 dist inct species of G raci lariaceae showed the existence of a t least
six discre te evolutio nary lineages in the gen us Gracilaria sensu stricto (G urge l &
Fred ericq, 2004). The present study focuses on the syste ma tics of the most de rive d
rbcL lineage, the G racilaria sensu stricto lineage (= subgroup IX of the Gracilaria
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sensu lato clade in G urgel & Fredericq, 2004 : Figs 1&2). This lineage contains the
gencritype, G. comprcssa (c. Ag ardh) Greville (1830 : liv; a taxonomic synonym of
G. bursa-pastoris (Gmelin) Silva 1952: 265; Steen toft, et al. , 1991; Silva, 1994) , and
is composed mainly of fo liose species with sperma tangial conceptacles of th e
'textorii-type' (Yamamoto, 1978) . Extensive collections based on new and herbarium­
deposited specime ns, including typ e material, were an alyzed together with newly
generated rbcL-based phylogenies.

PhylogeneticaJly distinct species were identified based on morphology
and on the type method by comparing recently collected specim ens with typ e
specimens and original description s. Our results recognized the existe nce of two
distinct species and three new subspeci es among the taxa ana lyzed within this
lineage. We follow Prof. 1. A. Abbott (1995: 186) wh o noted that "More important
th an desc ribing new species will be re-describing old species whose names have
been published for the more than 100 years but are as poorly kn own now as when
their names were first published. " Thus based on studies of type specimens. we
conclude that our two "newly" recognized species of G racilaria sens u stricto from
the tropical Western Atlantic are poorly known and overl ook ed sp ecies, but have
validly published names th at have not been used in rece nt liter ature: Gra cilaria
apiculata P. et H. Crouan in Schr amm et Maze, and G. fiab elliformis (P. et H. Crouan
in Schramm et Maze) Fredericq et Gurgel in G urgel et Fred er icq . Th e basionym of
G. lacinulata (Ktitzing) Piccone, i.e. Sphaerococcus lacinulatus Kutzing, is found to
be a tax onomic synonym of G. fiabelliformis; hence, the homonym, G. lacinulata
(Yahl) Howe, is given a repl acement name, G. isab ellana.

MATERIAL AND METHODS

Molecular Analyses

Information regarding sample identification, site location , collector
name(s) , date of collection, and GenBank accession numbers for rbeL sequences
produced in this study are all listed in the Appendix. Partial rbeL sequences were
produced for thirty-three taxa representing fifteen species of Gracilaria. Methods
of sample preparation, DNA extraction, automated DNA sequencing and sequence
alignme nt follows those of Lin et al. (2001). The generated sequence data were
compiled with Sequencher (G ene Codes Corp., Ann Arbor, MI) , proofread with
MacClade 4.0 (Maddison & Maddison, 2000), and aligned by hand in a nexus file.
Th e rbeL alignment for phylogenetic analysis was composed of 33 sequences,
32 ingroup taxa and G. chilensis Bird , McLachlan et Oliveira (1986: 2928) as the
outgroup. Gracilaria chilensis was selected due to its phylogenetic rel ationship to
the ingroup (Gurgel & Fredericq, 2004) and comparative analysis of results
obtained in several preliminary an alysis of this very same dataset (data not shown) .

Maximum Parsimony (MP) analysis "vas performed as implemented in
PAUP'" v.4.0 bet a 10 (Swofford, 2003) under the Fitch criterion of equal weights
for all substitutions (Fitch, 1971) and excluding the first 99 bp of the alignment for
which too many missing data was present in most of the sequences. Maximum
Pa rsimony (MP) trees were inferred based on an heuristic search of 5000 random
sequence addition replicates,Tree-Bisecting Reconnection (TBR) algorithm, hold­
ing 25 trees at each step, with MULPARS, MULTREES options on . Consistency
index (CI ; Kluge & Farris, 1989) and retention index (RI; Farris, 1989) were cal­
culated excluding uninformative characters. Support fo r nodes for MP analysis
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was assessed by ca lculating boot st rap prop ortion values (BY) (Felsenstein, 1985)
based on 2000 resamplings of heuristic sea rches, using the sa me param et ers as
implem ented in th eir or iginal heuristic sea rch ana lysis (i.e. T BR, MULPARS and
M ULTREE S options in effec t) but the SIMPLE sequen ce addition options
instead of RANDOM.

The Bayesian ana lysis was performed using the soft ware MrBayes ve r­
sion 3.0 bet a 4 (H ue lsenbeck & Ronqu ist , 200 1) witho ut excludi ng the first 99 bp
of the alignment.The optimal model of seq ue nce evo lution to fit the dat a alignments
was estimated by hierarchical like lihood ratio test performed by Mo de ltest v.3.06
with alpha =0.01 (Posa da & Cranda ll, 1998) . The op tima l model obtained was the
TrN+r+I and this model was used to set up the Mark ov Chai n Monte Carlo
(MCMC) search for Bayesian analysis (lset nst = 2 ra tes = invga rnma) . The starting
param et er exact values (i.e. the estima ted ti/ tv, a lpha sha pe param eter for the
gam ma distribut ion and exact proportion of invariable sites tha t maximize the
likel ihood valu es) were autom at ically se t arbitra rily for substitution mod el
param et er s (= default options). This is becau se it norm ally mak es littl e se nse to
override th is beh avior by forc ing speci fic values onto pr ior parame te rs in Bayesian
ana lysis.The Bayesian ana lysis was con ducted by running six chains of the Markov
Chai n Monte Ca rlo (five hot , one co ld) , sampling one tree every 20 gen era tions
for 2,000,000 gen era tio ns starting with a ran dom tree . Rel iab ility of the Bayesian
con se nsus tree is give n by the freq uency at which each nod e appea rs among al l
saved trees af te r the " burn in" po int, i.e. the momen t when the maximu m likeli­
hood va lues from the trees sa mpled along the MCMC run reaches sta tionary.
Inferences abo ut th e phylogen y were based on those trees sa mple d after the
" burn-i n" point and a 50% conse nsus tree (i.e. 50% majority rul e co nsensus as
implem ented by PA UP*) was computed fro m the trees saved after this po int. Thi s
frequen cy co rresponds to the true prob ab ility of the clades, th e posteri or proba­
bility (PP) (Ha ll, 2001) . Pairwise sequ en ce divergen ces amo ng intraspecific haplo­
types we re calc ulated based on p distan ces as implem en ted by PA UP*.

Morphological analysis

Specime ns stud ied, includ ing vo uchers, were fixed and liquid-prese rved in
bu ffer ed 5% Form al in/seawater, and/or so me were pressed and air-dr ied on
herbarium shee ts and others were lat er her barium-p ressed fro m liquid-preserved
specimens, and deposited in US A lg. Co il., LA F and A LCB (he rbaria abb rev ia­
tion s follow Ho lmgren et al., 1990) . Specimen s were phot ographed on a Zeiss
Stem i 2000-C dissec tion scope (Ca rl Z eiss Inc., Thorn wood, NY) attached to a
Min olt a 35mm came ra (Mino lta Corpo ra tion US A, R amsey, NJ ). Som e were
sca nned into th e co mputer ei ther as 'wet' (l iquid-preserved) spec ime ns, or direct ly
from a herbarium shee t using a Microtek Sea nMa ker III sca nner (Microtek
In te rnation al, Hsinchu , Taiwan ). Transverse sections for morpho logica l studies
were hand-mad e using sta inless stee l razor blades und er a stereoscopic dissection
microscop e, and the n sta ine d in a 3% aqueous aniline blu e so lution for 10-15 min­
utes. The sta ined sec tions were fixed wit h I drop let of 3 % ace tic acid, rin sed with
distill ed wa te r, and then mounted in a 50% Karo" clear corn syrup/dis tille d
wat e r so lution with phen ol adde d as a prese rvati ve (Ts uda & A bbott , 1985) .
Ph ot omi crographs were tak en with a Polar oid DMC Ie digit al came ra (Polaroid,
Inc., Ca mbridge, MA) attached to an O lymp us BX 60 microscope (Olympus,
Melvill e, NY ). Im ages were edited and asse mbled int o plat es using Ph ot oshop
v.6.0 (Adobe Syste ms Inc. , San Jose, CA) .
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RESU LTS

Molecular Da ta

Among the 33 partial rbcL sequences, 1105 bp were identical and 362 bp
varied at least once. With the exclusion of the first 99 bp, there were 156 informa­
tive characters included in the MP analysis (including the outgroup sequence) .
Tree lengths of 100,000 randomly generated trees for this dataset had a skewed
dist ribut ion (g\ = -0.634, p<O.Ol) indicating the presen ce of non-random structures
and the presence of ph ylogen etic signal in the dataset (Hillis & Huelsenbeck ,
1992; Hillis et al ., 1993).

Maximum parsimony analysis of the dataset resulted in 33 equally most
parsimonious trees (MPT) of 378 steps, CI = 0.49 and RI = 0.62 (Fig. 1) . All inter­
specific phylogenetic relationships among the 64 MPT were identical. The on ly
topologies tha t differed among the 33 MPT occurred exclusively inside the
hap lotype-specific clades, i.e. the G. apiculata , G. cervicornis, G. bursa-pastoris , and
G. fiab elliformis intraspecific clades.
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Fig. 1. On e of 64 most parsimoni ous trees. Maximum parsim on y ph ylogram of the most derived
clade of the genus Gracilaria sensu stricto based on a rbcs: DNA sequence ana lysis. Number
above the branches correspond to bootst rap proportion value s based on 2000 replicates; on ly
values >50% are shown. Number of phylogeneticaly informative inc luded charact er s = 156. tree
length = 378 steps, CI = 0.49, RI = 0.62.
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Fig. 2. Bayesian consensus tree (= 50% majori ty-rule con sensus) of the most derived lineage in
the genus Gracilaria sensu stricto, Conse nsus composed of 99341 + I trees saved after the
Metropolis-Coupled Markov Chain Monte Ca rlo run reached sta tio nari ty at gener atio n 16.200.
Burn- in equa ls to the first 659 discarde d trees . Numbe r of ge nerations ran = 2.0 X 1(lb. sampling
one tree eve ry 20 genera tio ns. Nu mbe r above the branc hes corresponds to pos terior prob abilities
of the clades.

The Bayesian analysis reached sta tio narity at genera tio n 13,200 and the
first 659 trees were co nsidered the burn-i n point. The Bayesian tree resulted fro m
the consensus of 99,341+1 trees saved afte r the burn-in po int (Fig. 2). Four major
clades can be recognize d in th e MP an d th e Bayesian results (Figs l -2). Two are
co mpose d of Western A tlantic species, one is composed of eas te rn A tlantic
speci es, and one is compose d of Indo-Pacifi c species. The G. cervicornis clade
includes two othe r morphologically similar but phylogeneti cally distinct spec ies,
G. apiculata and Gracilaria sp. fro m Brazi l (= a speci me n tentat ively iden tifie d as
"G . aff. domingensis" by G urgel & Fredericq , 2004). In bo th phyloge nc tic
me thods G. curtissiae was left unr esolved (Figs ] -2).

Four species were represen ted by multiple seq ue nced specimens: G. api­
culata (5 seque nces, 5 dist inct hap lot ype s, with 0.14-0.9% pairw ise seq uence dive r­
ge nce), G. bursa-pastoris (4 seque nces, 3 distinct haplotypes, with 0.07-0.44'Yo
pa irwise seq uence divergence). G. cervicornis (5 seq uences, 2 distinct hapl ot ypes,
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with 0.21-0.23% pairw ise sequence divergenc e) , and G.ftabelliformis (7 seque nces ,
7 dist inct haplot ypes, with 0.07-0.69% pairwise seque nce divergence). While
molecular biology and th e use of ph ylogeni es based on D NA sequence compari­
sons yie lded a high degree of reso lut ion in these systema tic studies. the co rrect
taxonomic circumscr iption for these species still strongly re lies on the type
method (e .g., Silva, 1952; D avis & Heywood, 1973).

Morphology and Taxonomy

Gracilaria apiculata P. et H. Cronan in Schramm et Maze subsp. apiculata
(Figs 3-4,7-17)

Grucilaria apiculata P. et H. Cro uan in Schramm et Maze, 1865: 19;
Schramm & Maze, 1866: 44; Maze & Schramm. 1878: 216; Wynn e, 1998: 29; Gurgel
et al.• 2004a : 162.

Description: A lgae 5-25 em tall , 0.5-0.6 mm thick; usually flattened ,
2-4 mm wide, or occasiona lly cylindrical and 1.2 mm diam et er; dark brow n to pur­
plish , not adhering to paper whe n dr ied (Figs 3-4, 7-9). Main ax is attache d to the
substratum by a sma ll discoid holdfast , 1-3 mm in diam ete r. Axes a t base cylin­
drical, re ma ining distin ct and prominent , becoming gradua lly co mpressed, then
becoming flat and more sle nder, ra re ly branched in basal po rtions (Fig. 9) .
Branching up to th ree orders , mostly alte rna te, distally more prolifero us th an
basally; branches not co nstricted at base, becoming cylindrical, subdicho tom ous to
polychotomous or irregular branched near apices of terminal branches. In cylin­
drical specimens, br anching becomes more ab unda nt and eve nly spaced above the
first or der of branchin g (Figs 3-4, 7-8) . Br anch let initia ls alte rnate to oppos ite ,
spiny, not constric ted at base (Figs 9-10). with upperm ost branchlets so me times
ob long. Older bran ch lets longer , usually 0.8-4.0 em lon g (Fig. 10) , alte rna te ly or
irreg ularly distri buted along the margins, so me times deciduo us and secund
(Fig. 9) , occasiona lly ab unda nt, branched up to two orders, sub-terete to slightly
compressed with cylindrica l bases.

Cortex composed of 1-2 cell layers; outer layer of sma ll, slightly radially
elonga ted, ellipsoid cells, 8.0-10.5 urn (mean = 9.5 urn) by 3.5-4.5 urn (mean =
4.0 11m); gland cells absent (Figs 14, 16). Tra nsition bet ween med uU a and cortex is
more or less gra dual (i.e., it is not markedl y gra dual or ab ru pt, but in between ).
Medulla of 6-12 cell layers, with thick, 12.5-16.25 11m cell walls; centra l medullary
cells rounded to compressed , 125.7-174.7 urn (m ean = 148 urn) by 70-100 urn
(mean = 83 11m), decreasing in size towa rds cor tex (Figs 14, 16); sma ll intercalary
medullary cells absent (Fig . 12).

Mature cystoca rps var iable in sha pe an d size (Figs 10-11) ,1.0-1 .6 mm tall ,
1.5-2.0 mm wide , prom inent , ros tra te, co nstr icted at base (Fig. 12) , ampulliform;
co nce ntra ted at upper part of tha llus, isolated or in clusters, some times up to th ree
part ially fused but eac h re ta ining their res pective ostioles; absent on main axes
except at the very base of some branches (Fig. 11) . Pericarp composed of 9-13 cell
layers (Fig. 13); peri carp cells closest to gonimoblasts at the cystocarp base slightly
rad ially elo nga ted. Gonimoblasts composed of co mpac t bra nche d filaments of a
few large slightly elonga ted cells, for ming dense carposporangia l clusters with ter ­
minal carpospo ra ngia (Fig . 17). Fusion cell enlarged, rese mb ling neighboring
expanded gon imo blast cells. Basal, lateral and upper tu bul ar nutritive cells abun ­
da nt in ma ture cystoca rps (Figs 13, 15. 17).
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.... Figs 3-8. Gracilaria ap iculata. )-6: Pheno typic varia tion of the habit, popu la tion from Venezuela.
3-4: G. apicu lata subsp. apiculata. #FG-20 (#us. A lg. Coll.-208961). 5-6: G. apic ulata subs p. can­
delabr ifo rmis, (5) Iso type (#LA F-7-14-99-02-01) . (6) H olot ype, #FG-34 (#US A lg. Col l.-208952) .
7-8: Lectotype spec ime ns of G. apiculata subsp. apiculata (8M!) .

9

Figs 9-11. Grac ilaria apiculata subsp . apiculata from Mexico (#FG- 149) . 9: Phenotypic variat ion
of the habi t. 10: Cystocar p position on term inal cylindr ica l bran ches. 11: Cystoca rp posit ion on
flattened ma in axis and ma rgina l cylind rica l branchlets.
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Figs 12-17. Gracilaria apiculata subsp . apiculuta: Transverse sections. 12: Mature cystocarp, 13:
Pericarpic cells, and presence of tubular nutritive cells connecting gonirnoblasts to upper peri­
carpic cells. 14: A more or less gradual transition between the cortex and medulla (i.e., it is not
clearly gradual or abrupt) in main axis. 15: Cystocarp base. 16: Radially elongated cortical cells.
17: Gonimoblast arrangement forming clusters of carposporangia.

Lectotype: 8M!
Type locality: Grand-Bourg, Marie-Galante, Guadeloupe, French West

Indies.
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Distribution: Mexico (southwestern Gulf of Mexico); Guadeloupe;
Venezuela.

Habitat: Intertidal to shallow subtidal on rocky substratum; in Venezuela
only found in wave exposed sites.

Specimens studied: Mexico - Estado Tamaulipas: Laguna Madre, Punta
Piedras, Cuidad Madero, Gulf of Mexico, call. R. M. Lopez-Bautista, #FG-149,
31 Jan 1992 (#LAF-0l-31-92). Venezuela - Estado Falcon: La Vela de Coro, call.
CFD. Gurgel, IE. Conde & CS. Carmona, #FG-lO (cystocarpic), 13 Jul 1999,
(#US Alg . Coll.-208960; #LAF-7-13-99-0 I-I 0); La Encrucijada , Peninsula
Paraguana, colI. CED. Gurgel, IE. Conde & C.S. Carmona , #FG-20, 13 JulllJ99
(#lJS Alg . Coll.-208959; #lJS Alg. Coll.-208961; #LAF-7-13-99-02-03) ; and Playa
Barranquita, colI. CED. Gurgel, IE. Conde & CS. Carmona, #FG-35, 14 Jul 1999
(#LAF-7-14-99-01-02).

Remarks: Male reproductive structures have not yet been described for
G. apiculata and therefore cannot be used to help distinguish taxa at this time.
Gracilaria apiculata subsp. apiculata from Venezuela (La Encrucijada, La Vela de
Coro and Playa Barranquita, Estado Falcon) were 10-25 em tall , with main axes 2­
4 mm wide, whereas specimens from Ciudad Modero (Tamaulipas, Gulf of
Mexico) were shorter, 4-8 em long and more slender, with main axes 1.2 mm wide.

Gracilaria apiculata subsp, candelabriformis Gurgel, Fredericq 1'1 J. Norris
subsp. nov, (Figs 5-6)

Latin diagnosis: Algae breves lataeque, usque ad 1.5-4 em longae, usque ad
4 mm latae , ramosae usque ad 6 (-8) ordines obscure rubrae ad fiavidae; carti­
lagineae, crassulaceoideae, adhaerentes bene ad churtam ubi siccae. Hapteron
purvum, discoideum, ferens stipitem usque ad 1 em long. Compressescentem ad
complanatescentem sursum subtentum ramos subdichotomos ad alternos. Rami­
ficatio plano unico, non constricta basi, curvata, interdum palmate, densa apiealiter
ubi thallus complanatus, subdichotomus usque ad polyehotomus prope apicem.
Cystocarpia supra ordinem ramifieationis secundum quartumque. Tetra-sporophyti
et thalli masculini non visi.

Description: Algae short and broad, up to 5.5 cm long, up to 4 mm wide,
branched up to 6 (-8) orders, dull red to yellowish; cartilagineous, crassulaceous;
adhering well to paper when dried. A small, discoid, holdfast bears a cylindrical
stalk, up to 1 em long, becoming compressed to flattened upwards and subtending
sub-d ichotomous to alternate branches. Branching in one plane, not constricted at
base , curved, sometimes palmate, concentrated at apex where thallus is flattened,
subd ichomotous to polychotomous closer to tips. Cystocarps present above the 2nd

and 4th order of branching. Tetrasporophytes and spermatangial thaUi not observed .
Epithet: The subspecies name, candelabriformis, is from "candelabrum"

(L.) (Brown 1956: 182) and refers to the shape of the thallus which resembles a
candelabrum (a long stalk distally bearing branches pointing upwards in one plane
bearing several branchlets terminally) .

Holotype: #lJS Alg. Coll.-208952: colI. C.Eo. Gurgel, IE. Conde and CS.
Carmona, #FG-34 (eystocarpic) , 14 Ju11999; GenBank rbeL sequence =' AY049341.
Isotypes: #LAF-7-14-99-02-0l (5 cystocarpic specimens) .

Type Locality: Playa Barranquita, Estado Falcon, Venezuela.
Distribution: Venezuela .
Remarks: Graeilaria apiculata subsp. carulelabriformis can be easily distin­

guished from G. apiculata subsp . apiculata by its more stout and flattened thallus,
and denser branching concentrated at the distal region of the thallus (Figs 5-6).
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Figs 18-22. Gracilaria flabelliformis subsp . jlab elliformis. 18: Lectotype specimens (BM!).
19: Range of phenotypic variation; habit of typical specimen matching the lectotype (upper six
specimens. #FG-67). 20: Holotype of G. fiabelliformis subsp, aionana (#llS. Alg. Coll.-208953).
21 : Para types of G. fi abell i form is subsp. simplex from Mexico (#1)5 Alg. Col l.-2( 8955).
22: Holotype of G. flabelliformis subsp. simplex from Ven ezuela (#ll..SAig. Co ll.-208954).
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Gracilaria flabelliformis (P. et H. Crouan in Maze et Schramm) Fredericq et
Gurgel in Gurgel et Fredericq subsp.jlabelliformis (Figs 18-19,25-28)

Plocaria flabelliforrnis P et H. Cronan in Schramm et Maze, 1865: 21, as
'fiabellifo rm e' ; Schramm & Maze, 1866: 48; Maze & Schramm, 1878: 224 ; Taylor,
1960: 450, as 'uncertain record'.

Gracilaria fiabelliformis (P. et H. Crouan in Schramm et Maze) Fredericq
et Gurgel in Gurgel et Fredericq, 2004: 155, fig. 2(D), as 'fiabelliforme' : Gurgel et
aI., 2004a: 162.

Sphaerococcus lacinulatus Kiitzing, 1868: 30. pI. 87.
Gracilaria lacinulata (Kutzing) Piccone, 1886: 71 [non G. lacinulata (Vahl)

Howe, 1920: 562; non G. lacinulata sensu Ortega, Godinez & Garduno-Solorzano,
2001 : 124, as 'G. lacinulata (Crouan & Crouan) Piccone '].

Description: Algae 5-7 cm tall , 2-8 mm wide. 1.7-2.0 mm thick; composed
of one axis to several axes arising from single hold fast. Main axis arising from a
small discoid holdfast: basally a short cylindrical stipe, 2.0-20 mm long, 1 mm
diameter; distally becoming compressed to flattened, strap-like, crassulaceous. Main
axes not distinct beyond first or second order of branching. Branching pattern
extremely variable, irregular, di-, tri-, poly- , and/or sub-dichotomous, sometimes
opposite; concentrated at top, always in the same plane at the margins (Figs 18-19).

Cortex of 1-2 (-3) cell layers, outermost cells slightly radially elongated,
3.75-6 .25 urn (mean = 5.2 urn) by 5.0-8.1 urn (mean = 7.5 urn), with a gradual tran­
sition towards the medulla (Figs 25-28) ; hair cells present (Fig. 28). Basal portion
of main thallus producing several layers of squarish cells; cells mostly radially
elongated. forming a cortex up to 21 cell layers thick. Medulla of 10-15 cell layers
with medullary cells sizes and organization that resembles the microcystidiate
condition (sensu Agardh 1901: 42 , 52) (Figs 25,27) ; medullary cells small, ellipsoid.
124.75-184.63 urn (mean = 157.2 urn) by 174.65-299.4 urn (mean=223.05 urn), with
conspicuous cell walls (Figs 26-27).

Cystocarps prominent, constricted at base when mature; pericarp 350 pm
thick, inner pericarp cells star-shaped (Fig. 29). Carposporophyte broad-based and
pentagonal in longitudinal section. Floor of cystocarp composed of 4-6 layers of
small darkly staining cells. Gonimoblasts composed of large, distinct radially elon­
gated, thick-walled cells. Fusion cell often indiscernible from rest of gonimoblasts
at mature stages of cystocarp development. Gonimoblast cells even-sized, forming
small carposporangia filling the cystocarp cavity (Fig. 30). Presence of linear to
ramified tubular nutritive cells connecting the gonirnoblasts to the inner pericarpic
cells and also to the cells of the floor of the cystocarp that are closer to the peri­
carp (Fig. 31) . Terrasporangia of variable size, cruciate to decussate-cruciate,
immersed in an extended cortex, 40-47 urn thick .Tetrasporangial cortex composed
of 3-5 cortical cell layers of radially elongated cells, with a lax organization . Sorus
formation not evident; tetrasporangia on both sides of the blades (Fig. 32).
Spermatangial thalli not observed.

Lectotype: BM! (= "Coil. no 57,1 re Serie" in Maze & Schramm, 1878: 224;
note: this is the first selection of a lectotype specimen for this taxon that we are
aware of).

Type Locality: Vieux-Bourg, Moule, Guadeloupe, French West Indies.
Distribution: Florida; Guadeloupe; Venezuela; Brazil.
Habitat: intertidal to shallow subtidal; growing on rubble and on rocky

shores, also growing in Thalasssia testudinum beds.
Specimens studied: USA - Florida: Walton Rocks [2r20'17"N;

80013'59''W], Saint Lucie Co., coil. S. Fredericq, IN. Norris & C.F.D. Gurgel, s.n.,
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23 24

Figs 23-24. Gracilaria ftabelliformis subsp. aionana: showing characteristic spine-like branchlets
along thallus margin, and aJso (24) the subdichotomous branching pattern of upper branches.

11 Apr 1998 (#LAF-04-11-98-0l-01-02), and coil. CED. Gurgel, s.n. (cysto­
carpic),03 lui 1998 (#LAF-07-03-98-01-0l) ; and Riomar re efs [27°38'40"N;
80°21'08" W], North Hutchinson Is., Vera Beach Co., coIl. CED. Gurgel, s.n., 07 luI
1998 (#LAF-07-07-98-0l) . Venezuela - Estado Falcon: Playa Barranquita, coil.
CED. Gurgel, IE. Conde & CS. Carmona, s.n., 14 luI 1999 (#LAF-07-14-99-0J);
Buchuaco, in Thalassia testudinum beds [IP 59.21'N; 69° 49.16'W], Peninsula
Paraguana, colI. CED. Gurgel, IE. Conde & CS. Carmona, #FG-22 , 13 lui 1999
(#US Aig . Coll.-208958; #LAF-07-13-99-03-0l) ; and Isla Margarita , La Restinga,
coll. D.E Kapraun, #FG-67, 21 May 1998 (#US Alg. Coll.-208956; #!lS Alg. Coll.­
208957; #LAF-5-21-98-I) . Brazil - Estado da Bahia: Arakakai, coil. J.M.C Nunes,
s.n., 09 Mar 2001 (#ALCB-57517; #ALCB-57530); and Mucuge , Arraial d' Ajuda,
coil. J.M.C Nunes, s.n., 12 Mar 2001 (#ALCB-57521).

Remarks: Since the generic names Gracilaria and Plocaria are feminine,
the correct ending of the species name should be -is, and the spelling is therefore
corrected to 'fiabelliformis ' (Greuter et al., 2000, l CBN: Art. 23.5) .
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Figs 25-28. Grucilaria jlubellifo rm is subsp. fla bellifo rm is: Tran sverse sections. 25: Cortical deve ­
lopment close to base of main axis. 26: Gr adua l cortex to med ulla tran sit ion at terminal region
of the thallus. 27: Medulla composed of thick-walled , more or less uniformly sized cells. 28:
Cor tex with hair ce ll.

Our studies showed Sph aerococcus lacinulatus Kiltzing (1868; basion ym
of Gracilaria lacinulata (Ktitzing) Piccon e 1886) to be a synonym of G. flabelli­
[armis .Th e illustrati on of the hab it by Kutzing (1868: pl. 87, fig. a) agrees with the
phenotypic variation of G. flabelliform is (ct . Fig. 19) , as does the cystocarp illus­
tr ate d by Kutzing (1868: pI. 87, fig. d) wh ich is identical to that found in our speci­
mens of G. flab elliformis (d. Figs 29-30).

Among the spe cimens studie d in the mol ecul ar-b ased phyloge nies, three
dist inct ph enotypes recognized were fo und to comprise th e sa me species. Two of
these wer e distinct from G. flabelliform is subsp. fiabellijormis, and we conclud e,
based on morphological and molecular ana lyses, th at they are new subspecies, and
accordingly describe them below.

Gracilaria ftabelliformls subsp. aiOIlUIlU Gurgel, Fredericq et J. Norris subsp. nov.
(Figs 20, 23-24, 29-33)

Latin diagnosis: Thalli usque ad 30 em altae, axis principalis 1.0-2.2. mm altus,
compressus omnino; ramificatio plano uni co, usque ad 5-6 ordines; sub dichotoma
aut alterna; rami sparsim distributa secus axem principalem super hapteron p arv um.
A xis principalis indistinctus ultra ordinem secundum ramificationis. Ramifi catio
prolif er, distributa aequ aliter secus thallum, leviter constricta basi, ad initium ultra
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Figs 29-:\3. Gracilaria fiabellijormis subsp. uionanu. 29-32: Transverse sections. 29: Mature cysto­
carp and medullary organization. 30: Carposporophyte, long internal gonimoblast cells with thick
cell walls, and small gametophytic cells at floor of cystocarp. 31: Ramified tubular nutritive cells
at base of carposporophyte; scale bar = 40 11m 32: Tetrasporic cortex. 33: Released tetrasporangia
with various zonation patterns, bisporangia, decussate, cruciate.

partem medium thalli; rami terminantes in bifurcationem subdichotomum. Ramuli
terminales restricti ad margines, parvi, spiniformes, abundantes, divisi alterni ad
oppositi in plano unico obtegentes paginam integram marginum solum, emittentes
aspeetum dentatum exiguum.

Description: Algae slender and up to 30 em tall, main axis 1.0-2.2 mm
wide, compressed throughout; branching only in one plane, up to 5-6 orders,
subdichotomous or alternate; branches sparsely distributed along main axis above
a small holdfast. Main axis indistinct beyond second order of branching. Branching
proliierous, evenly distributed along thallus, slightly constricted at base, starting
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beyond middle portion of th allus; branches termin ating in subdichotomous bifur­
cation (Fig . 20) . Terminal branchlet s restricted to the margins. sma ll, spine-like ,
abundant, alte rn ate ly to oppositely divid ed in on e plan e and cov ering the entire
side of the margins onl y, giving a slight dentate appearanc e (Figs 23-24).

Epithet: In celebrati on for her 85th birthday, we nam e this taxon to hon or
D r. Isabell a A ion a Abbott (U niversity o f Hawaii a t Man oa). We choose aionana,
for her Hawai ianized -Ch inese name, Aiona, and wish to ex press our appreciation
for her ex tensive ph ycolo gicaJ contributions, including marine floras of Hawai ' i
(A bbott, 1999; A bbo tt & Huism an , 2004) and Ca liforn ia (Abbo tt & Hollenber g,
1976), and her contribution s to H awaiian e thnobo ta ny and uses of sea wee ds (e .g.,
Abbott, 1992, 1996) .

Holotypes #US A lg. Coll.-20K953 (no t fixed in Formalin ), coll, CEO.
G urge l, IE. Co nde and CS. Carmon a, #FG-29, 13 Jul 1999; GenB ank rbcL
seque nce = AY049337. Isotypes: #LAF-07-13-99-04-02 (5 herbarium shee ts, &
specime ns liquid-preserved in Formalin).

Type Locality: Pu erto Escondido, Peninsul a Par agu an a, Estad o Falcon,
Venezuela.

Di stribution: ESlado Falcon , Ven ezuela .
Habitat: Low intert idal , pr otected from wave expos ure.

Gracilaria fiabelliformis subsp. simplex, Gurgel, Fredericq et J. Norris subsp,
nov. (Figs 21-22)

Latin diagnosis: Th alli compress! aut complanati om nino plus subtilesqu e,
breviores minus quam G. subsp. jlabellijormis; usqu e ad f () em alti, 1-4 mm lati,
compositi uxium principa lium uulistin ctorum angustorum; ramificatio su bdi­
cho tom a in plana unico so lum, exo rientium purvo haptero. Rami spursi secus axem
principalem; ramuli aut sp inae dentifo rrnes absentes secus margin es. Apices term i­
nantes grada tim acute.

Description: A lgae compressed or flattened th rou ghout and more del i­
cat e, sma ller and less wide than G. fiab ellifo rmis subsp. flabelliformis; up to 10 ern
tall and 1-4 mm wide, com posed of ind ist inct narro w main axes , bra nching subdi ­
cho tomo us only in one p lane, arising from sma ll holdfast. Branches spa rse along
main axis, branch let s or tee th-like spines along mar gins absen t. A pices terminating
in gradua lly sha rpe r tip s.

Epithet: Th e species nam e, sim plex (L.) (Brown 1956), refers to the sim­
ple habit co mposed of only sub-dic ho to mo usly br an ched flat axes with bran ch es
gradually tap ering toward the ap ices (Figs 21-22) .

Holotype: #US Alg. Coll-208954 (not fixed in Formalin ), coil. CF.o.
Gurgel , IE. Conde and C S. Carmona, #FG-36, 14 Jul 1999 (Fig. 22) ; Ge nBank rbcL
sequence = AY049343. Isotypes: #LAF-07-14-99-01-03 (13 specime ns on 4 sheets) .

Type Locality: Playa Barranquita, Es tado Falcon, Ven ezula.
Distribution: Mexico (so uthwes te rn Gulf of Mexico); Venezue la; Br azil.
Habitat: Intertidal to sha llow subtida l in both , protected and moder ately

exposed environme nts.
Paratypes studied: Mexico - Ca mpeche Bay, Cha mpo ton area [190 17.67'N;

900 46.26' W], E st ad o Ca rnpeche, G ulf of Mexico, call. C.F.D. G urge l, #FG-1l 9,
14 Feb 1999 (#US A lg. Coll.-208955 , two speci me ns: Fig. 21) . Brazil - Estado da
Bahia , It ac im irim , co lI. C.F.D. Gurgel , s.n., 05 N ov 2002 (#LA F-0 5-11-02-02-03 ,
5 specimens on single sheet) .

Remarks: Gra cilaria ftabellifor mis subsp. simplex is charact erized by the
sma ller size and width of its strap-like axes, and spar se, sub-dichotomo us branching
in one plan e (Figs 21-22) .
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Gracilaria isabel/ana Gurget, Fredericq et J. Norris nom. nov. (Figs 34-42)

Fucus lacinulatus Yah!, 1802: 39.
Gracilaria lacinulaia (Yah!) Howe in Britton et Millspaugh, 1920

[26 June]: 562 [non G. lacinulata (Kutzing) Piccon e, 1886: 71].
Gracilaria lacinulata (Yah!) Bergesen, 1920 [23 October]: 379, Nr. [fig.]

366 [non G. lacinulata (Kutzing) Piccone, 1886:71].

34

1 em- 1 em

Figs 34-35. Gracilaria isabellana. 34-35: Liquid-preserved specimens from Venezuela showing
phenotypic variation . 35: Habit of a typical specim en that closely resembling the lectotype speci­
men of Fueus lacinulatus Vahl ee!).
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G. laclnulata sensu Onega . Godinez & Garduno-Solorzano, 2001: 124, as
'G. lacinulata (Cro ua n & Crona n) Piccon e ' [non G. lacinulata (Kutzing) Piccon e,
1886:71].

Gracilaria [o liifera sensu Taylor 1960:446 (pro parte); O rtega, Godinez &
Garduno-Solorzano, 2001: 124 [non G. fo liifera (Forsska l) Bergesen , 1932: 7].

Description: A lgae erect, co mposed of co mpressed , lin ear , oblong or
Ianceolate main axes an d branches; disp laying a wide range morph ological varia­
tion in size and apex sha pe: up to 12 ern long, up to 1.8 cm broad . an d up to
1.4 rum th ick; varying in co lor from light -green to yellow-gree n and olive-green to
dark brown; main axis narrow at base, forming a very sho rt, ± ter et e stipe above
a sma ll rou nd cushion -sha ped holcl fast. Tha lli simple or irregular , di- to trichot o­
mously bra nched in one plane; blades so me times twisted . Branchlet s simple, ari­
sing from ma rgins only, irregular ly distributed , occasio nally secund; usually
co nce ntra ted at top of majo r axes; some times compressed at base; with rounded ,
some times bent , ap ices. Cortex 1-2 cell layers thick; cortical cells of variable size,
mos tly anticlinally elon gated , 12.5-31.25 urn (me an = 21.0 urn) by 7.5-18.5 /lm
(mean = 13.0 urn). H air ce lls and gland ce lls rar e. A br upt transi tion fro m a cen ­
tral medull ary layer of 3(-5) large, th ick-walled medulla ry cells, 197.6 - 516.0 /lm
(mean = 328.7 urn) by 101.3 - 247.0 urn (mean = 175.4 urn) to an ou te r cortical
layer of 1-2 sma ll cortical cells (Figs 41-42) ; me d ullary cells compresse d in same
plane as the thallu s, and rich in floridean starch.

Cys toca rps co nsp icuo us, protrud ing on both sides of blade, spherical,
dark-purp le to black, constricted at base; in lon gitudinal sec tion 675.0 - 872.0 urn
(mean = 780.5 urn) ta ll by 1.0-1.075 nun (mea n=1.04 1 mm) diam et er. Peri carp

36 "-:.,.

-r:. .

..
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Fig. 36. Fucus lacinulatus Vahl. 36: Speci mens in Vahl Herbarium (Q) .
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Figs 37-42. Gracilaria isabellana. 37-40:Transections of cystocarps, (37-39) showing the conspicuous
globose fusion ce ll. 40: Tubular nutrit ive filaments con nec ting the go nimo blast to the pericarp,
41-42: Transec tion of the thallus, showing the abrupt transition fro m the large, thick-walled
medullary cells to the much smaller ce lls of the cor tex.

175 urn th ick, compose d of (9-) 10-13 cell layers (Figs 37-39) . Inner gonimo blasts
composed of large, radi ally elonga ted cells ar ound a conspicuous fusion cell (Figs
37-39), 117.5 urn by 37.50 urn. Nutritive tu bular cells presen t (Fig. 40) . Sperma ­
tangia and tet raspor angia not found.
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Epithet: We chose the name isabe llana, after Isabella , th e given n am e of
Isabella A ion a A bbo tt. O n this occasion , we wish to recognize her co ntribu tions to
our understanding of th e taxonomy of economic seaweed s, particularly G racilaria,
and her e nco urageme nt to o the rs to help elucidate th is important genus.

Lectotype: Fucus lacinulatus Vahl: C! (= Borgesen , 1920: 379, Nr. [fig.] 366) .
Type Locality: S1. Croix, U.S. Virgi n Islands.
Distribution: U.S. Virgin Islands; Venezue la .
Habitat: Low int ert idal to sha llow subtida l; growing on rub ble and on

rocky shores, ofte n in wave-ex posed habit at s.
Specimens studied: U.S. Virgin Islands - " Ind. Occid ent." [probably

St. Croix] , no. 46, dated : 1813 (to potype; .c;! ). Venezuela - La E nc rucija da ,
Pen in sul a Parag ua na, Es ta do Fal con , ca ll. C. F.D . G u rgel. J. E . Co nde a nd
C.S. Ca rmo na, #FG-19, 13 Jul 1999 : GenBan k rbeL se que nce = AY049332 (#LJS
A ig. Col!.-208966; #LAF-7-13-99-1); Play a Barranqui la, Es ta do Falc on , col!. CF.D.
Gurgel, s.n., G enBank rbcL se quence == AY049344, 14 Jul 1999 (#1..:S Alg. Coll.­
208967; #LAF-7-14-99-2).

Remarks: Ortega , Godi nez & Garduno -So lo rza no (2001: 124, as "Graci­
laria lacinulata (Cro uan et Cr oua n) Piccon e") not ed G. lacin ulata (Ki.i tzing)
Piccone (1886) is the ea rlies t use of the nam e, " lacinulata", in the gen us G racilaria.
The refore G. lucinulata (Vah l) Howe (1920) is a lat e r homonym (G re ute r et al .,
2000, I CBN: Art. 53.1). Taxonomically a nd m olecul arly distinct (G urge l et al.,
2004 a: 162, tab!. 1, fig. 1; Gurgel et al., 2004b: 2, tab!. 1, fig. 3. as 'G. lacinulata'v; this
species is given a repl acement nam e (Gre ute r et al., 2000, ICB N: Arts. 7.3 & 33.3) .

Al tho ugh G. isabe llana is a remarka bly plast ic spec ies, spec ime ns in Vabl's
H erbarium (Q) , including the lectot ype. Fu cus lucinulatus (Be rgeso n, ] 932) , closely
ma tch th e specime ns recen tly coll ect ed in Venezuel a . The distin ct feature s o f
G. isab ellana are its more or less strap-like, sometimes bifurcated main axes. with
irre gular br anches sometimes clos e to the base , a long th e upper margins, and lo r
sca tte re d on th e upper portion of th allu s, and its green to da rk brown co lor.

Ve nezue la n specime ns tentativel y id ent ified by G an esan (1989: 85) as
'G. lacin ul ata (Va hl) H o we Pro x.' , we re rece ntly s ho wn to be G. intermedia
1. A gardh subs p. ganesana G urgel , Fr ed er icq et 1. N orris (2004a : 169) . In
Venezue la , G. isab ellana di ffers fro m G. interm edia su bsp. ganesana in be ing
sma ller , and having an irr egul ar , more pr oli fer ou s br an ch ing pattern and va rious ly
sha pe d apices.

DISCUSSION

A stro ng geographic co rrela tio n ex ists amo ng the six clades found in the
G racilaria sens u stricto lineage th at was focused on in thi s study (Figs 1-2). These
results are simi lar to what G urge l & Fred ericq (2004) found usin g a la rger dataset.
This biogeographic pattern , whe re distinct clades are co mposed of taxa from geo­
grap hica lly isol ated reg ions, suppor ts the hyp oth esis th at th e G raci la riaceae
dispersion , followe d by local specia tion, is a co mmon pattern of evolu tio n.

Eleven of the fifteen species in the ing ro up herein s tud ied ha ve a t least
so me parts of th e th allus th at are fo liose and with spe rma tangia l co nce ptacles of
the textorii-tvoe, a t least fo r the on es whe re this reproductive cha rac te r has been
documented . Th e other four, G. bursa-pastoris, G. cervicornis , G . sp. from Brazil ,
and G . sp. fro m the Philippines, are not markedly flattened but co mpressed
species. This most deri ved Gracilaria line age also co nta ins two South African sister
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species, G. beckeri (1. Ag ardh) Pap en fuss (1952:175) and G. capensis F. Schm itz
ex Mazza (1907: 134) . One of these was once placed in th e genus Tylotus 1.Aga rc\ h
(1876: 428) , as T capensis (Sctunitz ex Mazza) Papenfuss (1940: 220), and the othe r
in Tyieiophora 1. A gardh (1890: 35) , as T becke ri 1.Agardh (1890: 36) for having
nemathecial te trasporangia. It was lat er o bse rved by Dawson (1949) that severa l
Pacific taxa displ ayed differ ent degrees of tetrasporangial nema thecial for ma tion,
and Tyleiop hora was subseq ue ntly co nside red to be syno nym of Grac ilaria by
Papen fuss (1952) . Our molecul ar results do not suppo rt the monophyly of
Tyleioph ora , thus suppo rting Papenfuss' taxonomic opinion. The phylogenetic
relationship of G racilaria textorii (Suringa r) De Ton i (1895: 27), the type spec ies
for G. subgen . Textoriella Yam am oto (1978, 19S4) received little (PP = 70% ,
Fig. 2) to no suppo rt (BV < 50%, Fig. 1) as was also noted in globa l ph ylogen ies
(G urge l & Fredericq, 2004) . However, both methods placed G. tex torii as the most
basa l taxon to the Indo-Pacific - So uth Af rica n clade (Figs 1-2) .

Differ ent species with similar hab its may be fo und throughout the sub­
tropics and tropics, and this has caused frequ ent misidentificati on s. For example,
Gracilaria textorii, origina lly describ ed fro m material collec ted in Jap an by
Suri ngar (1868: 259, as Sp haerococcus tex toriii , is considered the most di fficu lt flat
species of Gracilaria to ide ntify due to its great morphological variation within
and outside Jap an (Yamamoto, 1984). Man y of the forms found in Japa n
(Yama moto, 1978) overlap with thos e re po rted in California (A bbo tt &
H ollenber g, 1976) , Pacific Mexico (Dawson, 1949, 1961) and the Gulf of Ca liforn ia
(Dawson, 1949; Norris, 1985: 132). Subseque nt ly, simila r lookin g fo rms have
resulted in G. textorii being reported fro m several places in southeas te rn As ia and
Austra lia (Mi llar, 1997) and Venezuela (Rodriguez de Rios, 1986) . We detected
(Figs 1-2) the presence of ano ther dist inct flat species of Gracilaria in the
Philippines that was previou sly identifi ed as "G. textorii" (Silva et. al., 1987) but
represe nts a dis tinct spec ies of Gracilaria. Because the amo unt of ma terial
ob tained fro m the Ph ilipp ine species in th is study was too sma ll, a precise taxo­
nomic identifi cation or a reli able species descript ion was not possible at this time.
Fur the r, when four recent collec tio ns, including spec ime ns with a " G. tex torii-like"
ap pea ra nce, fro m the wes tern A tlantic were studie d, non e of them were phyloge­
nc tica lly similar to G. textori i fro m Japan, and it was con cluded they represented
four new species (G urgel et ai., 2004a). Thu s, the rep ort of ·'G. tex tori i" in the
Cari bbean (Rodriguez de Rios, 1986) is a lso qu estionable (Gancsan, 1989).

Gracilaria apiculata - Other th an in a check list (Wynne. 19( 8) and in
G urgel & Freder icq (2004; G urgel et ai., 2004£1), this nam e has not been co nside­
red for the Ca ribbean marine flora since the or iginal, short but validly published ,
description mad e by the brother s. Pierre Louis Croua n and Hippolyt e Marie
Crouan (in Schra mm & Maze, 1865; Schra mm & Maze , 1866: Maze & Schra mm,
lS78), Fre nch bot an ists and pharmacis ts. O ur results recognized two co nsis tently
differ ent ph en otypes, one matchin g type materi al of G. ap iculata (Figs 7-S) and
ide ntified using the type me thod . The o the r phenot ype was determined to be a
new dist inct subspecies, G. apiculata subsp. candelabriformis (Figs 5-6).

Th e close phyloge ne tic re lationship based on molecular da ta found
amo ng G. apiculata, G. cervicornis and G. sp. fro m Brazil (Figs 1-2) is also reflected
in similarities of their habit mor ph ologies. Hab it morph ologies of both G. up i­
culata subsp. ap iculata and G. sp. fro m Brazil are so mew hat similar to G. cervi­
cornis (Turner) 1. Agardh (lR52: 604), the most commonly used speci es nam e for
the northwestern Atl antic G racilariaccae fl or a. In [act, G. ap iculata subsp. api­
culata has been identified as ' G . cerv icornis' in the past (e.g. Lo pez-Ba utista &
Kapraun , 1<)95) and thei r entire lineage ca n be morphologically recognized as the
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"G. cervico rn is complex" . Despite the low bootstrap values obtained for this clad e
in the MP result (BY = 68), this lineage is well supported in the Bayesian analysis
(PP = 99%) and in a more global analysis (BY = 85% ; Gurgel & Fredericq, 2004).
Gracilaria apiculata subsp. api culata and G. sp. from Brazil are even more mor­
phologically similar to the concept of G. fe rox 1. Agardh (1852: 592), which has
been considered a synonym of G. cerv ico rnis (Oliveira et al. , 1983) . Taxonomic
problem s surrounding similar looking forms of G. cervico rnis. G. [erox, and
G. domingensis Sonder ex Kutzing (1869: 8) were addressed by Oliv eira et al .
(] 983) in which the most reliable char act er s used to separate the former two
spec ies fro m the latter are the type of spe rmatangial arrangement and position of
cystocarps on the thallus. Oliv eira et al. (1983) merged G. [erox into G. cervico rnis ,
thu s recognizing onl y two sp ecies to encompass diverse phenotypes whose species
limits in the Western Atlantic had overlapping morphologies. Our results suggest
that there are more taxa currently included in the " G. cervicorn is-G . domingensis
complex", and only a thorough molecular survey of dist inct phenotypes and forms
from this complex will resolve the systematics of this group. Molecul ar compari­
sons of recently collected topotype material, along with morphological compa­
risons with type specimen s, will be cr itical in order to elucidate the correct name
and taxonomy of each distinct tax on , especially those with similar or overlapping
morphologies. Our preliminary data sugges t that G. [erox might be resurrected to
encompass the distinct taxa represent ed her e as " G. sp. from Br azil" and that ,
based on published morphological evidences (O livei ra et al ., 1983), G. domingensis
might be a member of the genus Hydropuntia inst ead of Gracilaria . However, all
these hypotheses remain to be tested .

Gracilaria api culata subsp. cande labrifo rmis, though having a distinct
stout upper thallus (Figs 5-6), could pos sibly be confused with some forms of
Gi fiabellijormis, especially when the species occur together (sympatric) , under the
same environmental conditions. Gracilaria apiculata subsp. cande labrifo rm is could
in the past have been confused with the misconception of " G. manuuillaris" (sensu
Taylor, 1960). However , the taxonomy of Gracilaria mammillaris (Montagne)
Howe (1918: 515) was recently e lucida ted with recently coll ected specimen s
(G urgel et al. 2004a), and it is a deepwater species from the Gulf of Mexico and
Caribbean .

Gracilaria flabelliformis . Plocaria flab ellif ormis was also de scribed by
the brothers P. and H. Crouan (in Schramm & Maze, 1865, as 'flabellif orme' ) but
no holotype was de signated . Our results reveal that this taxon is one of the most
morphologically variable species of Gracilaria in the tropical western Atlantic, and
because of that and despite its common occurrence, G. flab elliformis (P. et
H. Crouan in Schramm et Maze) Fredericq et Gurgel has not been recognized by
ea rl ier investigators. Our taxonomic identification was based on the fact that the
most common phenotype of Gifiabellijormis subsp. f labe lliform is (Fig. 19) matches
the type mat erial perfectly (Fig. 18). Taylor (1960: 447 , as 'Plocaria flab elliforme' )
placed G. fl abellifo rm is and twenty-five other species nam es in synonymy with
" G. foliifera ", a species described for plants originally collected in the Red Sea.
Th e name G. fo liif era var. angustissima was commonly cited for the easte rn coast of
the USA (e.g. Taylor , 1957), until the northwestern Atl antic populat ions were reco­
gnized as a species, G. tik vahiae McLachl an (1979: 19; note: G. [oliifera var. angus­
tissim a (Harvey) W. Taylor was listed as a "syno nym" [basionyrn: G. multipartita
var ~ angustissima Harvey, 1853: 107]). Graciluria tikvahiue is another morpho­
logically variable species whose molecular and morphological variation has been
recently investigated across its geographical range (Gurgel et al ., 2004c).
Graciluria [o liifera (Forsskal) Bergesen (1932: 7) is now believed to be restricted
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to th e Red Sea (t ype locality) and nearby regions (Guiry & Freamhainn, 1986;
Gargiulo et al ., 1992). Nevertheless, some authors still apply the name to Atlantic
species of Gracilaria (e.g. Bellorin et al ., 2002, as 'G. [oliifera var. angustissima'Y.
Recently, Wynne (1998, as 'Plocaria flabelliformis'v tentat ively placed G. flabel­
liformis in sy no ny my with another poorly understood species, "G. lacinulata" as
reported from the western Atlantic by Ganesan (1989). However recent stud ies
sho we d that " G. lacinulata" sens u Ganesan (1989: 85) was a di stinct taxon and it
was describ ed as G. int erm edia subsp . ganesana Gurgel , Fredericq et 1. Norris
(2004a) .

Together with Gra cilaria oc cidentalis (B ergesen) Bodard (1965: 874 ) and
G. ornata Areschoug (1854: 351), G flab ellifvrl1lis forms a clade with high support
(BP = 88, PP = 100). Ph ylogenetically, G fiab elliformis is distinct from all spe cies
with which it has been confused, i.e. G. mammillaris, G. multipartiui (Clemente)
Harvey (1846: pl. 15), G. tikvahiae (including "G. [oliifera var. angustissima'iv , and
G. lacinulata , At first look, the habit of G. flubellifo rm is subsp. aionana appears to
be somewha t morphoJogically similar to some morphs from the G. cervicornis­
complex du e to th e profusion of branchlets arising from a distinct main axis.
However, th e dentate-like margin is unique to G. fiabelliformis subs p. aionana and
readily se pa ra te s them.

Gracilaria isabel/ana. There ha s been so mu ch taxonomic and nomen­
clature confusion surrounding th e western Atlantic "G. lacinulata", that its mor­
phologic al and m olecular distinctions and its nomenclature quagmire arc
elucidat ed herein. Gra cilaria lacinulata (Kutzin g) Piccone (1886) wa s found to be
a syno nym of G fiab elliform is. A later homonym, G. lacinulata (Vahl) H owe
(IY20), was found to be taxonomically different from G. lacinulata (Ki.itzing)
Piccone (b asionym: Sphaerococcus lacinulatus Ki.itzing 1868) . Therefore it was
herein given a repl acement name, G. isabellana, and its taxonomy and morpho­
logy described.

This study has characterized and establish ed G apiculata, Giftabelliformis
and G. isab el/ana as common species in the tropical Western Atlantic marine nora .
Despite the already large number of described Gra cilaria sens u stricto sp ecies
(sens u Gurgel & Fredericq, 2004), the genus is still far more sp ecies-rich than pre­
viously recognized. The general lack of distinct diagnostic characters and ofte n
ov erlapping species boundaries has brought much confusion to the tax on om y of
th e genus Gracilaria, and the re-circumscription of G. apiculata and G. jlabelli­
[a rmis laid down in this study was only pos sible with th e guidance provided by
informative molecular-based rbcL ph ylogenies . Molecular techniques h ave sho wn
in this and other studies (e.g. Gurgel & Fredericq, 2004; Gurgel et al., 2003a ,b,
2004a,b) to help resolve many systematic questions in Gracilaria sensu strict o a t
the species level. So far , rb cL-based phylogenies helped to identify eigh t new
species (Gurgel et al., 2003a, b; 2004a) and five new subspecies (Gurgcl et al.,
2004a; and herein), a nd to recognize that there are more than two other distinct
taxa in the G. cervicornis- G. domingensis complex.The fact that G . sp. from Brazil
with a " G. [erox morphology" is a distinct entity suggests that G fer ox may also
be a discrete taxon to be resurrected. More extensive collections and further studies
are ne eded to address these questions.
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Appendix. List of the species, collection location , collector(s) and date, and GenBank acces­
sion number and rbcL DNA sequences (percent) in this study. Author abbrevia­
tions : FG = Carlos F. D. Gurge/ ; SF = Suzanne Fredericq, IN = James N. Norris,
IC =Jesus Eloy Conde, CC = Carlos Carmona-Suarez.

G. apiculata subsp. apiculata 1.Agardh. La Vela de Cora, Estado Falcon, Venezuela, colI. FG,
JC & CC, #FG-lO ,14 Jul1999 (AY049329, 98.1%)

G. apiculata subsp, apiculata 1. Agardh. La Encrucijada , Peninsula Paraguana, Estado
Falcon, Venezuela, coil. FG, JC & CC, #FG-20, 13 Jui 1999 (AY049333, 9R.!%)

G. apiculata subsp. apiculata 1. Agardh. Laguna Madre, Punta Piedras, Ciudad Modero,
Estado Tamaulipas, Mexico, colI. 1. Lopez-Bautista, #FG-149, 31 Jan 1992
(AY049352,98.6%)

G. apiculata subsp, apiculata 1. Agardh . Playa Barranquita. Estado Falcon, Venezuela,
call. FG, JC & cc, #FG-35, 14 Jul1999 (AY049342, 99.1%)

G. apiculata subsp. candelabriformis subsp. nov. Playa Barranquita, Estado Falcon,
Venezuela, coil. FG, JC & CC, #FG-34 , 14 Jul 1999 (AY049341, 98.8%)

G. beckeri (1. Agardh) Papenfuss. Sharks Bay, Port Alfred, South Africa, coil. M.H.
Hommersand, #FG-193, 19 Jul1993 (AY049377, 96.3%)

G. bursa-pustoris (Gmelin) Silva. Anse de Caro, Brittanny, France. #FG-191, 03 Jul 2000
(AY049375,93.3%)

G. bursa-pastoris (Gme/in) Silva. Dorset , Chesil Fleet Narrows, England, call. W. Farnham,
#FG-189,27 Jul 2000 (AY049374. X6%)

G. bursa-pastoris (Gmelin) Silva. Italy, call. E. Cecere, s.n. , 25 Jul1994 (AY049376, 91.6%).
G. bursa-pastoris (Gmelin) Silva. Lagoon basin , Mar Piccolo, Taranto, Italy, coil. E. Cecere,

#FG-188, 02 Apr 1994 (AY049373, 97.5%)
G. capensis Schmitz ex Mazza. Sharks Bay, Port Alfred, South Africa , coil. M.H.

Hommersand, s.n., 19 Jul 1993 (AY049378 , 96.5%)
G. cervicornis (Turner) 1. Agardh. Conn Beach, N. Hutchinson Is., Indian River Co., FL,

USA, 27°39'23"N; 80021'24''W, on underwater concrete structures, coil. FG, s.n .,
09 Jul 1998 (AY049369, 89.7%)

G. cervicornis (Turner) 1.Agardh. Sandspur Camping Area , 24°39'N; 81°15'W, Bahia Honda
(State Park), Big Pine Key, Florida Keys, FL, USA, call. FG, s.n., 16 Sep 1998
(AY049366,95.9%)

G. cervicornis (Turner) 1.Agardh, specimen #1. Higgins Beach, Key West, Florida Keys, FL,
USA, call. FG, s.n., 17 Sep 1998 (AY049365, 95.6%)

G. cervicornis (Turner) 1.Agardh, specimen #2. Higgins Beach, Key West, Florida Keys, FL,
USA, colI. FG, s.n., 17 Sep 1998 (AY049368, 94.8%)

G. cervicornis (Turner) 1.Agardh , specimen #3. Higgins Beach, Key West, Florida Keys, FL,
USA, call. FG, s.n., 17 Sep 1998 (AY049367, 95.6%)

G. chilensis Bird, McLachlan et Oliveira. Playa Charya, Coquimbo, Chile, coll, SF, s.n.,
19 Jan 1995 (AY049396,98.2%)

G. curtissiae 1. Agardh. Mangue Lloroso, Peninsula Paraguana, Venezuela, coil. FG, JC &
cc, #FG-33, 13 Jlll1999 (AY049327, 98.4%)

G. fiabelliformis (P. et H. Crouan in Schramm et Maze) Fredericq et Gurgel in Gurgel et
Fredericq subsp, flabelliformis, specimen #1. Walton Rocks, St. Lucie Co., FL ,
USA, [27°20'17"N; 80013'59''W] , coil. FG, SF & IN, s.n., 03 Jul 1998 (AY049355,
79.4%)
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G. ftabe lliformis (P. et H. Crona n in Schramm et Maze) Fredericq et Gurgel in Gurge l et
Fredericq subsp. flabe lliformis, speci men #2. Walton Rocks, St. Lucie Co., FL,
USA, [27°20'l7"N; 80013'59'' W], call. FG, SF & IN , s.n., 03 Jul1998 (AY049354,
95.4%)

G. ftabelliform is (P. et H. Crouan in Schr amm et Maze ) Fred ericq et Gurge l in Gurgc l et
Freder icq subsp. fiabelliformis. Isla Margarita, La Rcstinga, Venezuela, coIl.
D.F. Kap raun , #FG-67, 21 May 1998 (AY049345, 98.6%)

G. fiabellif o rm is (P. et H. Crouan in Schra mm et Maze) Fredericq et G urge l in Gurge l 1'/

Fred ericq subsp. flab ellifonnis . Buchuaco, Peninsula Paraguana, Venez uela , in
Th alassia testudinum beds, cal l. FG, JC & CC, #FG-22 , 13 l uI 1999 (AY049334,
96.4%)

G. ftabellijorrnis (P et H. Cro ua n in Schra mm et Maze) Fredericq et Gurge l subsp. aionana
Gurge l, Fredericq et 1 Nor ris subsp. nov. Puerto Esco ndido, Pen insula Paragua na,
Estado Falcon, Venez uela, protected from wave exposure , ca ll. FO, JC & CC,
#FG-29, 13 Jul1999, (AY049337, 93.1%)

G. fiab ellijo rm is (P. et H. Croua n in Schramm et Maze) Frcd cri cq et Gurgel subsp. simplex
Ourgel , Frcdcricq e t 1 Nor ris subsp. nov. Charnpo ton A rea. Carnpec he Bay,
Mexico [J9"17.67'N ; 900 46.26'WJ, ca ll. FO, # FG -119 , 14 Feb 1999, (AY049347,
Y8.4%)

G. flabe llifo rmis (P. et H. Cro uan in Schramm et Maze) Frederi cq et Gurgc l subsp. sim plex
Gurgel, Fredericq et 1 Norris subsp. nov. Playa Barranqui ta , Estado Falcon,
Venezuela , co il. FG, I C & CC, #FG-36, 14 l uI 1999, (AY04Y343, 98.5%)

G. gracilis (Hudson) Irvine, Stee ntoft et Farn ham. li e Verte, Roscoff, Brittany, France.
co il. 1 Cabioch, s.n ., 22 Jun 1993 (AY049399, 98%)

0. gra cilis (H udso n) Irvine, Steen tof t el Farn ham. W. A ngle Bay, Wales, U K, ca ll. M. & F.
Homrnersand, S. II ., 22 l ui 1997 (AY049400, 98%)

G. multiportita (Cleme nte) Harvey. Carantec, Brittanny, France, ca ll. 1 Ca bioch, #FG-13 I ,
22 Jun 19Y3 (AY0493 17, 87.2%)

G. occulentulis (Ber gesen ) Bedard. Offshore Louisiana, Gul f of Mexico , USA, ca ll. SF,
#FG-153 , 26 May 2000 (AY049322, 98.6%)

G. ornala Areschou g. Fort Rand olph, Car ibbea n Panama, coil. B. Wysor , #B W -122 1,
#FG- 164 ,26 Feb 1Y99 (AY049318, 92.9%)

G racilaria sp. Praia Rasa, Buzios City, Rio de Janeiro, Brazil, co il. FG, #FG-92, 12 Dec 1998
(AY049371, 911.6%)

Gracilaria sp. Ho Pin Dca. Taiwan, coIl. Lin S.-M., #FG- 163 , 09 Jul 1994 (AY049316, 97.5%)
G raci laria sp. (='0. al"f.textorii ') . Bulusan , South Luzon, Philippines, ca ll. Lin S.M., #FG-49,

21 Apr 1998 (AY049384, 93.2%)
0. sp inu losa (Okamura) Chang et Xia . Taiwan, ca ll. Lin S.-M., #FG-lll, II May 1998

(AY049395.93.3%) .
G. textorii (Suringar) De To ni. Goboga ha na, Japan , #FG- 169 , 10 lui 1994 (AY049325 ,

97.5 %)
0. vieiilardii Silva. Taiwan, call. Lin S.M., #FG- 112 , 22 May 1998 (AY049394, 95.5%)


