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Platorna chrysymenioides sp. nov. (Schizymeniaceae), and Sebdenia integra 
sp. nov. (Sebdeniaceae), two New Red Algal Species from the 
Northwestern Gulf of Mexico, with a Phylogenetic Assessment 

of the Cryptonemiales Complex (Rhodophyta) 

BRIGITTE GAVIO, Ei\<1!'\'IA HICKERSON, AND SUZANNE FREDERICQ 

Recent collecting cruises conducted in the Northwestern Gulf of Mexico at 40-
to 90-m depth revealed a diverse deepwater flora that is dominated by members 
of the Cryptonemiales complex. In this article, we describe nvo species new to 
science, Platoma chrysyme11ioides sp. nov. (Schizymeniaceae) and Sebde11ia i11tegra 

sp. nov. (Sebdeniaceae). Chloroplast-encoded rbcL sequence analyses corroborate 
morphological and nuclear small subunit ribosomal RNA gene data that the red 
algal orders Cryptonemiales and Rhodymeniales are closely related. The allied 
order Nemastomatales is strongly supported to include the Nemastomataceae and 
Schizymeniaceae, but the phylogenetic position of the Sebdeniaceae and Tsengi
aceae remains equivocal. The Cryptonemiales, Rhodymeniales, Nemastomatales, 
Sebdeniaceae, and Tsengiaceae form a well-supported monophyletic assem
blage-the Cryptonemiales complex-within the Rhodophyta. 

W e describe two red algal species new to 
science collected offshore Louisiana 

and Texas in the northwestern Gulf of Mexico 
basin, a region characterized by an extensive 
continental shelf with an average width of 
about 100 miles. Along this shelf, there are pe
culiar topographic features, such as salt domes 
or diapirs (offshore Louisiana). These forma
tions harbor biotic communities that are still 
poorly known, as recent findings have high
lighted (Fenner, 2001; Larsen and Heard, 
2002; Ruiz-Carus et al., 2002). Published rec
ords documenting the offshore presence of 
deepwater macroalgae in the northwestern 
Gulf have been even more sparse and restrict
ed to a few hard banks such as the Flower Gar
den Banks National Marine Sanctuary (e.g., Ei
seman and Blair, 1982; Rezak et al., 1985). Re
cent nondestructive Sonsub remotely operated 
vehicle (ROV)-facilitated collections of ma
croalgae were conducted in the West Flower 
Garden Bank National Marine Sanctuary on 
board the National Oceanic and Atmospheric 
Administration (NOAA) Ship R/V Ronald H. 
Brown, at depths between 50 and 68 m. In ad
dition, dredge collections on board the R/V 
Pelican, a University National Oceanographic 
Laboratory System (UNOLS) fleet oceano
graphic research vessel belonging to the Lou
isiana Universities Marine Consortium, were 
made on unconsolidated rubble banks with 
box dredges or "scrapes" as previously used 
for the "Hourglass Cruises" (Joyce and Wil
liams, 1969) at depths ranging from 40 to 90 
m outside the Sanctuary. The macroalgae are 

typically freestanding, leaf)' and large (up to 20 
em), epilithic on loose bedrock or on rhodol
iths dominated by crustose coralline algae. Of 
particular interest, this unrecorded flora was 
dominated by gelatinous red algae encompass
ing the Cryptonemiales sensu lato, Rhodymen
iales, and Nemastomatales. "\,Ye describe in this 
article two new species from the Northwestern 
Gulf of Mexico, Platoma chrysymenioides sp. nov. 
(Schizymeniaceae) and Sebdenia integra sp. nov. 
(Sebdeniaceae). 

MATERIALS AND METHODS 

Silica gel-dried specimens, alcohol-preserved 
collections, and extracted DNA samples are de
posited at the University of Louisiana at Lafay
ette and stored at -20 C. Deoxyribonucleic 
acid samples were prepared using the DNAeasy 
Plant Minikit (Qiagen, Valencia, CA) or were 
submitted to a CTAB-Cesium Chloride DNA 
procedure (Freshwater and Rueness, 1994). 
Plastid-encoded rbcL was selected to infer a 
phylogeny for reel algae. Protocols for DNA ex
traction, gene amplification, and sequencing 
are as described in Gavio and Fredericq (2002, 
2003). Polymerase chain reaction (FrbcLstari
R753, F7-R753, F57-R753, F577-Rl38l, F645-
R138l, F993-RrbcStart) and sequencing prim
ers (FrbcLstart, F7, F57, F577, F753, F993, 
R376, R753, Rll05, Rl381, RrbcStart) used in 
this study are listed in Gavio and Freclericq 
(2002, 2003). Species identification was based 
on the original descriptions, critical analysis of 
the literature, and the type method (Silva, 
1952). 

© 2005 hy the ~,Iarine Environmental Sciences Consortium of Alabama 
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Partial and complete rbcL sequences were 
produced for a total of 78 specimens (Table 
1), comprising representatives of the four fam
ilies of Rhodymeniales (Rhodymeniaceae, 
Champiaceae, Lomentariaceae, Faucheaceae), 
the three families in the Cryptonemiales (Seb
deniaceae, Halymeniaceae, Tsengiaceae), the 
Nemastomatales (Schizymeniaceae, Nemasto
mataceae), as well as representatives of Geli
diales, Ceramiales, Gracilariales, Plocamiales, 
Corallinales, and six families routinely placed 
in the Gigartinales sensu lato. A sequence of 
Ahnfeltia plicata (Ahnfeltiales) was used as the 
outgroup on the basis of phylogenetic hypoth
eses derived from earlier global analyses of the 
Florideophycideae as a whole (Fredericq eta!., 
1996). GenBank accession numbers, species 
identification and authors, information con
cerning origin, data, and collector are listed in 
Table l. 

The generated rbcL sequence data \Vere com
piled and aligned with Sequencher (Gene 
Codes Corp., Ann Arbor, MI) and MacC!ade 
4.0 (D. R. Maddison and W. P. Maddison, 
2000) and exported for phylogenetic analysis. 
Because some sequence data were incomplete 
at the 5' terminus of the coding region in 
many taxa, the analyzed data set was restricted 
to the last 1,407 base pairs (bp) of the 1,467-
bp rbcL. 

Phylogenetic analyses were conducted with 
Maximum Parsimony (MP) and Neighbor Join
ing (NJ) algorithms as implemented in PAUP* 
v.4.0 beta 10 (Swofford, 2002) and the Bayes
ian likelihood as implemented in MrBayes 1.11 
(MB) (Hall, 2001; Huelsenbeck and Ronquist, 
2001). Parsimony trees obtained under the 
Fitch criterion of equal weights for all substi
tutions (Fitch, 1971) were inferred from a heu
ristic search, excluding uninformative charac
ters, consisting of 5,000 random sequence ad
ditions holding five trees at each step, MDL
PARS and Tree-Bisection-Reconnection 
algorithms. Consistency (CI) and retention 
(RI) indices were calculated (Kluge and Farris, 
1989). 

The optimal model of sequence evolution to 
fit the data alignment estimated by hierarchi
cal likelihood ratio tests performed by Model
test v.3.04 (Posada and Crandall, 1998) was the 
GTR + I + f (General Time Reversible model 
with invariable sites and gamma distribution). 
The parameters used were as follows: assumed 
nucleotide frequencies A = 0.4064, C = 
0.0677, G = 0.1283, T = 0.3976; substitution 
rate matrix A-C substitutions = 4.3780, A-G = 
8.4271, A-T = 1.9726, C-G = 8.9229, C-T = 
47.2764, G-T = 1.0; proportion of sites as-

sumed to be invariable = 0.3990; and rates for 
variable sites assumed to follow a gamma dis
tribution with shape parameter = 0.5316. 
These likelihood parameters were applied in 
the Bayesian analysis [!set basefreq = (0.3475, 
0.1202, 0.1556, 0.3767) nst = 6 revmat = 
(4.3780, 8.4271, 1.9726, 8.9229, 47.2764, 1.0) 
rates= invgamma; gamma= 0.5316]. 

For the Bayesian analysis, we ran four chains 
of the Markov chain Monte Carlo, sampling 
one tree every 100 generations for 1,050,000 
generations starting with a random tree. Sta
tionarity was reached at above generation 
50,000. Thus the first 50,000 generations were 
the "burn in" of the chain, and inferences 
about the phylogeny were based on those trees 
sampled after generation 50,000. A 50% con
sensus tree (majority rule as implemented by 
PAUP*) was computed from the 100,000 trees 
saved after the "burn in" point. Reliability of 
the Bayesian consensus tree is given by the fre
quency at which each node appears among all 
saved trees after the "burn in" generation. 
This frequency corresponds to the posterior 
probability of the clades (Hall, 2001). 

Neighbor Joining (Saito and Nei, 1987) was 
performed with a maximum likelihood dis
tance correction set with the GTR substitution 
rate matrix parameters listed above, excluding 
variable sites and the gamma distribution. 
Neighbor Joining only recovered the most 
probable hypothesis similar to those given by 
the MP and Bayesian methods when simpler 
models of sequence evolution were applied 
(data not shown). Support for nodes was as
sessed by calculating bootstrap proportion 
(BP) values (Felsenstein, 1985) based on 5,000 
resamplings (NJ) and 1,000 resamplings (MP). 

Specimens studied for the morphological 
study including vouchers, were fixed and liq
uid-preserved in 8% formalin/seawater, and 
pressed on herbarium sheets and deposited in 
US Algal Collection and University of Louisi
ana Herbarium (LAF) (herbaria abbreviations 
follow Holmgren eta!., 1990). Specimens were 
scanned into the computer either as "wet" 
(liquid preserved) specimens or directly from 
a herbarium sheet using a Microtek ScanMaker 
III scanner (Microtek International, Hsinchu, 
Taiwan). Transverse and longitudinal sections 
were handmade using stainless steel razor 
blades, and then stained in a 3% aniline blue 
solution (Tsuda and Abbott, 1985) for 10-15 
min. The stained specimens were fixed with 
one drop of 3% acetic acid, rinsed with dis
tilled water, and then were mounted in a 50% 
Karo® clear corn syrup/ distilled water solu
tion with phenol added as a preservative. Pho-
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TABLE I. List of species used in rbcL analysis with collection information and GenBank accession number (Co. County; BCS Baja California Sur; s.l. = locality 
unknown; s.d. = date unknown). 

GenBank 
Collection Rbd~ portion Accession 

SpeciL:s locality Collection data sequenced number 

Ahnfeltia plicata (Hudson) Fries Broadhaven, Pembrokeshire, Wales, U.K. C. A. Maggs, 9 Feb. 1993 36-1467 (98%) U04168 
Agardhiella subulata (C. Agardh) Kraft & Federal Basin, New Hanover Co., North D. W. Freshwater, March 1991 64-1467 (96%) U04176 

Wynne Carolina, U.S.A. 
Bonnemaisonia asparagoides (Woodward) C. Norway, s.l. J. Rueness, s.d. 97-1467 (93%) AF212188 

Agardh 
Bostrychia radicans (Montagne) Montagne St. Louis Bay, Mississippi, U.S.A. C. F. D. Gurgel, ll Feb. 1998 43-1467 (97%) AF259497 
Botryocladia shanskii Dawson Long Bay Point, Isla Colon, Caribbean B. Wysor, 19 Oct. 1999 9-1467 (99%) AYl68662 

Panama 
Callophyllis pinnata Setchell & Swezy Angelmo food market, Puerto Montt, S. Fredericq and M. E. Ramirez, 19-1467 (99%) AY294397 

Chile 24 Feb. 1994 
Carpopeltis maillardii (Montagne et Millar- Magang, Taiwan S. Fredericq and S. M. Lin, 11 41-1467 (97%) AY294400 

det) Chiang March 1993 
Caulacanthus ustulatus (Turner) Kiitzing Swakopmund, Namibia M. H. Hommersand, 7 Nov. 1993 102-1467 (93%) AF099687 
Ceramium diaphanum (Lightfoot) Roth North Carolina, U.S.A. D. W. Freshwater, s.d. 65-1467 (96%) U04020 
Ceratodyction spongiosurn Zanardini Haitzu ku, Hsiao Liu Shu I., Taiwan S. Fredericq and S. M. Lin, 22 304-1467 (79%) U21639 

Aug. 1993 
Champia compressa Harvey Epiphytic on Jania sp., Florida Middle B. Gavio and B. Wysor, 10 Aug. 34-1467 (98%) AY294358 

Ground, Florida, U.S.A. 28°33.064'N 2000 
89°16.468'W 

Chrysymenia procumbens \Neber van Bosse Wan Li Dung, Kenting National Park, S. S. Fredericq and S. M. Lin, 25 352-1467 (76%) AY294381 
Taiwan Aug. 1993 

Cordylecladia erecta (Greville) J. Agardh Black Head, Co., Clare, Ireland C. A. Maggs, 20 Jan. 1992 148-378, 448- AY294399 
1172 (65%) 

Corynomorpha clavata (Harvey) J. Agardh Key Largo, Florida, U.S.A. D. W. Freshwater, 19 June 1994 46-1467 (97%) AY294360 
Cryptonemia luxurians (C. Ag.) J. Agardh Praia Rasa, Rio de Janeiro, Brazil C. F. D. Gurgel, 12 Dec. 1998 52-1467 (97%) AF488813 
Delesseria sanguinea (Hudson) Lamouroux Newcastle, Co. Down, N. Ireland, U.K. C. A. Maggs, 15 March 1999 23-1118, 1228- AF254182 

1467 (91 %) 
Delisea jlaccida (Suhr) Papenfuss Shark's Cove, South Africa M. H. Hommersand, s.d. 106-1467 (93%) AF212187 
Dendrymenia skottsbergii Dawson La Boca Navidad, Chile S. Fredericq, 17 Jan. 1995 9-1467 (99%) AY294354 
Dicranema revolutum (C. Ag.) J. Agardh Port Mac Donnell, Australia M. H. and F. Hommersand, 28 122-1467 (92%) AY294379 

Aug. 1995 
Dumontia contorta (S. G. Gmelin) Ruprecht Manomet Bluffs, Plymouth Co, Massa- M. H. Hommersand, 23 April 38-1467 (97%) AY294378 

chusetts, U.S.A. 1993 
Epymenia capensis (]. Agardh) Papenfuss Kommetjie, Cape Peninsula, South Afri- 0. De Clerck, 24 Jan. 2001 35-1467 (98%) AF385646 

ca 
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0 
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TABLE 1. Continued. 

GenBank 
Collection RbcL portion Accession 

Speciv:-. locality Collection data sequenced number 

Fauchea laciniata]. Agardh Ketchihan, Alaska, U.S.A. S. C. Lindstrom, 2 July 2000 40-1467 (97%) AY294355 
0 

~ Furcellaria lumbricalis (Hudson) Lamouroux Penmarch, Brittany, France M. H. Hommersand, 21 Dec. 1992 91-1467 (94%) AY294371 
Gastroclonium subartirulatum (Turner) Klitz- Pigeon Point, San Mateo Co. California, M. H. Hommersand, 21 June 1992 121-599, 640- AY294398 0 

ing U.S.A. 1467 (89%) trl 

Gelidium americanum (Taylor) Santelices Radio I., Carteret Co., North Carolina, D. W. Freshwater, s.d. l-1467 (100%) L22459 
..., 

U.S.A. f: 
Gelidiopsis sp. La Calerita, Baja Santa Paz, BCS, Mexico S. Fredericq, 27 Oct. 1999 42-1467 (97%) AY294357 I 
Gigartina pistillata (Gmclin) Stackhouse Santee, Brittany, France ]. Cabioch, 6 April 1993 22-1467 (99%) AY294375 z 
Gracilaria bursa-pastoris (Gmelin) Silva Anse de Caro, Brittanny, France Coli.]. Cabioch, 3 July 2000 100-1467 (93%) AY049375 trl 

Gracilariopsis lemaneifimnis (Bory de St. Vin- Yacilla, Paita, Piura, Peru C. Acleto and R. Zuninga 3 March 35-1467 (98%) AY049415 ~ 
cent) Dawson, Acleto & Foldvik 1994 ~ 

Grate lou pia dichotoma J. Agardh Ubatuba, Brava Beach, Sao Paulo State, S. M. Guimaraes, 26 May 2001 41-1467 (97%) AF488824 u 
Brazil F: Grateloupia livida (Harvey) Yamada Muroran, Hokkaido,Japan S. Fredericq, 6 April 1993 40-1467 (97%) AF488815 0 

Grateloupia ramosissima Okamura Ho Ping Island, Keelung, North Taiwan S. Fredericq and S.M. Lin, 12 40-1467 (97%) AF488810 ~ Aug. 1993 -Grateloupia sp. Isla Culebra, Pacific Panama B. Wysor, 16 April 1999 41-1467 (97%) AY294382 z 
Grateloupia turuturu Yamada Muroran, Hokkaido, Japan S. Fredericq, 6 Sep. 1993 9-1467 (99%) AF488820 ..., 
H alymenia jloridana J. Agardh Parati Beach, Anchieta, Espiritu Santu, S. M. Guimaraes and M. Fujii, 17 63-1467 (96%) AY294361 ::c 

trl 
Brazil Sep. 2001 z Heterosiphonia plumosa (Ellis) Batters Penmarch, Brittany, France M. H. Hommersand, 20 June 1993 104-1467 (93%) AF259494 ~ 

Kallymenia reniformis (Turner) J. Agardh Pighuet, Brittany, France ]. Cabioch, 22 June 1993 133-1467 (91 %) AY294377 
0 Lomentaria halwdatensis Yen do Kermelehen (Plouezoch), Brittany, J. Cabioch, 12 June 1994 132-1467 (91 %) AY294380 c 

France r 
J'vfychodea hamata Harvey Port MacDonnell, Australia M. H. Hommersand, 14July 1995 97-1467 (93%) AF212191 

'"-':! 

0 Nemastoma canariensis (Ki1tzing) Montagne Canary Islands, s.l. R. Haroun, s.d. 106-1467 (93%) AY294369 '"-':! 
(sample 1) ~ 

Nemastoma canariensis (sample 2) Canary Islands, s.l. R. Haroun, s.d. 37-1467 (98%) AY294370 trl 

Nizymenia australis Sonder Warnambool, South Australia M. H. Hommersand, 13 June 1995 37-1467 (97%) AF212192 :.X: 
>-< 

Pachymenia carnosa (.J. Agardh)]. Agardh Komme1jie, Cape Peninsula, South Afri- 0. De Clerck. 9 Nov. 1999 41-1467 (97%) AF385640 () 

0 
ca 

Phacelocarpus tortuosus Endlicher & Diesing Shark's Bay, The Kowie, Port Alfred, M. H. Hommersand, 19 June 1993 9-1467 (99%) AY294372 
Cape Prov., S. Africa 

Phyllophora crispa (Hudson) Dixon Spidall, Co. Galway, Ireland M. D. Guiry, 7 March 1993 47-1467 (97%) U02990 .... 
Platoma cyclocolpa (Montagne) Schmitz Faje Grande, Azores W. F. Farnham. 2 Aug. 1995 358-1467 (76%) AY294384 ...... 
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Species 

Platoma cyclocolpa 
Platoma chrysymenioides Gavio & Fredericq 

(sample 1) 

Platoma chrysymenioides (sample 2) 

Platoma sp. 

Plocamium cartilagineurn (Linnaeus) Dixon 
Polyopes constrictus (Turner) J Agardh 

Portieria hornemannii (Lyngbye) Silva 

Predaea Jeldmannii Borgesen 

Predaea feldmannii 
Predaea pusilla (Berthold) Feldmann 

Pseudolitophyllum muricaturn (Foslie) Steneck 
& Paine 

Pterocladia lucida (Brown ex Turner) J 
Agardh 

Rhodogorgon carriebowensis Norris & Bucher 
Rhodophyllis divaricata (Stackhouse) Papaen

fuss 
Rhodymenia pseudopalmata (Lamouroux) Sil

va 
Sarcodia montagneana (Hooker f. et Harvey) 

J Agardh 
Schizymenia dulryi (Chauvin ex Duby) J. 

Agardh 
Schizymenia dulryi 

TABLE l. Continued. 

Collection 
locality 

Canary Islands, s.L 
Dredged offshore Louisiana, U.S.A. (66-

m depth), 28°03.451'N 92°27.345'W 

Dredged offshore Louisiana, U.S.A. (60-
m depth), 28°03.492'N 92°27.665'W 

Taiwan s.L 

Spiddall, Co. Galway, Ireland 
Kommet.jie, Cape Peninsula, South Afri

ca 
Magang Harbor, NE Taiwan 

Long Bay Point, Isla Colon, Caribbean 
Panama 

Puerto Rico, s.L 
Dredged offshore Louisiana, U.S.A. (66-

m depth), 28°03.451'N 92°27.345'W 

Botanical beach, Vancouver, Canada 

Owhiro Bay, South Wellington, New Zea
land 

St. Ann's Bay, Jamaica 
Cranatex, Brittany, France 

Intertidal, Port Aransas jetty, Texas, 
U.S.A. 

Taipa, New Zealand 

Piguet, Brittany, France 

Jodogahama, Miyako, Iwate-ken, Japan 

Collection data 

Y de Jong, s.d. 
S. Fredericq, B. Gavio, C. F. Cur

gel and J Lopez-Bautista, 27 
May 2000 

S. Fredericq, B. Gavio, C. F. Cur
gel andJ Lopez-Bautista, 27 
May 2000 

M.D. Guiry, 28 Feb. 1993 
CoiL R. Anderson and J Bolton, 

31 Jan. 2001 
S. Fredericq and S. M. Lin, 11 

Aug. 1993 
B. Wysor 17 Oct. 1999 

D. Ballantine, s.d. 
S. Fredericq, B. Gavio, C. F. Cur

gel and J Lopez-Bautista, 27 
May 2000 

P. Gabrielson, 8 June 1994 

W. Nelson, s.d. 

C. Pueschel, s.d. 
J Cabioch, 22 June 1993 

C. F. Gurgel, 1 7 May 1998 

W. Nelson, 2 Dec. 1993 

J. Cabioch, s.d. 

M. H. Hommersand and M. Yoshi
zaki, 10 July 1994 

Rbrl. portion 
sequenced 

127-1467 (91%) 
31-1467 (98%) 

10-1467 (99%) 

133-324, 352-
1467 (89%) 

141-1467 (90%) 
31-1467 (94%) 

84-1467 (94%) 

9-1467 (99%) 

93-1467 (94%) 
48-1467 (97%) 

105-1467 (93%) 

58-1476 (96%) 

49-1467 (97%) 
114-1467 (92%) 

9-1467 (99%) 

43-1467 (97%) 

119-437, 625-
1467 (79%) 

10-1467 (99%) 

GenBank 
Accession 
number 

AY294385 
AY294359 

AY294362 

AY294368 

U21701 
AF385642 

AF212185 

AY294366 

AY294383 
AY294367 

AY294373 

U01048 

U04183 
AF385658 

AY168656 

AY294374 

AY294389 

AY294388 

.... 
~ 

0 c 
~ 
0 
>-rj 

~ 
t:r:l 
X 
(=j 
0 
[/) 

(l ..... 
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Species 

Schizymenia obovata (J. Agardh) J. Agardh 
Schizymenia pacifica (Kylin) Kylin 

Schizymenia pacifica 

Schizymenia sp. 1 
Schizymenia sp. 2 
Schizymenia sp. 3 

Sebdenia monardiana (Montagne) Berthold 

Sebdenia integra Gavio & Fredericq 

Solieria filiformis (Kutzing) Gabrielson 
Sphaerococcus coronopifolius Stackhouse 
Titanophora incrustans (J. Ag.) B0rgesen 

Titanophora pikeana (Dickie) J. Feldmann 

Titanophora weberae. B0rgesen 

Tsengia lanceolata J. Agar db 

TABLE 1. Continued. 

Collection 
locality 

Swakopmund, Namibia 
Vancouver, British Columbia, Canada 

(drift) 
Kanaha Bay, W. Juan Island, Washington, 

U.S.A. 
Oshoro, Japan 
Japan, s.l. 
Taiping Cape, Sbandong province, Chi

na 
Lacbea I., Catania, Italy 

Dredged offshore Louisiana, U.S.A., 66 
m, 28o03.451'N 92°27.345'W 

Isla Culebra, Balboa, Pacific Panama 
Finavarra, Co. Clare, Ireland 
Offshore Louisiana, U.S.A., 58 m, 

28°06.4 70'N 90°55.359'W 
Deep Sponge Reef, Sodwana Bay, Kwazu

lu-Natal, S. Mrica 
Wang Hai Xiang, N. Taiwan 

Kommetje, Western Cape, S. Mrica 

Collection data 

M. H. Hommersand, 6 July I993 
S. C. Lindstrom, 15 April 1994 

M. J. Wynne, 26 July 1995 

S. Fredericq, 5 Sep. I995 
S. Fredericq, s.d. 
M. H. Hommersand, s.d. 

G. Furnari and M. Cormaci, Oct. 
I994 

S. Fredericq, B. Gavio, F. C. D. 
Gurgel and J. Lopez-Bautista, 26 
May 2000 

B. Wysor, 4 April 1999 
M.D. Guiry, 7 Feb. I993 
S. Fredericq, J. Lopez-Bautista and 

F. Rita, 30 June 2001 
S. Fredericq and 0. DeClerck, II 

Feb. 200I 
S. Fredericq and S. M. Lin, 7 Aug. 

1994 
S. Fredericq, 28 Jan. 2001 

RbcL portion 
sequenced 

I3-I467 (99%) 
I4I-I467 (90%) 

8-1467 (99%) 

9-1467 (99%) 
43-I467 (97%) 
9-1467 (99%) 

32-1467 (98%) 

33-1467 (98%) 

4I-1467 (97%) 
26-1467 (98%) 
9-I467 (99%) 

4I-1467 (97%) 

388-575, 640-
1467 (69%) 

40-I467 (97%) 

GenBank 
Accession 
number 

AY29440I 
AY294394 

AY294393 

AY294390 
AY294391 
AY294392 

AY294395 

AY294363 

AY294356 
AY294376 
AY294365 

AY294364 

AY294387 

AY294386 
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Bayesian analysis 
Majority rule 
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Fig. l. Ba)'esian tree fo r rbcL sequen ces sh owing th e close relationsh ip (*) among th e Cr)'ptone miales, 
Rhod)'menial es, Sebcleniaceae , and Nemastomatales, using Ah fe ltiales as the o utgroup in a g lobal phylogeny 
of floricleoph )'cean re el algae. Majorit)' rule bootstrap support is sh own above th e n odes. Branch le ngths are 
proportional to the amount of seque n ce ch a nge. 

tomicrographs were taken with a Polaroid 
DMC Ie digital camera (Polaroid Inc., Cam
bridge, MA) attached to _ an O lympus BX60 
(Olymp us, Melville , NY) . Images were edited 
and assen1b led into pla tes u sing PhotoshojJ v.5.0 
(Adobe Systems Inc., San J ose, CA). 

RESULTS 

No insertions or de letion mutations were 
found in the -rbcL sequences, which permitted 
the unambiguous alignment of all sequences. 
Tree leng ths of 100,000 randomly generated 
trees had a skewed distribution (g1 = - 0.411 , 
P < 0 .01) , indicating the presence of nonran .. 

dom structure (Hi llis and Huelsenbeck, 1992; 
Hillis et al. , 1993). Among the 1,307 bp in the 
datase t, 697 a re identical, and 710 vary, of 
which 615 are phylogenetically informative . Se
que nces of 78 samples representing 72 species 
were included in the phylogenetic analyses 
(Figs. 1, 2), with Ahnfellia plica/a as the out
group . The MB (Fig. 1) and MP (Fig . 2) anal
yses produced si milar topologi es, with th e ex
ception of the position of the Gelidiales and 
the unsupported position of the Sebdeniaceae. 
Th e NJ tree topology (not shown) is similar to 
the MP tree. 

In all analyses, the Cryptonemiales, Rhody
meniales, and the Nemastomatales comprise 
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three 1n<Uor clades and are each other's closest 
taxa relative to othe1· families and orders of 
Red Algae. In the MB analysis (Fig. 1), the Seb
deniaceae and Tsengiaceae are weakly nested 
within the Cryptonemiales; their inclusion in 
the Cryptonemiales decreases bootstrap sup
port for the order (BP = 51 vs BP = 75) where
as their exclusion increases the support of a 
monophyletic Cryptonemiales to BP = 75. The 
order Rhodymeniales is strongly supported 
(BP = 97) and forms a sister clade to the Cryp
tonemiales (BP = 96). The Schizymeniaceae 
and Nemastomataceae are fully supported sis
ter taxa (BP = 1 00), and in turn form a sister 
clade to the Cryptonemiales-Rhodymeniales 
complex. The Gigartinales sensu stricto, com
prising the Gigartinaceae and Phyllophora
ceae, are distantly related; similarly, families 
placed in the Gigartinales sensu lato (Ares
chougiaceae, Mychodeaceae, Furcellariaceae, 
Rhodophyllidaceae, Dicranemataceae, Caula
canthaceae, Phacelocarpaceae, Nizymeniaceae, 
Sphaerococcaceae, Dumontiaceae, Kallymeni
aceae) comprise separate clades, all distant 
from the Schizymeniaceae--Nemastomataceae 
complex. 

In the MP (Fig. 2) and NJ (not shown) anal
yses, the Ne1nastomatales clade is well support
ed (BP = 85, BP = 97, respectively) and sister 
to the Rhodymeniales. The Sebdeniaceae clus
ters with the Rhodym.eniales but without boot
strap support. The Halymeniaceae is sister to 
the Nemastomatales-Rhodymeniales assem
blage but without bootstrap support. 

In all analyses, the Corynmnorphaceae, rep
resented by CorynommjJ!w clavata, consistently 
is nested within the Halymeniaceae. The 
monophyly of the Tsengiaceae, represented 
by Tsengia lanceolata, is weakly supported in a 
Cryptonemiales that includes the Halymen
iaecae and Sebdeniaceae in the Bayesian anal
ysis and in the Halymeniaceae in the IvfP anal
ysis. 

Platoma chrysymenioides Gavio, Hickerson et 
Freclericq sp. nov. 

Latin rliagnosis: Thallus leviter rnucosus, 10~20 
em altus et latns, subcylindraceus, lohatus, slip 
ite brevi. Hapteron cliscoideum. Cortex syste
matum ramorum cliscretorum pseudodichoto
morum trichotomorum formatus. tvfedulla fi
lamentornm laxornm longituclinalium intrica
torumque. Thalli sexuales clioecii. Rami 
carpogoniales tricellulares, in cellulis interior
ibus corticalibus portati, cellulis contiguis fusee 
tinctis. Cellula carpogonialis post fecundati
onem efferens extensiones bilateriter distal-

esqne conjugentes cellulis snbsidiariis. Cellulae 
subsicliariae cliploidaceae efierentes filamenta 
connectiva. Cellulae auxiliares in cellulis susti
nentibus similiter snperpositae. Carposporo
phyticus subsphaericus in cortice, cellulis totis 
carposporangia ferentibus. Porus absens. Sper
matangia ab cellulis extimis corticalibus abscis
sa. Tetrasporangi ignota. 

Holotype: A cystocarpic specimen from Fish 
Haven, 65- to 66-m depth, 28°05.64'N 
91°00.960'W, coll. D. L. Felder, 1 Aug. 2002, 
deposited at US (US 208900). Attached to a 
rhodolith. 

Isotypes: Two vegetative specimens, 66-m 
depth, 28°03.45l'N 92°27.345'W, coll. S. Fred
ericq, B. Gavio, C. F. Gurgel, and]. Lopez-Bau
tista, 27 rvfay 2000 (27-5-00-10-1); 60-m depth, 
28°03.492'N 92°27.665'W, S. Fredericq, B. Gav
io, C. F. Gurgel, and J. Lopez-Bautista, 27 May 
2000 (27-5-00-11-1). Deposited at LAF. 

Additional material: Female specimen, 50--m 
depth, 27 Sep. 2003 (27-9-03-1-3), 27°5l.916'N 
93°5l.822'W, ROV dive 39, S. Fredericq and E. 
Hickerson. 

Etymology: This species is named for its super
ficial 1·esemblance in habit and texture to Ir
regular dichotomously branched members of 
Chrysymenia (Rhodynreniales). 

Habit and vegetative structures: Thalli up to 
20 em tall, bright pink, erect, mucilaginous, 
cleft into several marginal subcylindrical to ir
regularly elongate lobes (Fig. 3). A small dis
coid holclfast bears a denuded stipe that is 
narrow below but fans out distally (Fig. 3). 
Carposporophytes formed at the surface of 
the elongate lobes are readily apparent with 
the naked eye (Fig. 4). Growth is multiaxial, 
with the thallus consisting of an open network 
of loose masses of interwoven filaments (Figs. 
6, 7) that easily tear apart upon squashing of 
the coverslip. Medullary filaments are fili
fon11, unbranched, unise1·iate, laxly intercon
nected, and distally bear regularly spaced, 
predominantly psendoclichotomous but also 
o·ichotomous cortical branch systems that fan 
out thallus outward (Figs. 6, 7, 10). Secondary 
pit connections are absent throughout. Every 
one to two cells, each intercalary cortical cell 
distally bears a pseuclodichotomous or tri
chotomous branch system, for a total up to 
four to six orders of branching. Surface cells 
have blunt apices (Figs. 6, 7). Pseudodichoto
mies result fi·om longitudinal concavoconvex 
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1 MP of 189 trees 
L= 6204 
Cl= 0.2020 
AI= 0.4630 
IC= 639 (45%) 
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Schizymenia dubyi FRANCE 
Schizymenia dubyi JAPAN 
Schizymenia obovata S. AFRICA 
Schizymenia sp. CHINA 

Schizymenia sp. JAPAN 
Schizymema sp. JAPAN 

Schizymenia pacifica WA, USA 
100 Schizymenia pacifica WA, USA 

Platoma cyc/oclolpa AZORES 
Platoma cycloclolpa CANARY ISLANDS 

''--'-=--- Platoma sp. TAIWAN 
Platoma chrysymenioides LA, USA 
Platoma chrysymenioides LA, USA 

Titanophora pikeana S. AFRICA 

Schizymeniaceae 

Titanophora incrustans LA, USA 
Titanophora weberae TAIWAN 

Predaea teldmannu PUERTORICO I 
1---- PreJ:::%~~~;1~'ef.at']g~ PANAMA Nemastomataceae 

'1----C ~;:;;;;!g:;;; g;~anen;;; g:~t~~ 11~ct~8~ 

(/) 
<I> 
:§ 
"' E 
~ 
"' E 
<I> z 

CordyfecladiB erecta IRELAND Rhodyme n taceae 
Epymema capens/S S AFRICA I 

Dendrymenia skottsbergu CHILE 

1._::_-!:::;::c;;; Botry':;I~':J;:;;~~~f{,~"tf~~~;;~ta TX, USA 
Chrysymema procumbens TAIWAN 

Cer.atodictyon spongiosum TAIWAN I Lo m entar iaceae 
Gelld10psts sp. MEXICO 

Lomentaria hakodatensis FRANCE 
Fauchea laciniata AK, USA -- Fauc heaceae 

Gastroclonium subarticu/atum NC,USA j Champiaceae 
Champta compressa FL,USA 

Sebde~ia monardiana ITALY 1 Sebden iaceae 
Sebdema tnlegra LA, USA 

78 Carpopeltis mai//ardiiTAIWAN 
71 Grateloupia livida JAPAN 

Gratetoupia sp. PANAMA 
u.~--- Grateloupia turuturu JAPAN 

Grateloupia dichotoma BRAZIL 
ll!!!!!:---- Grateloupia ramosissima TAIWAN 

Halymenia 1/oridana BRAZIL 
Cryptonemia fuxurians BRAZIL 

Polyopes cons/rictus S. AFRICA 
Corynomorpha clava/a FL, USA 

Ha lymen iaceae 

sen:::r:::;:,~~fa ~~~~~:FRICA Tsengiaceae 

Pterocladialucida N. ZEALAND 

(/) 

~ 

"' .E 
<I> 
c: 
0 a. 
~ 
() 

(/) 
<I> co ·c: 
<I> 
E 
>
'C 
0 
.t: 
a: 

94 Gelidium americanum NC, USA IGelidiales 
Rhodogorgon carriebowensis JAMAICA - Rhodogorgonales 

Pseudolttophyflum muncatum CANADA - Corallinales 
Ceramtum dtaphanum NC, USA I 

Hete~g;{J,~~~ ~~~~~~~ ~Rs;.,~6~ Ceramiales 
Delesseria sangumea IRELAND 

Gractlanop~;ts lemaneitormis PERU IGracilariales 
Graetlana bursa-pastons FRANCE 

Sarcodia montagneana N. ZEALAND , Sarcodiaceae 
Plocamium cartilagineum IRELAND Plocam1ales 

100 Agardhiella subulata NC, USA 
100 So/ieria filitormis PANAMA 

Mychodea hamata AUSTRALIA 
Dicranema revoluta AUSTRALIA 

Cau/acanthus ustulatus 
Rhodophyllis divaricata FRANCE 

Furce/laria lumbricalis FRANCE 
Phyllophora crispaiRELAND IGigartinales 

Gtgartma ptsltllata FRANCE 

Caulacanthaceae
complex 

Portieria homemannii S. AFRICA I 
callophyf,;~~fn~:,;~~f~~ Rl, usA Dumontiaceae-complex 
Kallymenia reniformis FRANCE 

oo Phacelocarpus tortuosus S.AFRICA I 
oo Nizymenia australis AUSTRALIA Sphaeroccocaceae- complex 

Sphaerococcus coronopifolius IRELAND 
_Bonnemaisonia asparagoides NORWAY I Bonnemaisoniales 

Deltsea 1/acctda S. AFRICA 
'-------- Ahnteltia plicata UK - Ahnfeltiales 

Fig. 2. One of 189 equally most parsimonious trees for rbcL. Tree le ngth = 6,204, CI = 0.20, RI = 0.46, 
Informative characters = 639/ 1,407 (45 % ) . Bootstrap proportion values >50% for MP (top, 1,000 repli
cates) and NJ (bottom, 5,000 re plica tes) are shown at the nodes. Branch lengths are proportiona l to the 
amount of seque nce cha nge. 

d ivisions of terminal cortical ce lls. Add itional 
cortical cells a re produced upon septa tion 
(Fig. 7, arrowhead) of extensions budding lat
erally from intercalary cells. \Vhereas inner
most cortical cells are subcylindrical with the 
basal part nanower than the distal end, out
ermost cortical cells a re ovoid. Intercalary 
cortical cells are each typically linked to two 
or three cells above and one cell below, thus 

bearing respectively a pseudodichotomy or 
tricho to m y a t each consecutive order of 
branching (Fig. 7). 

Medullary cells are elonga te-rectangular 
(Fig. 9) and cut off narrow rhizoidal cells lat
erally, which continue to septate (Fig. 7, an-ow
heads) and increase the number of medullary 
filaments. These secondarily formed rhizoidal 
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Figs. 3-11. Platoma chl)'symenioides sp. nov. Habit and vegetative structure. 3. Habit of cystocarpic halo
type. Bar = 1 em. 4. Close-up of terminal branch in Figure 3 showing carposporophytes. Bar 0.5 mm. 
Figs. 5-11. Squash preparations. 5. Gland cell intercalary in outer cortical cell file. Bar 20 f.Lm. 6. Loose 
masses of filaments showing regular pseudodichotomous branching of cortical filaments and medulla com
posed of unbranched filiform rhizoidal filaments. Bar 100 J.Lm. 7. Secondarily formed cortical cell file 
initials (arrowheads) cut off fi·om intercalary cells subtending pseudodichotomy. Note occasional trichoto
mous branching in outer cortical cell files. Bar 100 f.L111. 8. Gland cell intercalary in cortical cell file. Bar 
= 20 J.Lm. 9. Rhizoidal branch initials (arrowheads) cut off fi·om medullary cells. Bar= 40 f.L111. l 0. Medullary 
cell (m) subtending cortical trichotomy (arrowheads) and rhizoiclal filament primordium (arrow). Bat· = 

40 f.Lll1. 11. Spermatangia (arrowhead) cut ofT singly from outer cortical cells. Bar = 50 f.L111. 

initials are distinguished from the laterally 
formed cortical branch initials by growing thal
lus inward and by becoming more elongate. X
shaped cells are infrequent and are formed 
when an intercalary cortical cell linked to a 
pseudodichotomous branch above and a med-

ullary cell below cut off a rhizoidal cell that 
continues growing thallus inward (Fig. 7). Any 
medullary cell may also bear cortical trichoto
mies (Fig. 10, arrowheads) and cut off a rhi
zoidal filament primordium (Fig. 10, arrow). 

Intercalary cortical cells of outer cortical fil-
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aments may occasionally transform into sub
spherical gland cells (Figs. 5, 8). Typically, the 
cortical cells linked distally to the gland cells 
remain uniseriate and unbranched (Fig. 8) or 
have ceased to grow (Fig. 5). Gametophytes are 
apparently dioecious, with ovoid spennatangia 
cut off by outermost cortical cells (Fig. 11). 

Pre- and early-postfertilization structures: In
tercalary cortical cells bearing a pseudodicho
tomous branch system on both sides at their 
distal end transform into darkly staining sup
porting cells (Fig. 12) slightly bulging distally. 
Consecutive irregular-transverse divisions by 
the supporting cell thallus outward (Fig. 13) 
result in a conical carpogonial branch initial 
(Fig. 13), a developing two-celled carpogonial 
branch (Fig. 14), and a mature three-celled 
carpogonial branch (Figs. 15, 16). The carpo
gonial branch consists of a hemispherical basal 
cell, an oval hypogynous cell, and a distal con
ical carpogonium with a straight trichogyne 
(Figs. 15, 16). Adjacent basal cortical cells in 
branch systems borne on tl1e supporting cell 
expand and stain darldy (Figs. 15, 16), func
tioning as subsidiary cells. The supporting cell 
occasionally bears trichotomous cortical cell 
clusters (Fig. 16). After presumed fertilization, 
the carpogonium produces two lateral exten
sions that fuse at midlevel with the two lower
most subsidiary cells, each bilaterally connect
ed to the supporting cell (Figs. 17, 18). The 
fate of the fertilization nucleus was not fol
lowed. Upon presumed diploidization, the sub
sidiary cells initiate cellular connecting fila
ment primordia at their lower end (Figs. 17, 
18) that continue to septate into connecting 
filaments. The trichogyne persists after pre
sumed fertilization (Fig. 18). Unfertilized, non
functional carpogonial branches are common 
and are distinguished from functional ones by 
the frequent expansion and bulging of aclja
cent cells and their subsequent septation (Figs. 
19, 20). 

Postfertilization structures: Auxiliary cells are 
intercalary cortical cells bearing two- to three
branch systems, and each produces a single 
gonimoblast initial (Figs. 21, 23) thallus out
ward. As the connecting filament contacts the 
auxiliary cell, which expands in size, the cor
tical cells linked to the auxiliary cell elongate 
(Fig. 21). The incoming connecting filament 
segment fuses basally with auxiliary cell depos
iting a derivative of the fertilization nucleus, 
and the outgoing connecting filament contin
ues its course (Fig. 22). Auxiliary cells are ho
mologous in position to the supporting cell of 

the carpogonial branch, expanding in size and 
becoming subspherical. A subglobular carpos
porophyte is cut distally from the auxiliary cell 
and is centrally located among the elongate 
cortical filaments linked to the auxiliary cell. 
All gonimoblast cells transform into subspher
ical to ovoid carposporangia (Figs. 22-24). A 
pore or ostiole above the carposporophyte is 
absent, and the elongate cortical cells con
nected to the auxiliary cell loosely surround 
tl1e gonimoblasts (Fig. 24). 

Distribution: Only known from offshore Loui
siana and Texas. 

Sebdenia integra Gavio, Hickerson et Fredericq 
sp. nov. 

Latin diagnosis: Thallus subsphaericus, integer, 
complanatus. Stipes compactus, brevis, cellu
losus. Lamina interna cellulis stellatis, lacunis 
intercellulosis parte centrali, numerosis cellulis 
conjunctis. Structurae reproductivae ignotae. 

Holotype: A cystocarpic specimen dredged off .. 
shore Louisiana, coli. D. L. Felder, deposited 
at US, US 208900. Attached to a rhodolith. 

Isotype: A vegetative specimen dredged off~ 

shore Louisiana, 66 m, 28°03.451'N 
92°27.345'W, coiL B. Gavio, S. Fredericq, F. C. 
D. Gurgel, and]. Lopez-Bautista, 26 May 2000, 
deposited at LAF. 

Etymology: This species is named for the entire 
and smooth margin of the thallus. 

Habit and vegetative structure: The thallus is 
subspherical, entire, flat, (Fig. 25) attached to 
the substratum by means of a discoid holdfast. 
The stipe is short, compact, and cellular, with a 
central medulla consisting of four to five layers 
of cells and one to two layers of flattened outer 
cortical cells (Fig. 26). The outermost cortical 
cells are markedly smaller than the innermost 
cells and growth is multiaxial throughout. 
Above the stipe, primary growth in the blade 
has stopped, and the production of copious mu
cilaginous material in the central zone results 
in the separation of the innermost cells and the 
production of large intercellular spaces (Figs. 
27, 28). Centrally located cells accommodate for 
this expansion by stretching parts of tl1eir cyto
plasm laterally with the result that iliey become 
stellate (Fig. 28) and by producing filiform cells 
bearing terminal cm'tiunctor cells (Fig. 29) that 
reach across and fuse to cells on the opposite 
side establishing numerous secondary pit con-
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Figs. 12-20. Platoma chrysymenioides sp. nov. Pre- and early postfertilization structures. 12. Darkly staining 
supporting cell (su). Bar = 40 J.Lm. 13. Supporting cell (su) and carpogonial branch initial (arrowhead). 
Bar = 40 J.Lm. 14. Two-celled carpogonial branch (arrowheads) borne on intercalary supporting cell (su). 
Note regular pseudodichotomous construction of cortical cell files. Bar = 50 J.Lm. 15. Three-celled carpo
gonial branch borne on supporting cell (su), with terminal carpogonium (cp), and trichogyne (t). Bar= 
40 J.Llll. 16. Three-celled carpogonial branch with terminal carpogonium (cp) and trichogyne (t) borne on 
supporting cell (su) linked to three cortical branch systems (arrows). Bar= 20 J.Lm. 17. Early postfertilization 
events, with connecting filament initiation, see Figure 18. Bar = 50 J.Lm. 18. Magnification of Figure 17 
showing presumed diploidization with fusion extension (arrowheads) of carpogonium to lowermost subsid
iary cell (s) connected on each side of supporting cell and connecting f-ilament primordium (arrows) from 
diploidized subsidiary cells. Note the persisting trichogyne (t) and lower cells of the carpogonial branch 
borne on the supporting cell (su). Bar= 4.5 J.Lm. 19. Unfertilized nonfunctional carpogonial branch with 
terminal carpogonium (cp) and trichogyne (t). Note production of bulges from subsidiary cells (arrow
heads), which become irregular in outline. Bar= 20 J.Lm. 20. Unfertilized nonfunctional carpogonial branch 
with trichogyne (t) and adjacent cortical cells that become irregular in outline. Bar = 100 J.Lm. 
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Figs. 21-24. Platoma cluyymenioides sp. nov. Postfertilization structures. 21. Auxiliary cell (ac) connected 
to three cortical cell files, with distal gonimoblast initial (gi). Bar = 40 fUn. 22. Auxiliary cell (ac) bearing 
subspherical cluster of gonimoblast cells, incoming (icf) forming segment (arrowhead) fused to auxiliary 
cell basally, and outgoing ( ocf) connecting filament. Note that the cortical cells connected to the auxiliary 
cell have elongated (arrow). Bar = 40 f.L111. 23. Auxiliary cell (ac) bearing gonimoblasts (g). Bar= 40 f.Lm. 
24. Mature carposporophyte; note elongate cortical cells (arrows) weakly enveloping carposporophyte. Bar 
=50 f.L111. 

nections (Fig. 30). The result is a mixture of 
elongate medullary cells, stellate cells, subspher
ical cells interspersed with large intercellular 
spaces (Fig. 31). Reproductive structures were 
not found. 

Distribution: Only known from offshore Loui
siana. 

DISCUSSION 

The nonprocarpic family Nemastomataceae 
currently includes four genera with a hetero-

morphic life history (Masuda and Guiry, 
1995), NemastomaJ. Agardh (1842), Predaea G. 
De Toni (1936), AdelojJhycus Kraft in Wome1~ 
sley and Kraft ( 1994 = AdelojJhyton Kraft 1975) 
and ltonoa (Masuda and Guiry, 1995). Repre
sentative taxa of the first two genera were used 
in the study. Nemastoma includes about eight 
species that are mucilaginous and more or less 
cartilaginous (Guiry and Nic Dhonncha, 
2002). Predaea comprises about 18 soft-gelati
nous species (Kajimura, 1995; Conde et al., 
1998; Ballantine et al., 2002; Saunders and 
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Figs. 25-31. Sebdenia integra sp. nov. 25. Holotype, vegetative. Bar = I em. Figs. 26-30. Cross sections. 
26. Portion of stipe showing cellular medulla. Bar = 100 f.Lm. 27. Cellular cortex with stellate cells, filiform 
medullary cells reaching across opposite side and large intercellular spaces. Bar = 100 f.Lm. 28. Close-up of 
stellate cell (sc) and large intercellular spaces. Bar = 40 f.Lm. 29. Stellate cell (sc) having cut off filiform 
rhizoidal medullary cell bearing terminal conjunctor cell (arrow). Bar = 40 f.Lm. 30. Filiform medullary cell 
(arrowheads) and coqjunctor cells (arrows). Bar = 40 f.Lm. 31. Longitudinal section showing filiform med
ullary filament, cellular cortex and large, centrally located intercellular spaces. Bar = 100 f.Lm. 

Kraft 2002; Schils and Coppejans, 2002). The 
procarpic and isomorphic Tsengiaceae (Saun
ders and Kraft, 2002) is monot:ypic, with Tsen
gia K. C. Fan and Y. P. Fan (1962; Maggs, 1997) 
encompassing seven species (Womersley and 
Kraft, 1994; Guiry and Nic Dhonncha, 2002). 
Tsengia lanceolata was selected in the analysis to 
represent the family. 

Nemastoma and Predaea in the Nemastoma
taceae inhabit predominantly tropical to sub
tropical waters worldwide (e.g., Huisman, 
1999). The two genera share a female repro-

ductive apparatus composed of simple, straight 
carpogonial branches that are laterally inserted 
on intercalary cells of cortical filaments. The 
carpogonial branches are never associated with 
darkly staining, protein-rich nutritive cells, and 
single connecting filaments develop directly 
from the fertilized carpogonium. Gonimo
blasts arise either directly from the auxiliary 
cell, typically an intercalary cell in a cortical 
filament, or from a portion of the connecting 
filament close to its point of contact with the 
auxiliary cell (e.g., Masuda and Guiry, 1995). 
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We contend that most species placed in Ne
mastoma (for example N. confitsu.m Kraft and 
John, 1976) may in fact be species of Predaea, 
because the original drawings by Berthold 
(1884) of the type N. dichotomu.m from the Bay 
of Naples depict auxiliary cells encompassing 
one to two swollen cells toward the ends of fil
aments; however, such rhizoidal auxiliary fila
ments were the basis for the recognition of the 
monotypic Adelophycus (as AdelojJh)'ton) Kraft, a 
genus which thus may have to be merged with 
Nemastoma. 

The distinguishing feature of Predaea is that 
small-celled nutritive filaments flanking the 
auxiliary cell are produced before fertilization 
in clusters; these are absent in Nemastoma. Spe
cies of Predaea are routinely distinguished by 
the number and shape of the nutritive cells 
(Millar and Guiry, 1989; K<Uimura, 1995), rang
ing from elaborate grapelike clusters to being 
reduced to a single cell (e.g., in P. goffiana, Bal
lantine et a!., 2002, fig. 9). Typically, the nutri
tive cells expand after an auxiliary cell has 
been contacted by a connecting filament. Ul
trastructural studies (Siotas and Wetherbee, 
1982) established that pit plugs between cells 
of the nutritive filaments break down and dis
appear at the time of gonimoblast formation, 
whereas the nuclei and cytoplasm remain in
tact (see Hommersand and Fredericq, 1990). 

In the tropical Western Atlantic, four species 
of Predaea are currently acknowledged (Wynne, 
1998): P. feldmannii B0rgesen, P. weldii Kraft 
and Abbott, P. masonii (S and G.) G. De Toni, 
and P. goffiana Ballantine, Ruiz and Aponte 
(2002). Bula Meyer (1992) reported that west
ern Atlantic records of Platoma tenu.is Hmve 
and Taylor should be referred to as Predaea ten
uis; however, Kajimura (1995) indicated that 
the combination was not properly made and 
questioned Bula Meyer's identification. On the 
basis of Kajimura's (1987, 1995), Verlaque's 
(1990), Verges eta!. (2004) and Kraft's (1984) 
monographic treatments of Predaea, and on 
the recent description of a new diminutive spe
cies of Puerto Rico, P. goffiana (Ballantine et 
a!., 2002), we refer the newly reported Gulf of 
Mexico specimens of Predaea that were collect
ed from offshore Louisiana as Predaea Jmsilla 
(Berthold) Feldn:tann, awaiting fertile Gulf of 
Mexico specimens for additional study and ex
amination of the Mediterranean species. Pho
tographs of Predaea pusilla from Corsica (Ver
laque, 1990, fig. 21) agree in all available as
pects to the Gulf vouchers in their pseudodi
chotomous habit, small height, submoniliform 
cortical cells, and regularity of filamentous 
construction. This is the first record of P. pus-

illa in the Gulf of Mexico and outside the Med
iterranean. 

Species of Nemastoma are principally distin
guished on the basis of whether the carpogo
nial branch supporting cells and auxiliary cells 
are intercalary in adventitious rhizoidal fila
ments, as in the type N. dichotomum J. Agardh 
(Berthold, 1884), or in ordinary cortical fasci
cles, as in N. canariense (Kiitzing) J. Agardh 
(B0rgesen, 1929; Athanasiadis, 1988). 

In their article on Itonoa mmginifem, Masuda 
and Guiry (1995) remark that the frequent oc
currence of lateral cells or branches on the 
carpogonial branch of Jtonoa may be charac
teristic for that genus; however, carpogonial 
branches in some species of Predaea may (e.g., 
P. goffiana Ballantine et a!., 2002, figs. 5-7; P. 
kmftiana Millar and Guiry, 1989, figs. 3, 4) or 
may not bear lateral initials on the hypogenous 
or basal cell. These laterals resemble ordinary 
vegetative cells and never stain darkly. It has 
become evident that the generic distinction 
within the Nemastomataceae is quite blurred, 
and in all likelihood, species currently placed 
in Nemastoma may just be species of Predaea 
lacking auxiliary nutritive cells. The inclusion 
of the type species, N. dichotomum, is needed to 
clarify the generic boundaries in the family. 

The Schizymeniaceae was proposed to ac
commodate Platoma Schousboe ex Schmitz 
(1894) and Schizymenia J. Agardh (1851) and 
perhaps Titanoplwra (]. Ag.) Feldmann (1942) 
(Masuda and Guiry, 1994). There are slight 
variations on a single theme in the early repro
ductive development in the type of each genus, 
i.e., Schizymenia dubyi (Ardre, 1980), Platoma cy
clocolpa (Masuda and Guiry, 1994), and Titan
ophora pikeana (Feldmann, 1942; B0rgesen, 
1949), in which the carpogonial branch is al
ways associated with protein-rich nutritive cells. 
The fertilized carpogonium typically fuses di
rectly with one of the darkly staining nutritive 
cells associated with the carpogonial branch; 
the fusion process then progresses to the other 
nutritive cells and from that fusion product 
one or more connecting filaments are cut off. 
The connecting filament grows toward and 
contacts an intercalary auxiliary cell, which 
cuts off a gonimoblast initial outward. Cortical 
cells surrounding auxiliary cells develop into 
an involucre surrounding the carposporophy
te, and the carposporangia are released 
through a gap in the cortical fascicles (e.g., Ito
no and Tsuda, 1980; Bucher and Norris, 1992; 
Masuda and Guiry, 1994; Saunders and Kraft, 
2002). 

Seven species of the calcium carbonate-en
crusted genus Titanophora have been described 
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from tropical waters (e.g., Mshigeni and Pa
penfuss, 1980; Bucher and Norris, 1992). 
Large intercalary gland cells are typical for the 
genus. Specimens of T. incrustans were collect
ed from offshore Louisiana but most were ster
ile. 

Nine species of Platoma have been described 
from tropical waters since the genus was estab
lished by Schmitz (1894) based on P. cyclocolpa 
from the Bay of Naples. Specimens belonging 
to Platoma were collected from offshore Loui
siana, but the species did not conform to any 
of the species descriptions by Norris and Buch
er (1977), Womersley and Kraft (1994), Kaji
mura (1997), Kraft and Abbott (1997), Athan
asiadis (2000), and Schils and Coppejans 
(2002). This is the first report of the genus for 
the northern Gulf of Mexico. Platoma chrysy
menioides is most closely related to P. izunosi
mense from southern Japan (Kajimura, 1997) in 
which the fertilized carpogonium does not di
vide but fuses with one or both subsidiary cells 
or a cortical cell distal to the one of the latter. 

Nutritive elaborations are thus seemingly at 
the level of the auxiliary cell in the Nemasto
mataceae and at the level of the carpogonium 
in the Schizymeniaceae; both taxa are charac
terized by septate filaments that terminate at 
an intercalary auxiliary cell or may continue to 
diploidize additional auxiliary cells. In the 
Schizymeniaceae (i.e., Titanophora, Platoma, 
Schizymenia), existing cortical cells flanking the 
auxiliary cell typically stretch and elongate sec
ondarily, weakly enveloping the carposporo
phyte developing from the generative auxiliary 
cell, a situation not occurring in the Nemas
tomataceae (i.e., Predaea, Nemastoma). 

A prominent vegetative auxiliary cell char
acterizes the monotypic Sebdeniaceae (e.g., 
Sjostedt, 1926; Hansen, 1989; Schneider and 
Wynne, 1991; Saunders and Kraft, 1996). 
There currently are about 15 species of Sebden
ia described worldwide (E. Soler-Onis, pers. 
comm.). The terete to subcylindrical, dichoto
mously branched species Sebdenia jlabellata (]. 
Agardh) Parkinson recorded from the Carib
bean and North Carolina (Schneider and Sear
les, 1991) has also been dredged from offshore 
Louisiana (collections at LAF). In addition, 
dredged specimens belonging to an uncle
scribed species of Sebdenia from offshore Lou
isiana comprised small sterile blades. "We pro
visionally name the new taxon S. integra sp. nov. 
on the basis of its entire blade but await fertile 
specimens and a critical examination of addi
tional flat, entire species worldwide for com
parison; Soler-Onis et a!. (1996) have not 
found thalli resembling the Louisiana taxon in 

the Canary Islands. The commonly reported 
"gland-like cells" reported for the genus (e.g., 
Feldmann, 1942; Balakrishnan, 1961; Norris 
and Bucher, 1977; Norris and Aken, 1985; 
Hansen, 1989) may in fact be large conjunctor 
cells cut off from lower cortical and medullary 
cells as indicated for the new Louisiana spe
cies. Sebdenia rubra Taylor ( 1945) described 
from the tropical eastern Pacific (Ecuador), 
and currently placed in synonymy with S. daw
sonii (see Hansen, 1989) from California is 
small (only 10 em tall), flattened, unbranched 
and nonproliferous, and of all the described 
species superficially most resembles the new 
Louisiana species in habit. 

The Halymeniaceae has been placed in the 
Halymeniales together with the monogeneric 
family Sebdeniaceae on the basis of molecular 
sequences of the nuclear small subunit ribo
somal RNA gene (SSU rDNA) (Saunders and 
Kraft, 1996). In our analysis, this taxonomic 
move is not supported because the Sebdeni
aceae clusters alternatively with the Halymeni
aceae or the order Rhodymeniales with no 
bootstrap support. This result needs to be tak
en with caution because of the small sample 
size available for the family. However, in the 
original article by Saunders and Kraft (1996), 
only one sequence of Sebdenia was used to de
termine the order Halymeniales. Sebdenia Bert
hold (1882) was originally placed in the Haly
meniaceae (respectively as Cryptonemiaceae 
and Grateloupiaceae) by both Berthold (1882) 
and Howe (1914); Schmitz and Hauptfleisch 
(1897) considered the genus a member of the 
Rhodymeniaceae, and Sjostedt (1926) includ
ed Sebdenia in the Nemastomataceae. Kylin 
(1932) created the family Sebcleniaceae and in
cluded it in the Gigartinales because of the po
sition of the generative auxiliary cell, which is 
intercalary in a normal cortical filament; he 
also considered the Sebcleniaceae as closely re
lated to the Nemastomataceae. The close re
lationship between the Sebdeniaceae, Crypto
nemiales, Tsengiaceae, and Nemastomatales 
corroborates phylogenetic studies inferred 
from nuclear SSU rDNA data (Saunders eta!., 
2004). In all taxa, the connecting filaments ap
pear branched, nmltinucleate, and segmented. 

The procarpic Rhodymeniales is distin
guished on the basis that the auxiliary cell is 
the terminal cell of a two-celled filament borne 
on the supporting cell of the carpogonial 
branch (e.g., Sparling, 1957). Although the 
Cryptonemiales as an order was characterized 
by Kylin ( 1956) on the basis of an accessory 
auxiliary cell, Fredericq eta!. (1993) reported 
that the initial of the auxiliary cell in a species 
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of Grateloupia (Halymeniaceae) (misidentified 
as Chondriella Levring 1941 from the Juan Fer
nandez Islands), in actuality is a normal vege
tative cell that also cuts off ampullary fila
ments. 

The female reproductive features that unite 
a monophyletic assemblage of Sebdeniaceae, 
Nemastomatales, Rhodymeniales, and Crypto
nemiales are found at the level of gonimoblast 
initiation. In all taxa, the auxiliary cell cuts off 
a single gonimoblast initial thallus outward in 
which all gonimoblasts continue dividing in a 
compact, globose cluster of cells and become 
transformed in carposporangia; there are no 
interactions nor are there fusions established 
between intercalary or terminal gonimoblast 
and vegetative cells. The carposporophyte is 
surrounded by untransformed or vegetative 
nutritive cells (Nemastomataceae), involucra! 
filaments (Schizymeniaceae), ampullary car
pogonial and auxiliary branch systems (Cryp
tonemiales), or by a cellular pericarp with an 
ostiole (Sebdeniaceae and Rhodymeniales). 
Nonampullary carpogonial branches are also 
found in Nonissia, Isabbottia, and Zymurgia, gen
era placed in the Halymeniaceae (Balakrish
nan, 1986; Lewis and Kraft, 1992). Norris 
(1989) had already proposed that the "ampul
lae," which carry the carpogonia and auxiliary 
cells in separate adventitious systems in the Ha
lymeniaceae (see Chiang, 1970) evolved from 
similar appearing structures in the "Titano
phoraceae" Norris (ined.). 

In light of the recent debates about the ap
propriateness of the name Halymeniales in
stead of Cryptonemiales, the authors agree 
with Silva (2002) and reinstate the name Cryp
tonemiales (Schmidt) Kylin (see also Silva and 
Johansen, 1986) to accommodate the Haly
meniaceae (including the Corynomorpha
ceae) and Tsengiaceae. The Corynomorpha
ceae Balakrishnan is here viewed as not de
serving of separate family rank. The phyloge
netic posltwn of the Sebdeniaceae is 
ambiguous and needs further investigation. 
However, in view of the close relationship of 
this monogeneric family to the Cryptonemi
ales-Rhodymeniales complex, the Sebdeni
aceae may prove to belong in its own order. 
This large complex of red algae could then be 
grouped in a monophyletic superasscmblage 
comprising the Cryptonemiales, Rhoclym.eni
ales, Nemastomatales, and Sebdeniaceae on 
the basis of morphological and molecular evi
dence. 
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