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Grateloupia filicina (C. Agardh) Lamouroux,
originally described from the Mediterranean Sea,
has long been considered a textbook example of a
marine red alga with a cosmopolitan distribution.
An rbcL-based molecular phylogeny, encompassing
samples covering the entire geographic distribution
of the species, revealed a plethora of ‘‘cryptic’’ spe-
cies, whereby the presence of genuine G. filicina is
limited to the Mediterranean basin. The phylogeny
revealed a strong biogeographic imprint, with spec-
imens from temperate regions resolved in clades
composed of species inhabiting the same geograph-
ic region. Presence of widely divergent morpho-
logies in the temperate clades indicated that
several lineages have converged independently to
a G. filicina-type morphology. Tropical representa-
tives are resolved in a single clade with very uni-
form G. filicina-type morphology and pairwise
sequence divergences that are lower than the aver-
age divergence observed in temperate lineages.
This, combined with a lack of clear geographic
structure among the tropical lineages, may indicate
a more recent divergence with long-range dispersal
capacities. Violations to the biogeographic signal in
temperate lineages seemed to be due to either in-
adequate taxonomy or recent introductions. Grate-
loupia minima P. & H. Crouan, a taxon placed in
synonymy under G. filicina, is reinstated as a sepa-
rate species distributed in the northeast Atlantic
Ocean. Grateloupia capensis sp. nov. is described to

accommodate specimens from South Africa with a
G. filicina-type morphology, and G. filicina var. luxu-
rians is elevated to species status. Morphological and
anatomical characters were put forward that support
the distinctiveness of these three distinct species.

Key index words: biogeography; cryptic diversity;
Grateloupia; Grateloupia filicina; Halymeniaceae;
molecular phylogeny; rbcL; systematics; taxonomy

Abbreviations: BI, Bayesian inference; ML, maxi-
mum likelihood; MP, maximum parsimony; NJ,
neighbor joining

The red algal genus Grateloupia (Halymeniaceae,
Rhodophyta) is characterized by non-procarpic thalli
in which auxiliary cells and two-celled carpogonial
branches are situated in separate accessory branch sys-
tems, termed ampullae. The auxiliary cell ampullae of
Grateloupia are simple, composed of a primary filament
and two to three unbranched secondary filaments
(Sjöstedt 1926, Kylin 1930, Chiang 1970, Kawaguchi
et al. 2004). Investigations primarily based on compar-
ative gene sequence analysis of the chloroplast-encod-
ed large subunit of the RUBISCO gene (rbcL) have
shown that other genera of the Halymeniaceae, char-
acterized by identical ampullary structures, fall within a
large Grateloupia clade, thereby strengthening the be-
lief of Chiang (1970), that the nature of the auxiliary
cell ampullae holds the key to a natural classification of
the Halymeniaceae. Consequently, Prionitis and Phylly-
menia, both characterized by Grateloupia-type auxiliary
cell ampullae, have beenmerged in Grateloupia, making
the genus by far the largest of the family (Wang et al.
2001, De Clerck et al. 2005). Vegetative characters
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such as overall habit, texture, relative presence of pro-
liferations and midribs, cortex structure, and the loca-
tion of reproductive structures are considered highly
homoplasious and therefore are said to be of limited
use at the generic level (Wang et al. 2001).

Apart from refining generic delineations, the above-
mentioned molecular studies indicated the presence of
extensive cryptic diversity in the genus. Samples ac-
credited to the same name, but from disjunct geo-
graphic areas, often belong to different genealogical
lineages. De Clerck et al. (2005) demonstrated this for
Grateloupia dichotoma from Europe and Brazil, and sev-
eral western Pacific taxa (Wang et al. 2000, Kawaguchi
et al. 2001, Faye et al. 2004), which at one stage were
placed in synonymy with G. filicina, have been rein-
stated or described de novo if necessary. The latter spe-
cies, originally described from the Gulf of Trieste,
Adriatic Sea and subsequently reported from most
cold temperate to tropical regions, is in dire need of
a critical revision. As a general trend, virtually any
Grateloupia species with a finely pinnate thallus has

been considered as G. filicina. Specimens with slightly
deviant morphologies were often described as infra-
specific taxa regardless of geographic origin, leading to
the description of several varieties and forms from
most of the world’s oceans (Table 1).

Here we report on the diversity in G. filicina ob-
served from a molecular perspective. We used molec-
ular sequence data of rbcL. Even though the analysis
includes samples from all the world’s oceans, the em-
phasis from a taxonomic point of view is placed on the
temperate Atlantic representatives. Because of the
large amount of tropical taxa reported or described
(either validly or invalidly) from the tropical regions
(Table 1), the correct identities of those taxa are dealt
with in separate publications.

MATERIALS AND METHODS

Morphological analyses. Morphological observations were
made on specimens preserved in a 5% formalin–seawater so-
lution. Whole-mount and sectioned material was stained with

TABLE 1. Validly published Grateloupia species and infraspecific taxa associated with G. filicina, with indication of their original
description, type locality, and current taxonomic status.

Name Type locality Comment

G. catenata Yendo, 1920:9 Japan Reinstated by Wang et al. (2000)
G. concatenata Kützing, 1843:397 West Indies Considered a synonym of G. filicina

by Taylor (1960)
G. filicina (Lamouroux) C. Agardh, 1822:223

Delesseria filicina Lamouroux, 1813:125 Trieste, Italy
See Silva et al. (1996) for detailed
nomenclatural notes

G. filicina f. cirrhosa B�rgesen, 1935: 54 Bombay, India
G. filicina f. horrida (Kützing) B�rgesen, 1935:53
G. horrida Kützing, 1843:397 Palermo, Naples, Italy
G. filicina f. pectinata B�rgesen, 1935:53 Bombay, India
G. filicina var. conferta Kützing, 1847:775 Java, Indonesia
G. filicina var. congesta P. Crouan & H. Crouan in
Schramm & Mazé, 1865:9

Basse-Terre, Guadeloupe

G. filicina var. cylindricaulis Solier in Castagne, 1845:233 Ile de Riou, Marseille,
Mediterranean France

G. filicina var. elongata Kützing 1847:775 Java, Indonesia
G. filicina var. filiformis (Kützing) P. Crouan & H. Crouan in Mazé & Schramm, 1878:155 Considered a separate species by

Yokoya et al. (1993)G. filiformis Kützing, 1849:731 Peru
G. filicina var. lomentaria Howe, 1924:142 East Cliff, vicinity of Pei-Tai-Ho,

China
Considered a synonym of G. catenata
by Wang et al. (2000)

G. filicina var. luxurians A. Gepp & E. S. Gepp,
1906:259

Farm Cove, Sydney, Australia

G. filicina var. porracea (Kützing) Howe, 1924:142
G. porracea Kützing, 1843:397 West Indies
G. filicina f. prolongata (J. Agardh) Tseng, 1936:42 Considered a separate species by

Yoshida and Kawaguchi (1998).G. prolongata J. Agardh, 1847:10 Pochutla, Pacific Mexico
G. filicina var. ramentacea Montagne, 1836:322 Borders of the Seine, Atlantic

France
G. filicina var. simplex Solier in Castagne, 1845:233 Cap Croisette, Marseille,

Mediterranean, France
G. fimbriata Montagne, 1846:102 Algeria Status uncertain
G. lancifera Montagne, 1856:433 Martinique Synonym of G. filicina on the authority

of J. Agardh (1876) and Taylor (1960)
G. minima P. Crouan & H. Crouan, 1867:142 Brest, Atlantic France
G. pennatula (Pöppig) Kützing, 1847:24

Sporochnus pennatula Pöppig in Sprengel, 1827:329 Cuba Synonym of G. filicina on the authority
of J. Agardh (1876) and Taylor (1960)

G. subpectinata Holmes, 1912:208 Japan Considered a synonym of G. filicina by
Okamura (1936) and Yoshida and
Kawaguchi (1998) but reinstated by
Faye et al. (2004)
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aniline blue (1% w/v, acidified with 5% 1 N HCl) and mount-
ed in Karos syrup. Photographs were taken with a BX60
photomicroscope (Olympus, Melville, NY, USA) with a DMC
Ie digital camera (Polaroid, Cambridge, MA, USA). Herbar-
ium abbreviations follow Holmgren et al. (1990).

Molecular analyses. Sample information included in the mo-
lecular phylogenetic study is listed in Table 2. The geographic
origin of the respective G. filicina specimens and allied taxa is
represented in Figure 1. The DNA was extracted from silica gel-
dried specimens or, if none was available, from herbarium ma-
terial. Voucher specimens of the samples are deposited in the
Ghent University Herbarium (GENT), the University of Louisi-
ana at Lafayette (LAF), or the University of Santiago de Com-
postela (SANT). Sequences of rbcL were obtained as outlined by
Gavio and Fredericq (2002) or De Clerck et al. (2005). Gener-
ated sequences were aligned manually in MacClade 4.0 (Mad-
dison and Maddison 2000), and 28 previously published
sequences were added to the data set. Additional sequences
were carefully selected to cover the global phylogeny of the ge-
nus, ensuring a good representation of all major clades. Because
of missing data at the 50 and 30 ends of the rbcL sequences, the
first 107 and last 102 sites of 1467-bp gene were excluded from
the analyses, leaving a total of 1259 bp.

Maximum parsimony (MP), neighbor joining (NJ), and
maximum likelihood (ML) analyses were performed using
PAUP 4.0b10 (Swofford 2002). MrBayes 3.0 (Huelsenbeck
and Ronquist 2001) was used for Bayesian inference (BI). In
MP analysis all characters and character changes were weight-
ed equally. Heuristic searches, consisting of 500 replicates of
random sequence additions, were performed with TBR and
Multrees in effect. The MP bootstrap analysis consisted of 1000
replications of full heuristic searches. Before ML analysis, a
hierarchical likelihood ratio test was performed in Modeltest
3.06 (Posada and Crandall 1998) to select the substitution
model best fitting the data set. The parameters of the select-
ed model were then fixed and used to analyze the data sets
under NJ and ML, the latter using a heuristic search with 100
replicates of random sequence additions and TBR. The ML
bootstrap analyses were not performed because of computa-
tional limitations. The optimal model selected for the rbcL data
set was a general time reversible model with gamma distribu-
tion (GTRþG). The parameters estimated were as follows:
nucleotide frequencies A50.3274; C50.1296; G50.2023;
T50.3406; gamma distribution with shape parame-
ter50.2895. Nucleotide substitution models for BI were cal-
culated using MrModeltest (Nylander 2002). Posterior
probabilities were calculated using a Metropolis-coupledMark-
ow chain Monte Carlo approach with sampling according to
the Metropolis-Hastings algorithm. The analysis used four
chains, one cold and three incrementally heated. A single
run consisted of 1 million generations that were sampled eve-
ry 100th tree. Likelihood values reached a stable value after
5000 generations. To ensure that we included only trees after
the chain had reached a stable (‘‘burn-in’’) value, we fixed the
burn-in for all analyses at 100,000 generations, which pro-
duced 9000 sampled trees and corresponding posterior prob-
ability distributions. Sequences were submitted to EMBL (see
Table 2 for accession numbers) and the alignment, including
the various trees, to TreeBASE (accession number S1243).

RESULTS

rbcL analysis. In the 1259-bp alignment, including
the four outgroup taxa (C. luxurians, H. durvillei,
H. floresia, and P. constrictus), 399 characters were var-
iable, of which 317 were parsimony informative. The
alignment contained no insertions or deletions.
Phylogenetic trees constructed with MP, ML, NJ,

and BI were similar in overall topology (see Tree-
BASE accessing number S1243). Only the ML tree is
shown in Figure 2. The MP and NJ trees revealed an
identical topology, as did the ML and BI trees. Rel-
ative differences in the placement of certain lineages
between the MP and ML are shown in Figure 3.
Those differences related to clades that received little
or no bootstrap support or posterior probabilities.
The MP analysis resulted in 108 most parsimonious
trees (1087 steps) differing only in the relative place-
ment of the various Mediterranean G. filicina isolates
and in the topology of the tropical G. filicina clade.
The MP trees differed topologically from the single
ML tree in the placement the G. doryphora–schizophylla
clade. In the ML and BI analyses, the G. doryphora–
schizophylla clade formed a monophyletic lineage sis-
ter to the northeast Atlantic G. filicina clade. The NJ
and MP analyses retained the position of the north-
east Atlantic G. filicina isolates as the sister group of
the Pacific Grateloupia clade, but G. doryphora and
G. schizophylla came out completely basal with respect
to the other Grateloupia species. The uncertainty on
the placement of G. doryphora and G. schizophylla is
reflected in the low bootstrap values in all analyses
(unresolved in both MP and NJ; 71 in BI). An addi-
tional topological difference was related to the posi-
tion of the Mediterranean G. filicina samples and the
G. catenata–G. ramosissima clade. The respective clades
in the ML analysis were resolved, without bootstrap
support, as two separate clades, sister to the remain-
ing Grateloupia species. The MP and NJ analyses
placed both clades as a monophyletic lineage, sister
to the tropical G. filicina clade. An MP bootstrap con-
sensus tree, however, showed that the position of
those respective clades should be considered as un-
resolved. Only in the NJ analysis did this topology
receive moderate support (71%–78% bootstrap sup-
port). Bayesian inference left the position of the
respective clades unresolved.

The different phylogenetic analyses were unequiv-
ocal in that G. filicina samples were placed in several
separate lineages. The Mediterranean isolates formed
a well-supported clade with minimal sequence diver-
gence (0–0.3%) that was either sister to or just basal to a
predominantly tropical G. filicina clade. In the MP and
NJ tree, the Mediterranean specimens grouped with
G. catenata and G. ramosissima, both from the western
Pacific Ocean. As discussed above, however, this group-
ing received no satisfactory support in any of the anal-
yses. A large tropical clade of specimens traditionally
named G. filicina was moderately supported in all anal-
yses and revealed variable sequence divergence be-
tween the different samples, ranging from 0.1 to 5.7.
Several clusters with nearly identical sequences could
be discerned. Sequences were identical or showed only
few differences among the Indian Ocean samples from
Madagascar and Sri Lanka, Caribbean samples from
Venezuela and the Dutch West Indies, samples from
Florida (USA), and samples from Galveston and Port
Aransas, Texas (USA) in the northwestern Gulf of
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Mexico. A single clade consisting of samples from the
Gulf Mexico as well as of a single specimen from Ha-
waii differed in the fact that the samples were derived
from highly disjunct localities. Sequence divergence
between these clusters was typically between 3% and
4% with a maximum of 5.7% (Table 3). Although the
terminal clades received very high support, the
relationships between the various predominantly
geographically defined clades remained largely
unresolved. The position of the northeast Atlantic
G. filicina specimens was unresolved but was clearly
distinct from all clades that go under the same name.
The South African isolates clustered with G. belangeri
and G. longifolia, two other species from South Africa.
Sequences of G. filicina var. luxurians were identical,
regardless of geographic origin. This variety of
G. filicina, known to be introduced in Europe, formed
the sister group of G. subpectinata from Japan and is
well embedded in an entirely western Pacific clade
consisting of G. phuquocensis and G. turuturu. Likewise,
G. filicina specimens from South Africa were well
resolved in a clade composed only of South African
species, G. longifolia and G. belangeri.

Morphological observations. The phylogeny, pre-
sented in Figure 2, called for several taxonomic
changes with respect to the names attributed to
G. filicina samples from region other than the Med-
iterranean basin. In the present study, three taxa
were dealt with from taxonomic morphological
perspective.

Grateloupia minima P. Crouan & H. Crouan
(1867, p.142)
Figures 4–6

Nomenclature: Because the northeast Atlantic spe-
cies traditionally attributed to G. filicina prove to be
only distantly related to genuine G. filicina specimens
from the Mediterranean Sea, both entities should not
go under the same name. Grateloupia minima P.
Crouan & H. Crouan is the obvious candidate for
the correct name of northeast Atlantic lineage. The
species first appeared as a nomen in a list of algae
from the Finistère region (Brittany, France) by the
Crouan brothers (1860, p. 369) and was only later

T
ab

le
2
.
(C

o
n
td
.)

S
p
ec
ie
s

L
o
ca
ti
o
n
an

d
co
ll
ec
ti
n
g
d
at
a

A
cc
es
si
o
n
n
o
.

S
o
u
rc
e

G
.

ra
m

os
is

si
m

a
O
k
am

u
ra

H
o
P
in
g
Is
la
n
d
,
K
ee
lu
n
g
,
N
o
rt
h
T
ai
w
an

A
F
4
8
8
8
1
0

G
av
io

an
d
F
re
d
er
ic
q
2
0
0
2

G
.

sc
hi

zo
ph

yl
la

K
ü
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FIG. 1. World map showing sample locations of Grateloupia
filicina and allied taxa used in this study. Different symbols de-
note dissimilar molecular signatures of the various samples as
derived from rbcL gene sequences; the numbers associated with
each symbol are from Table 2.
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G. filicina var. luxurians (Locmariaquer, France), 31
G. filicina var. luxurians (Williamstown, VIC, Australia), 29
G. filicina var. luxurians (Pontevedra, Spain), 32
G. filicina var. luxurians (Perth, WA, Australia), 30 
G. subpectinata (Japan)
G. turuturu (Roscoff, Atlantic France)
G. turuturu (Locmariaquer, Atlantic France)
G. turuturu (Japan)
G. turuturu (A Coruña, Atlantic Spain)

G. phuquocensis (Hawaii)
‘G. filicina’ (Yzerfonteyn, South Africa), 3
‘G. filicina’ (Kommetjie, South Africa), 2
‘G. filicina’ (Kommetjie, South Africa), 1

G. longifolia (South Africa)
G. belangeri (South Africa)
G. dichotoma (Atlantic Spain)

G. asiatica (China)
G. asiatica (China)

G. livida (Japan)
P. lyallii (CA, USA)
G. lanceolata (CA, USA)
P. filiformis (CA, USA)

G. schmitziana (Japan)

G. imbricata (Japan)

G. ‘filicina’ (Apúlia, Portugal), 7
G. ‘filicina’ (Forte do Cão, Portugal), 6
G. ‘filicina’ (Moledo, Portugal), 8
G. ‘filicina’ (Boulogne sur Mer, Atlantic France), 5
G. ‘filicina’ (Audresseles, Atlantic France), 4

G. doryphora (Peru)
G. schizophylla (Chile)

G. ‘filicina’ (Galveston,TX, USA), 23
G. ‘filicina’ (Port Aransas, TX, USA), 22

G. ‘filicina’ (Sebastian Inlet, FL, USA), 17
G. ‘filicina’ (Marineland, FL, USA), 16

G. ‘filicina’ (French Polynesia), 18
G. filiformis (Brazil)

G. ‘filicina’ (Hawaii), 19
G. ‘filicina’ (Sand Key, FL, USA), 21
G. ‘filicina’ (Tabasco, Mexico), 20

G. ‘filicina’ (Madagascar), 28
G. ‘filicina’ (Sri Lanka), 26

G. ‘filicina’ (Dutch West Indies), 25
G. ‘filicina’ (Venezuela), 27
G. ‘filicina’ (Papua New Guinea), 24

G. ‘dichotoma’ (Brazil)
G. filicina (Livorno, Italy), 15

G. filicina (Quercianella, Italy), 13
G. filicina (QuercianellaItaly), 14
G. filicina (Cala Aguafreida, Spain), 10
G. filicina (Roques Planes, Spain), 11
G. filicina (Ponteleria, Italy), 12
G. filicina (Banyuls, France), 9

G. catenata (Japan)
G. ramosissima (Taiwan)

Polyopes constrictus (South Africa)
Halymenia floresia (Mediterranean Spain)

Halymenia durvillei (Sri Lanka)
Cryptonemia luxurians (Brazil)

0.01 substitutions/site

FIG. 2. ML tree with a –log likelihood of 7430.39308 calculated using the GTRþG model of evolution. Bootstrap support based on
MP shown above the nodes; bootstrap support resulting from NJ and posterior probabilities resulting from BI are shown below the
nodes; nodes receiving maximum support in all three analyses are indicated by an asterisk.
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(Crouan and Crouan 1867) formally described based
on material collected from Saint-Marc in the bay of
Lannion, Brittany (Fig. 4A). More recently, G. minima
was relegated to a variety status of G. filicina by Cab-
ioch and Giraud (1982). The new combination, how-
ever, was technically invalid, failing to meet the
provisions of ICBN Article 33.3 (Greuter et al.
2000). More commonly, G. minima has been consider-
ed a synonym rather than a variety of G. filicina
(Irvine and Farnham 1983, Hardy and Guiry 2003,
Guiry and Nic Dhonncha 2004).

Selected specimens examined: France: Nord-Pas de
Calais, Audresselles, Pointe du Nid de Corbet (E.
Coppejans, ix.1980, GENTHEC 4829); Audresselles,
Pointe du Nid de Corbet (O. De Clerck & F. Leliaert,
14.ix.2003, GENT ODC 980); Boulogne, Digue Nord
(E. Coppejans, 1.xi.1977, GENT HEC 3445); Wime-
reux, Fort de Croix (E. Coppejans, 16.ix.1982, GENT
HEC 5150). Brittany, Roscoff (J. Cabioch, .ix.1992,
UNC s.n.); Brittany, Roscoff (J. Cabioch & E. Coppe-
jans, 15.vii.2004, GENT HEC 15295). Ireland: Clare
Island, County Mayo (M. Guiry, 22.vi.1990, UNC
#047). Portugal: Caminha, Moledo (R. Araújo,
30.ix.2003, GENT ODC 984). Esposende, Apúlia (R.
Araújo, 28.ix.2003, GENT ODC 983); Praia de Ânco-
ra, Forte do Cão (R. Araújo, 27.ix.2003, GENT ODC
982). Spain: A Coruña, Playa de Gandario, Bergondo
(I. Bárbara, 21.vi.2001, SANT-Algae 13429); A Co-
ruña, Ensena de Lourido, Sada (I. Bárbara, 7.ii.2004,
SANT-Algae 15060-15062); A Coruña, Cabo Prioriño
Chico, Ferrol, Rı́a de Ferrol (J. Cremades, 16.iv.1991,
SANT-Algae 13029); A Coruña: Esteiro, Rı́a de Muros
e Noia (I. Bárbara, 8.v.2001, SANT-Algae 13416); As-
turias: Playa del Bozo (I. Bárbara, 8.viii.1998, SANT-
algae 13256); Lugo, Puerto de Nois (I. Bárbara,

27.vi.1995, SANT-Algae 13726); Lugo, Playa de To-
xido, Rı́a de Vivero, (I. Bárbara & P. Dı́az, 10.ix.2002,
SANT-Algae 13971); Lugo, Punta del Castro, Rı́a del
Barquero, O Vicedo (I. Bárbara, 10.ix.1998, SANT-
Algae 13445); Pontevedra, Santa Tegra, A Guarda
(I. Bárbara & J. Cremades, 10.iv.1997, SANT-Algae
9253).

Distribution and ecology: Widely distributed in the
northeast Atlantic Ocean from Portugal to southern
England and extending into northern Wales and the
Irish coast (Irvine and Farnham 1983, Hardy and
Guiry 2003). The southern border of the distribution
range is at present less well-defined. Grateloupia
filicina was reported from Morocco (Dangeard
1949, Gayral 1958) as well as from most of the West
African coast (Lawson and John 1987), but the ab-
sence of material suitable for molecular analyses pre-
cludes a more precise statement on the taxonomic
affinities of these specimens. The southernmost spec-
imens included in this study, attributable to G. mini-
ma, are from northern Portugal.

The species is most frequently encountered on bed-
rock or smaller stones and pebbles from upper inter-
tidal to lower intertidal pools but may well extend in
the subtidal to –12m. The hildenbrandioide life strat-
egymakes the thalli resistant to periodic sand covering.
At least in the northern part of its distribution range
the species shows a marked seasonality, with the crust-
ose phase overwintering in winter and young erect
axes being formed from January until May onward
(Irvine and Farnham 1983, personal observations).

Habit: The thallus is composed of a dark blackish
crust from which several erect axes, up to 2–4 (–10)
cm high, arise. Specimens from the northern part
of the distribution range (Great Britain and the

G. filicina NE Atlantic

G. doryphora

G. filicina Med. Sea

G. catenata

MP

G. filicina NE Atlantic

G.doryphora

G. filicina Med. Sea

G. catenata

ML

FIG. 3. One of 108 MP trees (1087 steps) versus the ML tree, indicating the differences in respective the topologies.
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Channel) only rarely attain a height of more than
6–7 cm, with most axes from a single population usu-
ally not exceeding 4 cm in height (Fig. 4, B–D). Some
growth forms, even though fully reproductive, con-
sist of an extensive crust with sparse erect axes not
higher than 1 cm.The axes are terete to compressed.
Even in compressed thalli, the apical and proximal
parts are terete to subterete. Compressed axes meas-
ure 0.8–1 (1.5) mm wide and 200–300 mm thick.
Erect thalli may be either simple or two to four times
dichotomously branched (Fig. 4G). Spindle-shaped
marginal proliferations or pinnules are absent in
young or weakly developed thalli but are usually
present when the plants mature (Fig. 4H). Prolifer-
ations develop from the margins of the thallus and
measure 200 mm in diameter and 0.4 to 3mm long.
The thallus apices are often bifurcate to antler-like

(Fig. 4, E and F). The thallus has a firm texture and is
blackish purple in color or greenish translucent when
fading.

Vegetative structure: Each crust (Fig. 5A) consists of
straight densely packed filaments up to 15 cells long
(Fig. 5B). The individual cells are isodiametric and
no larger than 5 mm in diameter. The erect axes are
composed of multiple axial filaments, with each axial
cell cutting off a single periaxial cell outwardly im-
mediately below the apex (Fig. 5C). The periaxial
cells and their derivatives divide further to form fas-
cicles of cortical cells. The primary cortical filament is
up to nine cells long. Secondary and higher order
filaments are formed in an abaxial position from eve-
ry consecutive cell by means of longitudinal concavo-
convex divisions followed by transverse division.
Axial and inner cortical cells become directly pit

FIG. 4. Type and external morphology of Grateloupia minima P. Crouan & H. Crouan. (A) The holotype of G. minima consisting of the
extensive crustose base and some separated erect axes. Scale bar, 1 cm. (B, C) Typical growth forms of G. minima composed of pre-
dominantly dichotomously branched axes and lateral pinnules (B5SANT–Algae 13416; C5ODC 980). Scale bar, 1 cm. (D) Habit of a
large specimen from the southern part of the distribution range (SANT–Algae 13726). Scale bar, 1 cm. (E) Detail of a bifurcating apex.
Scale bar, 0.5mm. (F) Detail of an antler-like apex. Scale bar, 1mm. (G) Detail of a dichotomously branched axis with pinnules
developing from the margins. Scale bar, 0.5mm. (H) Typical fusiform lateral pinnules. Scale bar, 0.5mm.
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connected with neighboring cells, resulting in typical
x-shaped cells characterized by four (five to six) pit
connections (Fig. 5, F–H). Secondary pit connections
are formed by small conjunctor cells that fuse with
neighboring cells (Fig. 5I). Intercalary cell divisions
are absent throughout. Instead, cells elongate con-
siderably in a longitudinal periclinal direction. The
pattern of medulla development seems quite fixed,
resulting in a rather regular network of inner med-
ullary cells composed of highly stretched x-shaped
medullary cells. Thin multicellular rhizoidal fila-
ments, running predominantly parallel to the long
axis of the thallus, are formed from medullary as well
as from inner cortical cells. Rhizoidal filaments have
the capacity to branch and become secondarily pit con-
nected to other rhizoidal cells or cells lining the inner
cavity of the thallus (Fig. 5F). The central thallus cavity
remains nearly completely free of filaments in the me-
dian thallus parts (Fig. 5D). Distinctive stellate cells, de-
rived from axial and inner cortical cells due to the
extensive formation of secondary pit connections, are
infrequent. Toward the base of the thallus, outer cor-

tical filaments undergo several transverse divisions,
resulting in straight anticlinal filaments of small isodi-
ametric cells up to six to seven cells long. The central
cavity becomes dense by filaments but does not become
entirely filled by them (Fig. 5E).

Reproductive structures: Thalli are dioecious. In fe-
male thalli, carpogonial branches and auxiliary cells
are formed in separate, narrow, flask-shaped ampul-
lae, located in the inner cortex (Fig. 6B). Inner cor-
tical cells cut off toward the thallus surface a single
cell that divides to form a primary ampullary fila-
ment. Carpogonial ampullae are characterized by a
primary filament, six to eight cells long. Typically, the
first cell bears an unbranched secondary filament up
to five to six cells long. An additional secondary fil-
ament may develop from the cell adjacent to the sup-
porting cell, but more frequently only a single
secondary filament is produced. The supporting
cell, typically the third cell of the primary filament,
bears a two-celled carpogonial branch directed to-
ward the thallus surface. The hypogynous cell cuts off
a short secondary filament, three to four cells long.

FIG. 5. Vegetative anatomy of Grateloupia minima P. Crouan & H. Crouan. (A) Detail of basal portion of a thallus with a prostrate crust
from which several erect axes arise. Scale bar, 1mm. (B) Transverse section of crustose base showing straight, anticlinal filaments com-
posed of small isodiametric cells. Scale bar, 40mm. (C) Longitudinal section of apical region with axial filaments cutting off cortical
fascicles towards the periphery. Scale bar, 10mm. (D) Transverse section of compressed axis in the median thallus part. Scale bar, 40mm.
(E) Transverse section of axis just above the base. Scale bar, 40mm. (F) Detail of cortex in transverse section. Scale bar, 40mm.
(G) Longitudinal section of cortex at thallus height corresponding to F. Scale bar, 40mm. (H) Paradermal section of pinnule revealing
inner cortical cells becoming pit connected to adjacent cells. Scale bar, 40mm. (I) Detail of inner cortical cells forming small conjunctor
cells. Scale bar, 10mm.
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FIG. 6. Reproductive anatomy of Grateloupia minima P. Crouan & H. Crouan. (A) Transverse section through axis of female plant
showing three mature cystocarps. Scale bar, 300 mm. (B) Lateral view of mature auxiliary ampulla with the distinctly elongated auxiliary
cell at the base of the ampulla. Scale bar, 20mm. (C) A young stage in the formation of an ampulla revealing a basal cell cut off from an
inner cortical cell, which bears two branches of equal length. Scale bar, 5mm. (D) A later stage of an auxiliary cell ampulla, with the
auxiliary cell (arrow) being the basal cell of a secondary ampullary filament developed from the fourth cell of the primary ampullary
filament. Scale bar, 5 mm. (E) Detail of a fertilized carpogonium which has fused with the hypogynous cell; two connecting filaments
(arrows) emerge from the fusion product. Scale bar, 5mm. (F) Detail of a diploidized and still undivided auxiliary cell with an incoming
(black arrow) and outgoing (white arrow) connecting filament; cells of the ampullary filaments have begun to divide (arrow heads);
derivatives of ampullary cells form bead-like filaments. Scale bar, 5mm. (G) Development of young gonimoblasts, with the auxiliary cell
(arrow) bearing a two-celled gonimoblast filament. Scale bar, 5 mm. (H) Transverse section of a maturing carposporophyte subtended by
an auxiliary cell that has fused with adjacent cells of the ampullary filament. Scale bar, 20mm. (I) Transverse section of a male plant
showing elongated outer cortical cells cutting of spermatia. Scale bar, 5 mm. (J) Surface view of cruciately divided tetrasporangia inter-
spersed among outer cortical cells. Scale bar, 100mm. (K) Detail of inner cortical cells cutting off tetrasporangial parent cells by means of a
pronounced concavoconvex division. Scale bar, 5 mm. (L) Lateral view of mature tetrasporangial parent cell before meiotic division. Scale
bar, 5mm.
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The carpogonium is rather small and conical and
bears a long trichogyne that reaches the surface.
Auxiliary cell ampullae (Fig. 6B) resemble the carp-
ogonial ampullae but are generally more robust. Be-
cause of the elusive nature of the early stages of
ampullary development, the exact sequence of cell
formation could not be fully determined. In all cases,
however, an ampullary initial is cut off adventitiously
from an inner cortical cell, which develops into a
primary filament.

A secondary filament is formed from the first cell, as
shown in Figure 6C. The primary ampullary filament
may be 15 cells long, with one to four secondary fila-
ments arising from the first to the fifth cell. Secondary
filaments are 7–10 cells long and generally un-
branched. Occasionally, however, filaments may
branch once or twice. The auxiliary cell is usually the
first cell of a secondary filament issuing from the third
or fourth cell of the primary filament (Fig. 6D). Upon
fertilization the carpogonium fuses with the hypo-
gynous cell, and two robust, unbranched, and tube-
like connecting filaments are produced from the carp-
ogonial fusion cell (Fig. 6E). Direct fusion of a portion
of the incoming connecting filament with an auxiliary
cell results in the marked elongation of the latter that
will then cut off a single gonimoblast initial that goes on
dividing toward the thallus surface (Fig. 6, F and G).
Upon diploidization of the auxiliary cell by this incom-
ing connecting filament, the connecting filament con-
tinues its course as an outgoing filament that is pit
connected at the base of the auxiliary cell. Several go-
nimolobe initials are produced from the gonimoblast
initial by concave divisions. Cells of the ampullary fil-
aments undergo periclinal divisions even before the
gonimoblast initial is cut off, but no globular masses of
cells are formed (Fig. 6F). Instead, the ampullary fila-
ments and derivatives transform into bead-like fila-
ments loosely enveloping the developing gonimoblasts.
Inner cortical cells in the vicinity of the developing go-
nimoblasts cut off numerous multicellular inwardly
growing filaments (Fig. 6H). Mature gonimoblasts,
250 mm in diameter (Fig. 6A), consist of a compact
mass of angular carpospores, 10–25 mm each. Carpo-
spores are released through an ostiole.

Male plants are characterized by small inconspicu-
ous spermatangial sori. Cortical cells bearing spermatia
are usually elongate and cut off one or two teardrop-
shaped spermatia, 2–3mm wide and 4–5 mm long, by
oblique divisions (Fig. 6I). Tetrasporangia are scattered
over the entire thallus, except in the basal parts. They
are interspersed among outer cortical cells (Fig. 6J).
Tetrasporangial initials are cut off laterally from inner
cortical cells by means of a pronounced concavoconvex
division (Fig. 6, K and L). Tetrasporangial parent cells
enlarge considerably in a longitudinal direction and
reach their full size before undergoing a meiotic
division (Fig. 6L). This coincides with a pronounced
elongation of the adjacent cortical cells. Mature tetra-
sporangia are cruciately divided, measuring
18–25 � 40–45mm.

Grateloupia capensis De Clerck sp. nov.
Figures 7 and 8

Axes erecti usque ad 20 (–30 cm) alti, pinnatim usque ad
irregulariter ramose, ramificatio praecipue in partes proxi-
males thalli, axes terminales elongati non ramose; axes co-
mplanati linearesque, 6–15 (–25) mm lati, 200–500mm
crassi, gradatim angustati versus apicem simplicem; prolife-
rationes marginales abundantes, leviter usque ad non con-
stricta prope basim, 700–1000mm diam., 5–10 (–30) mm
longae; proliferationes superficiales abundantes in partes me-
dianas thalli; cortex initio 5–6 cellularum crassus, spissescens
usque ad 12 strata crassa in partes medianas thalli; cellulae
corticales externae elongatae, 2–3mm latae usque ad 10mm
longae; cavitas interna plenans filamentis intertextis cellulis
stellatis in partibus medianis thalli. Gametophyti dioecii, pro-
ducentes structuras reproductivas super thallum omnino,
praeter partem basalem; ampullae carpogoniales compositae
fili primarii et 2–3 filorum secundorum et fili carpogonialis
bicellularis; ampullae auxiliaries filo primario 2–4 et 3–4 filis
secundis, cellula auxiliaris valde ovalis ubi matura; gonimo-
blasti maturi usque ad 150mm diam. involuti involucro ma-
gnopere oriundo cellulis corticalibus internis. Spermatia non
visa. Tetrasporangia dispersa pagina thalli omnino praeter
partem basalem, elongata, cruciatim divisa, 13–18mm lata,
35–40mm longa.

Upright axes of a rather firm texture, to 20 (–30) cm
high, pinnately to irregularly branched, with branch-
ing concentrated in the proximal parts of the thallus,
and with long unbranched terminal axes; axes com-
planate and linear, 6–15 (–25) mm wide and 200–
500mm thick, tapering gradually toward a simple
apex; marginal proliferations abundant, slightly to un-
constricted at the base, 700–1000 mm in diameter, and
to 5–10 (–30) mm long; surface proliferations abundant
in the median parts of the thallus; cortex initially 5–6
cells thick, becoming up to 12 cell layers thick in the
median and basal thallus parts; outer cortical cells elon-
gate, 2–3mm wide and to 10mm long; the inner cavity
becoming gradually filled with intertwining filaments
and stellate cells in the median thallus parts. Game-
tophytes dioecious, producing reproductive structures
over the entire thallus, except in the basal portion;
carpogonial ampullae composed of a primary filament
and 2–3 secondary filaments, and a two-celled carp-
ogonial branch; auxiliary cell ampullae with a primary
filament and 3–4 secondary filaments, the auxiliary cell
markedly oval when mature; mature gonimoblasts to
150mm in diameter, enveloped by an involucrum large-
ly derived from inner cortical cells. Spermatia not ob-
served. Tetrasporangia scattered over the entire thallus
surface except in the basal portion, elongate, cruciately
divided, 13–18mm wide and 35–40mm long.

Holotype: South Africa, Western Cape Province,
Kommetjie (O. De Clerck, 1.vi.2003, GENT ODC
924) ; isotypes in BOL and LAF.

Additional specimens examined: South Africa, West-
ern Cape Province: Cape of Good Hope (E. Coppe-
jans, 7.xi.1995, GENT HEC 10860); False Bay,
Buffels Bay (F. Leliaert, 24.i.1997, GENT FL 110);
False Bay, Glencairn (O. De Clerck, 3.v.2000, GENT
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FIG. 7. Habit and vegetative morphology of Grateloupia capensis sp. nov. (A) Holotype of G. capensis from Kommetjie, South Africa
(GENT ODC 924). Scale bar, 2 cm. (B) Detail of axis in distal thallus part showing base of lateral pinnules. Scale bar, 5mm. (C) Detail of
basal thallus part with subterete axes gradually expanding into flattened axes. Scale bar, 5mm. (D) Surface view of axis in median thallus
part with abundant proliferations arising from thallus surface. Scale bar, 5mm. (E) Longitudinal section of pinnule apex showing the
irregular pattern of inner cortical and medullary cells. Scale bar, 25mm. (F) Detail of inner cortical cells near apex with each of the cells
forming multiple secondary pit connections resulting in a stellate appearance. Scale bar, 25mm. (G) Longitudinal section of cortex
showing gradual transition between highly elongated inner cortical cells and small isodiametric outer cortical cells. Scale bar, 25mm. (H)
Transverse section of cortex at same height as G. Scale bar, 25mm. (I) Transverse section of axis near base of thallus revealing an inner
cavity completely filled with rhizoidal filaments. Scale bar, 100mm. (J) Detail of cortical cell layers composed of anticlinal rows of filaments
in the proximal thallus parts in transverse section. Scale bar, 25mm.
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ODC 863); False Bay, St. James (F. Leliaert,
4.xii.1996, GENT FL 97); Kommetjie (E. Coppejans,
x.1971, GENT HEC 1582), (F. Leliaert, 16.xi.1996,
GENT FL 12); Paternoster (E. Coppejans, x.1971,
GENT HEC 1583); Pringle Bay (F. Leliaert,
17.xi.1996, GENT FL 69); Yzerfontein (O. De
Clerck, 24.xi.1999, GENT ODC 829), (O. De Clerck,
9.xi.1999, ODC 847).

Distribution and ecology: Known from the Western
Cape Province as far north as Namibia (Rull Lluch
2002) and extending eastward at least as far as Port
Alfred (Stegenga et al. 1997). Grateloupia capensis is a
common to abundant species, predominantly found
in shallow mid to high intertidal pools.

Habit: The thallus, reaching a height of 20 and
occasionally even 30 cm, is of a rather firm texture,
yellowish-green in color, and is attached by a discoid
holdfast from which several erect axes arise (Fig. 7A).
The axes are complanate and linear, 6–15 (–25) mm
wide and 200–500 mm thick, except near the basal
parts and the pinnules where the axes are terete to
subterete (Fig. 7, B and D). The thallus is initially
pinnately branched, but this pattern becomes ob-
scured in older plants when they become five to sev-
en times irregularly dichotomously branched, with
the branching concentrated in the proximal thallus
parts and with relatively long terminal axes (up to
12 cm). Axes taper gradually toward a simple apex.
Marginal proliferations are abundant and uncon-
stricted to slightly constricted near the base, 700–
1000 mm in diameter and to 5–10 (–30) mm long (Fig.
7B). The lateral pinnules remain usually unbranched
and do not produce second-order proliferations.
Surface proliferations are usually abundant and
mainly concentrated in the median parts of the
thallus (Fig. 7D).

Vegetative structure: The thallus is composed of
multiple axial filaments, with each axial cell cutting
off a single periaxial cell toward the outside of the
thallus immediately below the apex (Fig. 7E). Peri-
axial cells and their derivatives divide further to form
fascicles of cortical cells that are easily observed in
longitudinal sections of the cortex (Fig. 7G). The pri-
mary cortical filaments are up to 12 cells long. Sec-
ondary and higher order filaments are formed in an
abaxial position from every consecutive cell by means
of longitudinal concavoconvex divisions. The axial
and inner cortical cells become directly pit connected
with neighboring cells in a highly irregular manner,
with each cell bearing as much as five to six (to eight)
pit connections. The inner cortex is therefore highly
irregular, with abundant stellate cells (Fig. 7, E and
F). Intercalary divisions are absent throughout. Thin
multicellular rhizoidal filaments, running predomi-
nantly parallel to the long axis of the thallus, are
formed from the inner cortical cells (Fig. 7H). Inner
filaments have the capacity to branch and become
secondarily pit connected to other rhizoidal cells or to
cells lining the inner cavity of the thallus. The central
thallus cavity remains relatively free of filaments in

the upper thallus parts only. In the median and prox-
imal thallus parts, the central cavity becomes increas-
ingly filled with rhizoidal filaments imbedded in a
thick matrix (Fig. 7I). Toward the base of the thallus,
outer cortical filaments undergo several transverse
divisions, resulting in anticlinal filaments of small iso-
diametric cells up to six to eight cells long (Fig. 7,
I and J).

Reproductive structures: Thalli are dioecious. Fe-
male gametophytes are characterized by carpogonial
branches and auxiliary cells formed in separate, nar-
row, flask-shaped ampullae, positioned in the inner
cortex (Fig. 8, B and C). Carpogonial ampullae are
characterized by primary filaments six to eight cells
long. Typically, the first and the second cell bear an
unbranched secondary filament up to five to nine
cells long (Fig. 8B). An additional secondary filament
may develop from the cell adjacent to the supporting
cell, but more frequently only a single secondary fil-
ament is produced. The supporting cell, the third cell
of the primary filament, bears a two-celled carpo-
gonial branch directed toward the thallus surface.
The hypogynous cell may cut off a short secondary
filament, three to four cells long, but in some instanc-
es such a filament was not observed. The carpo-
gonium is rather small and conical and bears a
long trichogyne that reaches the surface. Auxiliary
cell ampullae are in principle identical to the carpo-
gonial ampullae but are generally more robust (Fig.
8, C and D). The primary ampullary filament may be
up to 13 cells long, with one to four secondary fila-
ments arising from the first to the fifth cell. Second-
ary filaments are six to nine cells long and normally
unbranched. The auxiliary cell is usually the first cell
of a secondary filament, cut off from the third or
fourth cell of the primary filament. Postfertilization
stages were not observed. Fusion of a connecting fil-
ament with an auxiliary cell results in a marked elon-
gation of the latter that will then cut off a single
gonimoblast initial toward the thallus surface (Fig. 8,
E and F). Cells of the ampullary filaments undergo
periclinal divisions even before the gonimoblast ini-
tial is cut off, but no globular masses of cells are
formed. Instead, the ampullary filaments transform
into bead-like structures, loosely enveloping the de-
veloping gonimoblasts (Fig. 8F). Inner cortical and
medullary cells in the vicinity of the developing go-
nimoblasts cut off numerous multicellular inwardly
growing filaments, which will connect by means of
secondary pit connections to the derivatives of the
ampullary filaments (Fig. 8H). Mature gonimoblasts,
90–150 mm in diameter (Fig. 8G), consist of a compact
mass of angular carpospores, 10–25 mm each. Carpo-
spores are released through an ostiole. Male plants
were not observed.

Tetrasporangia are scattered over the entire thallus
surface, except in the basal parts. The tetrasporangial
parent cells are cut off laterally from inner cortical
cells and expand outwardly (Fig. 8I). When reaching
their definite size, the parent cells undergo a meiotic
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division, resulting in a cruciately divided tetra-
sporangium, measuring 13–18 � 35–40 mm. The cor-
tical filaments giving rise to the tetrasporangia are
typically more elongate than ordinary vegetative
filaments.

Grateloupia luxurians (A. Gepp & E. S. Gepp)
De Clerk & Gavio
Figure 9

Basionym: Grateloupia filicina var. luxurians A. Gepp
& E. S. Gepp, Journal of Botany 44:259.

Holotype: Farm Cove, Sydney, New South Wales,
Australia (A. H. S. Lucas, vii.1901, Lucas nr. 6 in BM
530322) (Fig. 9A).

Selected specimens examined: England, Hampshire,
Haling Island, Longshore Harbour (R. Fletcher,
28.iii.2002, LAF B081). Isle of Wight, Bembridge
(E. Coppejans, 9.iv.1977, GENT HEC 2900) (Fig. 9B).

Distribution and ecology: Grateloupia luxurians was
originally described from Sydney harbor and is known
to extend in Australia fromCottesloe, Western Australia

FIG. 8. Reproductive morphology of Grateloupia capensis sp. nov. (A) Transverse section of a fertile axis, showing numerous mature
cystocarps, deeply imbedded in the thallus. Scale bar, 100 mm. (B) Lateral view of carpogonial ampulla with the primary ampullary
filament (numbered cells) bearing secondary filaments (arrowheads) on the first and second cell, and the two-celled carpogonial branch
(hy, hypogenous cell; cp, carpogonium) on the third cell. Scale bar, 5 mm. (C, D) Lateral views of auxiliary cell ampullae with elongated
auxiliary cells positioned at the base of the ampullae. Scale bar, 10mm. (E) Stage in gonimoblast development showing connecting
filaments, auxiliary cell bearing single gonimoblast initial and the first gonimolobe initial. Scale bar, 10mm. (F) Auxiliary cell fused with
neighboring cells and gonimoblast initial bearing additional gonimolobe initials. Scale bar, 10mm. (G) Detail of mature cystocarp showing
compact mass of carpospores surrounded by an involucrum primarily derived from medullary cells. Scale bar, 50mm. (H) Detail of
secondary pit connection establishment between ampullary cell derivatives with neighboring cortical and medullary cells (arrow heads).
Scale bar, 10mm. (I) Detail of cortex bearing cruciately divided tetrasporangia; tetrasporangial initials cut off by concavoconvex division
from cortical cells three to four cell layers below surface (arrow head). Scale bar, 20mm.
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to Wybury Head in Queensland (Womersley and Lewis
1994). It was first reported from Europe by Farnham
and Irvine (1968), who recorded the alga from the
Portsmouth area, England. More recently the species
was reported from Spain (Casares Pascual and Seoane
Camba 1988, López Rodrı́guez et al. 1991) and Brit-
tany (Cabioch et al. 1997). According to Verlaque
(2001), the species is also introduced in the Thau La-
goon in Mediterranean France, a region renown for its
introduced species. For the morphology and anatomy,
we refer to detailed treatments of the species (Table 4)
by Irvine and Farnham (1983), Womersley and Lewis
(1994), and Cabioch et al. (1997).

DISCUSSION

Grateloupia, with at present over 50 species recog-
nized, is by far the most species-rich genus of the red

algal family Halymeniaceae (Kraft 1977, Gavio and
Fredericq 2002, Guiry and Nic Dhonncha 2004). Spe-
cies boundaries, based on morphological discontinui-
ties, the typological species concept, have been
considered problematic because of substantial intra-
specific or even within-individual variation in gross
morphology (Ardré and Gayral 1961, Irvine and Farn-
ham 1983, Cabioch et al. 1997). The generitype G.
filicina (Lamouroux) C. Agardh, characterized by a
finely pinnate morphology, was originally described
from Trieste in the Adriatic Sea but has been reported
from nearly all tropical to cold-temperate regions,
making it one of the most widespread species of red
algae. Even though the (semi)cosmopolitan nature of
most red algae is seriously questioned (Kain and Nor-
ton 1990), G. filicina was until recently still regarded as
a prime candidate for a potentially cosmopolitan spe-
cies (Kraft 1992, Saunders and Kraft 1996). The recent
description of G. asiatica and the reinstatement of
G. catenata and G. subpectinata, all from the western
Pacific Ocean (Wang et al. 2000, Kawaguchi et al.
2001, Faye et al. 2004), questioned the cosmopolitan
nature of the species. The rbcL-based phylogeny pre-
sented in this study, including specimens covering the
entire distribution range, demonstrates that the vari-
ous geographically disjunct populations hitherto at-
tributed to G. filicina do not constitute a single
monophyletic lineage. The phylogeny confirms the in-
itial results by Kawaguchi et al. (2001), where the west-
ern Pacific species, G. asiatica, is only distantly related
to the Mediterranean G. filicina despite remarkable
morphological similarity. Inclusion of additional
G. filicina specimens from temperate and tropical regions
spanning the entire geographic range reveals that
cryptic diversity is much more prevalent than previ-
ously anticipated. So far, specimens attributable to
G. filicina have only been collected in the Mediterranean
Sea based on comparative sequence data. All other
specimens were resolved in different genealogical
lineages. Several recent studies dealing with Rho-
dophyta or marine diversity in general have highlight-
ed that in relatively simple organisms, characterized by
a limited number of reliable diagnostic characters, the
true diversity is likely to be underestimated using a
classical morphological–anatomical approach (Knowl-
ton 2000, Wattier and Maggs 2001, Zuccarello and
West 2002, Zuccarello et al. 2002, Ciniglia et al. 2004).
The phenomenon whereby independent evolutionary
lineages are attributed to the same taxonomic species,
coined the ‘‘low-morphology problem’’ by van Oppen
et al. as early as 1996, is more than likely a widespread
trend in algae, thereby rendering formal descriptive
taxonomy more difficult (van der Strate et al. 2002).

As in other notoriously difficult red algal genera,
careful morphological and anatomical observation in
Grateloupia has resulted in characters that prove to be
diagnostic for the various genealogical lineages (Wang
et al. 2000, Kawaguchi et al. 2001, Gavio 2002, Faye
et al. 2004, Mateo-Cid et al. 2005, this study). Inter-
estingly, those characters predominantly relate either

FIG. 9. Type and habit of Grateloupia luxurians. (A) Holotype
of G. luxurians from Farm Cove, Sydney, Australia (BM530322).
Scale bar, 2 cm.(B) Habit of a typical specimen collected in
Bembridge, Isle of Wight (HEC 2900). Scale bar, 2 cm.
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to general habit, external morphology, or vegetative
anatomy. Reproductive structures appear remarkably
homogenous within Grateloupia, despite an enormous
variety in growth forms ranging from delicately foliose
(e.g. G. acuminata Holmes), over foliose and leathery
(G. lanceolata (Okamura) S. Kawaguchi), to stiff and di-
varicate (most species formerly in the genus Prionitis),
to extremely rigid and nearly woody (Prionitis nodifera
Hering). Consistent with earlier observations (Sjöstedt
1926, Kylin 1930, Balakrishnan 1954, 1961, Chiang
1970), the morphology of the ampullary structures in
Grateloupia is very simple, consisting of a primary fila-
ment and two to four unbranched secondary filaments,
forming narrow flask-shaped ampullae. The only di-
agnostic reproductive character observed by Kawagu-
chi et al. (2001) to differentiate G. asiatica from
G. filicina is the shape of the mature auxiliary cell
(i.e. oval or markedly elongate). It remains to be
determined, however, if such a difference represents
a stable character and not different developmental
phases before the diploidization of the auxiliary cell.
Postfertilization stages seem to be uniform as well, with
the fertilized carpogonium producing several connec-
tive filaments that will fuse with nearby auxiliary cells.
Each connective filament continues the process of dip-
loidization to other auxiliary cells, resulting in the pro-
duction of single gonimoblast initials cut off toward the
thallus surface. Earlier authors (Kylin 1930, Ba-
lakrishnan 1961) have denied the presence of a fusion
cell between the carpogonium and the hypogynous
cell. More recently, however, the existence of a fusion
cell has been demonstrated convincingly in several
taxa of the Halymeniaceae (Chiang 1970, Kraft 1977,
Kawaguchi 1989, Kawaguchi et al. 2001,this study),
thereby confirming the initial observations of Kawa-
bata (1955).

The species discussed here can be identified based
on a combination of characters relating to external
morphology, vegetative morphology, and anatomy
(Table 4). The growth pattern is essentially in agree-
ment with the observations by Kylin (1930, Fig. 9, A–D)
for G. filicina, based on material collected in the Med-
iterranean Sea, whereby the cells of several axial fila-
ments cut off a single initial each, developing in a
cortical fascicle toward the periphery of the thallus.
The primary cortical filament produces higher order
filaments by means of longitudinal concavoconvex di-
visions from every consecutive cell. Axial and inner
cortical cells become directly pit connected by small
conjuctor cells that fuse with neighboring cells. The
extent to which secondary pit connections are formed,
however, differs substantially between different spe-
cies. In G. minima, usually no more than two secondary
pit connections are formed, resulting in typically
x-shaped cells and a very regular construction of the
inner cortex because secondary pit connections are
restricted to neighboring cells. Inner cortical cells of
G. capensis produce multiple secondary pit connections,
not restricted to cells in each other’s immediate vicinity,
resulting in a highly irregular inner cortex, which con-

tains numerous stellate cells even in the subapical parts
of the thallus. Similarly to G. minima, the inner cortex
in G. filicina is highly regular near the apices, and the
initial structure of the inner cortex is likewise decisive
for the loosely constructed medulla in the median
thallus parts (personal observation). The tendency to
form secondary pit connections is believed to govern
the extent to which the central cavity of the filaments
becomes filled with medullary and rhizoidal filaments
or retains a more lax construction. Further observa-
tions on species with widely varying morphologies
(e.g. Prionitis-type, foliose-type, and filicina-type) should
clarify if the patterns observed are congruent with the
relationships based on the molecular phylogeny.

Biogeography. A strong geographic imprint can be
detected in the phylogeny, with most temperate rep-
resentatives of G. filicina resolved in clades consisting
entirely of species from the same geographic area.
Isolates from South Africa form a well-supported clade
with G. longifolia and G. belangeri, two species from
South Africa. Likewise, G. asiatica, G. subpectinata, and
G. catenata, all of them until recently regarded as
G. filicina, are related to different clades consisting of
western Pacific species. Grateloupia luxurians, originally
described from Sydney, Australia, also conforms to this
pattern if one accepts that the specimens from the At-
lantic coasts of Europe represent an introduction that
dates back at least to the first half of the 20th century
(Farnham and Irvine 1968, Irvine and Farnham 1983,
Casares Pascual and Seoane Camba 1988, López
Rodrı́guez et al. 1991, Cabioch et al. 1997). The oth-
er example where a strong biogeographic signal seems
to be lacking is in the Japanese G. turuturu known to be
introduced and invasive in most of the Atlantic Ocean
(Farnham and Irvine 1973, Villalard-Bohnsack and
Harlin 1997, 2001, Maggs and Stegenga 1999, Gavio
and Fredericq 2002, Araújo et al. 2003).

Specimens collected in tropical regions of all major
oceans show a different pattern. They do form a single
monophyletic clade, indicating they have evolved from
a common ancestor. Contrary to the temperate repre-
sentatives, a clear geographic structure is lacking, with
specimens from the individual clades present in the
Caribbean Sea in several cases being sister to speci-
mens from either the Pacific Ocean or Indian Ocean.
This lack of geographic structure coincides with signif-
icantly lower molecular divergence values of rbcL. Val-
ues of interspecific divergence in the genus Grateloupia
usually vary from 5% to 10%, with the odd divergence
as low as 1.5% or 2.8% (Wang et al. 2001, Gavio and
Fredericq 2002, Mateo-Cid et al. 2005). The tropical
Grateloupia representatives show a distinctly lower di-
vergence than their temperate counterparts, with val-
ues generally not exceeding 5% (Fig. 10). It is possible
that temperate and tropical lineages evolve at different
rates. The lack of geographic structure and the mor-
phological uniformity, however, are more indicative of
a more recent divergence combined with good disper-
sal capacities. Taxon sampling at this stage is too lim-
ited to fully appreciate the distribution of the various
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tropical lineages. A sample from Hawaii, for example,
is shown to have a nearly identical sequence to speci-
mens from the southern Gulf of Mexico. A recent
cryptic introduction could explain this observation. Al-
ternatively, the species could have been dispersed nat-
urally to the Hawaiian Archipelago before the closure
of the Isthmus of Panama, only 3.1 Ma B.P. (Coates and
Oblando 1996). The fact that records of G. filicina in
Hawaii date back to at least 1880 (Abbott 1999) makes a
recent introduction less likely. However, without more
extensive sampling and data from herbarium samples,
it is impossible to prove either scenario. At least in
Florida (USA) several lineages coexist, indicating that
sympatric distribution patterns as observed in Bostry-
chia (Zuccarello et al. 2002) are possible. Additional in-
depth morphological and molecular studies of Grate-
loupia taxa are called for to resolve and reconstruct the
biogeographic histories of the genus worldwide.
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