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Ruitton S., Thibault D., Thibaut T. & Verlague M. 2024. — Records of Lophocladia trichoclados (C.Agardh) F.Schmitz
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ABSTRACT

The Mediterranean Sea is worldwide the area most affected by introduced species. The Suez Canal
(Lessepsian species) and shellfish aquaculture are the main routes for introduction, in addition to ship-
ping (fouling, clinging and ballast waters). Two non-indigenous Lophocladia (Montagne) ESchmitz
species have been recorded from the Mediterranean Sea: the Red Sea and Indian Ocean L. lallemandii
(Montagne) ESchmitz and the western tropical Atlantic Ocean L. trichoclados (C.Agardh) ESchmitz.
On the basis of molecular data, Golo ez a/. (2023, 2024) concluded that the species which invaded the
Mediterranean only belongs to the western Adlantic L. #richoclados. Until the mid-2010s, the north of
the western basin was the only Mediterranean area not invaded by this species. In the present paper,
we report for the first time the presence of L. trichoclados from this region in Provence and Corsica.
Interestingly, L. trichoclados does not occur and bear reproductive organs in spring but in autumn
and winter, although it is a species of tropical affinity.
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RESUME

Signalements de Lophocladia trichoclados (C.Agardh) FESchmitz (Rhodophyta), une espéce non-indigéne,
en Provence et en Corse.

La Méditerranée est la région la plus affectée, dans le monde, par les invasions biologiques. Le
canal de Suez (espéces dites ‘lessepsiennes’) et la conchyliculture constituent les principaux vecteurs
d’introduction, en plus de la navigation (espéces transportées sur la coque des bateaux et eaux de
ballast). Deux especes non-indigenes du genre Lophocladia (Montagne) ESchmitz ont été signalées
en Mediterranée: I'espéce de mer Rouge et de 'océan Indien L. lallemandii (Montagne) E.Schmitz,
et l'espéce de I'Atlantique tropical occidental L. #richoclados (C.Agardh) ESchmitz. Sur la base de
données moléculaires, Golo et al. (2023, 2024) ont conclu que l'espéce invasive en Méditerranée
correspond a I'espéce de 'Atlantique occidental, L. trichoclados. Jusqu'au milieu des années 2010, le
nord du bassin occidental constituait la seule région méditerranéenne non envahie par cette espece.
Nos observations en Provence et en Corse comblent cette lacune. Curieusement, la prolifération et
la reproduction de L. trichoclados, une espéce d’affinité tropicale, ne s'observent pas au printemps,

signalements nouveaux. mais en automne et en hiver.

The Mediterranean Sea is the area most impacted world-
wide by introduced species (Schaffelke ez 2/. 2006; Lejeusne
et al. 2010). A thousand or so non-indigenous species
(NIS) have been reported, with more than 600 of them
definitely introduced, i.e., self-reproducing in their new
quarters (Zenetos et al. 2010; Galil ez al. 2018). The two
major routes for introduction are the Suez Canal (in the
eastern basin), which allows warm water species from the
Red Sea and the Indian Ocean to enter the eastern basin of
the Mediterranean (the so-called Lessepsian species), and
the shellfish aquaculture industry, mainly of the Japanese
oyster Magallana gigas (Thunberg, 1793), through spat
import, in the western basin, which has allowed cold affin-
ity species from the north-eastern Pacific (mainly Japan and
Korea) to colonize the Mediterranean. In addition, shipping
(fouling and clinging on ship hulls and ballast water) is an
important vector throughout the Mediterranean (Por 1978;
Boudouresque 1999; Verlaque 2001; Boudouresque &
Verlaque 2002a; Verlaque ez al. 2007; Boudouresque
et al. 2011, 2016; Verlaque ez al. 2015; Galil ez al. 2018).

The red alga Lophocladia lallemandii (Montagne) ESchmitz
(Ceramiales, Rhodomelaceae) is native to the Red Sea
(where the type specimen comes from) and the Indian
Ocean (Montagne er al. 1849; Einav er al. 2021). It was
assumed to have entered the Mediterranean Sea via the
Suez Canal, thus being referred to as a Lessepsian species
(Por 1978) and was first recorded in 1908 in Greece and
Libya (Petersen 1918). It was then observed in Algeria
(Feldmann & Feldmann 1938) and subsequently steadily
spread to the whole of the eastern and south-western Medi-
terranean Sea (Boudouresque & Verlaque 2002b; Cebrian &
Ballesteros 2007, 2010a; Occhipinti-Ambrogi ez al. 2011;
Bedini ez al. 2014; Kersting et al. 2014; Verlaque et al. 2015;
El Zrelli et al. 2021; Tiberti ez al. 2021).

Another species of Lophocladia, L. trichoclados (C.Agardh)
ESchmitz, was originally described as Griffithsia trichoclados
C. Agardh from “India Occidentali”, i.e., the western tropical
Adantic Ocean (Agardh 1828). It is also present in Macaronesia,
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western Africa and in the Mediterranean Sea, where it is con-
sidered as having been introduced (Golo ez al. 2023, 2024).
In Corsica, the species has been tentatively reported from
Calancone (Punta Ciuttone, near Galeria, western Corsica)
by Boudouresque & Verlaque (1976) and Boudouresque &
Perret (1977). The morphological difference with L. lalleman-
dii is slight: in L. trichoclados, the daughter axes would be
of endogenous origin and born next to a trichoblast, which
would not be the case in L. lallemandii.

On the basis of molecular data, Golo ez 2/ (2023, 2024)
concluded that the species of Lophocladia which invaded
the Mediterranean was not the Red Sea and Indian Ocean
L. lallemandii, but the western Atlantic L. trichoclados.
Phylogenetic reconstruction based on rbcL sequences
(> 600 number of bases) from specimens from the western
Atlantic Ocean, Macaronesia (eastern Atlantic) and the whole
of the Mediterranean Sea (Menorca, Cabrera, Catalonia,
western ltaly, Croatia and Israel) were included in a well-
supported clade (> 99.7% of similitude) (Golo ez al. 2023).

Until the mid-2010s, the north of the western basin was the
only uninvaded Mediterranean area (Verlaque ez al. 2015).
In December 2021, a small population of L. #richoclados
(as L. lallemandii) was recorded at La Gabiniére Islet, Port-
Cros National Park (eastern Provence, France), between
3 and 8 m depth, dwelling in a photophilous rocky reef
(Boudouresque ez /. 2022) (Fig. 1). For the authors, the ques-
tion arose: “Is the occurrence transients, with the population
unlikely to survive the winter, or does it indicate permanent
establishment?”.

The answer to the above question is now known. The
abundance of L. trichoclados actually decreased considerably
in May 2022, following low winter temperatures. But the
species was not only still present, on November 27th, 2022,
but had an extended area (La Gabiniére Islet, east, west and
north) and an extended depth range, between at least 7 and
20 m depth. It formed a dense and seemingly monospecific
turf carpeting rocky reefs (Fig. 2). The collected specimens
(H8358 — Marseille University Herbarium — HCOM)

CRYPTOGAMIE, ALGOLOGIE + 2024 - 45 (8)
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Port-Cros

Mediterranean Sea Ajaccio

Fic. 1. — New records of Lophocladia trichoclados (C.Agardh) F.Schmitz, in the northwestern Mediterranean Sea.

Fig. 2. — Lophocladia trichoclados (C.Agardh) F.Schmitz carpeting a rocky reef, 7 m depth, west side of La Gabiniére Islet, Port-Cros National Park, eastern
Provence, on November 27th, 2022. Photo: © Claude Lefebvre.

CRYPTOGAMIE, ALGOLOGIE + 2024 - 45 (8)
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Fic. 3. — Portion of the axis of Lophocladia trichoclados (C.Agardh) F.Schmitz showing, on the bottom right side, the insertion of a twisted stichidium on the
basal cell of a coloured trichoblast. From specimen H8344 (Marseille University Herbarium — HCOM). La Gabiniére Islet, 6 m depth (December 15th, 2021). Photo:
© Marc Verlaque in Boudouresque et al. (2022), as L. lallemandii (Montagne) F.Schmitz. Scale bar : 200 pm.

presented all the distinguishing characteristics of the taxon,
as listed by Feldmann & Feldmann (1938), Rodriguez-
Prieto et al. (2013), Verlaque ez al. (2015) and Golo et 4l.
(2024): 1) monopodial growth; 2) the branching exogenous,
with branches replacing a trichoblast (replacing a trichoblast,
or not: this character could be non-discriminant); 3) the
axes with four pericentral cells; 4) the axial cell narrow in
transverse section; 5) the segments short; 6) the trichoblasts
coloured and persistent; and the tetrasporangial stichidia
inserted on the basal cell of the trichoblast, slightly spirally
twisted and with one tetrasporangium per segment (Fig. 3).
Only the specimens dwelling at 9 m depth, on the west
side of La Gabiniére Islet, bore tetrasporangial stichidia.

In addition to La Gabiniére site (eastern Provence),
L. trichoclados was also recorded by Karine Lerissel from the
Gulf of Aiacciu (Ajaccio) (I Scuglietti, 41°55°5”N, 8°45°43”E)
in western Corsica, on November 6th, 2021. It was dwelling
between 5 and 10 m depth, in a photophilous rocky reef
habitat (specimens H8345 and H8346 — Marseille University
Herbarium — HCOM) (Fig. 4).
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The maritime traffic, such as yachting, between already
invaded Mediterranean areas (e.g. Tuscany, Sardinia and
Balearic Islands), together with the current increase of sea
surface temperature in the Mediterranean Sea, probably
facilitated the spread of L. #richoclados, a thermophilic spe-
cies, towards Provence and Corsica. However, according to
Golo et al. (2023), the main limiting factor for the survival of
L. trichoclados is the winter lower temperature (below 12°C):
the species requires mild winters.

Lophocladia trichoclados is strongly defended against her-
bivorous species by toxic chemicals, namely the alkaloid
lophocladine (Gross ez al. 2006; Tomas ez al. 2011a, b). Her-
bivores, such as the sea urchin Paracentrotus lividus (Lamarck,
1816), strongly avoid grazing on it (Cebrian ez al. 2011;
Tomas et 2/. 2011a). It invaded and became dominant in
Fucales forests in Tuscany (Bedini ez 4/ 2011, 2014), taking
advantage of its greater invasiveness in highly structured and
biodiverse algal assemblages (Cebrian & Ballesteros 2010b;
Cebrian et al. 2018) (as L. lallemandii). In the Posidonia
oceanica (Linnaeus) Delile seagrass meadow at Formentera

CRYPTOGAMIE, ALGOLOGIE + 2024 - 45 (8)
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FiG. 4. — Lophocladia trichoclados (C.Agardh) F.Schmitz (as L. lallemandii (Montagne) F.Schmitz)). Specimen H8345 (Marseille University Herbarium — HCOM).
Collected in the Gulf of Aiacciu (Ajaccio) by Karine Lerissel on November 6th, 2021. We have chosen not to modify the original label of the voucher. Scale bar : 1 cm.

(Balearic Islands), the mat of L. trichoclados (as L. lallemandii)
can become so thick and dense that new P oceanica leaves
are entrapped within the mat, display chlorosis and some-
times die, together with the shoots they are attached
to (Ballesteros et al. 2007). Lophocladia trichoclados (as
L. lallemandii) is also a stress factor for the giant pen shell
Pinna nobilis Linnaeus, 1758 (Box et 2/ 2008, 2009) and
P oceanica (Sureda et al. 2008). Lophocladia lallemandii is,
however, a photophilic species that prefers shallow environ-
ments, decreasing its abundance in deep waters and showing
almost no impact in deep water assemblages (Cebrian &
Ballesteros 2007; Kersting ez al. 2014).

Golo et al. (2023) predicted, on the basis of an ecologi-
cal distribution model, that L. #richoclados should occur in
Provence, French Riviera and Corsica. Our records fully
confirm the outputs of their model.

CRYPTOGAMIE, ALGOLOGIE + 2024 - 45 (8)

Interestingly, the bloom of L. trichoclados does not
occur in spring but in autumn and winter. As stressed by
Mayoub (1976), in spring and summer, the alga is only
present as a low stratum of vegetative filaments, difficult to
recognise as they bear neither tetrasporangial stichidia nor
sexual organs. In Algeria, Feldmann & Feldmann (1938) col-
lected the species, with stichidia, in October and November.
In Sicily (Italy), stichidia were present in winter (Decem-
ber through February) (Cormaci ez /. 1984; Cormaci &
Motta 1985). In Formentera (Balearic Islands), coverage
and biomass were very low or even nil in spring, while they
represented up to over 25% of the total biomass in autumn
(Cebrian & Ballesteros 2007, 2010a). Our results fully con-
firm this unexpected behaviour, for a species with obvious
warm affinity, namely blooming and reproducing during
the coldest season.
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