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Abstract. The study of the herbarium of the Domaine du Rayol has resulted in the
determination of 30 taxa: 8 green algae (Ulvophyceae), 14 red algae (Rhodophyta)
and 8 brown algae (Phaeophyceae). With the exception of Ericaria amentacea and
E. crinita, all of them are first reported from Rayol-Canadel-sur-Mer. Laurenciella cf.
marilzae is reported for the first time in France, although already collected from
Marseilles and Corsica (unpublished data). Acrosymphyton purpuriferum, already
known from the Port-Cros Archipelago, is reported for the first time from the mainland
PCNP (Port-Cros National Park) area. Two invasive species, Caulerpa cylindracea
and Acrothamnion preissii, although new to the locality, but widely distributed
throughout the PCNP area, have undoubtedly been present there for two decades.
Keywords: Acrosymphyton purpuriferum, Acrothamnion preissii, Caulerpa
cylindracea, Domaine du Rayol, Laurenciella cf. marilzae, macroalgae, Port-
Cros National Park.

Résumé. Nouvelles signalisations de macroalgues marines au Rayol-Canadel-
sur-Mer, dans I’Aire maritime adjacente du Parc national de Port-Cros
(Provence, France). L'étude de I'herbier du Domaine du Rayol a permis de
déterminer 30 taxons : 8 Ulvophyceae, 14 Florideophyceae et 8 Phaeophyceae. A
I'exception d’Ericaria amentacea et d’E. crinita, tous sont nouveaux pour Rayol-
Canadel-sur-Mer. Laurenciella cf. marilzae est nouvelle pour la France, bien que déja
observée a Marseille et en Corse (données inédites). Acrosymphyton purpuriferum,
connu de I'archipel de Port-Cros, est nouveau pour la partie continentale du Parc
national de Port-Cros (PNPC). Deux espéces invasives, Caulerpa cylindracea et
Acrothamnion preissii, bien que nouvelles pour la localité, mais largement répandues
dans le PNPC, y sont sans doute présentes depuis deux décades.

Mots-clés : Acrosymphyton purpuriferum, Acrothamnion preissii, Caulerpa
cylindracea, Domaine du Rayol, Laurenciella cf. marilzae, macroalgues, Parc
national de Port-Cros.

Introduction

The Port-Cros National Park (PCNP) (eastern Provence,
France, Mediterranean Sea) is made up of the core areas of Port-
Cros Archipelago and Porquerolles Island (land area and a marine
belt 600 m wide), the Adhesion Area (a part of the land area of the

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).
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5 municipalities which have joined the PCNP)', and a vast Adjacent
Marine Area (AMA), from La Garde to Ramatuelle, extending
seawards to the edge of the continental shelf (118 600 ha). Whether
or not a municipality has joined the park, the marine area located off
its coastline does belong to the AMA of the PCNP (Fig. 1). The AMA
extends over 63 km as the crow flies, from west to east.
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Figure 1. A. Map of the Optimal Adhesion Area (OAA) of the Port-Cros National Park,
with the Municipality of Rayol-Canadel-sur-Mer (outside the Adhesion Area). B. Map
of the Domaine du Rayol and of the Domaine du Rayol Marine Protected Area (PNPC,
2024).

Algae (and macroalgae — multicellular algae) are a customary
polyphyletic ensemble, not a taxon. Some of them (green algae)
belong to Viridiplantae (kingdom Archaeplastida), others, red algae,
belong to Rhodobionta (kingdom Archaeplastida), and finally brown
algae belong to the kingdom Stramenopila (Boudouresque, 2015;
Boudouresque et al., 2015; Boudouresque et al., 2021).

" Adhesion has been proposed to 11 municipalities (the Optimal Adhesion Area —
OAA).
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Knowledge on the marine macroflora (macroalgae and
seagrasses) of core areas and the AMA of the PCNP was
summarized by Boudouresque et al. (2022). The number of reported
macrophyte taxa amounts to 502: 73 green algae, 316 red algae, 104
brown algae and 9 seagrasses (Magnoliophyta) and other taxa. The
number of reported taxa per site is highly heterogeneous throughout
the PCNP area, ranging from 2 (La Garde) to 441 (Port-Cros
Archipelago); as expected, it is correlated with the number of studies
per site, 4 and 94 respectively (Boudouresque et al. (2022).

Rayol-Canadel-sur-Mer is one of the least studied and least
known sites of the PCNP, with 4 studies and only 3 records: the
seagrass Posidonia oceanica (Astier and Tailliez, 1984; Andromede
Oceanologie, 2014) and the brown algae Ericaria amentacea
(Thibaut et al., 2014) and E. crinita (Blanfuné et al., 2016).

Here, we studied the herbarium of marine algae of the Domaine
du Rayol, whose specimen vouchers were often unidentified and
whose determination required confirmation or correction, in order to
complete the inventory of macroalgae in Rayol-Canadel-sur-Mer.
The Domaine du Rayol has belonged to the Conservatoire du
Littoral? since 1989, and manages a 14-ha Marine Protected Area
(MPA) (Fig. 1).

Material and methods

The studied specimens were collected between 2022 and 2024
offshore of the Domaine du Rayol by snorkelling, from sea level down
to 5 m.

The collection was not carried out according to a precise
sampling plan, nor with a particular objective, but in an opportunistic
manner, in order to improve the knowledge of the Domaine du Rayol
MPA (Fig. 1). Large, easily distinguishable species were favoured.

The preparation of the herbarium vouchers was carried out
immediately after collection, without prior preservation in alcohol or
formalin, which will allow the possible subsequent use of DNA
sequencing.

2 The Conservatoire de l'espace littoral et des rivages lacustres is a French public
organisation founded in 1975 to ensure the protection of outstanding natural areas on
the coast, lake shores and stretches of water. The creation of the Conservatoire du
Littoral (as it is commonly referred to) was inspired by the British National Trust, though
the National Trust is a private charity, whereas the Conservatoire du Littoral is
government funded.
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Results and discussion

A total of 41 voucher specimens were identified, belonging to
30 taxa: 8 green algae (Ulvophyceae, Viridiplantae, kingdom
14 red algae (Florideophyceae, Rhodophyta,

Archaeplastida),

kingdom Archaeplastida) and 8 brown algae (Phaeophyceae,

kingdom Stramenopila) (Table 1).

Table 1. Macroalgal species present in the Domaine du Rayol herbarium. For species
authority, see Guiry and Guiry (2024). Collectors: Jeremy Tritz (JT), Paulin Pascal

(PP) and Sarah Muttoni (SM).

Name

Habitat

Date of
collection

Collectors

Voucher
number

ULVOPHYCEAE

(VIRIDIPLANTAE)

Acetabularia
acetabulum

1.5 m, well-lit reef
slab (Pointe du
Figuier)

23/06/2022

JT, PP

25062022-10

Caulerpa cylindracea

5 m, photophilous
reef (west of
Pointe du Figuier)

03/07/2022

JT

03072022-2

Cladophora cf.
dalmatica

Midlittoral zone
(west of Pointe du
Figuier)

24/06/2022

JT, PP

24062022-1

Codium bursa

1 m, reef (west of
Pointe du Figuier)

03/07/2022

JT

03072022-14

Codium vermilaria

4 m, reef (west of
Pointe du Figuier)

03/07/2022

PP

03072022-10

1 m, reef edge
(west of Pointe du
Figuier)

03/07/2022

JT

03072022-6

Dasycladus
vermicularis

1 m, sandy reef,
photophilous (west
of Pointe du
Figuier)

23/06/2022

JT, PP

23062022-11

Flabellia petiolata

0.5 m, semi-
sciaphilic reef
(west of Pointe du
Figuier)

23/06/2022

JT, PP

23062022-7

Halimeda tuna

0.5m,
photophilous reef
(west of Pointe du
Figuier)

23/06/2022

JT, PP

23062022-8

FLORIDEOPHYCEAE

(RHODOPHYTA)

Acrosymphyton
purpuriferum

Drifting specimen,
close to the beach
(west of Pointe du
Figuier)

23/06/2022

SM

23062022-12

2 m, sloping reef
(west of Pointe du
Figuier)

23/06/2022

JT, PP,
SM

23062022-13

Acrothamnion preissii

2 m, under a
shaded overhang

03/07/2022

JT

03072022-12

Chondria
mediterranea (syn. C.
boryana)

Midlittoral zone
(west of Pointe du
Figuier)

24/06/2022

JT, PP

24062022-3

Digenea simplex

4 m, at the foot of
a rock (in front of
Le Rayolet, east of
Pointe du Figier)

08/07/2022

JT

08072022-6

Ellisolandia elongata

0.5 m, sciaphilous
reef (east of Pointe
du Figuier)

10/09/2022

JT

10092022-1
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Name

Habitat

Date of
collection

Collectors

Voucher
number

Halopithys incurva

Near sea level,
sheltered and well-
lit area (east of
Pointe du Figuier)

27/10/2022

JT

27102022-3

1 m, under
exposed
conditions (Pointe
du Figuier)

03/07/2022

JT

03072022-3

Laurenciella cf.
marilzae

1 m, flat reef
exposed to waves,
photophilous (east
of Pointe du
Figuier)

22/06/2022

JT, PP

22062022-9

Nemalion lubricum

Midlittoral, very
exposed, Pointe
du Figuier

19/02/2024

JT

19022024-4

Peyssonnelia bornetii

4 m, photophilous
reef (west of
Pointe du Figuier)

03/07/2022

PP

03072022-11

Peyssonnelia
squamaria

1 m, photophilous
reef (west of
Pointe du Figuier)

03/07/2022

JT

03072022-8

Phyllophora crispa

4 m, under a
shaded overhang
(east of Pointe du
Figuier)

03/07/2022

PP

03072022-9

Rissoella verruculosa

Midlittoral, Pointe
du Figuier

18/02/2024

JT

18022024-1

Spyridia filamentosa

Near sea level,
sheltered and well-
lit reef (east of
Pointe du Figuier)

27/10/2022

PP

27102022-10

Trichleocarpa fragilis

4 m, vertical reef
facing east (east of
Pointe du Figuier)

08/07/2022

PP

08072022-7

PHAEOPHYCEAE

(STRAMENOPILA)

Cladostephus hirsutus

2 m, horizontal
reef (east of Pointe
du Figuier)

08/07/2022

JT

08072022-5

Cystoseira compressa

2 m (Pointe du
Figuier)

27/10/2022

JT

27102022-5

1 m (west of
Pointe du Figuier)

27/10/2022

JT

27102022-9

1 m, photophilous
reef slab (Pointe
du Figuier)

08/07/2022

JT

08072022-4

Pool, sea level,
Pointe du Figuier

19/02/2024

JT

19022024-3

Dictyota  dichotoma
var. dichotoma

1 m, shaded
overhang (Pointe
du Figuier)

03/07/2022

JT

03072022-5

Dictyota  dichotoma
var. intricata

1 m, well-lit reef
(east of Pointe du
Figuier)

27/06/2023

JT

27062023-1

1.5 m, well-lit reef
(west of Pointe du
Figuier)

08/07/2022

JT

08072022-1

Ericaria amentacea

Sea level exposed
reef (Pointe du
Figuier)

24/06/2022

JT, PP

24062022-2
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Name Habitat Date of Collectors Voucher
collection number

Sea level exposed 27/10/2022 | JT 27102022-8
reef (Pointe du
Figuier)

Ericaria crinita Sea level exposed 27/10/2022 | JT 27102022-2
reef (Pointe du
Figuier)

Halopteris filicina 2 m, reef edge 03/07/2022 PP 03072022-13
(located outside
the Domaine du
Rayol)

2 m, under an 08/07/2022 | JT 08072022-8
overhanging reef,
(Le Rayolet, east
of Pointe du
Figuier)

Halopteris scoparia 2 m, under an 08/07/2022 JT, PP 08072022-9
overhanging reef
(Le Rayolet, east
of Pointe du
Figuier)

1.5m, 27/06/2023 | JT 27062023-2
photophilous reef
(east of Pointe du
Figuier)

3 m, under an 08/07/2022 | JT, PP 08072022-2
overhanging reef
(Pointe du Figuier)

The whole of these taxa have already been reported from the
PCNP area (Boudouresque et al., 2022), with the exception of
Laurenciella cf. marilzae (see below). However only two of them have
previously been reported from Rayol-Canadel-sur-Mer, namely
Ericaria amentacea and E. crinita (Thibaut et al., 2014; Blanfuné et
al., 2016).

Several of these species are regarded as species of warm
affinity, the abundance of which is expected to increase with the
current global warming: Dasycladus vermicularis, Acrothamnion
preissii, Digenea simplex, Spyridia filamentosa, Halopithys incurva
and Trichleocarpa fragilis.

Most of these taxa are common in the PCNP area, with the
exception of Acrosymphyton purpuriferum (Fig. 2, 3). The latter has
been reported only from the Port-Cros Archipelago by Boudouresque
(1973), Belsher et al. (1976), Coppejans (1977) and Le Gall and
Rousseau (2009). This is its first report for the mainland PCNP area.
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Figure 2. Acrosymphyton purpuriferum (pink tuft, near the centre of the photo).
Specimen 23062022-13 (Table 1), 2 m depth, west of Pointe du Figuier. On the right,
the Posidonia oceanica seagrass meadow. Photo © Sarah Muttoni, courtesy of the
author.

The red alga Laurenciella cf. marilzae, is new not only for the
PCNP area, but also to France. The species has been described by
Gil-Rodriguez et al. (2009), as Laurencia marilzae, from the Canary
Islands. The species was also reported from the Azores and Brazil,
and as L. dendroides and L. majuscula, from Sicily, Apulia, Aeolian
Islands and Lampedusa Island (ltaly), the Principality of Monaco,
Croatia, Zakynthos and Karpathos islands (Greece) (Machin-
Sanchez et al., 2014; Rousseau et al., 2017; review in Serio et al.,
2020). Our specimens from Rayol-Canadel-sur-Mer (Table 1, Fig. 4-
5), referred to as L. cf. marilzae, correspond well to the descriptions
of Gil-Rodriguez et al. (2009), Serio et al. (2020) and Metti et al.
(2024), e.g. orange in colour, terete and soft in texture,
tetrasporangial thalli erect and taller than 2 cm, deciduous branchlets
absent, epidermal cells with pit-connections, epidermal cells without
a palisade-like arrangement and markedly projecting in apical to
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subapical portions of the axes. Unfortunately, the corps en cerise,
the presence, abundance and localization of which are diagnostic,
are poorly preserved in our specimens, although they seem to be
definitely present. In addition to the study specimens, L. marilzae was
recorded in the Gulf of Aiacciu (Ajaccio, Corsica) and at Sormiou
(Marseilles, western Provence) at 0.5 m depth in May-June 2016 by
one of the authors (Line Le Gall and Marc Verlaque, unpublished
data).

Figure 3.
Acrosymphyton
purpuriferum.
Specimen
23062022-12.
Herbarium of the
Domaine du
Rayol.

Two species are non-indigenous and invasive: Caulerpa
cylindracea and Acrothamnion preissii. The first one, C. cylindracea,
native to southern Australia (Verlaque et al., 2003), was first reported
from the Mediterranean in Tunisia in 1985 (Zenetos et al., 2017). The
vector of introduction is unknown. It is now very common throughout
the Mediterranean (Verlaque et al, 2004; Piazzi et al., 2005;
Verlaque et al., 2015; van der Loos et al., 2023), and in particular in
the PCNP area since the 2000s (Boudouresque et al., 2022). We can
assume that the species has been present in Rayol-Canadel-sur-Mer
since the 2000s, as elsewhere in the PNPC area. The second
species, A. preissii, is native to the Pacific Ocean. In the
Mediterranean, it was first reported from Leghorn (Livorno, Tuscany,
Italy) and it is assumed that the vector of introduction was the fouling
on ship hulls (Cinelli and Sartoni, 1969). It has become very invasive
in Tuscany, covering up to 60% of the substrate between the sea
surface and 40 m depth (Cinelli et al., 1984). The species contains
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very toxic brominated compounds, located in specialized, shiny
gland cells called ‘bromuques’, and is strongly avoided by herbivores
such as the sea urchin Paracentrotus lividus, which gives it an
advantage in its competition with native species (Tomas et al., 2011).
From Tuscany, A. preissii has invaded much of the western
Mediterranean. In the PCNP area, it was first recorded in Ramatuelle
(Thélin, 1984); subsequently, it had been reported from Giens
Peninsula, Cavalaire-sur-Mer, Port-Cros Archipelago and Le Levant
Island (Klein et al., 2005; Ourgaud, 2010; Klein and Verlaque, 2011).
Unlike Tuscany, a strong negative ecological impact of A. preissii has
not been reported in the PCNP area.

Figure 4. Laurenciella cf. marilzae, in the centre and top right. Scattered and
especially bottom right: Acetabularia acetabulum. Photo © Sarah Mutoni.

The brown alga Ericaria crinita seems to have always been
abundant in the PCNP area, both in the past (Jahandiez, 1914;
Molinier et al., 1959) and today (Blanfuné et al., 2016). However, in
some regions, it has experienced a severe decline. It is regionally
extinct in French Catalonia (Occitania), near-extinct in Languedoc
(Occitania) and Western Provence, and functionally extinct in French
Riviera (Thibaut et al., 2005, 2015; Blanfuné et al, 2016). It is
therefore important to verify that the status of E. crinita in the PCNP
area (Eastern Provence) remains healthy, which seems to be
confirmed by its recent observation in Rayol-Canadel-sur-Mer
(Table 1).
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Figure 5. Specimens of Laurenciella cf. marilzae from Rayol-Canadel-sur-Mer
(Tabl. 1).
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Conclusion

Presenting 30 taxa of macroalgae, including 28 taxa previously
unreported from a site of the AMA of the PCNP, Rayol-Canadel-sur-
Mer, may seem futile. Most of these taxa are common in the region,
and their presence there was highly probable, although Laurenciella
cf. marilzae is reported for the first time in France.

Yet, at a time when global change, including global warming,
biological invasions and other human impact, is causing significant
and rapid changes in flora, fauna and ecosystems, each taxon record
represents a valuable benchmark that helps us measure and
understand these changes. In addition, the specimens are preserved
in a herbarium, that of the Domaine du Rayol. Herbaria constitute
tools of inestimable value: the data is long-term and even very long-
term; it is possible to return to the specimen, to correct or update its
determination; it is possible to sequence the DNA of the specimen.
Overall, far from being a naive, post-modern approach, herbaria
constitute one of the most modern and effective tools in the service
of science (e.g. Funk, 2007; Liao, 2013; Bataan et al., 2021).
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