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Abstract: The Egadi Islands Marine Protected Area (MPA)
(west of Sicily) is one of the largest MPAs in the Mediterra-
nean Sea. Nevertheless, studies of benthic macroalgae in this
MPA are few and quite outdated. The latest study, performed
about 20 years ago, documented the disappearance of cold
affinity species (mainly Cystoseira s.1. and Sargassum spe-
cies) in favour of warm affinity ones. In this study, we con-
ducted a visual census activity through snorkelling and
scuba dives on the island of Marettimo, and we found a total
of 17 Fucales: four belonging to Cystoseira, eight to Ericaria,
two to Gongolaria, and three to Sargassum. The obtained
data were compared with previous studies conducted in the
1970s and in the early 2000s in the E-MPA reporting data on
the Fucales stands to understand the dynamics that have
occurred during this period. Five species, not previously
reported from the island of Marettimo, were found during
this study: Cystoseira cf micheleae, Ericaria barbatula,
Ericaria brachycarpa var. claudiae, Gongolaria montagnei
var. compressa and Sargassum cf furcatum.
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1 Introduction

Marine Protected Areas (MPAs) are considered important
tools to protect the natural capital from different anthro-
pogenic threats on marine ecosystems and ensure the
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proper management of human uses in the maritime domain
(D’Anna et al. 2016; Rasheed 2020). MPAs are characterized
by the interconnection between the social, economic, and
ecological dynamics, representing complex conservation
tools to achieve sustainability goals. Many studies demon-
strated that MPAs can contribute to biodiversity protection,
ensuring the sustainable exploitation of marine resources
(Halpern 2003; OECD 2017).

The Egadi Islands Marine Protected Area (Central
Mediterranean, Italy; hereinafter referred to as “E-MPA”) is
one of the largest MPAs in the Mediterranean Sea, covering
53,992 ha and 74 km of coastline (D’Anna et al. 2016). This
MPA is located at about 7-9 km from the western coast of
Sicily (Figure 1A and B), across the Sicily Channel and the
Tyrrhenian Sea, and comprises three main islands (Favig-
nana, Marettimo, and Levanzo) and a few small rocky out-
crops (Galeotta, Galera, Preveto, Formica, and Maraone)
(Mannino et al. 2017). The E-MPA is partitioned into four
management zones (Figure 1C) (D’Anna et al. 2016; Guidetti
et al. 2008): Zone A - fully protected zone, where only
bathing and scientific research are allowed; Zone B — buffer
zone, where bathing, free sailing, rowing, pedal boats or
electric propulsion, guided diving tours conducted by resi-
dent diving centres and small-scale fishing gears are
allowed; Zone C — peripheral zone, in which bathing, free
navigation, free anchorage outside the environmentally
relevant seabed, guided diving tours conducted by resident
diving centres and stipulated selective fishing gears, sport
fishing and small-scale professional fishing. are permitted;
Zone D - regulated trawling zone, where all legal fishery
activities are permitted, including trawl fishing and large-
scale purse seine fishing.

Very few studies have been undertaken on the benthic
macroalgae of the E-MPA. The first data on the flora and
vegetation of this area were provided by Giaccone (1970),
Giaccone and Sortino (1974), Sortino et al. (1976) and Giac-
cone et al. (1993). The latest study on the benthic algal flora of
this MPA was performed about 20 years ago by Catra et al.
(2006), who reported an increase of warm affinity species
(mainly Rhodophyta) and a decrease of cold affinity species
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Figure 1: Map of the Egadi Islands Marine Protected Area (E-MPA) and investigated sites in the Island of Marettimo. (A, B) Location of the E-MPA in the
Mediterranean Sea. (C) Zoning scheme of the E-MPA. (D) Marettimo Island with investigated sites (red circles).
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(mainly Phaeophyceae) compared to previous data. In recent
years, Mannino et al. (2016, 2017) and Mannino and Balistreri
(2017, 2018) analysed the invasive alien species (IAS) of the
E-MPA and promoted citizen science (e.g., project Caulerpa
cylindracea Sonder) as a useful tool to monitor the spread
dynamics of these species in the E-MPA. The finding of
invasive alien taxa and observation of an increasing number
of warm water affinity species was associated with the
process of tropicalization and seawater warming (Furnari
and Cormaci 2009). Furthermore, although most of the
communities present in the 1970s were still well structured,
Catra et al. (2006) had already reported the loss of some
canopy-forming species of Fucales, in particular those
belonging to Cystoseira sensu lato (s..) (comprising the
genera Cystoseira C. Agardh, Ericaria Stackhouse and Gon-
golaria Boehmer) and Sargassum C. Agardh).

In recent years, most members of Fucales have suffered
a massive decline in many Mediterranean areas due
to anthropogenic activities, exacerbated by the ongoing
climate change (Thibaut et al. 2015). Notwithstanding their
fundamental role as habitat-forming species and ecosystem
engineers in Mediterranean waters (Sales et al. 2011; Thibaut
et al. 2005), to date the current presence, distribution and
conservation status of these Fucales is surprisingly limited
and ecological analyses for many areas are still rare (Man-
cuso et al. 2018; Neiva et al. 2022). Information on these
communities in the E-MPA is quite outdated and scarce.
Therefore, this study aimed to obtain an updated knowledge
of the presence and distribution of Fucales around one of the
islands of the E-MPA (Marettimo), about 20 years after the
latest study carried out in this area.

The obtained data were compared with three previous
studies conducted in the E-MPA reporting data on the
Fucales stands: Giaccone (1970), Giaccone and Sortino (1974),
and Catra et al. (2006) to understand the dynamics that have
occurred during this period.

2 Materials and methods

During the second week of July 2024, a visual census activity
was carried out around the island of Marettimo (Figure 1D),
the most distant of the islands belonging to the E-MPA
(Central Mediterranean; the only island presenting Zone A —
fully protected zone). A total of 18 sites (Figure 1D; Table S1),
covering almost all the island’s boundaries, were surveyed
through snorkelling and scuba diving activities. In partic-
ular, 11 scuba dives and seven snorkelling activities were
performed, each lasting from 40 min to 1 h, covering an area
of approximately 250 m* per dive. The visual census activity
was conducted through the technique of random courses,
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which allows for the exploration of different environments
and depths (Harmelin-Vivien et al. 1985; La Mesa et al. 2017;
Marletta and Lombardo 2020). The dives were carried out
perpendicular to the coastline, following the geomorphology
of the seabed from the surface to a depth of around 45m,
depending on the site, while the snorkelling activities were
performed along the coastline following the same depth
range (0-1.5 m).

During the visual census activity, Cystoseira s.1. and
Sargassum species were photographed using two under-
water cameras, Olympus TG-6 and TG-4 (Olympus Corpo-
ration, Tokyo, Japan). The identification was made in situ
and/or on photographic documentation. This approach has
recently proved to be useful for the identification of these
endangered species, reducing the sampling effort on them
(Marletta and Lombardo 2023; Marletta et al. 2023) espe-
cially in marine protected areas. For each species, photo-
graphs were taken of the frond, base, apex, and the
receptacles and tophules, if present. Species identification
was performed according to the identification keys by
Gomez-Garreta et al. (2001), Cormaci et al. (2012), Rodri-
guez-Prieto et al. (2013), Blanfuné et al. (2022) and the most
recent taxonomic studies. The canopy density of each spe-
cies was estimated in situ according to the classes proposed
by Thibaut et al. (2016): absence of individuals (1), scattered
individuals (2), abundant patches (3), almost continuous to
continuous stands (4).

All taxa at specific and infraspecific level identified
(hereinafter referred to as species) are listed in alphabetical
order in Table S2, which also provides information on the
range of depths at which species were documented and
canopy density. Finally, the presence of mature individuals
was also reported. For the taxonomy and nomenclature of
species, we followed AlgaeBase (Guiry and Guiry 2024).

The obtained data were compared with previous studies
conducted in the E-MPA (Table 1). Such reports were cor-
rected according to modern taxonomy and nomenclature for
comparison.

3 Results

During the visual census activity, a total of 17 species were
found: four belonging to Cystoseira (C. compressa,
C. foeniculacea f. tenuiramosa, C. pustulata and C. cf
micheleae), eight to Ericaria (E. amentacea, E. barbatula,
E. brachycarpa, E. brachycarpa var. claudiae, E. crinita,
E. dubia, E. funkii and E. zosteroides), two to Gongolaria
(G. montagnei var. compressa and G. sauvageauana) and
three to Sargassum (S. acinarium, S. cf furcatum and
S. vulgare) (Table 1).
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Table 1: Fucalean species found in the E-MPA (Egadi Islands Marine Protected Area): comparison of the present study with the previous studies.

Species found in the E-MPA  Giaccone (1970) Giaccone and Sortino (1974) Catra et al. (2006) Present
study
Cystoseira compressa F, L, M (as Cystoseira F, M (as Cystoseira fimbriata) F, L, M (as Cystoseira compressa) X

fimbriata)
F, L, M (as Cystoseira discors
subsp. latiramosa)

Cystoseira foeniculacea f.
latiramosa
C. foeniculacea f. tenuiramosa

F, L, M (as Cystoseira discors
subsp. latiramosa)
F, L, M (as Cystoseira ercegovicii

M (as Cystoseira foeniculacea f. tenuiramosa) X

f. tenuiramosa)

Cystoseira cf. micheleae X

Cystoseira pustulata F, L, M (as Cystoseira myr- F, L (as Cystoseira humilis) X
iophylloides var. humilis)

Cystoseira platyclada Sauvageau M

(taxon inquirendum)

Ericaria amentacea F, L, M (as Cystoseira stricta)

F, M (as Cystoseira stricta)

F, L, M (as Cystoseira amentacea var. stricta) X

Ericaria barbatula X
Ericaria brachycarpa v. F, L, M (as Cystoseira balearica) F, L, M (as Cystoseira brachycarpa) X
brachycarpa

Ericaria brachycarpa v. claudiae X
Ericaria crinita F, L, M (as Cystoseira crinita) F, L, M (as Cystoseira stricta) X

Ericaria dubia
Ericaria mediterranea

F (as Cystoseira dubia) X
M (as Cystoseira mediterranea)

Ericaria zosteroides L, M (as Cystoseira F, M (as Cystoseira zosteroides)  F (as Cystoseira zosteroides) X
zosteroides)
Ericaria funkii F, M (as Cystoseira jabukae) F, L, M (as Cystoseira funkii) X
Gongolaria barbata F, M (as Cystoseira barbata)
Gongolaria elegans M (as Cystoseira elegans)
Gongolaria montagnei v. F, L, M (as Cystoseira spinosa F, L, M (as Cystoseira spinosa v. F, L, M (as Cystoseira spinosa v. spinosa)
montagnei V. Spinosa) spinosa)
Gongolaria montagnei v. X
compressa
Gongolaria montagnei var. F (as Cystoseira spinosa var. tenuior)
tenuior
Gongolaria sauvageauana F, M (as Cystoseira X
sauvageauana)
Sargassum acinarium F, M (as Sargassum acinarium) X
Sargassum cf furcatum X
Sargassum hornschuchii F, L, M (as S. hornschuchii) F, L, M (as Sargassum
hornschuchii)
Sargassum vulgare M (as Sargassum vulgare) F, M (as Sargassum vulgare) F, L, M (as Sargassum vulgare) X
Total (E-MPA) 9 18 10
Total (Marettimo Island) 9 17 7 17

Letters F, L, M indicate the islands where the species was found in the past (F,

Favignana; L, Levanzo; M, Marettimo) with name under which species was

cited in brackets. X in final column indicates that species was found in the present study.

During this study, it was observed that the areas present-
ing the highest number of species are located along the
southern side of the island, in Zone B, while the sites located in
the eastern side of the island, corresponding to Zone C, are
those presenting the lowest number of species (Table S2). The
western and northern sides of the island, including Zone A and
another part of Zone B, show intermediate values compared to
the southern coast and the eastern one (Table S2).

Comparing the present data with the study of Giaccone
(1970), it was observed that, of the nine reported species

of Fucales, four are still present today (C. compressa,
E. amentacea, E. zosteroides and S. vulgare). Later, Giaccone and
Sortino (1974) found a total of 18 species of Fucales in the Egadi
Islands (17 at Marettimo Island). Of them, 12 were found in the
present study: C. compressa, C. foeniculacea f. tenuiramosa,
C. pustulata, E. amentacea, E. brachycarpa, E. crinita, E. dubia,
E. zosteroides, E. funkii, G. sauvageauana, S. acinarium and
S. vulgare. In 2001, Catra et al. (2006) found 10 fucalean species
(7 at Marettimo Island). Of them, eight were also found during
the present study (C. compressa, C. foeniculacea f. tenuiramosa,
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C. pustulata, E. amentacea, E. brachycarpa, E. zosteroides,
E. funkii and S. vulgare) (Table 1).

Five species, not previously reported from the island of
Marettimo, were found during this study: C. cf micheleae,
E. barbatula, E. brachycarpa var. claudiae, G. montagnei var.
compressa and S. cf furcatum.

For each species we found at Marettimo, details of
taxonomy, morphological description, local habitat and
distribution, as well as further remarks are given below.

Cystoseira compressa (Esper) Gerloff et Nizamuddin
(Figure 2).

Morphological description of specimens: thalli are
caespitose, with several flattened axes originating from a
small discoid base. Primary branches are flattened with
alternate-distichous branching (Figure 2A). Higher order
branches can be flattened or cylindrical but with the same
arrangement of primary branches. Thalli can show different
habits depending on the environment: in sheltered or
deeper waters thalli are taller (Figure 2A), while in more
exposed and shallow waters they are small-sized (Figure 2B).
The apex is smooth and not prominent (Figure 2C).
Specimens with aerocysts were never observed during this
study. Receptacles are tiny lanceolate-fusiform, simple or
branched, borne on a small pedicel on terminal branches.

Habitat: Cystoseira compressa was found from 0.5 to
17.8 m deep with abundant patches or almost continuous
stands in eight sites along all sides of the island of Marettimo.
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Remarks: Cystoseira compressa has shown a stable
trend over time, having first been reported by Giaccone
(1970) and subsequently also by Giaccone and Sortino (1974)
and Catra et al. (2006).

Cystoseira  foeniculacea (Linnaeus) Greville
f. tenuiramosa (Ercegovic) A. Gémez Garreta, M.C.Barceld,
M.ARibera et J. Rull Lluch (Figure S1).

Morphological description of specimens: thalli are
caespitose, with several rough and cylindrical axes origi-
nating from an irregular discoid holdfast (Figure S1A). The
apex is very prominent and covered by spines (Figure S1B).
Primary branches are cylindrical, entirely covered by
small spines (Figure S1C), knotty, and bear cylindrical
higher order branches. The last-order branches are fili-
form. Receptacles of this form were not observed during
this study.

Habitat: Cystoseira foeniculacea f. tenuiramosa was
found in the western side of the island (encompassing Zones
A and B) and in the southern one (Zone B) from 0.5 to 26.9 m
deep with scattered individuals in deeper waters and
abundant patches in shallow environments, as well as in
infralittoral pools.

Remarks: This form has shown a stable trend over time,
as was previously found by Giaccone and Sortino (1974) and
Catra et al. (2006).

Cystoseira cf micheleae Verlaque, Blanfuné, Boudou-
resque, Thibaut et Sellam (Figure S2).

Figure 2: Cystoseira compressa. (A) Habit in deeper waters; (B) habit in exposed and shallow waters; (C) smooth apex (white arrow).
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Morphological description of specimens: thalli are
not caespitose (Figure S2A), showing an axis originating
from a robust discoid holdfast. The apex is not prominent
and difficult to detect since it is usually surrounded by
tophules. The axis single or branched is often entirely
covered by spinose branches, which can trap sediment
(Figure S2B) or can be enveloped by other organisms like
sponges (Figure S2C). Primary branches are cylindrical at the
base of the branching and then become flattened with a
midrib. They can be branched in one or several planes and
carry a simple or bifid spinose appendage. Tophules are
ovoid and spinose in young thalli and rough and tuberculate
in older thalli. Receptacles of this species were not observed
during this study.

Habitat: Cystoseira micheleae was found along the
southern and north-western coasts of the island (both falling
within Zone B) from 12.8m to 34.6 m with scattered in-
dividuals, sometimes forming small patches.

Remarks: Cystoseira micheleae is reported for the first
time for the E-MPA. To date, this species has only been re-
ported along the coasts of Tunisia (Montagne 1838), Algeria
(Sellam et al. 2017), and recently in the Aeolian archipelago
(Marletta et al. 2023). This species is morphologically similar to
C. montagnet J. Agardh, from which it differs in the tophules,
which are spinose and become rugose with age, and the re-
ceptacles, which can be basal, intercalary or terminal (Sellam
et al. 2017). During this study, we did not find any fertile
specimens, but we believe that they belong to C. micheleae
because of the tophules and the general habit of the speci-
mens, which match to those described by Sellam et al. (2017).

Cystoseira pustulata (Ercegovi¢) Neiva et Serrdo
(Figure 3).

Morphological description of specimens: thalli are
delicate and tangled (Figure 3A), caespitose, attached to the
substratum by a small discoid holdfast. The axes are cylin-
drical, without spinose appendages. The apex is smooth and
not prominent. Primary branches are cylindrical at the base
and become slightly compressed in the distal portion. Higher
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order branches are cylindrical. Receptacles are simple, tiny,
fusiform, spindle-shaped (Figure 3B).

Habitat: Cystoseira pustulata was found in 12 of the 18
examined sites, covering almost all sides of the island, from
0.5 to 21 m deep, with scattered individuals or forming small
patches.

Remarks: Catra et al. (2006), and previously Giaccone
and Sortino (1974), reported the presence of Cystoseira
humilis in the E-MPA. Through molecular analyses, Neiva
et al. (2022) found that C. humilis is distributed in the Atlantic
Ocean and most of the previous records of this species are
misidentifications that may refer to C. pustulata.

Ericaria amentacea (C. Agardh) Molinari et Guiry
(Figure S3).

Morphological description of specimens: thalli are
caespitose (Figure S3A, B) with an intricate and encrusting
base, which fits deeply into the substratum and strongly ad-
heres to it (Figure S3C). From the base several cylindrical axes
arise. Primary branches are cylindrical and with a pyramidal
shape. Very often the lower portion of the longer branches has
a wavy appearance as a result of the fall of the higher order
branches. All branches bear spinose appendages. Receptacles
are compact, cylindrical, and with deciduous spines.

Habitat: Ericaria amentacea was found along all the
sides of the island, in shallow (0-0.8 m) and very exposed
waters, forming continuous belts.

Remarks: Ericaria amentacea has shown a stable trend
over the years in the E-MPA. Bermejo et al. (2018) and Neiva
et al. (2022) highlighted that E. amentacea together with Eri-
caria mediterranea and Ericaria selaginoides (Linnaeus)
Molinari et Guiry form a single complex, named
E. selaginoides complex. These three species do not have
distinct boundaries and natural hybridization among them
can occur. This implies a low genetic diversity among these
entities, and they may correspond to a single taxon with great
morphological plasticity (Bermejo et al. 2018; Neiva et al. 2022).

Ericaria barbatula (Kiitzing) Molinari et Guiry
(Figure S4).

Figure 3: Cystoseira pustulata. (A) Habit;
(B) detail of frond with receptacles (white
arrows).
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Figure 4: Fricaria brachycarpav. brachycarpa. (A) Habit; (B) detail of smooth apex slightly prominent (white arrow); (C) detail of smooth apex surrounded
by spinose appendages (white arrow). Ericaria brachycarpa var. claudiae. (D) Detail of apex (white arrow) and pseudotophules (white arrowheads).

Morphological description of specimens: thalli are
caespitose (Figure S4A) with several axes originating from
an irregular discoid holdfast. Axes are knotty (Figure S4B),
bare in the distal part, and bear branches only in the distal
portion. The apex is smooth and very prominent in relation
to the insertion of branches (Figure S4C). Primary and higher
order branches are cylindrical. Receptacles are compact
and wrinkly-verrucose, provided with deciduous spines
(Figure S3D).

Habitat: Ericaria barbatula was found along
the western coasts of the island (covering Zones A and B)
in shallow environments (0.5-1m) with continuous
stands.

Remarks: Ericaria barbatula was not previously
reporteEricaria in the E-MPA. It may have been overlooked
until now since it shares the same ecological niche of Eri-
caria crinita, or most likely it could be a recent arrival from
nearby areas. From a genetic standpoint, according to
Neiva et al. (2022), all the samples identified as E. crinita or
E. barbatula are part of a single complex defined E. crinita
complex. Nevertheless, these species are different at the
apex (smooth in E. barbatula, spinose in E. crinita) and in

the habit of the thalli (robust in E. barbatula and slender in
E. crinita).

Ericaria brachycarpa (J. Agardh) Molinari et Guiry
(Figure 4A-C).

Morphological description of specimens: thalli are
characterised by a greenish-brown colouration (Figure 4A)
and are caespitose with several axes originating from a
wide discoid base. Axes knotty and rugose. Apices are
smooth and slightly prominent (Figure 4B), sometimes sur-
rounded by spinose appendages and the apical portion ap-
pears to be spinose (Figure 4C). Primary branches are
cylindrical and may have small spines near the base. Higher
order branches are cylindrical without spines. Receptacles
were not observed during this study.

Habitat: Ericaria brachycarpa was found along all the
sides of the island from 0.5 to 5 m deep, forming continuous
stands.

Remarks: Ericaria brachycarpa has maintained a stable
trend on the island, as previously reported in the E-MPA by
Giaccone and Sortino (1974) and Catra et al. (2006).

Ericaria brachycarpa var. claudiae Boudouresque,
Perret-Boudouresque et Blanfuné (Figure 4D).
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Morphological description of specimens: thalli have a
greenish colouration and are caespitose and attached to the
substratum by either a wide discoid holdfast or haptera.
Apices are smooth and slightly prominent (Figure 4D). The
axes of this variety are characterised by basal swellings,
which are considered as pseudo-tophules (Figure 4D). Pri-
mary and higher order branches are cylindrical with a few
spinose appendages. Receptacles are compact, rough, and
provided with deciduous spines.

Habitat: Ericaria brachycarpa var. claudiae was found
along all sides of the island from 9 to 27.8 m deep with
scattered individuals or abundant patches.

Remarks: Ericaria brachycarpa var. claudiae was not
previously reported in the E-MPA. Furnari and Serio (2022)
recently validated the name E. brachycarpa var. claudiae.

Ericaria crinita (Duby) Molinari et Guiry (Figure S5).

Morphological description of specimens: thalli are
caespitose (Figure S5A), with several axes originating from a
discoid holdfast. Axes are rough, slender and almost bare in
the basal portion. The apices are covered by small spines and
are prominent (Figure S5B). Primary and higher order
branches are cylindrical (Figure S5A) slender and with small
spines. Receptacles are cylindrical, compact, rough and
without spines (Figure S5C).

Habitat: Ericaria crinita was found along the western
coasts of the island (encompassing Zones A and B), forming
continuous stands with E. barbatula in shallow waters
(0.5-1m).

Remarks: After the reports by Giaccone (1970) and
Giaccone and Sortino (1974), E. crinita may have suffered a
regression, since it was not found by Catra et al. (2006). The
finding of the species after almost 20 years could suggest that
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it maintained in a few areas and only recently found better
conditions to thrive.

Ericaria dubia (Valiante) Neiva et Serrdo (Figure S56).

Morphological description of specimens: thalli with
cylindrical stoloniferous primary cauloid, from which erect
primary branches arise, cylindrical at the base then ribbon-
like in the upper third (Figure S6A). The ribbon-like portions
are subdichotomous with entire margins and an evident
median midrib (Figure S6B). Receptacles were not observed.

Habitat: Ericaria dubia was found on almost all sides of
the island, from 20 to 42.2 m deep with scattered individuals
or forming small patches.

Remarks: Ericaria dubia was reported by Giaccone and
Sortino (1974) only from the island of Favignana.

Ericaria funkii (Schiffner ex Gerloff et Nizamuddin)
Molinari et Guiry (Figure 5).

Morphological description of specimens: thalli have a
strong iridescence in situ (Figure 5A), are not caespitose, with
a single axis that divides to create a coralloid appearance,
and are attached to the substratum by a wide digitiform
holdfast. The apex is smooth and not prominent (Figure 5B).
Primary and higher order branches are cylindrical and
covered by spinose appendages (Figure 5A). Tophules are
oblong, rough and spinose (Figure 5C). They are arranged in
a corymb in the apical zone of the axis. Receptacles are cy-
lindrical, diffuse and with spinose appendages.

Habitat: Ericaria funkii was observed along all sides of
the island, except the east, from 14.6 to 42 m deep forming
abundant patches.

Remarks: Ericaria funkii has shown a stable trend on
the island, as previously reported in the E-MPA by Giaccone
and Sortino (1974) and Catra et al. (2006).

Figure 5: Ericaria funkii. (A) Habit; (B) detail of apex (arrowhead); (C) detail of a spinose tophule (white arrow).
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Ericaria zosteroides (C. Agardh) Molinari et Guiry
(Figure S7).

Morphological description of specimens: thalli are
not caespitose, with a short single axis, which branches out
in height or extension (Figure S7A). The holdfast is formed
by simple or branched haptera. Apex is smooth and not
prominent. Primary branches are cylindrical near the base
and flattened in the distal portion. Higher order branches
are ribbon-shaped, with an alternate—distichous branching
and a faint midrib, and are provided with flattened spines
(Figure S7B). Tophules are ovoid and smooth and located on
the basal part of the thallus (Figure S7C). Receptacles were
not observed.

Habitat: Ericaria zosteroides was found along the south-
ern and north-western coasts of the island (corresponding to
Zone B) from 20 to 42 m forming abundant patches.

Remarks: This species has shown a stable trend over
time in the E-MPA, as was recorded in all previous records
(Catra et al. 2006; Giaccone 1970; Giaccone and Sortino 1974).

Gongolaria montagnei var. compressa (Ercegovi¢)
Verlaque, Blanfuné, Boudouresque et Thibaut (Figure S8).

Morphological description of specimens: thalli are
not caespitose attached to the substratum by a discoid
holdfast (Figure S8A). The axis is short and can be simple or
ramified. Apex is smooth, and not prominent (Figure S8B).
Primary branches are cylindrical near the base and flattened
in the distal portion. Higher order branches are flattened
with an alternate arrangement and a central midrib. They
can often carry spinose appendages. Tophules are located
near the base of the axis and are oblong and spinose. Re-
ceptacles were not observed.

Habitat: Gongolaria montagnei var. compressa was
found along the eastern side of the island (in Zone C) and
along the southern side (in Zone B), from 23.3 to 35.7 m deep
generally with scattered individuals or more rarely forming
abundant patches as at Secca del Cammello (SC).

Remarks: this species was not previously reported in
the E-MPA.

Gongolaria sauvageauana (Hamel) Molinari et Guiry
(Figure S9).

Morphological description of specimens: thalli are
not caespitose, (Figure S9A), attached to the substratum by a
discoid holdfast. Axis can be simple or branched and is
spinose and very prominent in relation to the insertion of
the primary branches (Figure S9B). Primary branches are
cylindrical and slender. Higher order branches are cylin-
drical and carry delicate and divaricate spinose appendages
(Figure S9B). Receptacles are cylindrical, diffuse, with a few
spinose appendages.

Habitat: Gongolaria sauvageauana was found along all
sides of the island, except the eastern coast, from 6.9 to
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39.4 m deep, with scattered individuals, except in the site of
Punta Cretazzo (CRE) where it formed abundant patches.

Remarks: this species was previously reported by
Giaccone and Sortino (1974), but it was not subsequently
found by Catra et al. (2006). It is likely that this species has
recently found better conditions to thrive and recover after a
period of regression.

Sargassum acinarium (Linnaeus) Setchell (Figure 6A).

Morphological description of specimens: thalli are
not caespitose with a single axis attached to the substratum
by a discoid holdfast. Axis is cylindrical, rough and knotty.
Primary branches are cylindrical and have narrow folia-
ceous branches (Figure 6A). These have a central midrib,
denticulate margin and acute apex. Aerocysts are located
on the upper portion of the thallus (Figure 6A). They are
spherical and are sited on a small cylindrical pedicel. Re-
ceptacles were cylindrical, slender and simple or bifurcated
and borne at the base of a pedicel at the axil of the foliaceous
branches.

Habitat: Sargassum acinarium was found on the north-
eastern side (in Zone C) at 30.6 m forming abundant patches,
and on the south-western side (Zone B) at 15.4 m deep with
scattered individuals.

Remarks: Sargassum acinarium was previously re-
ported by Giaccone and Sortino (1974) and was no longer
observed. The finding of the species in only two sites on the
island of Marettimo might suggest that this species has suf-
fered a severe regression over the years and has been
confined to only a few areas. Therefore, this species should
be given more attention in the future.

Sargassum cf furcatum Kiitzing (Figure 6B and C).

Morphological description of specimens: thalli with
a creeping habit not caespitose, attached to the substra-
tum by a small discoid holdfast. Axis is knotty and short
and divides into open and spaced branches, usually ar-
ranged in a fan shape (Figure 6B). Apex is smooth and
slightly prominent. Primary and secondary branches are
knotty and have foliose lanceolate or lobate branches
with a central midrib, wavy margins, and an acute apex
(Figure 6B). The foliose branches are dichotomously
divided from one to four times and the midrib follows
these bifurcations (Figure 6C). Aerocysts and receptacles
were not observed during this study.

Habitat: Sargassum cf furcatum was found along the
southern (Zone B) and north-eastern (Zone C) coasts, with
scattered individuals, from 13.1 to 21.3 m deep.

Remarks: This species has never been reported before
from the island. The identification at the species level was
not certain because we did not find fertile specimens during
this study. However, along the Ionian coast of Sicily, this
species is usually fertile from June to August (Marletta et al.
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Figure 6: Sargassum spp. (A) Sargassum acinarium, habit; (B-C) Sargassum cf furcatum, habit (B) and detail of foliose dichotomous branches (C); (D-E)
Sargassum vulgare, habit (D) and detail of frond (E) with receptacles (white arrowheads).

2024). This could depend on the fact that the seawater tem-
perature in June in the sites where the phenology of this
species was studied is around 22-26 °C (Marletta et al. 2024),
while in Marettimo it was around 17-22°C in the same
period. This is most likely due to the upwelling currents
affecting the south and western parts of Sicily (Béranger
et al. 2004). The finding of this species in Marettimo could

further prove the expanding trend of S. furcatum in the
Central Mediterranean.

Sargassum vulgare C. Agardh nom. illeg. (Figure 6D
and E).

Morphological description of specimens: thalli are
not caespitose, attached to the substratum by a discoid
holdfast. The axis is knotty and can be simple or branched.
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Apex is smooth and not prominent. Primary branches are
cylindrical and knotty and have secondary branches with
alternate-distichous branching. Foliose branches are lance-
olate, with an evident midrib, toothed or with wavy margins
and acute apex (Figure 6D). Areocysts are spherical, with a
short cylindrical pedicel, and are located at the axil of the
foliose branches (Figure 6D). Receptacles are cylindrical or
slightly flattened, warty, simple, or branched, and are borne
on a short sterile pedicel (Figure 6E).

Habitat: Sargassum vulgare was found along all sides of
the island (except the eastern coast, Zone C) from 0.5 to 25.5 m
deep, with scattered individuals or forming dense patches.

Remarks: This species has shown a stable trend on the
island over the years, as it was reported by Giaccone (1970),
Giaccone and Sortino (1974), and Catra et al. (2006).

4 Discussion and conclusion

In this study, we explored the diversity of fucalean species
on the island of Marettimo, about 20 years after the last
floristic study conducted in the E-MPA. We found a total of 17
Fucales: four belonging to Cystoseira, eight to Ericaria, two to
Gongolaria, and three to Sargassum. By the comparison with
three previous studies (Catra et al. 2006; Giaccone 1970;
Giaccone and Sortino 1974) emerged some differences, for
instance, the disappearance of nine species between the
studies carried out in the 1970s and that of Catra et al.
(2006): Cystoseira foeniculacea f. latiramosa, Ericaria crinita,
E. dubia, E. mediterranea, Gongolaria barbata, G. elegans,
G. sauvageauana, Sargassum acinarium and S. hornschuchii.
However, according to Catra et al. (2006), even if there was a
regression of these species, the communities they formed
were still well structured, unlike other islands (such as
Pantelleria or Linosa), where a severe decline has already
been reported (Alongi et al. 2004; Serio et al. 2006). In the
present study, four of the species listed above were found
more than 20 years after their disappearance: E. crinita,
E. dubia, G. sauvageauana and S. acinarium. As suggested by
Gianni et al. (2013), fragmented populations of fucalean
species can persist over time in refuge areas, albeit at low
densities. The transition to better management of the E-MPA
could likely have allowed these species to thrive in more
recent times. This phenomenon has been observed in other
Mediterranean areas, such as the Medes Islands (Spain), the
island of Ustica (Italy) (Hereu and Quintana 2012; Sala et al.
2012), and more recently, the island of Pantelleria (Italy)
(Marletta and Lombardo 2023), where about 20 years after
their loss there has been a natural recovery of these species.

During this study we did not find two species previously
reported by Catra et al. (2006): G. montagnei and G. montagnei
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var. tenuior. Nevertheless, five species found during this study
were not previously reported from either the island of Mar-
ettimo or the E-MPA as a whole: C. cf micheleae, E. barbatula,
E.brachycarpavar. claudiae, G. montagneivar. compressa and
S. cf furcatum. Furthermore, we observed that the areas with
the highest number of species were along the southern side of
the island, in Zone B. On the contrary, the eastern areas
(encompassing Zone C) showed the lowest number of species,
while the sites located along the northern (Zone B) and
western (Zone A) coasts presented an intermediate number of
species compared to the southern and eastern shores. These
results indicate that the enlargement of Zone A towards the
southern areas (Zone B) should be considered for better
conservation of the species and their habitat.

If we compare the fucalean diversity of the present
study with that found by Marletta and Lombardo (2023) at
Pantelleria and by Marletta et al. (2023) at Lipari and Vul-
cano, it is possible to observe that the highest biodiversity
occurs in the Sicily Channel. Indeed, at Pantelleria 19 species
were found (Marletta and Lombardo 2023), compared with
17 at Marettimo and 13 at Lipari and Vulcano (Marletta et al.
2023). The Sicily Channel is indeed an area of mixing water
from the Atlantic Sea and the eastern Mediterranean basin
(Civitarese et al. 2010). This enhances the dispersion of spe-
cies and their propagules from one side of the Mediterra-
nean to the other (Ben Rais Lasram et al. 2008). Moreover,
the similarity at species level found in these areas is note-
worthy: Pantelleria and Marettimo share nine species, while
Marettimo, Lipari, and Vulcano share 10. This may be con-
nected to the water circulation of the Sicily Channel, which is
influenced by the Algerian Current. This current brings the
upper layer of the Atlantic Water (AW) eastwards and splits
into two branches: one flowing to the Tyrrhenian Sea, and
the other into the Sicily Channel. In the lower layer at the exit
of the Sicily Channel, the Eastern Mediterranean Outflow
Water (EOW), mainly composed of Levantine Intermediate
Water (LIW), flows into the Tyrrhenian Sea and veers to the
right, flowing along the northern coast of Sicily before
reaching the Sardinia Channel (Béranger et al. 2004). This
complex circulation scheme might explain the pattern of
fucalean diversity present in these islands. Therefore, it
would be crucial to continue monitoring these areas and
those nearby in the near future to gain a complete overview
of the distribution patterns and biogeography of Fucales.
This could ultimately favour the conservation and, hope-
fully, the restoration of these species and their associated
biodiversity.
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