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ABSTRACT

The kelp forest and bed of Laminaria ochroleuca were found in October 2023 in Porticello (Scylla -Reggio
Calabria, Italy) between 48 and 55m depth. Samples were collected for future genetic and
sedimentological analyses and identification of associated fauna and flora. The aim of the upcoming
research campaigns is to update the current knowledge of Laminaria forests in the Messina Strait,
estimating the action and consequences of climate change at the local level. The project will involve
the community of technical divers in long term monitoring (3-5 years), in order to measure ecosystem
services. The information will be used to draft a policy document for the proposal of protected areas of

the most extensive forests.

Introduction

Kelp forests are characterized by greater amounts of biomass
and biodiversity than many other marine environments
(Smale et al. 2013). They have a three-dimensional structure
that provides a habitat for a wide range of marine organisms,
many of which are commercially important (Mann 1973).
They are brown algae belonging to the orders Laminariales
and Tilopteridales and can be found in dense plant aggrega-
tions, extending up to tens of meters underwater, forming
forests (stipitate individuals crammed on rocky substrates)
and beds (prostrate individuals prostrate on mixed sub-
strates). They are present in the Mediterranean Sea with the
genera Laminaria, Phyllaria and Saccorhiza. Among the gen-
era present in the Mediteranean Sea, of special notice is
Laminaria rodriguezii Bornet 1888, an endemic species, one of
the few examples of paleomediterranean elements of the
Mediterranean algal flora (Giaccone 1969) present in all bio-
geographical sectors in the approximately littoral plane
excluding the Black Sea, the Alboran Sea and the Egyptian
and Libyan eastern Mediterranean coasts (Giaccone et al.
2009). Laminaria ochroleuca Bachelot Pylaie 1824 forests, on
the other hand, are present in the Mediterranean Sea, in the
Alboran Sea but also as a Lusitanian-Senegalese relict in the
Strait of Messina (Giaccone 1972), and according to protocol
SDM/3/6259 of July 30, 2003, represent priority habitat IV. 3.
1. 8 (Giaccone et al. 2009). The mapping and study of these
priority habitats in the Strait of Messina is mainly due to
Giaccone in the 1960s (Giaccone 1969), Drew, Mojo, and Buta
in the 1970s (Drew 1974; Mojo and Buta 1971), Di Geronimo
and Giacobbe in the 1980s (Di Geronimo and Giacobbe
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1987), and Zampino and Di Martino in the year 2000
(Zampino and Di Martino 2000). In this work, we wanted to
verify the status of the forests and bed of L. ochroleuca in the
Scylla area (Calabrian side of the Strait of Messina) given that
the last reliable record can be attributed to Giaccone in 1969.
In October 2022 and in January 2023, a forest of L. ochro-
leuca on the Messina side of the Strait of Messina (38°15'31.24’
N,15°37'54.58' E), extending from 40 to at least 60m depth,
was discovered (Giacobbe and Ratti 2023). The discovery of
the forest and bed of L. ochroleuca in Porticello (Scylla),
besides being an extraordinary discovery for the Calabrian
side of the Strait of Messina, represents the confirmation of
the permanence of this forest and bed for more than 50years.
The presence of other Laminariales, such as Phyllariopsis pur-
purascens (C. Agardh) E. C. Henry & G. R. South 1987, also
described by Giaccone during hisphytographic survey carried
out in Scylla in 1969, is to be verified in future monitoring.

Materials and methods

The forest and bed of L. ochroleuca were found in October
2023 at Porticello (Scylla) in a bathymetric range of 48 to
55m but they appear to extend to greater depths (38°14'45"N
— 15°40'39"E). Samples (n=4) of L. ochroleuca including two
with stipitate and two with prostrate habits (four different
individuals) were collected by technical scuba divers. Apical
fragments of the lamina of 4 different specimens, were placed
in silica gel (granules 0.2-1mm in diameter) for quick desic-
cation, for future DNA extractions. Care was taken to remove
sediment, epiphytes and other contaminants from the
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material prior to drying (Heesch et al. 2020). One specimen
was dried to make an algarium. Species identification was
made using the taxonomic keys found in Giaccone (1969).
Additional samples (n=3) of hard and (n=3) of mobile sub-
strate were also collected during the same dive for prelimi-
nary qualitative analyses (sedimentological, morphological
and associated flora/fauna). Thorough photographic docu-
mentation was performed with Canon G7XMark Il in Nauticam
housing and Sea and Sea YS-D3 flash.

Results

Preliminary results describe the morphological characteristics
of the forest and bed of L.ochroleuca from Porticello (Scylla)
and provide some insights into the hydrodynamic character-
istics of the site. Two morphological groups of Laminaria can
be clearly distinguished: (1) stipitate (Figure 1a)—endowed
with rigid stipites of about 1m, which help them to keep
upright in the water, anchored with powerful rhizoids on a
rocky-organogenic substrate (encrusting calcareous algae
facies) and with laminae as long as more than 2m, and (2)
prostrate (Figure 1b)—that cover with their laminae of about
1m, the sandy-organogenic bottom (free calcareous algae
facies), forming real beds of algae called "beds" in the litera-
ture. These are the non-floating species, which do not have
rigid structures to keep themselves upright and have more
slender jambs and rhizoids. The prostrate Laminaria bed
begins at a depth of about 48m, and continues on a
sandy-organogenic bottom (free calcareous algal facies), to a
depth of about 50-52m. From depths greater than 52m, the
bed of Laminaria prostrate alternates with the forest of
Laminaria stipitate, which instead develop on rocky and
partly bioconstructed elements about 1m high and about
3-4m wide, distributed on the sandy-organogenic bottom.
Under the action of the Strait current, the stipes undergo
only a slight inclination, while the fronds arrange themselves
parallel to the current or droop umbrella-like over them. The
fronds are uniformly olive-brown, lighter in the stipo-frondal
region while the cylindrical jambs of the stipitate forms and
the flat jambs of the prostrate forms as well as the rhizoids,
are ochraceous vyellow, giving the forest and bed a typical
dark golden coloration. Documentation and sampling dives
were carried out both during the periods of stasis and during
the onset of the upwelling current, highlighting the

orientation of the upwelling current from offshore to inshore.
The intensity of currents, brightness, latitude, frequency,
nutrient availability, and water clarity are some of the factors
that influence the growth of Laminaria: in fact, another
important factor is the organogenic substrate on which they
grow. The relationship they establish with calcareous algae of
the order Corallinales (non-geniculate) on which they strongly
anchor rhizoids has not yet been described in the literature.
Giaccone (1969) pointed out that L. ochroleuca establishes
itself on mobile organogenic substrates such as nodules of
Lithophyllum racemus (Lamarck) Foslie 1901 and Spongites fru-
ticulosus Kitzing 1841. However, this has not yet been
recorded during our first survey because the sampled nod-
ules of calcareous algae will be the subject of future analysis.

Discussion

Laminariales are very important organisms because with their
laminae, stipes, and rhizoids they provide three different
types of habitats for numerous benthic, planktonic, and nec-
tonic species. As previously stated, the biodiversity hosted in
these algae is proportionally greater than in terrestrial forests
(Smale et al. 2013). They also represent ecosystems with high
primary productivity and thus provide a significant ecosystem
service as carbon sinks. Their ecosystem service also extends
to food provisioning in terms of primary biomass for herbiv-
orous fish and invertebrates and secondary biomass produced
by the fragmentation of the distal part of kelp laminae into
organic particles, for filter feeders and detritivores. Rising
global temperatures and ocean acidification are altering the
resilience of kelp forests (Steneck et al. 2002). Adverse and
intense climatic events, such as changes in salinity or tem-
perature, are equally dangerous to the survival of these kelp
forests. Their strength, however, is their great resilience, allow-
ing even complete regrowth in one to three years (Steneck
et al. 2002). The first evidence of a drastic population decline
arose in 1995, observed during a ROV investigation covering
the whole Sicilian side of the Messina Strait (Giacobbe,
unpublished POP'95 Report). Further SCUBA investigations by
Zampino and Di Martino in 2001 confirmed the marked
decline of the local L. ochroleuca population, suggesting its
possible extinction. The absence of any reliable record of the
species’ presence over the next 20years seemed to confirm
this impression, which was contradicted in October 2022 by

Figure 1. Stipitate (a, Forest) and prostrate individuals (b, bed) of Laminaria ochroleuca (photos by Thalassia Giaccone and Sergio Riccardo).
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Giacobbe e Ratti (2023) in the Sicilian side and in October
2023 (Calabrian side) by our current finding is a sign of recov-
ery, consistent with the northward shift of the species glob-
ally (Voerman et al. 2013). The health status of the observed
specimens testifies to a clear reversal of the decades-long
decline of this population in the Mediterranean Sea. The
expansion or retraction of the species along the European
coast appears to be modulated primarily by temperature and
anthropogenic disturbance, but nutrient availability would be
critical to maintaining optimal physiological performance.
Range displacement of L. ochroleuca can have serious ecolog-
ical impacts at regional and local scales (Franco et al. 2018).
Laminariales stands in the Strait of Messina occur along the
stretch where there is periodic mixing between the surface
waters of the Tyrrhenian Sea (downstream current) and the
deep waters of the lonian Sea (upstream current). This mixing
has the main effect of preventing thermal stratification and
promoting the solution of metabolic gases. In addition, the
continuous renewal of the "layer of water" in immediate con-
tact with the living surface (boundary layer) of these algae, is
the thinner the faster the current flows and results in a more
intense exchange of metabolic gases and a continuous sup-
ply of new nutrients that allow considerable heterotrophic
nutrition and exuberant development (Giaccone 1972). The
Strait currents are also of the pulsating type, with periodic
pulsations in synchrony with the tidal phases. At the Porticello
site in Scylla, periods between the upstream and downstream
current make possible the implantation of reproductive ele-
ments (spores and zygotes), while those with intense move-
ment ensure their metabolism; where the current has an
almost continuous flow, that is, south of P. ta S. Rainieri and
north of Capo Peloro on the Messina side on the other hand,
these stands fail to implant, despite the existence of a suit-
able substrate and the presence of lonian water. Moreover, in
these extreme areas, currents have a particular erosion force
due to solid particles in suspension that damage the seed-
lings either through abrasion or by covering them with sedi-
ment (Giaccone 1972). The future project idea is to update
the current knowledge of L. ochroleuca forests in the Strait of
Messina, estimate the action and consequences of climate
change at the local level, involve the community of technical
divers in seasonal monitoring for the next three to five years,
measure the ecosystem services provided by these plant
aggregations, and draft a policy document for the proposal of
protected areas at the most extensive forests.
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