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Several bathyal cold-water coral provinces, characterized by a lush growth of
habitat-forming scleractinians, have been recognized in the Mediterranean Sea.
However, the search for this biogenic habitat only marginally targeted the Italian
coast of the Ligurian Sea (NW Mediterranean basin) despite historical and a few
recent local studies in the region reporting the presence of corals. This study
used bathymetry maps, side-scan sonar profiles, historical charts, and trawling
routes to identify sites that could potentially host coral habitats in the eastern
sector of the Ligurian Sea. Remotely operated vehicle video footage from various
projects (2015-2021, 20 dives) was then used to characterize four sub-areas
(Genoa Plateau, Portofino, Deiva Marina, and Monterosso) where corals were
detected between 450 m and 750 m depth. Radiocarbon dating was used to
trace back the geological history of the coral structures. A small coral mound,
impacted by trawling activities, was found on the Genoa Plateau, while four
massive coral structures were found in the other sub-areas, mainly located in a
morphologically complex and highly energetic canyon region. High levels of
megafaunal biodiversity, including rarely reported alcyonaceans as Placogorgia
coronata, were observed together with moderate fishing impact. Overall, the
identified coral areas potentially account for 9 km? of both subfossil mounds (as
old as 13300 years BP), dominated by Desmophyllum pertusum, and living reefs,
dominated by Madrepora oculata, the latter representing up to 23% of the
substrate coverage. The few living colonies of D. pertusum in the area
represent the first documented records for the Ligurian Sea. These data
support the presence of a distinct eastern Ligurian cold-water coral province.
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Introduction

Cold-water coral (CWC) reefs and mounds are massive
biogenic seafloor structures built by the continuous deposition of
a complex aragonitic skeletal framework produced by scleractinian
species and by the deposition of fine hemipelagic sediments filling
the open spaces between the frameworks (Freiwald et al., 2004;
Roberts et al., 2006; Freiwald et al., 2009; Roberts et al., 2009; Wang
et al,, 2021). They form one of the most important habitats of the
deep-sea realm and a climax biocoenosis of the bathyal zone
worldwide, including the Mediterranean Sea (SPA/RAC-UN
Environment/MAP, 2019). This habitat holds a crucial role in
bathyal Mediterranean environments representing a pole of
attraction for the deep-sea fauna (Rueda et al., 2019). The
associated macro- and megafauna exploit the complex framework
of scleractinian branches for refuge, feeding or reproduction. They
may as well live in the nearby coral rubble and soft bottom or in the
tridimensional canopy of habitat-forming anthozoans and sponges
settling on the dead coral framework and rubble (Rueda et al,
2019). The occurrence of this habitat also positively influences
deep-sea biogeochemical cycles and pelagic-benthic coupling
processes (van Oevelen et al., 2009; Cathalot et al., 2015; Rossi
et al, 2017) and supports highly profitable fishing grounds for
professional and recreational fishers (D’Onghia et al., 2017). CWCs
are the engineers of one of the best studied vulnerable marine
ecosystems (VMEs) in the deep sea because of their high sensitivity
to mechanical impacts and slow recovery ability (e.g., slow growth
rates, settlement limited by increased silting). These characteristics
support the need for high protection levels, only marginally put in
place in the Mediterranean basin (Otero and Marin, 2019).

Mediterranean bathyal habitat-forming scleractinians are
generally considered a relic of the cold fauna of the Quaternary
period (Plio-Pleistocene), and the majority of the sites host coral
rubble or three-dimensional coral frameworks (Vertino et al., 2014;
Taviani et al., 2019a). Single living colonies and dead and living
frameworks of Madrepora oculata Linnaeus, 1758 and
Desmophyllum pertusum (Linnaeus, 1758) (= Lophelia pertusa)
are generally found on hard substrata with variable slope and
seafloor heterogeneity conditions (Orejas et al., 2009; Fabri et al,
2014; Chimienti et al., 2019; Corbera et al., 2019; Fabri et al., 2019).
Their growth is sustained by energetic hydrodynamics related to the
flow of the cold and oxygen-enriched Levantine Intermediate Water
(LIW) (Robinson et al., 2001; Millot and Taupier-Letage, 2005;
Taviani et al., 2017; Chimienti et al., 2019; Vertino et al., 2019;
Wienberg et al.,, 2022). Structuring colonial species such as D.
pertusum and M. oculata have the capability to form reefs that
alter as topographic seafloor structures the local hydrodynamic and
sedimentary regimes and whose growth is balanced by bioerosion
(Roberts et al.,, 2009). Successive periods of reef development
supplemented by the deposition of fine sediments and bioerosion
phenomena eventually result in the formation of coral mounds,
which are covered by living reefs or by dead coral frameworks and
coral rubble interspersed in mud (Roberts et al., 2006). Eight major
Mediterranean provinces with flourishing scleractinian CWCs
(sensu Taviani et al, 2011) have been identified in the last 20
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years in the Alboran Sea, Gulf of Lion, Tyrrhenian Sea, Sicily
Channel, Ionian and Adriatic seas (Chimienti et al., 2019;
Angeletti et al, 2020). In the NW Mediterranean Sea, three
provinces have been so far recognised: two located within the
Gulf of Lion canyon system and nearby Spanish canyons (Orejas
et al., 2009; Fabri et al., 2014; Fabri et al., 2017; Fabri et al., 2019;
Lastras et al., 2019; Fabri et al., 2022), and the newly discovered one
in the Corsica Channel (Angeletti et al., 2020; Angiolillo et al,
2023). Instead, our knowledge on the presence of living reefs has
always been fragmentary along the continental slope of the Ligurian
Sea, located between the Gulf of Lion and the Corsica Channel. In
this area, historical information on the occurrence of scleractinian
CWCs comes from fishing bycatch (Brunelli and Bini, 1934; Rossi,
1958; Relini-Orsi, 1974; Morri et al., 1986) and sedimentologic deep
surveys (Blanc, 1959; Blanc et al,, 1959). These data were included
in a series of nautical charts (Fusco, 1967, 1968, 1972) reporting
twelve historical coral areas (here referred to as Fusco coral areas,
F1-F12), each approximately 4 km® These were found along the
entire Ligurian arc between 500 m and 700 m depth, with ten
distributed in the eastern sector (F3-F12), from Genoa to
Monterosso (Fusco, 1967, 1968, 1972) (Figure 1A). In recent
times, bathyscaphe and remotely operated vehicle (ROV) surveys
(Tunesi and Diviacco, 1997; Tunesi et al., 2001; Delbono et al., 2014;
Fanelli et al., 2017; Enrichetti et al., 2018) reported findings of dead
coral frameworks and living colonies, including a living reef of M.
oculata off Monterosso (Figure 1A).

Despite its undisclosed deep-sea biocoenotic potential (Enrichetti
et al,, 2018) and the high fishing pressure (Relini, 2007), nobody has
ever attempted to investigate and assess the environmental status of
the entire bathyal coral belt identified by Fusco. The large-scale
mapping and characterization of the extent, structural complexity,
ecological role and vulnerability of CWC habitats are nowadays
considered fundamental studies. This is especially in light of the
need to identify those marine ecosystems that, because of their high
ecological value and the numerous ecosystem services they provide,
have a high priority for conservation (Lo lacono et al, 2019;
Montefalcone et al., 2021). This approach is not only supported by
the sustainable development goals of the UN 2030 Agenda regarding
the conservation of the seas and their resources (Ryabinin et al., 2019;
Koulouri et al, 2022) but is an integral part of the new EU
Biodiversity Strategy for 2030 aiming at strengthening the
protection of marine ecosystems and achieving or maintaining
their “good environmental status” (Miu et al., 2020; Hermoso et al.,
2022). This strategy stresses the need for an ecosystem-based
approach to managing human activities at sea. It also aims to
expand protected areas, establish strictly protected areas for
habitats and fish stocks recovery, and tackle practices that disturb
the seabed.

This study aims to present a novel large-scale characterization
of scleractinian CWC occurrences in the eastern Ligurian Sea,
integrating historical information and modern technological
approaches to support the definition of a distinct Ligurian CWC
province. The main goals are to i) report the current geographical
and bathymetrical extent of the CWC areas, ii) quantify the
structural complexity and attractiveness of the biogenic habitat
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FIGURE 1

Bathymetric-morphological map (A) of the eastern shelf and slope of the Ligurian Sea (NW Mediterranean Sea), incised by numerous canyons. Bold
white arrows mark the flow path of the Levantine Intermediate Water (LIW). Historical reports of areas with scleractinian cold-water coral
occurrences based on Fusco charts (1967, 1968, 1972) are indicated by filled ovals and labelled as F3-F12 (areas confirmed as coral sites are marked
in white). Recently obtained coral findings are also shown (marked by stars; see legend for references). Dots indicate the sites considered in this
study (see code of the projects). The dashed black boxes delimit the four target sub-areas, while the labels (B-E) indicate the coral areas (delimited
by dashed red ovals within each sub-area), whose enlargement is provided in the maps below. These maps report the position of the ROV tracks
carried out in each coral area and the terrain profiles in the sites with coral occurrences (insets). All maps are based on Atlas MaGIC bathymetry,
Chiocci et al., 2021 (datum and coordinate system WGS84).

through a characterization of the coral structures and the associated

biodiversity with a particular focus on habitat-forming species, iii)

quantify the anthropogenic impacts and assess the vulnerability

levels to depict potential conservation areas and iv) trace the

occurrence of the CWCs in the region over the past millennia

through radiocarbon dating.
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Materials and methods

Study area

The study area encompasses about 60 km of continental slope

(from 350 m to 800 m depth) localized in the eastern part of the
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Ligurian Sea (Figure 1A). With respect to the western sector of the
Ligurian Sea, the eastern one is characterized by a wider continental
shelf breaking at about 120 m depth and a less pronounced slope,
incised by three major canyons (Migeon et al., 2011; Soulet et al.,
2016; Enrichetti et al., 2020). Two of these topographic structures
(Polcevera Canyon and Bisagno Canyon) run perpendicularly to the
coast in front of the city of Genoa, and one (Levante Canyon) runs
EW almost parallel to the coast for the entire length of the region
before converging into the Genoa canyon system (Cattaneo-Vietti
et al,, 2010; Wiirtz, 2012) (Figure 1A). Recent studies highlighted
the role of this latter system in driving the prokaryotic and
meiofaunal diversity, with both canyon structures being
depocenters of primary organic matter (Carugati et al, 2019;
Corinaldesi et al., 2019). The sinuous Levante Canyon receives
the inputs of three other minor tributaries, running perpendicularly
to the coast, namely the Entella Canyon, Deiva Marina Canyon and
Punta Mesco Canyon (Figure 1A). These canyons do not have a
clear connection to any continental river system, a widespread
characteristic among Ligurian canyons (Harris and Whiteway,
2011). The Levante Canyon has steep slopes (Delbono et al,
2014; Fanelli et al., 2017), and it funnels a large amount of
sediments partly deriving from the Magra River, the largest
Ligurian river flowing in the basin about 10 km east of the city of
La Spezia (Bassano et al., 2000) (Figure 1A). The study area is lashed
by the LIW, which enters the Ligurian basin from the Tyrrhenian
Sea through the Tuscan Archipelago and along the western coast of
Corse, flowing westward along-slope between 300 and 700 m depth
(Astraldi et al., 1994; Cattaneo-Vietti et al., 2010; Prieur et al., 2020)
(Figure 1A). Above the LIW flow surface waters (MAW, Modified
Atlantic Water) from 0 m to 100 m depth and the Winter Cold
Water (WCW) from 100 m to 300 m, while Western Mediterranean
Deep Water (WMDW) occupies the water column from 700 m
depth down to the seafloor (Marty and Chiaverini, 2010; Prieur
et al., 2020).

From the geographical point of view, the ten historical coral
areas identified by Fusco (Fusco, 1967, 1968, 1972) in this region
can be divided into four main sub-areas (Figure 1A), each with
different environmental settings and different fishing pressures. (1)
The first sub-area (Genoa Plateau) includes three Fusco areas: F3,
located at around 500 m depth on the eastern flank of the Bisagno
Canyon, and F4 and F5 located at around 700 m depth on the wide
low-gradient bathyal slope extending between the city of Genoa and
the Portofino Promontory. Among all Fusco areas, F4 and F5 are
the furthest from both the continental shelf and the path of the
Levante Canyon (Figure 1A). The relatively limited heterogeneity of
the Genoa Plateau makes this an important epi- and mesobathyal
trawling area for many species of commercial interest (Orsi Relini
and Relini, 1998; Tudela et al., 2003).

(2) The second sub-area (Portofino) includes F6 and F7, located
approximately 5 km off the Portofino Promontory between 600 m
and 700 m depth, and F8, situated off the city of Sestri Levante in the
proximities of the Entella Canyon at about 500 m depth
(Figure 1A). These areas are located at 5-7 km from the path of
the Levante Canyon. The fishing ground “Di Terra le Rame” runs
parallel to the coast for about 25 km between Sestri Levante and the
Portofino Promontory (Relini, 2007) and is one of the most famous
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red shrimp fishing areas of the Ligurian Sea with up to 12 trawling
vessels from the town of Santa Margherita Ligure carrying out up to
60-120 hauls per year (Enrichetti et al., 2018). The trawling paths
generally cross F6 and F7 along their northern border at about 500-
650 m depth (Enrichetti et al., 2018).

(3) The third sub-area (Deiva Marina) includes F9 and F10,
located W and E, respectively, of the southern margin of the Deiva
Marina tributary (Figure 1A). These Fusco areas are located close to
the Levante Canyon at the base of the continental slope, at around
600 m depth. F9 is marginally crossed by trawlers running the “Di
Terra le Rame” fishing path towards Portofino (Enrichetti et al.,
2018). Finally, (4) the fourth sub-area (Monterosso) includes F11
and F12, located in the easternmost sector, off the town of
Monterosso and close to both the main path of the Levante
Canyon and the Mesco tributary (Figure 1A). Previous
investigations confirmed the occurrence of scattered coral rubble
in F12 while reported living coral frameworks in its southern
proximities, within the canyon (Fanelli et al., 2017). At least 19
trawling vessels from Santa Margherita Ligure and La Spezia are
known to work at both epi- and mesobathyal depths in the
easternmost area (Relini, 2007; Fanelli et al., 2017), with local
commercial longliners frequenting the Levante Canyon (Fanelli
et al, 2017), although no quantitative fishing effort data are
available for this region.

Identification and investigation of the
coral areas

Various approaches were employed to detect the sites that could
potentially host the coral structures within the four sub-areas. First,
multibeam GIS shapefiles based on the Atlas MaGIC bathymetry
(Chiocci et al., 2021) and provided by the Marine Geology
Laboratory (Universita degli Studi di Genova) were studied to
search for areas of seafloor heterogeneity within or in the
proximities of target Fusco coral areas. Details on the acquisition
and processing of the multibeam data are discussed in Romagnoli
et al. (2013) and Bosman et al. (2015). A side-scan sonar (SSS,
Gaymarine) mounted on the hull of the catamaran Daedalus
(Fondazione AzioneMare), including a Simrad EA400 echo
sounder and operating at 50 kHz frequency, was then run using a
2°x60° fan-shaped beam width for a useful bathymetric range of
1500 m to obtain two-dimensional seafloor profiles of the Fusco
areas and their proximities (about 50 km?) with particular focus
where the topographic reliefs were identified (Figure SM1). This
allowed for the identification of the optimal sites where to deploy
the ROV. The criteria used in this process included the height and
dimension of the elevated seabed structures, slope angle, strength of
the backscatter signal, and water depth. In addition, to identify areas
avoided by fishing activities (such as outcropping rocks and coral
structures), the trawling routes of the entire region were obtained
from a free AIS (Automatic Identification System) vessel tracking
online platform (https://www.vesselfinder.com/it). Routes were
monitored daily from January 2020 to February 2021. Finally,
previous literature data (e.g., Rossi, 1958; Tunesi and Diviacco,
1997; Fanelli et al., 2017; Enrichetti et al., 2018) and novel
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indications from fishers were taken into consideration. In
particular, fishers were informally interviewed during the project
to investigate if they knew the position of coral areas (based on
entanglements and collection of coral bycatches) and reported coral
occurrences near F9 and F10.

ROV footage acquisition

Twenty ROV dives were carried out in the region, of which 14
were made in the summer and fall of 2021 for the Curiosity Project
to explore the sites where reliefs have been detected (Table 1 and
Figure 1A). Six additional ROV dives, obtained from previous
expeditions in the area, were also considered. They were carried
out for the Biomount Project (four dives made in 2017 and 2018)
and the Marine Strategy ARPAL Project (two dives made in 2015
and 2016) (Table 1 and Figure 1A). Dives were carried out from
350 m to about 800 m depth accounting for about 30 hours of video
footage and 8.2 km of explored seafloor (about 16400 m?) (Table 1).

Curiosity and Biomount ROV surveys were carried out with the
ROV Multipluto (GayMarine). The ROV, mainly travelling
approximately 2 m above the seafloor at less than 0.5 m sec’!, was
equipped with two strobe lights, a high-definition video camera
(Sony RX100 II), a depth sensor, a compass, and an acoustic
tracking position system (USBL HDR Gaymarine). The video
camera, with an integral 20-megapixel still camera, was
positioned in a multisensory head capable of 360° pan, +90°-80°
tilt and articulated neck elevation (50 cm). ARPAL ROV surveys
were carried out with the ROV Pollux III equipped with a digital
camera (Nikon D80), a strobe (Nikon SB 400), a HD video camera
(Sony HDR-HC7?), and underwater lights. The ROV also had a
depth sensor, a compass and the underwater acoustic positioning
system (Ultra-Short Baseline, USBL) LinkQuest TrackLink 1500
MA. Both ROVs were equipped with a three-jaw grabber mounted
on a manipulative arm dedicated to collecting specimens for
taxonomical analyses and scleractinian corals for radiocarbon
dating. Parallel laser beams (distanced 10 cm) provided a scale for
dimensional reference. When unavailable, average biometric
references of the target taxa were used to obtain demographic data.

Data processing

To evaluate the general environmental characteristics of the
investigated sites and the complexity of the coral structures in each
sub-area, 40 frames were extrapolated from each video using the free
software VLC for a total of 800 frames. Unusable frames, those that
were replicated, out-of-focus, or too far off the bottom, were removed
from the dataset and replaced. The environment of each site was
characterized in terms of the percentage composition of mud, rock,
coral rubble and scleractinian framework. When a coral structure was
detected, a percentage coverage of the dead and living portions in
each frame was made to evaluate the status of the biogenic habitat.
Coverages were measured by analyzing the frames with the software
Image] (version 1.53a). Data were presented as an average value for
each one of the reported five coral areas, identified considering only
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those dives carried out on coral structures (13 out of 20) and keeping
W and E Deiva Marina separated. In addition, an estimation of the
maximum height of the coral structures (considering the exposed
dead and living portions together) was given for each coral area.
Whenever possible, the dominant scleractinian species in the
analyzed frames was identified for each coral area. Finally, to better
evaluate the topography of the coral areas, terrain profiles were
plotted using the Atlas MaGIC bathymetry (Chiocci et al,, 2021)
and the profile tool plugin available on QGIS software (version 3.22).

All megabenthic and demersal taxa visible in the entire ROV
footage, both on hard and soft bottoms, were identified to the lowest
possible taxonomic level. A list was provided for the four sub-areas
indicating the relative abundance (four categories, from zero to
three) of each taxon. An average species richness value was also
given for each coral area, considering only those dives carried out
on coral structures and keeping W and E Deiva Marina separated.

The occurrence and density (expressed as the average number of
individuals or colonies m™ + Standard Error, SE) of non-scleractinian
habitat-forming species (sponges, antipatharians and alcyonaceans)
settled on dead coral frameworks and rubble were assessed by counting
all visible and well-aligned specimens for each species in up to 50
frames targeting the coral structures per each dive. The species taken
into consideration were: the sponge Pachastrella monilifera Schmidt,
1868, the antipatharians Parantipathes larix (Esper, 1788) and
Parantipathes sp., and the alcyonaceans Acanthogorgia armata
Verrill, 1878, Muriceides lepida Carpine and Grasshoff, 1975,
Placogorgia coronata Carpine and Grasshoff, 1975, and Placogorgia
massiliensis Carpine and Grasshoff, 1975. The taxonomic identification
of these species was carried out in the Zoology Laboratory of the
University of Genoa based on the collected material. An average value
of density was given for each species in each site. Density data were also
presented for the main structuring species, the scleractinians M. oculata
and D. pertusum, considering only living colonies. In addition, height-
percentage frequency distributions (8 size classes, from 5 to 70 cm)
were made for M. oculata in the coral areas showing the highest
densities of living colonies. Height data were provided for the living
colonies of D. pertusum. Morphometric data were obtained with the
software Image].

The distribution and density (expressed as the number of items
ha') of urban and fishing litter were assessed for each site
considering the entire video footage and length of the ROV track
to evaluate the extent and origin of the anthropogenic impact in the
different sub-areas. In addition, an interpolation of AIS trawling
vessel routes with the bathymetric-morphological map was used to
detect areas of no fishing effort and the occurrence and average
density of a soft-bottom fragile anthozoan belonging to an
unidentified species of the genus Acanella (Keratoisididae) were
used as a bioindicator of pristine environments.

All maps presented in this study were built with QGIS software
(version 3.22) using Atlas MaGIC bathymetry (Chiocci et al., 2021).

Radiocarbon dating

Eight specimens of dead scleractinian corals belonging to three
species [M. oculata, D. pertusum, and Desmophyllum dianthus
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TABLE 1 Summary of the technical data of the considered dives.

DATE DURATION

SUB-AREA (dd.mm.yy) (hh:mm)

FUSCO AREA DIVE CODE SITE

Long Lat

LENGHT (m) DEPTH RANGE (m) PROJECT

‘le 1o og

92UBI2S dulIe|y Ul SI213U0I4

90

610 UISIBIUOLY

F3 BM41 SW F3 11.08.18 00:41 8.9177 443147 350 708-752 BIOMOUNT 2018
F3 BM42 SW F3 12.08.18 00:54 8.9032 44.3078 350 502-609 BIOMOUNT 2018
GENOA PLATEAU F4 -
F5 Dive 5 SE F5 - Mound 19.06.21 01:24 9.0493 44.2220 100 689-691 CURIOSITY DRIVEN
F5 Dive 6 NE F5 22.06.21 00:32 9.0845 442624 50 521-525 CURIOSITY DRIVEN
F6 -
F7 BM1 SE F7 - Bioherm 15.06.17 02:00 9.2277 44.2090 350 728-779 BIOMOUNT 2017
F7 Dive 1 SE F7 - Bioherm 15.06.21 01:54 9.2366 442051 187 642-653 CURIOSITY DRIVEN
PorTOFINO F7 Dive 2 SE F7 15.06.21 00:22 9.2249 44.2024 88 792-797 CURIOSITY DRIVEN
F7 Dive 3 SE F7 - Bioherm 15.06.21 01:43 9.2395 44.1982 345 704-747 CURIOSITY DRIVEN
F7 Dive 4 SE F7 - Bioherm 16.06.21 01:36 9.2372 44.1988 435 711-719 CURIOSITY DRIVEN
F7 BM2 NE F7 15.06.17 01:03 9.2948 44.2335 200 423-466 BIOMOUNT 2017
F8 -
F9 Dive 10 SW F9 - Bioherm 11.09.21 01:36 9.3750 44.1563 466 667-715 CURIOSITY DRIVEN
F9 Dive 13 SW F9 - Reef 12.10.21 01:24 9.3918 44.1635 400 570-608 CURIOSITY DRIVEN
DEIvA MARINA F9 Dive 14 SE F9 - Bioherm 12.10.21 01:35 9.4102 44.1445 486 690-733 CURIOSITY DRIVEN
F10 MS41 NW F10 28.08.15 03:25 9.4318 44.1590 1940 350-504 ARPAL MS 2015
F10 Dive 11 W F10 - Reef 13.09.21 01:39 9.4417 44.1390 471 525-640 CURIOSITY DRIVEN
F10 Dive 12 S F10 - Bioherm 13.09.21 01:15 9.4292 44.1475 389 445-479 CURIOSITY DRIVEN
F11 -
F12 Dive 7 SE F12 - Reef 09.09.21 02:00 9.5195 44.0635 380 545-577 CURIOSITY DRIVEN
MONTEROSSO F12 Dive 8 SE F12 - Reef 10.09.21 01:22 9.5233 44.0673 299 502-557 CURIOSITY DRIVEN
F12 Dive 9 SE F12 - Reef 10.09.21 01:25 9.5310 44.0616 226 538-564 CURIOSITY DRIVEN
F12 MS27 SE F12 08.09.16 01:33 9.5316 44.0557 800 487-507 ARPAL MS 2016
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(Esper, 1794)] were used for radiocarbon dating (Table 2 and
Figure SM1). Six were selected from the four study sub-areas
(Genoa Plateau, Portofino, Deiva Marina, and Monterosso). Of
these, four samples were collected during the Curiosity surveys,
one during the Biomount project and one was a bycatch sample
collected during a fishing survey conducted in the 1980s (Table 2
and Figure SM2). Two additional samples were collected during
the Biomount project on two offshore seamounts of the Ligurian
Sea, namely Penelope Seamount (497 m depth) and Spinola
Seamounts (1810 m depth). These latter were added since they
provided further information on the coral ages of the region in the
bathyal offshore zones.

Analyses were carried out by AMS (Accelerator Mass
Spectrometry) at CEDAD (Centre for Dating and Diagnostics),
University of Salento, Italy (Calcagnile et al., 2005; Calcagnile et al.,
2019). Samples were submitted to standard processing procedures
(Calcagnile et al., 2004; Hajdas et al., 2021; Quarta et al., 2021). The
measurement of "*C/'*C and >C/'C isotopic ratios was used to
calculate conventional radiocarbon ages, according to Stuiver and
Polach (1977). Conventional radiocarbon ages were then calibrated
to calendar years using the Marine20 calibration curve valid for
marine data (Heaton et al., 2021) and the OxCal Vers. 4.4 Software
(Ramsey, 2001). A local reservoir correction AR = -90 + 80 years
was used as the average value accounting for a deglacial to Holocene
marine reservoir age of R = 370 + 40 years (Siani et al., 2000; Reimer
and McCormac, 2002; Siani et al., 2011).

TABLE 2 List of the samples submitted to AMS radiocarbon dating.

10.3389/fmars.2023.1114417

Results

Localization, environmental characteristics
and structural complexity of the

coral areas
The preliminary investigations conducted with indirect tools (SSS

surveys, multibeam bathymetry maps, bycatch records, and AIS
trawling routes) confirmed the occurrence of reliefs in all four
investigated sub-areas and specifically in five of the ten target Fusco
coral areas or their proximities (Figure 1A). ROV investigations then
reported scleractinian CWC occurrences to a different extent in the four
sub-areas and five major coral areas were identified (Figures 1B-E).

(1) Multibeam bathymetry and SSS surveys identified no
conspicuous topographic relief in the Genoa Plateau sub-area, except
for a 20 m-large circular structure localized SE of F5 at 690 m depth
(Figures 1A, SM1A). Here, the ROV exploration (Dive 5) confirmed
the occurrence of a heavily fragmented rubble of D. pertusum
(Figure 2A), extending on a sub-horizontal (about 10°) muddy
bottom (Figures 1B, 2A). The exposed coral rubble represented 41%
of the investigated seafloor (Figure 3A), reaching up to 15 cm in
thickness (Figure 3B). Neither living nor dead scleractiniitn CWC
occurrences were detected in the dives conducted in the Bisagno
Canyon (BM41 and BM42) and NE of F5 (Dive 6) (Figure 1A).

(2) SSS profiles in the Portofino sub-area identified a massive
relief 5 km SE of the eastern cape of the Portofino Promontory,
crossing F7 on its SE side (Figures 1A, SMI1B). Based on the

CALIBRATED
AGE (yrs BP =
SAMPLING SAMPLE DEPTH SAMPLING RADIOCARBON before 1950
SPECIES COORDINATES = SURVEY )
AREA CODE (m) DATE AGE (BP) (confidence
level 20)
[MEDIAN VALUE]
Genoa Plateau, |1 gy Desmophyllum 689 2021 9.0493E, 442220N | Curiosity 11831 + 100 13365 + 274 [13362]
F5 pertusum
Madrepora
Portofino, F7 LTL21893 650 1980s na Bycatch* 370 + 25 76 + 120 [62]
oculata
Desmophyllum .
Portofino, F7 LTL21894 737 2017 9.2276E, 44.2090N | Biomount 7357 + 85 7838 + 234 [7838]
pertusum
W Dei Mad
ea LTL21895 adrepora 567 2021 9.3918E, 44.1635N | Curiosity 527 + 30 188 + 180 [188]
Marina, F9 oculata
W Deiva LTL21896 Madrepora 667 2021 9.3750E, 44.1563N | Curiosity 401 +25 90 + 138 [77]
Marina, F9 oculata
M ' M
onterosso LTL21897 adrepora 560 2021 9.5194F, 44.0634N | Curiosity 567 + 30 229 + 188 [229]
F12 oculata
Penel Mad
enelope LTL21898 adrepora 497 2017 8.9618E, 43.8916N | Biomount 8281 + 60 8888 + 270 [8892]
Seamount oculata
Spinola ITi2is09 | Desmophyllum 1810 2018 8.7315E, 43.3860N | Biomount 6749 + 45 7269 + 184 [7271]
Seamount dianthus

* Bycatch sample (courtesy of Prof. Giulio Relini, UniGe).
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FIGURE 2

Representative ROV footage of the scleractinian frameworks for each coral area. (A) Accumulation of Desmophyllum pertusum fragments on mud
(Genoa Plateau, Diveb), (B, C) dead framework dominated by D. pertusum and colonized by the alcyonacean Placogorgia coronata (Portofino)
(Dive4), (D, E) living M. oculata frameworks developing on the sloping walls and (F) the sub-horizontal crest of the W Deiva Marina relief (Divel3),
(G, H) living frameworks of M. oculata interspersed with mud on the E Deiva Marina relief (Divell), (I, ) living frameworks of M. oculata developing
on the silted terraces of the Levante Canyon (Monterosso, Dive8 and Dive7, respectively). Scale bar: 50 cm.

bathymetric-morphological map, the relief stretches for about 4 x
2 km from 620 m to 960 m depth (Figure 1C). It was explored on
both the western (BM1 and Dive 2) and eastern sides (Dives 1, 3,
and 4). The terrain profile along the E margin is overall sloping
(around 30°) (Figure 1C), although steeper areas are present on a
smaller scale. The relief was covered for about 53% of its
investigated area by scleractinian frameworks, located between

Frontiers in Marine Science

642 m and 779 m depth (Figure 3A). Outcropping rock and
rubble, the latter scattered in the mud among the corals and at
the base of the topographic relief, contributed with a minor
percentage (Figure 3A). The exposed coral structure, up to 5 m
high (Figure 3B), was covered for 99% by dead D. pertusum
(Figures 2B, C, 3A), with few living colonies of this species found
between 642 m and 747 m depth. Neither living nor dead
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FIGURE 3
Average percentage coverage of substrate categories and living and dead portions of the observed scleractinian frameworks in each coral area of
the eastern Ligurian Sea (A). Spatial distribution of the maximum heights of the coral structures and (B) of the average species richness (n° of
species) per dive on each coral area (C) (maps based on Atlas MaGIC bathymetry, Chiocci et al,, 2021).

scleractinian CWC occurrences were detected in the Entella Canyon
(BM2) (Figures 1A, C).

(3) Multibeam bathymetry data and SSS profiles in the sub-area
of Deiva Marina revealed the occurrence of two large reliefs, each
about 2 km long, in the proximities of both Fusco coral areas (F9
and F10) bordering the southern margins of the Deiva Marina
Canyon (Figures 1A, SMI1C-D). The western relief, situated at
about 1-2 km from the Levante Canyon and about 2 km from the
Deiva Marina Canyon in the proximities of F9, is a 2.5 m-high

Frontiers in Marine Science

elevation (Figure 3B) emerging from a gently sloping bathyal plain
at about 715 m depth and rapidly reaching the crest at about 570 m
depth with an average slope of 45° (Dives 10 and 13) (Figure 1D).
The scleractinian frameworks mainly occurred along the flanks of
the relief in large incisures and along the sub-horizontal crest
(Figures 2D-F) covering up to 51% of the investigated seafloor
(Figure 3A). The coral structure was covered by living M. oculata
colonies (14%) (between 570 m and 610 m depth) growing on
massive dead M. oculata frameworks (Figure 3A). Large fan-like
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living and dead scleractinian frameworks were reported on the
sloping substrate (Figure 2E), with colonies oriented eastward.
Additionally, dead coral structures of M. oculata were observed at
730 m depth, where the Deiva Marina Canyon converges in the
Levante Canyon (Dive 14) (Figure 1D). The eastern relief, situated
along the continental slope closer to both canyons (in the
proximities of F10), emerges from a bathyal plain at about 640 m
depth and gently reaching the crest at about 445 m depth (Dive 11
and 12) (Figure 1D). The coral structure, as high as 1 m (Figure 3B),
was covered by living M. oculata colonies (10%) growing (between
525 m and 640 m depth) on poorly developed dead frameworks of
M. oculata (Figures 2G, H). These latter covered about 20% of the
investigated seafloor (Figure 3A). Coral rubble was mainly found at
the base of the reliefs in both W and E Deiva Marina coral areas,
accounting for 8% and 21% of the investigated area, respectively
(Figure 3A). The northern site (MS41), at 350-504 m depth, was
dominated by sub-vertical rocky walls with neither living nor dead
scleractinian CWC presence (Figure 1D).

(4) Lastly, multibeam bathymetry maps and SSS profiles
confirmed the absence of reliefs in F11 and F12 in the sub-area of
Monterosso. However, south of F12, in the Levante Canyon, two
distinct coral structures (300 m and 500 m long) were detected
between 502 m and 577 m depth beside the one already reported by
Fanelli et al. (2017) (Dive 7) (Figures 1A, SM1E). One is located on
the southern canyon wall (Dive 9), about 1 km east of the known
one, and the other is located on the northern wall of the canyon
(Dive 8) in front of the known one (Figure 1E). The coral
frameworks were situated on silted, gently sloping terraces (about
30°) found along the steep walls of the canyon (Figure 1E). The
coral structures, up to 1 m high, were covered by living M. oculata
colonies (Figures 2I, J) growing on poorly developed dead
frameworks of M. oculata covering up to 37% of the explored
seafloor (Figures 3A, B). Overall, the living component was more
significant than in any other coral area (23%) (Figure 3A). Colonies
were eastward oriented also in these coral structures. No
scleractinian CWC occurrences were detected on the muddy plain
outside the canyon (MS27) (Figure 1E).

Associated biodiversity and habitat-
forming species

One hundred four megabenthic and demersal taxa were
identified in the entire region, largely attributed to the species
level (Table SM1). Additionally, dead patches of Neopycnodonte
zibrowii (Gofas, Salas and Taviani, 2009) were reported on
outcropping sub-vertical rocks in the sub-areas of Portofino and
Deiva Marina. Of the living taxa, cnidarian anthozoans
corresponded to about 18% of the total diversity, crustaceans to
17%, and fishes to about 25%. The total species richness reported in
the four sub-areas varied from 27 taxa in the Genoa Plateau to 72 in
Deiva Marina (Table SM1). Considering only the dives carried out
on coral structures, the lowest average value was found in the coral
rubble of the Genoa Plateau (7 taxa per dive), followed by the coral
structures of Portofino (23 taxa per dive), W Deiva Marina and
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Monterosso (26 and 27 taxa per dive, respectively), and E Deiva
Marina showing the highest value (34 taxa per dive) (Figure 3C).

Nine hard-bottom habitat-forming species were recorded in the
region, except for the Genoa Plateau coral area (Table SM1), for about
5600 counted specimens. Desmophyllum pertusum and M. oculata
represented the dominant habitat formers of the studied coral areas.
Living colonies of D. pertusum were found only in the deepest parts of
the Portofino coral area with a maximal average density of 2 + 0.5
colonies m™ (Figure 4A), while living colonies of M. oculata were
mainly found in the easternmost coral structures with maximal average
densities of 13 + 2 colonies m™ (W Deiva Marina) and 8 + 1 colonies
m (Monterosso) (Figure 4B). Besides these two species, small patches
of living D. dianthus were recorded in all major coral areas. Habitat-
forming alcyonaceans were abundantly represented on the dead coral
frameworks or the nearby coral rubble. Acanthogorgia armata reached
maximal average abundances of 7 + 1 colonies m™ on the coral rubble
of the Portofino relief (Figure 4C). Muriceides lepida formed dense
meadows on the Portofino dead coral framework (8 + 3 colonies m™)
and the crest of the W Deiva Marina coral structure (20 + 4 colonies m”
%) (Figure 4D). The fan-like gorgonian P. coronata formed dense
patches on the Portofino dead coral frameworks (5 + 1 colonies m?)
and on the coral rubble of W Deiva Marina (2 + 0.5 colonies m™)
(Figure 4E). The bushy colonies of P. massiliensis were mainly
encountered on the Portofino and E Deiva Marina coral rubble (10
+ 2 colonies m™? and 7 + 2 colonies m?, respectively) (Figure 4F).
Habitat-forming species also included three other taxa, which were,
however, overall poorly represented, namely the massive demosponge
P. monilifera, reaching maximal average abundances of 2 + 0.5
individuals m™ in E Deiva Marina and the antipatharians P. larix
and Parantipathes sp., reaching maximal average abundances of 2 + 1
colonies m2 and 2 + 0.5 colonies m?, in E Deiva Marina and
Portofino, respectively. Also these species were mainly settled on the
dead coral frameworks or the nearby coral rubble.

The percentage frequency distributions of the heights of the
dominant habitat-forming scleractinian, M. oculata, showed that the
modal class was around 20 cm in all three considered coral areas,
namely W Deiva Marina (367 measured colonies, Dive 13), E Deiva
Marina (320 measured colonies, Dive 11), and Monterosso (706
measured colonies, Dives 7, 8, 9). Despite this, both populations of
Deiva Marina showed a lower percentage in the peak (about 38%) with
respect to Monterosso (about 52%) (Figure 5). In addition, the
structure of the E Deiva Marina population was marginally shifted
towards the smaller size classes, while that of W Deiva Marina showed
a slightly higher percentage of colonies above 50 cm high (Figure 5).
The living colonies of D. pertusum reported in Portofino showed an
average height of 10 + 1.3 cm (up to 22 cm).

Interesting sightings were also made on the soft bottoms nearby
the coral occurrences (Table SM1). Among the most interesting or
frequently observed taxa, it is worth mentioning the patches of large
forams observed in Portofino and Monterosso, the demosponge
Atergia corticata Stephens, 1915 (Deiva Marina), and one record of
the large hydrozoan Branchiocerianthus italicus Stechow, 1921
(Monterosso, MS27). Among anthozoans, a yet unidentified
keratoisidid species belonging to the genus Acanella was largely
reported on the deep mud plain nearby the coral occurrences of W
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FIGURE 4

Distribution and average density (expressed as the number of living colonies m2) of the main framework-building species and other habitat-formers
in each dive. ROV footage of the considered species: (A) Desmophyllum pertusum (Portofino, Divel), (B) Madrepora oculata (W Deiva Marina,
Divel3), (C) Acanthogorgia armata (Portofino, Divel), (D) Muriceides lepida (Portofino, Dive3), (E) Placogorgia coronata (Portofino, Dive4),

(F) Placogorgia massiliensis (Deiva Marina, Divell). Scale bar: 10 cm.

Deiva Marina (Figures 6A, B) and Monterosso. Soft-bottom isopods
identified as Munnopsurus atlanticus (Bonnier, 1896) were
commonly reported crawling on mud near the Monterosso
coral sites.

Anthropogenic impacts

The anthropic impact was calculated on the entire investigated
area, accounting for about 16400 m?2. Overall, 502 items were
recorded along the ROV tracks, attributed for 53.7% to
abandoned, lost or otherwise discarded fishing gear (ALDFG),
including longlines (62%), net fragments (27%), ropes (7%), and
other items (e.g., buoys, moorings, bricks, boxes) (4%) related to
professional or recreational fishing activities. The remaining 46.3%
of the recorded items were attributed to general marine litter,
including plastic items (e.g., fragments, glasses) (94%), metal
fragments (5%) and glass bottles (1%). The normalized density
distribution of these items among the sites was uneven (Figures 7A,
B). Urban litter was recorded in all sub-areas, with densities as high
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as 1180 items ha™ in W Deiva Marina (Dive 10), especially at the
relief base. High values were also recorded on the Portofino (up to
246 items ha™') (Dive 3) and Monterosso coral structures (up to 401
items ha') (Dive 8) (Figure 7A).

Low-density values of urban litter were reported from the
Genoa Plateau coral rubble accumulation (100 items ha™)
(Figure 7A), which also showed low values of fishing litter density
(50 items ha) (Dive 5) (Figure 7B). Here, the coral area was
crossed by numerous deep trawling marks (Figure 6C) and imprints
of trawling nets were observed. Dense AIS trawling routes crossed
the entire Genoa Plateau, including the investigated area
(Figure 7C) and numerous trawling vessels were encountered
during the surveys. The other coral areas were subjected to a
variable accumulation of fishing litter: the Portofino coral area
was the one with the lowest density of fishing litter in all its
explored sites (up to 188 items ha™) (Dive 3) (Figure 7B). AIS
trawling routes crossed the area along its northern border and
vessels, observed during the surveys, marginally run over the F7
relief (Figure 7C). In Deiva Marina, the highest density values of
fishing litter were recorded for the western coral area (up to 525
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FIGURE 5

Height-frequency distribution of the main living populations of Madrepora oculata in the easternmost Ligurian coral areas

items ha') (Dive 14) (Figure 7B). In the entire sub-area,
accumulations of fishing debris were commonly observed in all
the investigated sites and overturned coral blocks were observed at
the base of the reliefs in the sub-horizontal muddy areas. Here, AIS
trawling routes mainly stopped nearby the flanks of the canyon
(Figure 7C). Trawlers, commonly observed during the surveys, were
reported to work very close to both reliefs. They start hauling the
nets just before the rising of the relief in E Deiva Marina and they
lower the nets nearby the western relief, at the beginning of the “Di
Terra le Rame” trawling path towards Portofino. Finally, the
Monterosso coral area showed density values of fishing litter as
high as 518 items ha™ (Dive 8) (Figure 7B). The sites were impacted
by the crossing of trawling routes on the southern margin and only
occasionally were run over (Figure 7C). Recreational fishing boats
using longlines were observed for both coral areas of Deiva Marina.

A total of 352 entanglement events were reported in the region,
excluding the Genoa Plateau coral rubble accumulation.
Entanglements were caused both by fishing items (Figures 6D-F)
and urban litter (Figures 6G, H). Considering the entire dataset,
about 69% of the entanglements were reported on dead coral
frameworks (especially in Portofino and W Deiva Marina), 22%
on the living scleractinian CWCs (especially in E Deiva Marina and
Monterosso), and 9% on erect alcyonaceans (especially in
Portofino). Necrotic alcyonaceans were also reported in the area,
mainly in Portofino (56.4%) and W Deiva Marina (23.1%).

Finally, three sites located nearby the coral structures of W
Deiva Marina and Monterosso, characterized by sub-horizontal
muddy planes, hosted dense populations of the keratoisidid
Acanella sp. (Figures 6A, B, 7C). The analysis of the AIS trawling
routes showed that the investigated bathyal muddy plateau of W
Deiva Marina, with an estimated extension of about 54,000 km?, is
not affected by trawling (Figure 7C).
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Radiocarbon dating

The eight analyzed scleractinian coral samples comprised four
specimens with ages ranging between 13365 and 7269 years before
present (yrs BP). Two of these ages were obtained from D. pertusum
specimens collected in the sub-areas of Genoa Plateau (F5) and
Portofino (F7), one was obtained from a fragment of M. oculata
collected on the Penelope Seamount, and one from a specimen of D.
dianthus collected on the Spinola Seamount (Table 2 and
Figures 8A, B, SM2). These samples were collected at
approximately 500 m and 1800 m depth in the lower bathyal
zone (Table 2). Four specimens of M. oculata, collected between
560 m and 650 m depth from Portofino (F7), W Deiva Marina (F9),
and Monterosso (south of F12), revealed modern ages ranging from
229 to 76 yrs BP (Table 2 and Figures 8A, B, SM2).

Discussion

Type and age of the Ligurian bathyal
coral structures

The geomorphological features identified in the eastern sector
of the Ligurian Sea include different types of coral structures
(Figure 9), which have been collocated in the post-glacial timeline
(Bolling-Allered, Younger Dryas, Holocene) thanks to radiocarbon
dating and following the most recent temporal distribution patterns
of Mediterranean habitat-forming scleractinian CWCs (Figure 8B)
(McCulloch et al.,, 2010; Fink et al., 2015; Stalder et al., 2015;
Corbera et al., 2022a; Wienberg et al., 2022).

The accumulation of D. pertusum coral rubble found on the
Genoa Plateau is most likely the exposed top of a small CWC mound
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FIGURE 6

ROV footage of the anthropogenic impacts. (A, B) Forest of the keratoisidid Acanella sp. on the bathyal plain near the W Deiva Marina coral area
(Divel4), (C) trawling track crossing the Genoa coral rubble accumulation (Dive5), (D, E) fragments of nets and lines entangling Madrepora oculata
colonies in W and E Deiva Marina (Divel0O and Dive 11, respectively), (F) lost longline engulfing a coral colony in Monterosso (Dive7), (G) plastic
fragment entangled on a colony of Placogorgia coronata in W Deiva Marina (Divel0), (H) plastic bag laying on M. oculata in Monterosso (Dive8).

Scale bar: 10 cm.

(Figure 9A). However, only sediment cores could confirm this
assumption as they are indispensable to tracing the recurring
periods of coral reef proliferation and sedimentation of a mound
and to delineating the paleoenvironmental factors that drove, over
geological times, its formation (Huvenne et al., 2009; Roberts et al.,
2009; Wang et al.,, 2021; Corbera et al., 2022a; Wienberg et al., 2022).
Nevertheless, a mound is highly probable, given the high density of
the rubble mixed with mud (Figure 2A). Although multibeam
echosounders and photogrammetric techniques are now preferred
to obtain high-definition maps of these structures, 2D mosaics have
been broadly used to localize them, especially on flat seafloors (Remia
and Taviani, 2005; Lim et al., 2021; Fabri et al., 2022), such as that of
the Genoa Plateau. It has also been demonstrated that small-sized
CWC mounds, which are impacted by trawling, appear with a
reduced backscatter in the SSS (Roberts et al., 2006), as observed
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here. Small, scattered coral frameworks dominated by coral rubble
may also result from not optimal environmental conditions exposing
the mound to natural bioerosion and fragmentation and, ultimately,
to burial (Wang et al, 2021). The size of the Genoa mound is
significantly smaller than what is reported for other Mediterranean
mounds, particularly the large mounds of Santa Maria di Leuca (up to
300 m wide) (Savini and Corselli, 2010), the subfossil mounds of
Pantelleria (up to 10 m high and 90 m wide) (Martorelli et al., 2011),
the Corsica Channel mounds (70-330 m wide) (Angeletti et al., 2020),
and the km-long belts observed in the Alboran coral mounds
provinces (Lo Iacono et al,, 2012; Lo ITacono et al., 2014; Corbera
et al,, 2019; Wienberg et al., 2022) (Table SM2). On the other hand,
the shallow-buried subfossil mounds of the Tuscan archipelago are
more comparable in size (10 m wide and 3-4 m high) (Remia and
Taviani, 2005).
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FIGURE 7

Anthropogenic impact. Distribution and average density (expressed as number of items ha™) of (A) urban litter and (B) fishing litter. (C) Localization
of the trawling routes (black lines) in the study area and identification of a trawling-free muddy plain near W Deiva Marina (F9) hosting high densities
of the keratoisidid Acanella sp. (maps based on Atlas MaGIC bathymetry, Chiocci et al., 2021).
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The age of the coral sample obtained from the surface of the
Genoa mound (13365 yrs BP) falls in the Belling-Allerod warm
interval (14.6-12.9 ka), and represents, so far, the oldest datum for
this region. It is closely followed by the age datum (12180 yrs BP)
obtained from a coral sample coming from another bathyal
subfossil mound oft the Tuscan Archipelago (355-441 m depth)
(Figure 8B) (Remia and Taviani, 2005; McCulloch et al., 2010). The
recorded age of the Genoa surface coral sample coincides, in the
NW Mediterranean Sea, with a peak of meltwater discharge, which
caused a significant reorganization of the thermohaline circulation
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leading to increased productivity and invigoration of the LIW, and,
ultimately, to a proliferation of the corals (Fink et al., 2015; Wang
et al, 2019; Corbera et al, 2021; Wienberg et al, 2022). The
reported ages obtained from surface samples of D. pertusum in
the Ligurian Sea are in accordance with numerous other
stratigraphic records suggesting that, with a few exceptions (e.g.,
Corbera et al., 2022a), most Mediterranean CWC mounds
dominated by this species showed maximum vertical growth or
aggradation rates during the last deglaciation (Belling-Allerod
warm interval and the Younger Dryas cooling event), and during
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the early Holocene, in relation to climate-paced environmental
changes (McCulloch et al.,, 2010; Fink et al.,, 2015; Stalder et al.,
2015; Vertino and Corselli, 2019; Vertino et al., 2019; Wienberg,
2019; Chapron et al., 2020; Le Houedec et al, 2021; Wienberg
et al., 2022).

The Portofino coral structure is a massive D. pertusum
framework localized on a low-gradient slope, accounting for an
estimated surface of about 7.4 km> (Figure 9B) and possibly
ascribable to a large CWC mound. Only the Alboran Sea hosts
elongated ridge-like biogenic structures more extensive than the
one reported here (Corbera et al., 2019; Hebbeln, 2019; Corbera
et al, 2021; Wienberg et al, 2022) (Table SM2). Based on the
radiocarbon dating of surface samples, the Portofino framework is
at least 7838 years old (Figure 8B), falling close to the boundary
between Early Holocene (11.7-8.2 ka) and Mid-Holocene (8.2-5.9
ka), similarly to the surface coral samples collected on the Penelope
and Spinola seamounts (8.7 ka and 7.2 ka, respectively) and on the
Tuscan CWC mounds (McCulloch et al., 2010) (Figure 8B). Prolific
coral growth was supported in the western basin during the Early
Holocene thanks to the formation of winter intermediate waters,
which sustained high productivity despite a general reduction of
LIW (Fink et al., 2015). On the other hand, the onset of marked
oligotrophic conditions characterized the western areas in the Mid-
Holocene, a period in which a widespread decline of corals was
observed (Fink et al,, 2015; Stalder et al., 2018), putatively also
affecting bathyal offshore sites such as seamounts. Further
geomorphological and sedimentological studies are needed to
fully understand the geological development of the Portofino
coral structure, but the reported age is consistent with the Mid-
Holocene coral demise.

Lastly, the Deiva Marina and the Monterosso coral structures
are ascribable to active reefs (Roberts et al., 2009). The two
topographic reliefs of Deiva Marina cover at least 1.3 km?, while
the fragmentary patches of Monterosso cover altogether about 0.24
km? (Figure 9C, D). The reefs found on the Santa Maria di Leuca
(Savini and Corselli, 2010) and Cabliers mounds (Corbera et al.,
2019; Corbera et al.,, 2021) have a more extensive structural
development (Table SM2); however, the Deiva Marina reefs show
a more considerable continuous growth of the living portions
similarly to what was observed in the flourishing sites of the Gulf
of Lion (Fabri et al., 2022), Corsica Channel (Angeletti et al., 2020),
and the Gulf of Naples (Taviani et al., 2019b; Angiolillo et al., 2023)
(Table SM2). Based on the radiocarbon dating, the easternmost
coral frameworks (W Deiva Marina and Monterosso) resulted
younger than the westernmost ones (Genoa and Portofino)
(Figure 8B). Sediment cores, however, are needed to investigate
the age of the easternmost reefs further, since only modern rubble
was collected in these localities.

Overall, despite more regional paleoenvironmental data and
samplings being needed to obtain a complete picture of the
proliferation and demise of scleractinian CWCs in the Ligurian
Sea and nearby basins, this study provides a significant contribution
to the understanding of the temporal occurrence of CW
scleractinian corals in the region.
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Spatial distribution and characteristics of
the Ligurian bathyal coral structures

Of the five bathyal coral occurrences identified in this study,
only the Portofino coral area is partially well enclosed in the
historical boundaries specified in the nautical charts of Fusco
(Fusco, 1967, 1968, 1972), while the others are located nearby.
The historical coral areas were, indeed, mainly depicted based on
fishers” indications of retrieval of coral rubble, which could have
been dragged from nearby structures by nets moving accidentally
too close to the reliefs (Rossi, 1958; Enrichetti et al., 2018), as also
reported around the subfossil Tuscan mounds (Remia and Taviani,
2005). Modified trawl nets with rubber rollers were also suggested
for the easternmost areas (F11 and F12) (Fanelli et al,, 2017),
supporting the possibility of highly destructive dragging actions.
Accidental impacts are confirmed in this study based on the
trawling routes and the in-situ observation of trawling vessels.
The Portofino framework was better enclosed in the historical
boundaries of Fusco thanks to information coming from previous
investigations (Blanc, 1959; Blanc et al,, 1959) and the fact that,
being a massive relief situated on a gentle slope, it was more exposed
to trawling activities, hence to localization, especially along its
northern boundary, closer to the fishing routes. Although found
on a plateau, the Genoa mound was far too small to be precisely
identified on the Fusco charts. The Deiva Marina and Monterosso
reefs, located in canyon areas less accessible to trawling, were not
precisely located too. The drag of scattered coral rubble miles
from the source coral sites under the action of trawlers may also
explain the historical identification of those Fusco coral areas
lacking distinct biogenic reliefs within or nearby their boundaries
(F3, F4, F6, F8, F11). However, it must be considered that
seismostratigraphic analyses, not used here, may be able to
identify buried topographic coral features, as carried out along
the Tunisian slope (Camafort et al., 2020) and in the Tuscan
Archipelago (Remia and Taviani, 2005). Overall, the Fusco charts
(1967, 1968, 1972) proved reliable, suggesting that they represent
some of the oldest maps available for the Mediterranean Sea
regarding the distribution of scleractinian CWC frameworks,
hence holding a particular historical value.

The localization of the Ligurian CWC mounds on muddy, low-
gradient slope areas is in accordance with what was reported in
other Mediterranean mound provinces, such as Santa Maria di
Leuca (Savini and Corselli, 2010; Savini et al., 2014), Corsica
Channel (Angeletti et al., 2020), Tuscan Archipelago (Remia and
Taviani, 2005), East and West Melilla and Cabliers (Lo Tacono et al.,
2014; Corbera et al., 2019; Corbera et al., 2021; Wienberg et al.,
2022), where, however, the number of recorded mounds is
significantly higher (from tens to hundreds) (Table SM2). The
Deiva Marina and Monterosso reefs localized in canyons are,
instead, unique for the Mediterranean Sea, showing 10% to 23%
of living colonies thriving on complex dead frameworks for an
overall seafloor coral coverage varying between 20% and 51%.
Living reefs, in fact, although smaller and more fragmentary, are
reported only in the Sardinian canyons (Taviani et al., 2017; Moccia

frontiersin.org


https://doi.org/10.3389/fmars.2023.1114417
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Bo et al.

et al., 2019), while the flourishing populations of the S Adriatic
canyons (Angeletti et al, 2014), Dohrn Canyon (Taviani et al,
2019b; Angiolillo et al., 2023), and Gulf of Lion canyons (Orejas
et al., 2009; Fabri et al., 2019; Fabri et al., 2022) thrive on rocks with
no dead biogenic framework (Table SM2). A significant percentage
of outcropping rock is reported in the study area only on the Deiva
Marina reliefs, while no hardgrounds are visible in the Monterosso
coral area. Considering the inclination of the substrate, the
Monterosso reefs, thriving on muddy, sub-horizontal terraces
exposed to strong currents, are similar to the Corse ones
(Angeletti et al., 2020; Angiolillo et al., 2023). The W Deiva
Marina reefs, on the other hand, thriving on sub-vertical
substrata are similar to the populations observed in the Cap de
Creus, Lacaze-Duthiers, Cassidaigne and Dohrn canyons (Orejas
et al., 2009; Fabri et al,, 2019; Taviani et al.,, 2019b; Dominguez-
Carrio et al,, 2022; Fabri et al, 2022; Angiolillo et al., 2023).
However, the dense populations in the Lacaze-Duthiers Canyon
are unique since they are located on the outer rim of outcropping
lithified sedimentary strata (Fabri et al., 2014; Fabri et al., 2022).
The dominance of D. pertusum on the Genoa mound (690 m
depth) and the Portofino framework (640-780 m depth), even if
mainly subfossil, is in accordance with the general bathymetric
distribution of this species in the Mediterranean Sea (Chimienti
et al,, 2019) and with most of the previous Mediterranean findings
regarding mounds (Corbera et al., 2019). The Portofino framework
is nowadays experiencing minimal growth, with only a few living
colonies of D. pertusum observed in the area (up to 2 colonies m™)
(642-747 m depth). Yet, their existence is significant as it is the first
documented report for the Ligurian Sea. Desmophyllum pertusum is
also reported for the easternmost reefs, but its abundance is
negligible. Significantly higher densities for this species have been
reported in the Lacaze-Duthiers Canyon (Fabri et al., 2022), Corsica
Channel (Angiolillo et al., 2023), Dohrn Canyon (Angiolillo et al.,
2023), and on the Cabliers coral mound (Corbera et al., 2019) (up to
4-6 colonies m™>) (Table SM2). In the eastern Ligurian Sea, M.
oculata is the main living reef-building species, found in a depth
range (500-640 m depth) consistent with the main bathymetric
distribution of this species in the Mediterranean basin (Chimienti
et al,, 2019). Among the known provinces, M. oculata is as deep as
1100 m in Santa Maria di Leuca and as shallow as 180-200 m depth
in the Gulf of Lion and Alboran Sea (Chimienti et al., 2019) (with a
minimum of 129 m depth in La Fonera Canyon) (Lastras et al,
2016) (Table SM2). The average density values of M. oculata range
from 6 to 13 colonies m 2, similar to what is reported in Cassidaigne
Canyon (Fabri et al.,, 2019), Dohrn Canyon (Angiolillo et al., 2023),
Corsica Channel (Angiolillo et al., 2023), and on the Cabliers coral
mound (Corbera et al., 2019) (up to 4-13 colonies m?) (Table SM2).
The Ligurian living coral structures develop in a turbulent
hydrodynamic LIW regime, reaching a speed of about 5 cm s™ at
400 m (Poulain et al., 2020), and in a high turbidity environment
(Fanelli et al., 2017), as also documented here in the ROV footage.
The colonies and the dead biogenic framework underneath are
oriented perpendicularly to the EW-flowing current in the Levante
Canyon and its Deiva Marina tributary and reach considerable
heights (up to 100 cm and 22 cm, respectively, for living M. oculata
and D. pertusum) supporting the existence of favourable
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environmental conditions for their proliferation and growth (Gori
et al,, 2013; Fanelli et al., 2017; Fabri et al., 2019; Angeletti et al.,
2020; Corbera et al., 2022b; Fabri et al., 2022). The deeper coral
frameworks of Genoa and Portofino, located far from the Levante
Canyon in areas subjected to higher sedimentation, show no or only
modest living portions. In contrast, the highest percentage of living
frameworks (23%) is reported in the Monterosso reefs, located
within a narrow sector of the canyon. At the same time, the larger
colonies are found on the W Deiva Marina elevation. These
observations support both the canyon influence in sustaining the
coral occurrence and the existence of local strong hydrodynamic
regimes, coupled with the morphology of the reliefs, influencing
their differential growth. In the Ligurian Sea, M. oculata reaches
heights comparable to those reported for the Cabliers coral mound
(up to 130 cm) (Corbera et al., 2019), Corsica Channel (up to
107 cm) (Angiolillo et al., 2023), Nora and Tavolara canyons
(Sardinia) (more than 1 m) (Taviani et al., 2017; Moccia et al,,
2019), Cassidaigne Canyon (78 cm) (Fabri et al., 2019), and Urania
Bank in the Sicily Channel (up to 70 cm) (Freiwald et al., 2009)
(Table SM2). Desmophyllum pertusum colonies are significantly
more developed in most of the known provinces, particularly on the
Cabliers coral mound (bushes 3 m high) (Corbera et al., 2019),
Lacaze-Duthiers Canyon (up to 88 cm, with bushes as high as
2.5 m) (Fabri et al, 2022), Corsica Channel (up to 80 cm)
(Angiolillo et al., 2023), and Dohrn Canyon (up to 72 cm)
(Angiolillo et al., 2023) (Table SM2).

Associated biodiversity and habitat-
forming species

The visual census carried out in the coral areas of the eastern
Ligurian Sea accounts for 104 megabenthic and demersal taxa, of
which 89 are found on the coral frameworks and coral rubble (and
partially on rocks), while the remaining ones on the nearby soft
bottoms. Among the identified taxa, ten are habitat-forming species
(including Acanella sp. on soft bottoms), of which four (D. dianthus,
D. pertusum, M. oculata, and P. larix) are included in the vulnerable
categories of the IUCN Anthozoa Red List (Table SM1) (Otero et al.,
2017). Besides sessile and sedentary fauna, the overall biodiversity
also includes a large number of mobile visiting species, nine of which
are of commercial interest, particularly Eledone cirrhosa (Lamarck,
1798), Aristeus antennatus (Risso, 1816), Lepidopus caudatus
(Euphrasen 1788), and Pagellus bogaraveo, the latter considered
Near Threatened (Table SM1). Indeed, much evidence has been
provided on the utilization of CWC-dominated habitats and canyons
by fishes as areas for refuge, growth, and reproduction, supporting the
classification of these areas as Essential Fish Habitats (EFH)
(D’Onghia et al, 2012; Capezzuto et al, 2018). These sites also
attract numerous planktonic species, some already highlighted as
possible preferred prey for CWCs (Fanelli et al., 2017).

The highly tridimensional structures (here expressed in height
and substrate coverage) of Portofino, W and E Deiva Marina, and
Monterosso show a significant attractiveness for megabenthic and
demersal species (23-34 taxa per dive). On the other hand, the
Genoa mound, dominated by coral rubble, presents the lowest
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richness of associated megafauna (7 taxa per dive). This datum is
consistent with the low habitat complexity and high level of
degradation of the coral area; however, although the site was well
explored due to its limited size, it should be considered that longer
ROV tracks were carried out in the other coral areas. The overall
diversity found in the sub-areas shows the same pattern, with 27
species recorded on the Genoa Plateau (and no habitat-forming
taxa) and 53-72 in the other three sub-areas (including 7-9 habitat-
forming species), without clear differences in terms of megafauna,
between areas hosting only dead frameworks (Portofino, 60 taxa) or
living reefs on dead frameworks (W Deiva Marina, E Deiva Marina,
and Monterosso, 42, 64 and 53 taxa, respectively).

The visual census confirms the prominent role of this
tridimensional biogenic habitat in attracting a rich associated
bathyal diversity (Chimienti et al., 2019; Rueda et al.,, 2019). The
different sampling efforts and the different dimensional targets of
the taxonomic analyses partially bias comparisons with other
Mediterranean areas dominated by scleractinian CWCs.
Nevertheless, it is possible to recognize the eastern Ligurian coral
region among the richest provinces, including the S Adriatic one
(111 species) (Angeletti et al., 2014) and Santa Maria di Leuca (257
species) (Mastrototaro et al., 2010) (Table SM2). Differences in
species diversity can be attributed to various environmental factors,
such as substrate inclination, local hydrodynamic conditions,
organic inputs, and the complexity of the biogenic structures
(Fabri et al,, 2019). Including meiofauna and macrofauna in the
census boosts diversity levels (Oceana, 2014) and may show more
distinct differences between the rubble, dead frameworks and living
portions (Mastrototaro et al., 2010).

Seven habitat-forming species, besides M. oculata and D.
pertusum, are reported in the study area settled on dead coral
frameworks and coral rubble, supporting the importance of these
substrates for the development of animal forests, which, ultimately,
increase the tridimensionality of the habitat (Rueda et al., 2019).
The co-occurrence of animal forests (dominated by sponges,
anthozoans, bivalves, or barnacles) and habitat-forming
scleractinian CWCs has been observed in all the known provinces
of the Mediterranean basin (Table SM2) on coral remains or rocks
with the highest diversity in the Cassidaigne Canyon (13 species)
(Fabri et al., 2014), Santa Maria di Leuca (11 species) (Mastrototaro
et al, 2010), and Corsica Channel (9 species) (Angeletti et al., 20205
Angiolillo et al., 2023) (Table SM2). In the explored region, many
habitat-forming anthozoan species, including the rare alcyonaceans
P. coronata (primarily reported in the NW Mediterranean Sea)
(Carpine and Grasshoft, 1975; Enrichetti et al., 2018) and A. armata
(mainly found in the Alboran Sea) (Otero et al., 2017; Rueda et al.,
2021), are also known from the NE Atlantic Ocean. The high
occurrence of northern Atlantic species in the Ligurian Sea is a
biogeographic pattern already observed in other bathyal habitats,
probably related to the cold deep waters of this region (Bo et al,
2020). Worth mentioning is also the occurrence of large meadows
of the endemic bathyal species P. massiliensis (Carpine and
Grasshoff, 1975; Sartoretto and Zibrowius, 2018) thriving on
coral rubble.
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Anthropogenic impacts

Finally, this study quantifies the anthropogenic impacts on the
coral ecosystems along the eastern Ligurian slope. Both urban litter
and ALDFG are pervasive in all sub-areas. The two components
contribute almost equally to the observed seafloor litter, with 46% of
the recorded items attributed to urban litter, of which 94% are
plastic items. The remaining 54% of the recorded items are
attributed to ALDFG, mainly longlines (62%). General plastic
items and longlines are commonly the dominant components of
bathyal seafloor litter (Angeletti et al., 2014; Fabri et al., 2014; Savini
et al., 2014; Tubau et al.,, 2015; Lastras et al., 2016; Angiolillo and
Fortibuoni, 2020; Bo et al., 2020; Dominguez-Carrio6 et al., 2020;
Grinyo et al., 2020; Angiolillo et al., 2021a; Bo et al., 2021; Grinyo
et al., 2021; Fabri et al., 2022).

The high occurrence of urban litter is consistent with the heavily
urbanized Ligurian coastline, the heavy commercial and recreative
maritime traffic of the region, and its narrow continental shelf
(Enrichetti et al., 2020). The occurrence of urban items was already
reported in the western Ligurian canyons (up to 12 items km™ and
about 200 items ha™ for French and Italian ones, respectively) (Fabri
et al,, 2014; Giusti et al., 2019). The accumulation of land-originated
litter and vessel-discarded litter in canyons reflects the funnelling effect
of these typographic structures (Tubau et al., 2015; Lastras et al., 2016;
Cau et al,, 2017; Pierdomenico et al., 2020) and may be associated with
energetic coastal hydrodynamic processes such as storms (Tubau et al,,
2015). This explains why the distance of the canyon head from the
coast is generally known to have a significant influence on litter
distribution (Fabri et al,, 2014; Tubau et al, 2015; Gerigny et al.,
2019; Angiolillo and Fortibuoni, 2020; Fabri et al,, 2022; Angiolillo
et al,, 2021b). When considering the coral areas separately, urban litter
shows higher densities than ALDFG on the W Deiva Marina reef (up
to 1180 items ha’l), at the base of the relief, and on the Portofino
framework (up to 246 items ha™). The first area possibly receives litter
funnelled by the Deiva Marina Canyon, whose head is only 4 km from
densely populated cities and harbours. The Portofino framework is
further from the influence of the canyons system but is located in an
area crossed by numerous commercial and touristic vessels. Urban
items are reported in multiple CWC provinces, although with lower
values than what is found in the eastern Ligurian Sea, including Lacaze-
Duthiers and Cassidaigne canyons (1-2 items km™, respectively) (Fabri
etal,, 2014), Cap de Creus Canyon (up to 160 items ha™') (Dominguez-
Carrio et al,, 2020), and Santa Maria di Leuca (600 items ha™) (Savini
et al., 2014) (Table SM2).

The high occurrence and typologies of ALDFG support a
significant presence of artisanal and recreational fishing activities
in the studied coral areas, confirmed by in situ boats observed
during the surveys. As urban litter, fishing gear were also reported
in the western Ligurian canyons (up to 100 items km™ and about
700 items ha™, for French and Italian ones, respectively) (Fabri
et al,, 2014; Giusti et al,, 2019). The eastern Ligurian deep
continental shelf and shelf break show higher values of ALDFG
(about 600-1400 items ha™*) (Enrichetti et al., 2020) with respect to
the investigated slope region (up to 525 items ha™), suggesting a
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more moderate impact at higher depths, probably related to a more
limited number of fishers exploiting these areas. The abundance of
fishing items is overall higher on the tridimensional reef frameworks
compared to what observed on the coral rubble of the Genoa
mound, supporting a high catchability to longlines of the complex
coral frameworks (Mytilineou et al., 2014). When considering the
coral areas separately, ALDFG show high densities, especially on the
E Deiva Marina reef (up to 398 items ha™) and on the Monterosso
reefs (up to 518 items ha™'). Concomitantly, these areas also show a
lower percentage of large M. oculata colonies and a high percentage
of entanglements on this species, supporting the high vulnerability
of these reefs. A similar impact was also reported in the Bari Canyon
(Angeletti et al., 2014), Dohrn Canyon and Corsica Channel
(Angiolillo et al., 2023). ALDFG density was modest on the
Portofino framework and the W Deiva Marina reef; here,
entanglements were mainly observed on the dead coral
frameworks and habitat-forming anthozoans. These areas are
probably more frequented by trawlers, therefore, are less
accessible to artisanal and recreational fishers. ALDFG are
reported in most CWC provinces, except for the Cabliers coral
mound, which is far away from the coastline (Corbera et al., 2019;
Corbera et al., 2021). Significant density values are found in the Cap
de Creus Canyon (over 500 items ha') (Dominguez-Carrio et al.,
2020), Dohrn Canyon (5.3 ALDFG per 100 m) (Angiolillo et al.,
2023), French canyons (0.3 m of longlines m™?) (Fabri et al., 2022),
and Santa Maria di Leuca (0.1 items m™) (Savini et al., 2014) (Table
SM2). Significant impact is also reported on the Chella Bank (Lo
Tacono et al., 2012).

Besides small-scale fisheries, trawling posed and still poses a severe
threat to the studied coral areas, especially exposed mounds and
regions adjacent to reefs. This is suggested by the analysis of the
trawling routes and the in situ observation of vessels and is evidenced
by the observed coral rubble (ranging between 6% and 21% in the areas
with coral reliefs), trawling scars, overturned frameworks, and imprints
of trawling nets supporting past and recent traffic. This is not an
unusual impact in CWC-dominated areas (Tursi et al., 2004; Lo Tacono
etal, 2012; Lastras et al., 2016; D’Onghia et al., 2017; Fanelli et al., 2017;
Moccia et al, 2019; Angiolillo et al, 2023). In this regard, the
occurrence of forests of a fragile species, such as the keratoisidid
Acanella sp., is a good indicator of pristine environments, as already
pointed out for the far better-known species Isidella elongata (Esper,
1788) (Carbonara et al, 2022) especially in areas that result less
accessible to trawling and therefore turn into indirectly protected
enclaves (Bo et al, 2015). Based on the extent of the area and the
average density of the colonies, the bathyal low-gradient slope of W
Deiva Marina potentially hosts up to 81,000 colonies, making this area
one of the most valuable VME:s of the region (FAO, 2009). Considering
the high sensitivity of soft-bottom bathyal keratoisidid species such as I.
elongata (Otero et al, 2017) and the historical decline of the
populations in the NW Mediterranean region (Relini et al., 1986;
Gonzalez-Irusta et al, 2022), management initiatives targeting the
seafloor integrity in these poorly exploited and confined areas would
have a substantial effect on the conservation of this habitat and its
associated resources.
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Conclusions

A broad knowledge gap in terms of the large-scale distribution
of deep-sea benthic habitats characterized the Ligurian Sea. While a
significant effort was recently conducted to characterize the deep
circalittoral and shelf break megabenthic biocoenoses of the
Ligurian coast (Enrichetti et al., 2019), only historical data based
on bycatch (Rossi, 1958; Relini-Orsi, 1974) and point-like modern
surveys (Fanelli et al., 2017; Enrichetti et al., 2018; Giusti et al., 2019;
Bo et al,, 2020; Bo et al., 2021) were available at bathyal depths. The
present study, therefore, provides novel information regarding the
localization and characteristics of the bathyal CWC ecosystems of
the eastern Ligurian Sea. It would be interesting in the future to
explore the genetic connectivity levels among the four main NW
bathyal coral sites (NE Sardinia, Corsica Channel, eastern Ligurian
Sea, and Gulf of Lion), which, together, represent one of the most
flourishing scleractinian CWC regions of the Mediterranean Sea.

The distribution of the investigated bathyal coral structures
suggests the existence of a CWC belt. This latter is sustained by the
strong bottom currents related to the along-slope flow of the LIW
and flux of particulate organic material moving into the Levante
Canyon along the entire eastern Ligurian basin, mainly between 450
and 750 m depth. Further studies will help to fill the knowledge gap
in the western sector of the basin; however, so far, the putative area
of the coral occurrences based on the extension of the topographic
reliefs and the ROV surveys accounts for about 9 km?* of dead coral
frameworks, coral rubble and flourishing living reefs, the latter
represented by up to 23% of living M. oculata colonies (Figure 9).
Besides the vast provinces of Santa Maria di Leuca (68 km?) (Savini
et al,, 2014) and Alboran Sea (Wienberg et al., 2022), the eastern
Ligurian CWC belt is comparable to the Corsica Channel (5.3 km?)
and Gulf of Lion provinces (Table SM2).

Present data support the existence of a distinct eastern Ligurian
CWC province. The overall area is likely to increase because the coral
occurrence in the Entella Canyon is still to be verified, and the
calculations in both Deiva Marina areas need to better take into
account the extension of the reefs along the slopes of the sites, only
marginally considered here due to the steep inclination and strong
currents. In addition, other interesting areas in the Levante Canyon
have been identified. The implementation of high-resolution bottom
mapping technologies, modern acoustic systems, and the recent
deployment of a long-term deep observatory (Levante Canyon
Mooring) (Ciuffardi et al., 2020; Ciuffardi et al,, 2023) will prove
fundamental to monitoring the environmental parameters and define
predictive habitat models in the region. So far, based on the data
regarding coral framework extent and complexity, associated diversity,
density of habitat-forming species, occurrence of rare species, and
vulnerability to anthropogenic impacts, the Portofino framework, the
Deiva Marina reefs with the nearby bathyal low-gradient slope, and the
Monterosso reefs represent top priority sites eligible for specific
conservation actions, including offshore fisheries restricted areas
(FRAs) as already suggested or put in action for other sensitive
habitats (de Juan and Lleonart, 2010; Fabri et al, 2014; Angeletti
et al,, 2021).
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