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Abstract In recent decades, our understanding of deep-sea
ecosystems has significantly improved, yet the taxonomic
identity of associated species often remains understud-
ied and this is particularly true for octocorals. This study
describes the octocoral fauna inhabiting cold-water coral
habitats on seamounts, canyons, and the continental slope
of the Ligurian Sea (NW Mediterranean Sea), ranging from
400 to 822 m. Eighteen specimens were photographed in situ
and collected using a remotely operated vehicle during two
campaigns conducted in 2017 and 2021.

Taxonomic analyses, based on the features of the colony,
polyps, and sclerites, led to the identification of ten spe-
cies. Among these, common Mediterranean bathyal species
were identified, including Muriceides lepida, Villogorgia
bebrycoides, Bebryce mollis, and Callogorgia verticillata.
In addition, other less common species were identified,
such as Acanthogorgia armata, Placogorgia coronata, and
Placogorgia massiliensis. More problematic taxa included
Rolandia cf. coralloides, Acanthogorgia sp., and Acanella
cf. arbuscula. Each specimen is described in detail, with
morphological observations complemented by high-defini-
tion images of live specimens and anatomical details. Novel
insights into anatomical features, distribution patterns, and
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ecological preferences are presented, contributing to a more
comprehensive delineation of these species. Finally, the
study addresses major taxonomic challenges (including plas-
ticity of the key anatomical characters, access to deep-sea
multi-samples, and descriptions supported by high-quality
images) and discusses zoogeographical and bathymetrical
affinities of the Ligurian bathyal octocoral fauna.

Résumé Au cours des derniéres décennies, la com-
préhension des écosystemes profonds s’est améliorée, mais
I’identité taxonomique des especes associées reste souvent
méconnue, notamment chez les octocoralliaires. Cette étude
décrit la faune d’octocoraux des habitats coralliens d’eaux
froides de la mer Ligure (Méditerranée nord-occidentale),
entre 400 et 822 m de profondeur. Dix espéces ont été iden-
tifiées a partir de spécimens photographiés et collectés par
véhicule sous-marin téléguidé en 2017 et 2021. Outre des
especes bathyales communes (Muriceides lepida, Villogor-
gia bebrycoides, Bebryce mollis, Callogorgia verticillata),
des especes moins fréquentes ont été signalées, comme
Acanthogorgia armata, Placogorgia coronata et Placo-
gorgia massiliensis. Des observations morphologiques et
iconographiques apportent de nouvelles informations sur
I’anatomie, la distribution et les affinités écologiques, con-
tribuant a une meilleure caractérisation de la faune bathyale
d’octocoraux en Méditerranée.

Resumen En las dltimas décadas ha mejorado nota-
blemente el conocimiento de los ecosistemas profundos,
aunque la identidad taxondmica de muchas especies asocia-
das sigue poco estudiada, especialmente en los octocorales.
Este trabajo describe la fauna de octocorales de habitats
coralinos de aguas frias en el mar de Liguria (Mediterra-
neo noroccidental), entre 400 y 822 m de profundidad. Se
identificaron diez especies a partir de ejemplares fotogra-
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fiados y recolectados con un vehiculo operado a distancia
durante campafias en 2017 y 2021. Ademas de especies
batiales comunes (Muriceides lepida, Villogorgia bebry-
coides, Bebryce mollis, Callogorgia verticillata), se reg-
istraron especies menos frecuentes como Acanthogorgia
armata, Placogorgia coronata y Placogorgia massiliensis.
Las descripciones morfolégicas, apoyadas por imagenes de
alta calidad, aportan informacién novedosa sobre anatomia,
distribucién y afinidades ecoldgicas, contribuyendo a una
visién més completa de la fauna de octocorales batiales en
el Mediterraneo.

Keywords Gorgonians - Acanella - Acanthogorgia -
Muriceides - Placogorgia - Rolandia

Introduction

Octocorals are anthozoans characterized by an octamer-
ous symmetry. Mostly colonial, they exhibit diverse growth
forms, ranging from encrusting stolonal webs to complex
arborescent structures. They are exclusive marine and
inhabit a wide range of environments, from shallow tropical
waters to polar and abyssal zones, occurring on both soft and
hard substrates (Bayer 1973; Ruppert et al. 1994; Williams
2011; Zapata-Guardiola and Lopez-Gonzalez 2012; Perez
et al. 2016; Bryce et al. 2018). While important in shal-
low reefs (Lasker et al. 2020; Rodriguez et al. 2020), their
highest diversity occurs in the deep sea, with around three-
quarters of the over 3600 known species (McFadden et al.
2024) found below 50 m depth (Cairns 2007; Yesson et al.
2012; Perez et al. 2016). At these depths, gorgonians, soft
corals, and pennatulaceans often form mono- or multi-spe-
cific assemblages. These create structurally complex habitats
known as coral meadows, gardens, or forests, which sup-
port a rich associated fauna (Buhl-Mortensen and Mortensen
2004; Freiwald et al. 2004; Stone 2006; Edinger et al. 2007,
Soffker et al. 2011; Bo et al. 2014a, 2015; Bullimore et al.
2013; Neves et al. 2015; Rossi et al. 2017; Li and Wang
2019). These habitats suffer from the mechanical impact of
demersal fishing practices: octocorals are frequently caught
as bycatch and lost fishing gear frequently entangles in their
structures (Watling and Norse 1998; Hall-Spencer et al.
2002; Freiwald et al. 2004; Stone 2006; Aguilar et al. 2017).
Due to their slow growth and longevity, many species show
low resilience, with limited recovery even decades after dis-
turbance (Freiwald et al. 2004; Althaus et al. 2009).
Despite the adoption of international resolutions, con-
servation efforts targeting octocorals are often hampered by
taxonomical uncertainties. Environment-driven variability
of key diagnostic characters make many octocoral species
difficult to identify (Fabricius and Alderslade 2001; Altuna
and Poliseno 2019; McFadden et al. 2022). Furthermore,
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several taxonomic descriptions often lack detailed informa-
tion and illustrations, and type material is often missing or
poorly preserved. These issues limit the ability to distinguish
among closely related species and hinder accurate assess-
ments of biodiversity (Giangrande 2003; Mace 2004; Ely
et al. 2017).

Octocorals classification is traditionally based on colony
morphology and sclerite features (Bayer 1961). Colony
traits are typically used for higher-level classification, while
sclerites are essential for genus- and species-level identifi-
cation (Kiikenthal 1919; Madsen 1944; Bayer 1981; Daly
et al. 2007). Molecular studies have recently reshaped octo-
coral systematics, showing that traditional classifications
based on colony form and axis structure relied on homo-
plastic traits (McFadden et al. 2006, 2022). However, while
phylogenomic approaches have significantly improved the
resolution of higher taxonomic ranks—such as families and
orders—molecular markers currently available often lack the
sensitivity to distinguish closely related genera and species.
As aresult, at finer taxonomic scales, many morphologically
similar taxa remain unresolved (Altuna and Poliseno 2019).

Mediterranean octocorals were re-examined in the sec-
ond half of the twentieth century by Carpine and Grass-
hoff (1975), Grasshoff (1972, 1973, 1977, 1992), Wein-
berg (1976, 1977, 1978), and Weinberg and Grasshoff
(2003). More recently, ROV-based explorations revealed
areas of high octocoral diversity and abundance, offering
new insights into their diversity, distribution, and ecology
(Bo et al. 2012, 2015; Griny6 et al. 2016; Chimienti et al.
2019; Enrichetti et al. 2019; Dominguez-Carrid et al. 2022;
Toma et al. 2022). The latest review by Altuna and Poliseno
(2019) reports 40 alcyonaceans and 10 pennatulaceans in
the deep Mediterranean Sea. ROV manipulators have greatly
improved sample collection for taxonomic studies: unlike
material obtained by dredging or as fishing bycatch, ROV-
collected specimens are generally well preserved and accom-
panied by high-resolution in situ images, enabling more
accurate identification and providing a better understanding
of these organisms (e.g., Lopez-Gonzalez et al. 2012, 2015;
Mastrototaro et al. 2015; Saucier et al. 2017; Griny¢ et al.
2018).

This study presents a detailed taxonomic examination of
the deep-sea octocoral specimens collected during a series
of ROV explorations conducted in the Ligurian Sea (NW
Mediterranean Sea) between 2017 and 2021, at depths rang-
ing from 400 to 822 m. Specimens were collected from a
variety of bathyal environmental settings, including muddy
plains, sparse coral rubble, coral thanatocoenoses, living
coral mounds, and outcropping rocks, all located along the
eastern continental slope and the “Di Levante” Canyon, or
associated with three off-shore seamounts, namely Ulisse,
Penelope, and Janua. Accurate morphological descriptions
of the collected specimens are presented, accompanied by
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high-definition images of living colonies and anatomical fea-
tures, including polyps and sclerite architecture. The main
aim is to create a baseline for the morphological identifica-
tions of the species. Finally, the zoogeographic relationships
and the major taxonomic issues hindering the identification
of Mediterranean and NE Atlantic octocorals are discussed.

Materials and methods
Study area

The Ligurian Sea lies in the northern sector of the western
Mediterranean Sea (Fig. 1), bordered to the North by the
Apennines and the Ligurian Arc, to the Southeast by the
Tuscan Archipelago and Corsica, and to the Southwest by
the Gulf of Lions and the Algero-Provencal Basin (Cattaneo-
Vietti et al. 2010). Its heterogeneous topography reflects a
relatively recent origin (approximately 30 Ma) caused by the
rifting of the Liguro-Provencal Basin and the rotation of the
Corsica-Sardinia block (Stanley and Mutti 1968; Rollet et al.
2002; Rosenbaum et al. 2002). The eastern basin features
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an extended shelf and gentle, rugged slopes, whereas the
western basin has a narrow shelf, a steep slope, and a broad
bathyal plain at approximately 2600 m depth (Fanucci et al.
1989; Cattaneo-Vietti et al. 2010; Wiirtz 2012).

While submarine canyons are abundant in the West, only
three major canyon systems shape the eastern slope: Bisa-
gno and Polcevera canyons, perpendicular to the coast near
Genoa, and the Levante Canyon, which runs almost parallel
to the coast for about 70 km before merging into the Bisa-
gno system (Cattaneo-Vietti et al. 2010; Harris and White-
way 2011; Wiirtz 2012; Soulet et al. 2016) (Fig. 1). The
steep Levante Canyon is fed by several tributaries (Entella,
Deiva Marina, Punta Mesco, and Monterosso) and host a
lush cold-water coral province with living reefs, complex
thanatocoenoses, and extended areas of sparse coral rubble
(Delbono et al. 2014; Fanelli et al. 2017; Enrichetti et al.
2018; Bo et al. 2023).

Off-shore, six major volcanic seamounts shape the sea-
floor (Fanucci and Nicolich 1984; Rollet et al. 2002; Réhault
et al. 2012; Bo et al. 2014b; Wiirtz and Rovere 2015). Three
of them, namely Ulisse, Penelope, and Janua, arise from
700 to 1300 m depth in the central portion of the Ligurian
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Fig. 1 Map of the study area and its position within the NE Atlantic region and the western Mediterranean basin (inset). The major topographic
structures of the seabed are indicated. Red dots indicate the site where samples were collected through ROV
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Sea. Ulisse and Penelope are part of the same large volcanic
complex, with peaks at 397 and 447 m, while Janua reaches
810 m. Bo et al. (2020a, 2021) recently investigated the
deep-sea fauna associated with these structures.

The Ligurian basin receives runoffs drained from the
Alps and Apennines, with the Arno and, to a minor extent,
the Magra River (both located in the easternmost sector)
providing the largest discharges (Astraldi et al. 1994; Bas-
sano et al. 2000). The water circulation in the basin follows
a clear cyclonic pattern, with well-defined water masses
flowing at different depths. Among them, the Levantine
Intermediate Water (LIW), originating in the eastern Medi-
terranean Sea and flowing westward at 300-700 m depth,
is considered particularly important in sustaining bathyal
communities dominated by cnidarians along the central and
western Mediterranean slopes (Millot 1999; Taviani et al.
2017; Chimienti et al. 2019; Vertino et al. 2019; Prieur et al.
2020; Weinberg et al. 2022).

ROV surveys

The octocoral specimens investigated in this study were
collected by the ROV MultiPluto (GayMarine) during two
oceanographic campaigns conducted on board the Daeda-
lus catamaran (Fondazione AzioneMare). The first cam-
paign (BIOMOUNT project—SIR-MIUR) was conducted
between 2017 and 2018: Twenty-four dives were performed
to explore the megabenthic communities inhabiting the Lig-
urian seamounts and nearby bathyal areas between 135 and
1826 m. The second campaign (Curiosity Driven Project—
University of Genova) took place in 2021. It aimed to inves-
tigate the cold-water coral areas located along the Levante
Canyon in the eastern Ligurian Sea through 14 ROV dives
performed at depths ranging from 445 to 797 m. The ROV
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).
A three-jaw grabber mounted on a manipulative arm was
dedicated to collecting specimens for taxonomical analyses.
Additional information on the two ROV campaigns, includ-
ing the complete lists of explored sites and results, can be
found in Enrichetti et al. (2018) and Bo et al. (2020a, 2021;
2023).

Sample collection

Eighteen octocoral specimens were photographed in situ
between 400 and 822 m and collected using the MultiPluto
three-jaw grabber. The collected material was preserved
either dry or in 96% ethanol and transferred to the laboratory
for taxonomic analysis. Although the present study is limited
to morphological characters, subsamples of most specimens
were preserved in absolute ethanol to enable potential future
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molecular analyses. Samples obtained from deep trawl fish-
ing bycatch in the eastern Ligurian Sea were included in the
study. Table 1 presents the complete list of specimens, along
with their associated metadata. All the collected material has
been deposited in the DISTAV deep-sea zoological collec-
tion, University of Genoa.

Morphological analysis

Colony architecture and polyp arrangement were initially
examined under a stereomicroscope and photographed for
documentation. Dissociated sclerites were obtained by
immersing small branches (< 1 cm) in a sodium hypochlorite
solution. After the complete dissolution of the organic mat-
ter, the sclerites were rinsed with water. Dissociated sclerites
and cleaned polyp material (obtained through brief rinses
in sodium hypochlorite solution followed by washing with
water) were dried and then mounted on stubs coated with a
carbon layer and sputtered with a 50-nm-thick gold layer.
The arrangement, morphology, size, and ornamentation of
sclerites were observed and measured using a Vega 3 TES-
CAN microscope (type LMU). Measurements were taken
using ImageJ software (version 1.53).

Species distribution

The geographical ranges and bathymetric distributions of
the identified species were analyzed based on the available
scientific literature, allowing for the classification of the Lig-
urian bathyal octocorals into key chorological and bathym-
etric categories. Furthermore, the geographical coordinates
associated with the collected samples and the annotations
collected during ROV video analysis (see Bo et al. 2020a,
2021, 2023) were plotted using QGIS software (version
3.22.12-Bialowieza) on a map of the Ligurian Sea to inves-
tigate the basin-scale distribution of the considered species.
To provide a more comprehensive overview of the deep-sea
octocoral fauna of the Ligurian Sea, all records previously
reported from the area were included in the geographical and
bathymetrical distribution analysis.

Systematics

Subphylum ANTHOZOA Ehrenberg, 1834.

Class OCTOCORALLIA Haeckel, 1866.

Order Octocorallia incertae sedis.

Family Clavulariidae Hickson, 1894 (Note: family
assigned following Ocafia and Cinar (2018), although the
current phylogenetic position remains uncertain due to lack
of molecular data as stated in McFadden et al. 2022).

Genus Rolandia de Lacaze-Duthiers, 1900.

Rolandia cf. coralloides de Lacaze-Duthiers, 1900
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Table 1 List of the octocoral samples analyzed with associated infor-
mation. Date: dd.mm.yyyy. BM: SIR-MIUR_BIOMOUNT Project
“Biodiversity Patterns of the Tyrrhenian Seamounts” (2017-2018).
CD: University of Genoa Curiosity-Driven Project “Lost coral reefs:

ancient deep-sea bioherms in a modern world” (2021-2022). * Not
analyzed in the present study (see Bo et al. 2020a). ** Sample under
investigation

Sample ID ROV DIVE code Date Site X y Depth (m) Substrate Species
BM_ULI_01 BM_01 30.05.2017 Ulisse Seamount  8.92983 43.93200 448 Outcropping rock Callogorgia verti-
cillata
BM_ULI_02 BM_01 30.05.2017 Ulisse Seamount  8.92983 43.93200 448 Outcropping rock Bebryce mollis
BM_ULI 03 BM_02 30.05.2017 Ulisse Seamount  8.93367 43.92767 400 Outcropping rock Villogorgia
bebrycoides
BM_JAN_02 BM_05 31.05.2017 Janua Seamount 8.78083 43.76433 822 Biogenic con- Chelidonisis
glomerate aurantiaca®
BM_FUS_01 BM_FUS_01 15.06.2017 Portofino thana-  9.22767 44.20900 737 Coral rubble Acanthogorgia sp.
tocoenosis
BM_PEN_01 BM_07 14.08.2017 Penelope Sea- 8.96367 43.89267 457 Mud and bio- cf. Daniela
mount genic detritus koreni**
BM_PEN_02 BM_08 14.08.2017 Penelope Sea- 8.96183 43.89167 497 Coral rubble Muriceides lepida
mount
CD_F7_01 CD_03 15.06.2021 Portofino thana-  9.23952 44.19824 724 Coral framework Placogorgia
tocoenosis coronata
CD_F7_03 CD_03 15.06.2021 Portofino thana-  9.23952 44.19824 724 Plastic sheet Acanthogorgia
tocoenosis armata
CD_F7_05 CD_03 15.06.2021 Portofino thana-  9.23952 44.19824 724 Plastic sheet Muriceides lepida
tocoenosis
CD_F7_07 CD_03 15.06.2021 Portofino thana-  9.23952 44.19824 724 Plastic sheet Rolandia cf.
tocoenosis coralloides
CD_F7_10 CD_04 16.06.2021 Portofino thana-  9.23718 44.19877 712 Coral framework  Muriceides lepida
tocoenosis
CD_FN_14 CD_08 10.09.2021 Monterosso 9.52330 44.06730 549 Mud Acanella cfr.
Canyon reefs arbuscola
CD_E1_17 CD_10 11.09.2021 W Deiva Marina 9.37500 44.15633 675 Coral rubble Acanthogorgia
reefs armata
CD_E1_18 CD_10 11.09.2021 W Deiva Marina 9.37500 44.15633 675 Coral rubble Muriceides lepida
reefs
CD_F10_21 CD_11 13.09.2021 E Deiva Marina  9.44170 44.13900 541 Coral rubble Placogorgia
reefs massiliensis
CD_C1_22 CD_12 13.09.2021 E Deiva Marina  9.42920 44.14750 474 Coral rubble Rolandia cf.
reefs coralloides
CD_F9_25 CD_13 12.11.2021 W Deiva Marina 9.39180 44.16350 567 M. oculata Muriceides lepida
reefs
DISTAV1 Bycatch (M/P 22.05.2022 Off Portofino 9.24098 44.22289 350-450  Plastic debris Rolandia cf.
20,230,522 Teresa Madre) coralloides

(Figs. 2, 3, Table S1).

Examined material. CD_F7_07 Portofino thanatocoeno-
sis, 724 m, on plastic debris; CD_C1_22 eastern Deiva
Marina Canyon, 474 m, on dead Madrepora oculata frag-
ment; DISTAV1_20230522 collected on May 22, 2023, by
M/P Teresa Madre in the trawling ground nearby the Porto-
fino thanatocoenosis (indicatively: 44.22289°N 9.24098°E),
350-450 m, on plastic debris.

Description. Colonies small, formed by six (CD_F7_07)
to about 200 polyps (DISTAV1_20230522) arising in rows
at irregular intervals from ribbon-like stolons (Fig. 2a) or
embedded at short distances in a common coenenchyme

formed by fused stolons (Fig. 2b, c¢). Stolons are circular
or flattened in cross section, with 4 to 6 internal canals
(Fig. 2d). Calyx width ranges from 1 to 4 mm (Fig. 2a-d).
The color ranges from reddish and light red to deep orange
(Fig. 2 a-d).

Sclerites types include: i) irregular plates (Fig. 3a), rang-
ing from 74 to 140 um in length; ii) shuttles (Fig. 3b), rang-
ing from 65 to 92 pm in length; iii) six radiates (Fig. 3c),
ranging from 56 to 84 um in length; iv) fused quadruplets
(Fig. 3d), ranging from 45 to 105 pm in length; and v) flat
rods, ranging from 39 to 70 pum in length. Irregular plates
and fused quadruplets are widely distributed within the
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Fig. 2 Rolandia cf. coralloides.
a The plastic sheet entangled on
the coral fragment at the base
of a large colony of Placo-
gorgia coronata hosts living
zoanthids, small Muriceides
lepida colonies, and the speci-
men CD_F7_07 (inset). b The
Madrepora oculata rubble colo-
nized by encrusting sponges, a
large Pachastrella monilifera
specimen, and the specimen
CD_C1_22 (inset). ¢ Specimen
DISTAV1_20230522. d Details
of the polyp and stolon at the
stereomicroscope (CD_F7_07).
The ribbon-like structure
crossed by 4-6 internal canals
is evident. Scale bars: a=4 cm
(inset=2 mm); b=4 cm
(inset=2 mm); ¢ =10 mm,;
d=1mm

colony, whereas six radiates are located in the stolon and
shuttles in the calyx. Flat rods are probably situated in the
anthocodium.

Taxonomic remarks. Rolandia coralloides has been long
considered a synonym of Sarcodictyon catenatum Forbes in
Johnston, 1847. However, Ocaia et al. (2000a) separated the
two species, identifying the presence of fused quadruplets
as a distinctive feature of R. coralloides. Following Ocafia
et al. (2000a), other characteristics support this separation:
S. catenatum typically displays smaller colonies, stolons
with 2—4 canals, larger calyces (3—6 mm), smaller sclerites
(<0.07 mm), and is generally found at shallower depths
(0-100 m depth) (Table S1).

The samples analyzed in the present study show fused
quadruplets as in R. coralloides; however, the sclerome
shows some affinities with the sclerites types described for
S. catenatum by Ocafia et al. (2000a) (see Fig. 1, page 417),
including a possible fifth type of sclerite. This additional
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type, probably located in the tentacles, is characterized by
reduced size and flattened shape. At the same time, i) the
number of polyps is more variable than previously reported
for R. coralloides (10 to more than 50) (Ocana et al. 2000a),
ranging from 6 in sample CD_F7_07 to more than 200 in
sample DISTAV1_20230522, and ii) the stolon can be flat-
tened in cross section with 4—6 internal canals, rather than
exclusively circular with 9-12 canals as reported by Ocafia
et al. (2000a).

The degree of variability in morphological characters,
along with the influence of environmental gradients, remains
unresolved in these two species. A larger number of samples
along with phylogenetic analyses are required to disentan-
gle these two taxa. Therefore, a conservative approach is
adopted in this study and the identification is Rolandia cf.
coralloides.

Ecological remarks. R. coralloides occupies a wide
bathymetrical range, extending from littoral to 800 m depth,
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Fig. 3 SEM images of Rolandia cf. coralloides sclerites (sample
CD_ C1_22): a irregular plates, b shuttles, ¢ six radiates, and d fused
quadruplets

and is often reported associated with circalittoral corallig-
enous communities. It has been reported to grow on several
substrates, including stones, shells, coral rubble, Posidonia
oceanica rthizomes, and epibiont on sponges, gorgonians,
scleractinians, bryozoans, barnacles, and ascidians (Wein-
berg 1978; Gili 1982; Ocaia et al. 2000a; Ocafia and Cinar
2018). The samples presented in the present study were
found between 400 and 724 m on Madrepora oculata rubble
and plastic debris. If the identification of samples CD_F7_07
and DISTAV1_20230522 as R. coralloides is confirmed, it
would represent the first evidence of this species settling
on plastic.

Distribution. R. coralloides is reported from the NE
Atlantic (Azores) and the Mediterranean Sea (Gibraltar,
Algeria, Spain, Gulf of Lions, Ligurian Sea, Gulf of Naples,
Adriatic Sea, Sea of Marmara) (Rossi 1958; Weinberg 1978;
Ocaia et al. 2000a; Ocafa and Cinar 2018).

The presence of this species in the eastern Ligurian Sea
was documented by Rossi (1958). In the present study, all
examined samples were collected from the same area investi-
gated by Rossi (1958), located on the continental slope near
the Portofino thanatocoenosis. Additionally, two unidenti-
fied stoloniferans were observed in ROV footage from the
Ulisse, Penelope, and Janua Seamounts (Bo et al. 2020a,

2021) (Fig. 22); however, their taxonomic identity remains
unresolved.

Order Malacalcyonacea McFadden, van Ofwegen &
Quattrini, 2022.

Family Acanthogorgiidae Gray, 1859.

Genus Acanthogorgia Gray, 1857.

Acanthogorgia armata Verrill, 1878
(Figs. 4, 5, Table S2).

Examined material. CD_F7_03 Portofino thanatocoeno-
sis, 724 m, on a plastic sheet, juvenile; CD_E1_17 Deiva
Marina Canyon, 675 m, on coral rubble.

Description. Colonies planar and relatively small, with
sample CD_E1_17 measuring 18 cm and sample CD_F7_03,
a juvenile colony, measuring 4 cm. Color ranges from yel-
low to pale yellow both in vivo and in preserved material
(Fig. 4a-c). Stem thickness at the base about 2 mm in diam-
eter (0.5 mm in the juvenile colony). The polyps are mainly
arranged in two rows; they are not particularly dense in the
basal and central portions of the colony (Fig. 4d) but become
crowded and oriented in all directions toward the tips of
the branches (Fig. 4b, e). Polyps are tall (up to 3.2 mm in
CD_F7_03 and up to 5 mm in CD_E1_17), slender and thin,
narrower in the central area of the column and thicker in the
basal and collar regions (Fig. 4d, f). This characteristic shape
is less evident in juvenile colonies (CD_F7_03) (Fig. 4c, e)
and young/small polyps. The neck area is not constricted
(Fig. 41).

In the polyp, at the base of each tentacle, there are several
differently sized crown spines (Figs. 4f, 5a), the longest of
which are up to 2 mm. The basal part of these sclerites is
covered with tubercules, but the free-standing part is smooth
(Fig. 5a). Small tentacle sclerites (Fig. 5b) and thin long
sclerites from the neck area (Fig. 5c) are also present. Pol-
yp’s wall is smooth, with eight rows of flattened, obliquely
opposed sclerites (Figs. 4f, 5d). Coenenchyme with simple
and branched sclerites (Figs. 4g, Se, f) do not project from
the surface. Thornstars are not present.

Taxonomic remarks. At present, records of A. armata
within the Mediterranean Sea are scarce and limited to the
Alboran Sea (Ocaiia et al. 2000b; Pardo et al. 2011), with
A. hirsuta being considered the only Acanthogorgia spe-
cies inhabiting the basin (Grasshoff 1973, 1986; Carpine
and Grasshoff 1975; Altuna and Poliseno 2019). However,
the specimens examined in this study do not display the
thornstars of the coenenchyme that are characteristic of A.
hirsuta. These specimens are identified as A. armata also
based on the morphology and size of the polyps, the size of
the crown spines, and the presence of several branched scle-
rites in the coenenchyme (Table S2). ROV analysis of the
A. armata population along the Levante Canyon, where the
samples were collected, revealed an average colony height
of 9.5+4.8 cm (n=244), with maximum heights reaching
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up to 30 cm (unpublished), fitting the size range known in
the literature for this species (Table S2).

In the Mediterranean region, most Acanthogorgia records
are attributed to A. hirsuta by default, often without thor-
ough species-level verification, therefore possibly resulting
in an underestimation of the occurrence of A. armata. None
of the other NE Atlantic species, including Acanthogorgia
pico Grassohoff, 1973, matches the diagnosis of the Ligurian
samples examined here.

Ecological remarks. In the Atlantic Ocean, A. armata
has been recorded at depths ranging from 171 to 2137 m on
hard substrates, including rocks and biogenic detritus (Ver-
rill 1883; Grasshoff 1973, 1981, 1989; Buhl-Mortensen et al.
2015). Two samples settled on Keratoisis grayi Wright, 1869
colonies are reported from the Newfoundland and Labra-
dor regions (Wareham and Edinger 2007). Slightly different
depth ranges have been observed along the opposite coasts

Fig. 4 Acanthogorgia armata.
a ROV image of living A.
armata from Deiva Marina
Canyon at 675 m (CD_E1_17).
Madrepora oculata and Muri-
ceides lepida colonies colonize
the same coral rubble. b Sample
CD_E1_17 freshly collected.

¢ A juvenile colony settled on

a plastic sheet (CD_F7_03).
Polyps density and distribu-
tion vary from the central area
of the colony d (CD_E1_17)

to the arm tip e (CD_F7_03).
SEM image of a polyp f and the
coenenchyme g (CD_E1_17).
White arrows indicate the neck
area. Scale bars: a=10 cm;
b=5cm;c=1cm; d=2 mm;
f=1mm; g=0.5 mm
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of the N Atlantic Ocean: 171-1445 m in the NW sector
(Wareham and Edinger 2007; Jgrgensen et al. 2013; Buhl-
Mortensen et al. 2015) and 557-1237 m in the NE sector.
The associated fauna includes juvenile gooseneck barnacles
(Lepas sp.) and the Iceland scallop Chlamys islandica (O. F.
Miiller, 1776) (Wareham and Edinger 2007). In the Alboran
Sea, A. armata has been reported growing on rocks and dead
corals between 315 and 460 m depth (Pardo et al. 2011).

In the Ligurian Sea, A. armata occurs at depths between
445 and 779 m, reaching densities of up to 6.5 colonies m~2
(Bo et al. 2023) on hard bottoms, mainly represented by
dead corals. The record on plastic debris is the first docu-
mentation for this species. Overall, A. hirsuta is primarily
a mesophotic species (70-200 m), while A. armata is pre-
dominantly bathyal.

Distribution. NW Atlantic (off Massachusetts, Maine,
Nova Scotia, Newfoundland, Labrador, Davis Strait, W
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Fig. 5 SEM images of Acanthogorgia armata sclerites (sample CD_
E1_17). a Crown spines. b Tentacle sclerites. ¢ Sclerites of the neck
area. d Sclerites of the body wall. e Sclerites of the outer layer of the
coenenchyme. f Branched sclerites of the coenenchyme

Greenland) and NE Atlantic (SW Iceland, SW Ireland, Bay
of Biscay, Portugal, Morocco, Acores, Mid-Atlantic Ridge)
(Verrill 1883; Grasshoff 1973, 1981, 1989; Buhl-Mortensen
et al. 2015). In the Mediterranean Sea, A. armata was pre-
viously known only from the Alboran Sea (Cabliers and El
Algarrobo 250-500 m) (Pardo et al. 2011); therefore, this
represents the first documented record of this species for the
western Mediterranean basin. In the Ligurian Sea, A. armata
has been observed exclusively on the continental shelf, along
the path of the Levante Canyon (Fig. 22).
Acanthogorgia sp.
(Figs. 6, 7, Table S2).

Examined material. BM_FUS_01 Portofino thanato-
coenosis, 737 m, on a subfossil coral framework.

Description. Small colony (5 cm), planar, slender, and
yellow (Fig. 6a, b). Stem diameter at the base 0.8 mm.
Polyps mainly arranged in two rows: scarce in the basal
and central portions of the colony, but more crowded and
oriented in all directions toward the tips of the branches
(Fig. 6b). Polyps’ height up to 3 mm, thick, with a peculiar
constriction in the neck area (Fig. 6¢c-¢). In the body wall, the
tips of the obliquely opposed sclerites moderately protrude
(Fig. 6¢c-e).

Crown spines short, generally not exceeding 0.9—-1.0 mm
(Fig. 7a). Their basal part is covered with tubercules, and the
free-standing portion is smooth. Tentacle sclerites (Fig. 7b)
and neck sclerites (Fig. 7c) also present. Coenenchyme with
curved simple sclerites (Fig. 7d). Thornstars not present.

Taxonomic remarks. The reduced colony size of sam-
ple BM_FUS_01 may suggest that some morphological
characters are not fully developed, complicating species
identification. However, several features observed in
this specimen strongly support its assignment to Acan-
thogorgia pico Grasshoff 1973 (Table S2). In other NE
Atlantic Acanthogorgia species, crown spines are longer
(1.7-2.1 mm), and polyps are considerably larger (3—8 mm
long). Polyps of A. armata are slender and lack a constric-
tion in the neck region, with the narrowest point located
roughly at the midsection of the body. Additionally, A.
armata possesses branched sclerites in the coenenchyme,
while A. hirsuta is characterized by thornstars, neither of
which is present in sample BM_FUS_01. Phylogenetic
analyses, ideally including type materials, may help deter-
mine whether A. armata and A. pico represent distinct taxa
or age-related morphotypes of the same species. In this
study, we adopted a conservative approach and identified
the specimens as Acanthogorgia sp.

Ecological remarks. A. pico is known from hard bot-
toms, including coral rubble, at depths ranging from 550 to
930 m. Therefore, this Mediterranean finding fits perfectly
in the known ecological setting of the taxon.

Distribution. If the identification of specimen BM_
FUS_01 as Acanthogorgia pico is confirmed, it would rep-
resent the first record of this species in the Mediterranean
Sea. To date, the species is known only from the NE Atlantic
Ocean (Azores, Ireland) (Grasshoff 1973).

Genus Placogorgia Wright & Studer 1889

Placogorgia coronata Carpine & Grasshoft 1975

(Figs. 8, 9, Table S3).

Examined material. CD_F7_01 Portofino thanatocoeno-
sis, 724 m, on a subfossil coral framework.

Description. Fan-shaped colony, approximately 44 cm
tall and 46 cm wide, dark yellow (brown when dried)
(Fig. 8a-c). Irregularly branched, with thick basal ramifica-
tions (about 4 mm in diameter) developing in more slender,
thin branches (1-1.8 mm), usually slightly thicker at the tips.
Anastomoses between branches not observed. Basal diam-
eter of the stem 10.4 mm, growing on a dead M. oculata
skeleton entangled in a plastic sheet. Polyps well-spaced
and irregularly distributed on the basal part of the colony
(Fig. 8d), becoming denser and mainly arranged on the
lateral sides of the branches in the central and distal areas
(Fig. 8e). Polyps particularly crowded and irregularly dis-
tributed on the branch tips. Contracted polyps range from 0.8
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to 2.1 mm (Fig. 8d-e, g; Table S3); expanded polyps measure
up to 3 mm in height (Fig. 8f).

Calyx formed by thornscales, characterized by a large
apical spine and a flat portion bearing several downward
root-like projections (Figs. 8f-g, 9a). Apical spine generally
thicker in the median region, a distinctive characteristic of
this species. Size and complexity of the thornscales vary
considerably within the same specimen, ranging from slen-
der sclerites with a large apical spine (up to 2 mm) to thick
sclerites with a short spine and large and more branched
basal plates (0.4-0.9 mm). Anthocodium presenting: i) an
operculum, formed by 2-5 curved rods (0.4—1.2 mm) located
at the base of each tentacle (Figs. 8f, 9b); ii) a collaret of
5-7 rings of slender and curved sclerites (0.4-0.8 mm)
(Figs. 8f, 9c¢); iii) small tentacles sclerites (0.2—-0.4 mm)
(Fig. 9d). Coenenchyme with simple and branched spindles
(0.4-0.6 mm) in the inner layer (Fig. 9¢) and thornspindles
(0.6-1.1 mm) in the outer layer (Fig. 9f). Thornspindles have
a flattened and widened spindle-like basal part with root-like
projections and one (occasionally two) upward thorn. Thorn-
stars not present.

Taxonomic remarks. A detailed morphological descrip-
tion of P. coronata was recently provided by Enrichetti et al.
(2018), based on 13 samples collected as bycatch from trawl-
ing grounds in the eastern Ligurian Sea. The study addressed
the main taxonomic challenges related to this species, par-
ticularly its distinction from the closely related genera Par-
amuricea and Spinimuricea. In particular, the separation
between Paramuricea and Placogorgia is very subtle, as
confirmed also by the phylogenomic analyses (McFadden

Fig. 6 Acanthogorgia sp. (BM_
FUS_01). a Living colony from
the Portofino thanatocoenosis,
at 737 m. b The same colony
freshly collected. Images of
polyps at the stereomicroscope
¢, d and SEM e. The restric-
tion under the neck area (white
arrows) and the moderately
protruding sclerites of the body
wall (yellow arrows) are indi-
cated. Scale bars: a-b=1 cm;
c-e=1mm
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Fig.7 SEM images of Acanthogorgia sp. sclerites (sample BM_
FUS_01). a Crown spines. b Tentacle sclerites. ¢ Sclerites of the neck
area. d Sclerites of the polyp wall. e Sclerites of the coenenchyme
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et al. 2022). The key distinguishing character is the presence,
in Placogorgia, of spiny sclerites in the coenenchyma, spe-
cifically thornspindles and thornstars, which give the colony
its characteristic thorny appearance (Bayer 1959; Grasshoff
1977). Conversely, the coenenchyme of Paramuricea con-
tains only simple or branched spindles, lacking any spines,
resulting in a smoother surface.

However, spiny sclerites in the coenenchyme are not
observed in all Placogorgia species, including Placogorgia
becena Grasshoff 1977 and the type species Placogorgia
atlantica Wright & Studer 1889. This raises the possibil-
ity of either a taxonomic misidentification or a more fluid
boundary between Placogorgia and Paramuricea. Notably,
the type species of Paramuricea, Paramuricea placomus
(Linnaeus, 1758), has occasionally been reported to exhibit
coenenchymal sclerites with spines (Grasshoff 1977). In
Placogorgia, there appears to be a morphological continuum

Fig. 8 Placogorgia coronata
(CD_F7_01). a, b Living
colony of P. coronata from

the Portofino thanatocoenosis,
at 724 m. ¢ The same colony
freshly collected. Note the
darkening of the color and the
plastic sheet entangled on the
colony base. d, e Differences
in polyp distribution and abun-
dance between the basal part
of the colony (d) and a distal
ramification (e). f Stereomicro-
scope image of a polyp showing
the architecture of the sclerites
of the anthostele (thornscales)
and the anthocodium (collaret
sclerites and points/opercular
sclerites). g SEM image of
two retracted polyps. Scale
bars:a,c=10cm; b=5cm; d,
e=2mm; f=0.5 mm; g=1 mm

between the thornscales of the calyx wall and the thornspin-
dles of the coenenchyma. The thornscales at the base of the
calyx gradually show shorter thorns and broader, branched
basal plates (Fig. 9a), closely resembling the thornspindles
found in the coenenchyme (Fig. 9f). This continuity may
lead to confusion in species or genus identification.

Another trait often used to distinguish the two genera is
the shape of the thornscales. In Placogorgia, these structures
typically have a broad, flat plate, less evident, or absent in
Paramuricea. In specimen CD_F7_01, both the well-devel-
oped basal plates of the calyx wall thornscales (Fig. 9a) and
the prominent spine on the coenenchymal sclerites (Fig. 9f)
support its attribution to the genus Placogorgia.

Six Placogorgia species are known in the eastern Atlan-
tic Ocean, two of which occur in the Mediterranean Sea.
These species have been grouped based on colony morphol-
ogy and presumed genera affinity (Enrichetti et al. 2018).
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Fig. 9 SEM images of Placogorgia coronata sclerites (sample CD_
F7_01). a Thornscales of the calyx. b Points or opercular sclerites. ¢
Spindles of the collaret. d Small rods from the tentacles. e Branched
and unbranched spindles of the inner layer of the coenenchyme. f
Thornspindles of the outer layer of the coenenchyme

The ParamuricealEchinomuricea-like group includes
species with large colonies (up to 45 cm), thick branches,
and densely packed polyps: P. graciosa (Tixier-Durivault
& d’Hondt, 1974), P. intermedia (Thomson 1927), and P.
terceira Grasshoff 1977. In contrast, the Placogorgia-like
group comprises smaller (up to 15 cm), slender, fragile colo-
nies with sparse polyps arranged mostly in a single plane:
P. becena Grasshoff 1977, P. coronata, and P. massiliensis
Carpine & Grasshoff 1975. However, new observation on
colony size, polyp arrangement, and sclerite morphology
blurs the distinction between these two groups. In particu-
lar, P. graciosa (found only off Brittany and Ireland) shows
affinities with P. coronata and P. massiliensis from the NE
Atlantic and the Mediterranean Sea. Based on the complex
basal plates of the thornscales, the median enlargement of
their spines (Fig. 9a), and the morphology of the coenenchy-
mal thornspindles (Fig. 9f), specimen CD_F7_01 is identi-
fied as P. coronata.

In this sample, the collar spindles and the thornscales are
slightly smaller than those reported by Carpine and Grass-
hoff (1975) and Grasshoff (1977), but comparable to speci-
mens previously collected from the Ligurian Sea (Enrichetti
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et al. 2018) (Table S3). More notable features include the
large colony size (the largest recorded to date), the thick-
ness of the branches, and the locally high polyp density.
ROV analysis of the P. coronata population in the Levante
Canyon revealed an average colony height of 15.7+0.5 cm
(n=316), with a maximum of 46 cm (unpublished), con-
siderably larger than the 10 cm known from the literature
(Table S3). Morphological features may likely be influenced
by environmental conditions and colony age.

Ecological remarks. Literature records indicate that P.
coronata inhabits hard substrates (rocks, stones, and bio-
genic debris) at depths ranging from 585 to 2200 m (Carpine
and Grasshoff 1975; Grasshoff 1977, 1981, 1985a, 1986,
1989; Brito and Ocaiia 2004; Sampaio et al. 2019; Bo et al.
2020b). The record on coralligenous rock (51 m) from Cape
Blanc, Morocco (Grasshoff 1977), should be considered
with caution. As Grasshoff himself suggested, this unusual
occurrence may be explained by the strong upwelling cur-
rents in the region, which could allow larvae of deep-water
species to settle in shallower habitats that still offer suitable
conditions for growth. Similar patterns have been observed
in other typically deep-water gorgonians, such as Paramuri-
cea gray and Muriceides sceptrum, which have also been
reported at coralligenous depths in the same area (Grasshoff
1977).

In the eastern Ligurian Sea, an extensive population of
P. coronata colonies was documented between 445 and
750 m, growing on subfossil coral frameworks and coral
rubble, as revealed by ROV exploration conducted in this
study (Bo et al. 2023). Sample CD_F7_01 was found set-
tled on a dead M. oculata skeleton at 724 m, which also
hosted polyps of Desmophyllum dianthus (Esper, 1794) and
encrusting sponges. ROV analysis of the P. coronata popu-
lation along the Levante Canyon, where sample CD_F7_01
was collected, recorded a maximum density of 4.9 col. m™2
(Bo et al. 2023). These observations, together with data on
colony size, suggest that P. coronata specimens often col-
lected as bycatch in this part of the Ligurian Sea (Enrichetti
et al. 2018) may be smaller specimens that settle on coral
rubble near the main coral frameworks. In contrast, the larg-
est colonies appear to aggregate directly on the frameworks
themselves, where the structural complexity may offer pro-
tection from bottom trawling. This preliminary hypothesis
has relevant implications for conservation strategies (Davies
et al. 2007).

Distribution. In the present study, the examined sample
and all the ROV observations were collected from the same
area, located along the Levante Canyon in the eastern Ligu-
rian continental slope (Fig. 22). The presence of P. coronata
in the trawling ground of the eastern Ligurian Sea, located
along the Levante Canyon, was documented by Enrichetti
et al. (2018). Unidentified Placogorgia species have been
reported from the Ligurian offshore seamounts based on
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ROV footage (Bo et al. 2020a, 2021). However, the presence
of P. coronata on the Ulisse Seamount has been recently
confirmed by the latest exploration (Bo, pers. comm.). Addi-
tional records from the western Mediterranean Sea include
the Cassidaigne Canyon (Marseille) and the Blanes Canyon
(Catalan margin) (Carpine and Grasshoff 1975; Bo et al.
2020b). Additional records from the Alboran Sea are cur-
rently only image-based (Aguilar et al. 2009). In the NE
Atlantic Ocean, P. coronata has been reported from the
Bay of Biscay, Morocco, Mauritania, Madeira, the Canary
Islands, and the Mid-Atlantic Ridge (Grasshoff 1977, 1981,
1985a, 1986, 1989; Brito and Ocaifia 2004; Sampaio et al.
2019).

Placogorgia massiliensis Carpine & Grasshoff 1975

(Figs. 10, 11, Table S3).

Examined material. CD_F10_21 Deiva Marina Canyon,
541 m, on sub-outcropping coral rubble. Few apical frag-
ments, the stem and most of the colony are missing.

Description. Colony small, approximately 4 cm tall and
2.5 cm wide (Fig. 10a). Yellow in color, becoming brown
when dried (Fig. 10a-c). Colony irregularly branched
and bushy, with slender and delicate ramifications (about
0.5-0.7 mm wide) (Fig. 10c-d). Polyps well-spaced and
irregularly distributed, occasionally arranged in two rows
(Fig. 10a-c). Contracted polyps range from 0.5 to 0.8 mm in
height; expanded polyps reach 2.1 mm (Fig. 10c-f).

Thornscales from the calyx wall relatively slender and
0.4-0.6 mm in height (Figs. 10d-f, 11a). Operculum in the
anthocodium formed by eight groups of 2 (rarely 3) curved
rods (0.6-0.9 mm) (Figs. 10e-f, 11b) with the collaret pre-
senting 2—4 rings of sclerites (each about 0.6—-0.9 mm)
(Figs. 10e-f, 11c). Tentacle sclerites 0.1-0.3 mm long
(Fig. 11d). Coenenchyme characterized by simple and
branched spindles (0.2-0.4 mm) in the inner layer (Fig. 11e)
and thornstars (0.2-0.4 mm) in the outer layer (Figs. 10d-f,
111).

Taxonomic remarks. The assignment of sample CD_
F10_21 to the genus Placogorgia is supported by the spiny
appearance of the coenenchyme, due to the presence of
thornstars in the outer layer. This type of sclerite, along
with the slender shape of the thornscales and the absence of
multi-spined sclerites, allows for a confident identification
as Placogorgia massiliensis (Carpine & Grasshoff 1975).
Some differences from the original description are noted:
i) The colony is slender and bushy, rather than relatively
robust and planar; ii) polyps are mostly irregularly distrib-
uted, while in the type material they are typically arranged
in two rows; iii) both the polyps and thornscales are slightly
smaller (Table S3). However, only a few specimens of this
species have been studied to date, and no information is
available on intraspecific morphological variability, par-
ticularly in relation to environmental conditions or colony

age. Additionally, the present description is based solely on
a few apical branch fragments (Fig. 10b), and no information
is available for the rest of the colony. ROV analysis of the P.
massiliensis population in the Levante Canyon, from which
the sample was collected, revealed an average colony height
of 7.2+0.1 cm (n=425), with maximum heights reaching
20 cm (unpublished), hence much larger than literature data
(Table S3).

Ecological remarks. The limited records available for
this species indicate that it inhabits bathyal rocky bottoms,
cold-water coral frameworks, and coral rubble, at depths
ranging from 350 to 1850 m (Sartoretto and Zibrowius
2018). The only known Atlantic occurrence is from 488
to 510 m (Grasshoff 1985a). In the Ligurian Sea, dense
aggregations of P. massiliensis on coral rubble (up to 10
colonies m~2) were reported from the areas of Portofino and
Deiva Marina coral structures along the Levante Canyon
(Bo et al. 2023), where the specimen analyzed in this study
was collected.

Distribution. This species is considered endemic to the
Mediterranean Sea; however, a record from Galicia (Grass-
hoff 1985a) raises doubts about this possibility. In the
Mediterranean Sea, P. massiliensis has been reported from
Gibraltar and the Cassidaigne Canyon (Carpine and Grass-
hoff 1975; Grasshoff 1977, Sartoretto and Zibrowius 2018).
Unverified records have been reported from the Ionian Sea,
the Strait of Sicily, and the Gulf of Cadiz (Freiwald et al.
2011; Diaz del Rio et al. 2014). This study provides the first
record of P. massiliensis for the Ligurian Sea.

Genus Muriceides Wright & Studer 1889

Muriceides lepida Carpine & Grasshoff 1975

(Figs. 12, 13, Table S4).

Examined material. BM_PEN_02 Penelope Seamount,
497 m, on coral rubble; CD_F7_05 Portofino thanato-
coenosis, 724 m, on a plastic sheet; CD_F7_10 Portofino
thanatocoenosis, 712 m, on a subfossil coral framework;
CD_E1_18 Deiva Marina Canyon, 675 m, on coral rubble;
CD_F9_25 Deiva Marina Canyon, 567 m, on a dead colony
of M. oculata.

Description. Colonies planar, irregularly ramified, white
(both in vivo and when fixed), and relatively small, on aver-
age 8.2 cm tall, with one (CD_F7_10) reaching 19.3 cm
in height (Fig. 12a-b, f-g, j, I-n; Table S4). Ramifications
slender and delicate, ranging from 0.4 to 2 mm in diameter
(Fig. 12b-c, g-h, j-k, m, o). Basal portion of the stems and
major ramifications often denuded, with the dark-brown
organic axis being exposed and sometimes colonized by
sessile organisms such as the barnacle Metaverrucaria sp.
(CD_F7_10) (Fig. 12b). Polyps from crowded (CD_F7_10)
(Fig. 12c¢) to scattered and irregularly distributed (CD_
E1_18, CD_F7_05, BM_PEN_02) (Fig. 12h, k, o). Calyxes
generally wider than high, showing the typical Fujiyama
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Fig. 10 Placogorgia massilien-
sis (CD_F10_21). a The living
colony collected from the Deiva
Marina Canyon at 541 m, on
sub-outcropping coral rubble
with a small M. oculata colony.
b A few apical branches freshly
collected from the colony. ¢
Detail of branch tips, showing
the distribution and the different
size of the polyps. Note the
progressive darkening of the
color from (a) to (b) and (c). d
Stereomicroscope close-up of
polyps, showing the character-
istic spiny aspect of the calyx
and coenenchyme owed to the
presence of thornscales and
thornspindles. e-f SEM images
of P. massiliensis expanded
polyps. The architecture of

the thornscales forming the
calyx and the sclerites of the
anthocodium (collaret sclerites
and points/opercular sclerites) is
shown. Scale bars: a-b=1 cm;
c=05cm;d=1mm;

e-f=0.5 mm

form (Fig. 12d-e, h-i, k, o-p); their height ranging from
0.3 mm (CD_F7_05) to 1.6 mm (BM_PEN_02) (Table S4).

All specimens with numerous thornspindles oriented lon-
gitudinally, forming the calyx wall (Fig. 12d-e, p); oblique
projection directed upward placed more or less toward the
end of the spindle (Fig. 13a). In the calyx wall, thornspin-
dles aligned vertically along their length with tips project-
ing upward (Fig. 12d-e, p). Anthocodium characterized by
i) a collaret of 5 to 10 rings of spindles (Figs. 12d, h-i, k;
13d), ii) 4 to 9 opercular sclerites at the base of each ten-
tacle (Figs. 12d, h-i, k, o-p; 13e), and iii) tentacle sclerites
(Fig. 13f). Outer layer of the coenenchyme containing thorn-
spindles with one (occasionally two) thick central projection
turned upward (Figs. 12e; 13b). Inner layer of the coenen-
chyme containing simple spindles (Fig. 13c); only in one
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sample (CD_F7_05), two branched spindles were observed
(Fig. 12k inset).

Taxonomic remarks. The assignment of the analyzed
specimens to the genus Muriceides Wright & Studer 1889 is
strongly supported by the presence of large, conical calyxes
(commonly referred to as "Fujiyama" shape) as well as by
the occurrence of thornspindles in both the coenenchyme
and the calyx wall (Carpine and Grasshoff 1975; Grasshoff
1977).

M. lepida is the only species of the genus known from
the Mediterranean Sea, with a distribution that extends into
the NE Atlantic Ocean. Alongside M. lepida, two other spe-
cies are currently recognized in the NE Atlantic: Muricei-
des sceptrum (Studer, 1891) and Muriceides kuekenthali
(Broch, 1912) (Table S4). A fourth species, Muriceides
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Fig. 11 SEM images of Placogorgia massiliensis sclerites (sample
CD_F10_21). a Thornscales of the calyx. b Points or opercular scle-
rites. ¢ Sclerites of the collaret. d Small sclerites of the tentacles. e
Branched and unbranched sclerites of the inner layer of the coenen-
chyme. f Thornstars of the outer layer of the coenenchyme

echinata Thomson 1927, was poorly described based on a
single small fragment collected during the Campagnes Sci-
entifique du Prince Albert I" de Monaco. It was not consid-
ered in subsequent taxonomic works on Atlantic gorgonians
(Deichman 1936; Grasshoff 1977). M. kuekenthali differs
clearly from M. lepida in branch thickness (1.5-2.8 mm),
pink coloration, and the high number of sclerite rings in the
collaret (10-15) (Table S4). It also has a distinct distribution,
being confined to the boreal eastern Atlantic Ocean. Differ-
ences between M. lepida and M. sceptrum are mainly related
to colony size and branch thickness (Table S4). According
to Grasshoff (1977), M. lepida typically does not exceed
10 cm in height. In this regard, specimen CD_F7_10 and
CD_F9_25 (19.3 and 14.7 cm high, respectively) (Fig. 12a-
b, I-m) represent a significant extension of the known
size range. In fact, ROV surveys in the Levante Canyon,
where most samples were collected, documented an aver-
age colony height of 8.5+0.1 cm (n=1199 colonies), with

a maximum size of approximately 34 cm (unpublished).
Grasshoft (1977) also reported that M. lepida branches are
about 1 mm thick, while those of M. sceptrum reach ~2 mm.
Sample CD_F7_10 (Fig. 12a-c), though overall slender,
shows ramifications up to 2.1 mm thick in some areas. This
trait likely correlates with colony size and possibly local
hydrodynamic conditions and does not appear to be a reli-
able character for distinguishing between the two species.
Additional characters used to differentiate the two species
include the number of spines on the coenenchyme thorn-
spindles and the presence of branched spindles in the inner
layer (Table S4). M. lepida typically has only one spine in its
thornspindles, while M. sceptrum can have one, occasionally
two, and rarely more than two (Grasshoff 1977). Branched
spindles in the inner coenenchyma layer are exclusive to
M. sceptrum and M. kuekenthali, whereas M. lepida has
only simple spindles (Grasshoff 1977). However, our data
reveal some variability in these traits, blurring the distinc-
tion between M. lepida and M. sceptrum (Table S4). For
instance, thornspindles with two spines were observed in
samples CD_F7_10 and BM_PEN_02 (Fig. 13b), and two
branched sclerites from the inner coenenchyme layer were
found in sample CD_F7_05 (Fig. 12k inset). Both species
also share a similar, mainly Lusitanic, geographical range
(Table S4). In this study, considering the large number of
colonies analyzed (> 5), their overall slender appearance,
reduced polyp size, and the rarity of two-spined thornspin-
dles and branched coenenchyme sclerites, all specimens
were identified as M. lepida. Further research, especially
molecular analyses, could clarify the confusing taxonomy
of these species.

Ecological remarks. Ligurian records of M. lepida
align well with previous observations, showing the spe-
cies occurs at depths of 90-1350 m in the Atlantic Ocean
and 80-1014 m in the Mediterranean Sea, always on hard
substrates such as rocks, stones, and dead corals (Table S4)
(Carpine and Grasshoff 1975; Grasshoff 1977, 1981; Mal-
donado et al. 2015; Sampaio et al. 2019; Angeletti et al.
2020; Bilan et al. 2023). Carpine and Grasshoff (1975) noted
a preference for steep areas, cliffs, or drop-offs between 80
and 250 m. However, recent ROV video surveys reveal M.
lepida is more frequently found at bathyal depths (e.g.,
Maldonado et al. 2015; Sampaio et al. 2019; Angeletti et al.
2020; Bilan et al. 2023) than in mesophotic zones (e.g.,
Wiirtz and Rovere 2015). In the Ligurian Sea, despite exten-
sive ROV surveys (> 100 dives) between 40 and 200 m, M.
lepida has not been detected on the deep continental shelf
and shelf break (Enrichetti et al. 2019). Conversely, dense
meadows of M. lepida (up to 19.7 colonies m~2) have been
found at bathyal depths, associated with canyon habitats
along the continental shelf and offshore seamounts (Bo
et al. 2020a, 2021, 2023). Notably, the Ligurian record of
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Fig. 12 Muriceides lepida.
Images of living (a, f, 1, n)

and freshly collected (b, g,

j» m) colonies. The different
substrates are shown: coral
framework (a), coral rubble (f,
1, n), and plastic sheet (j). In b,
the arrow and the inset indicate
the barnacle Metaverrucaria
sp. on the denuded axis. In m,
encrusting sponges and the scle-
ractinians Madrepora oculata
and Desmophyllum dianthus
grow on the coral rubble with
M. lepida colonies. Details

of the branches and polyp
distribution (¢, h, Kk, 0). Colony
CD_F7_10 presents thick
branches with crowded polyps
(¢), while the other specimens
have slender branches with
more spaced polyps (h, k, o).
Details of the calyx sclerite
armature, photographed at the
stereomicroscope (d, j). The
arrangement of the opercular
sclerites, thornscales of the
calyx wall, and thornscales of
the outer layer of the coenen-
chyme is shown in e and q. a-e:
sample CD_F7_10; f-i: sample
CD_E1_18; j-k: sample CD_
F7_05; I-m: sample CD_F9_25;
n-p: sample BM_PEN_02.
Scale bars: a-b=10 cm; f-g, 1,
n=5cm;m=2cm;o0=1cm;c,
h=2 mm;d-e, i, k, p=1 mm; k
inset=0.1 mm

#

LT

M. lepida on plastic debris is the first documented case for
this species.

Distribution. NE Atlantic (Bay of Biscay, Josephine
Bank, Azores, Madeira, Canary Islands, Cape Verde) and the
Mediterranean Sea (Gibraltar, Alboran, Balearic Sea, Mar-
seille, Ligurian Sea, Corsica Channel) (Carpine and Grass-
hoff 1975; Grasshoff 1977, 1981; Maldonado et al. 2015;
Sampaio et al. 2019; Angeletti et al. 2020; Bilan et al. 2023).
In the Ligurian Sea, this species inhabits the continental
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shelf and off-shore seamounts (Fig. 22) (Bo et al. 2020a
2021, 2023).

Genus Villogorgia Duchassaing & Michelotti, 1860.

Villogorgia bebrycoides (von Koch 1887).

(Figs. 14, 15).

Examined material. BM_ULI_03 Ulisse Seamount,
400 m, on outcropping rock. Colony broken, the stem is
missing.
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Fig. 13 SEM images of Muriceides lepida sclerites (sample CD_
F7_10). a Thornspindles from the calyx wall. b Thornspindles from
the outer layer of the coenenchyme. A large thornspindle with two
spines is visible in the lower left. ¢ Simple spindles from the inner
layer of the coenenchyme. d Curved spindles from the collaret of the
anthocodium. e Points or opercular sclerites. f Small rods from the
tentacles

Description. Colony white, small (about 4 cm) and deli-
cate, irregularly ramified on a single plane (Fig. 14a, b).
Dark brown axis below the white coenenchyme evident in
the freshly collected material (Fig. 14b). Branches slender,
ranging from 0.3 to 0.5 mm in diameter, with polyps scat-
tered and irregularly distributed; both branches and caly-
ces with tiny processes giving a general spiny aspect to the
colony (Fig. 14b-e). Calyx cylindrical, about as wide as it
is tall (Fig. 14c-g); generally, about 1 mm wide and 1 mm
high, but the terminal polyp at the branch apex can grow
particularly larger (Fig. 14d).

Calyx built by a heavy armature of thornscales (Fig. 14f-
g), characterized by a wide basal part with flat root pro-
jections an upright central spine formed by leaf-like ridges
(Fig. 15a). The anthocodium has an operculum composed of
few robust sclerites (Fig. 15b), two collaret rings (Fig. 15¢),
and tentacles sclerites (Fig. 15d). The coenenchyme has a
compact layer of thornspindles with a central vertical spine
similar to that of the thornscales (Fig. 15¢e).

Taxonomic remarks. A vertical leafy projection in
the thornscales of the calyx and the thornspindles of the

coenenchyme supports assigning sample BM_ULI_03 to
the genus Villogorgia. The presence of massive opercular
sclerites is another characteristic feature of this genus. V.
bebrycoides is the only species of this genus recorded in the
NE Atlantic and Mediterranean regions. Another species,
Villogorgia nigrescens Duchassaing & Michelotti, 1860, is
known from the western Atlantic Ocean. It closely resembles
V. bebrycoides but differs by having 4-5 collaret rings in the
anthocodium collaret (compared to just one ring of large
sclerites in V. bebrycoides, sometimes followed by a single
row of smaller sclerites). Additionally, V. nigrescens grows
much larger, with type specimens reaching about 40 cm tall
and 50 cm width (Carpine and Grasshoff 1975).

Ecological remarks. This species is known from the hard
bottoms of the NE Atlantic Ocean seamounts and offshore
islands, between 56 and 845 m (Grasshoff 1977; Brito and
Ocafa 2004; Sampaio et al. 2019). In the Mediterranean
Sea, this species has been reported on outcropping rocks
and deep corals from 70 to 500 m, often forming mixed
assemblages with other gorgonians (Fig. 14a) (Carpine and
Grasshoff 1975; Aguilar et al. 2018; Bo et al. 2012, 2020a).
Therefore, the specimen BM_ULI_03 analyzed here, coming
from a bathyal seamount summit, is consistent with previous
observations.

Distribution. In the NE Atlantic Ocean, this species
occurs in the Azores, Madeira, Josephine Bank, Gorringe
Seamount, Canary Islands (Grasshoff 1977, 1985b; Brito
and Ocafia 2004; Sampaio et al. 2019). In the Mediterra-
nean Sea, V. bebrycoides occurs in the Sicily Channel, the
Tyrrhenian Sea, the Gulf of Naples, the Corsica Channel,
and the Ligurian Sea (Koch 1887; Rossi 1958; Carpine and
Grasshoff 1975; Aguilar et al. 2018; Bo et al. 2012, 2014a,
b, 2020a). In the study area, this species has been observed
exclusively on offshore seamounts (Fig. 22) (Bo et al. 2014b,
2020a, 2021).

Genus Bebryce Philippi, 1842.

Bebryce mollis Philippi, 1842.

(Figs. 16, 17).

Examined material. BM_ULI 02 Ulisse Seamount,
448 m, on outcropping rock.

Description. Colony small and delicate, about 5 cm high
(Fig. 16a-b). Colony with few, long and slender branches,
ranging commonly from 0.6 to 0.8 mm in diameter, with the
proximal portion being slightly thicker than the distal one
(Fig. 16b). Polyps scattered and irregularly distributed, with
cylindrical, highly protruding calyces (Fig, 16¢), approxima-
tively 1.3 mm wide and 0.8 mm high (Fig. 16d-e).

Calyx and coenenchyme covered by an outer layer of
tightly packed cup-shaped sclerites, distinctive of the genus
(Figs. 16e-f; 17a). Coenenchyme with an inner layer com-
posed of distinctive flattened sclerites, showing a multilobate
base and only a slight indication of a central spine pointing
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Fig. 14 Villogorgia bebry-
coides. a A pluri-specific gor-
gonian garden dominated by V.
bebrycoides (Vb) colonies from
the Ulisse seamount summit.
Specimens of Muriceides lepida
(M), Acanthogorgia armata
(Aa), Bebryce mollis (Bm), and
a large Nephtheidae (cf. Dan-
iela koreni) (Ne) also contribute
to the assemblage. b A freshly
collected fragment of the
sample BM_ULI_03. Details of
branches (c¢) and polyps (d-e).
The spiny aspect of the calyx
and coenenchyme is evident. In
(d), a particularly large polyp
from an arm tip is shown. f-g
SEM images of polyps showing
the arrangement of the sclerites
in the calyx and anthocodium.
Scale bars: a=10cm; b=1 cm;
c=.2mm; d-e=1 mm;

f=0.5 mm; g=0.25 mm

upward (Fig. 17b). In the most apical part of the calyces,
cup-shaped sclerites replaced by spindles with leafy projec-
tions protruding upward (Fig. 17c). Anthocodium with an
operculum composed of curved large sclerites (Fig. 17d), a
collaret of sclerites (Fig. 17e) arranged in 4 or 5 rings, and
rod-like sclerites of the tentacles (Fig. 17f).

Taxonomic remarks. B. mollis is the only species known
so far for this genus in the eastern Atlantic Ocean and the
Mediterranean Sea. Occasionally, larger and thicker colo-
nies, reaching up to 20 cm in height, are reported from the
study area.

Ecological remarks. This species is known from hard
substrates of the continental shelf edge and the upper part of
the continental slope, from 97 to 1250 m in the NE Atlantic
Ocean and from 100 to 400 m in the Mediterranean Sea
(Carpine and Grasshoff 1975; Grasshoff 1977, 1989; Fourt
et al. 2017; Sampaio et al. 2019). It adapts to rocky surfaces
and biogenic substrates, including deep-sea corals, coral rub-
ble, and mollusc shells on detritic bottoms. Therefore, this
Mediterranean finding fits perfectly in the known ecological
setting of the taxon.
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Distribution. In the eastern Atlantic Ocean, B. mollis
is reported from Portugal, Gibraltar Gulf, Josephine Bank,
Great Meteor Bank, Azores, Canary Islands, and Cape
Verde; in the Mediterranean Sea this species is reported
from the Alboran Sea, Gulf of Lions, Ligurian Sea, Corse
Island, Tyrrhenian Sea, Sicily Channel, Ionian Sea, S Adri-
atic Sea (Rossi 1958; Carpine and Grasshoff 1975; Grasshoff
1977, 1989; Brito and Ocafia 2004; Bo et al. 2014b; Bayer
and Van Ofwegen 2016; Fourt et al. 2017; Sampaio et al.
2019). In the Ligurian basin, B. mollis is reported exclu-
sively from offshore seamounts (Fig. 22) (Bo et al. 2014b,
2020a, 2021).

Order SCLERALCYONACEA McFadden, van Ofwegen
& Quattrini, 2022.

Family PRIMNOIDAE Milne Edwards, 1857.

Genus Callogorgia Gray, 1858.

Callogorgia verticillata (Pallas, 1766).

(Figs. 18, 19).

Examined material. BM_ULI_01 Ulisse Seamount,
448 m, on outcropping rock.
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Fig. 15 SEM images of Villogorgia bebrycoides sclerites (sample
BM_ULI_03). a Thornspindles from the calyx wall. b Points or oper-
cular sclerites. ¢ Curved spindles from the collaret. d Small rods from
the tentacles. e Thornspindles from the outer layer of the coenenchyme

Fig. 16 Bebryce mollis. a
Colony of B. mollis on the
summit of the Ulisse Seamount
(448 m) before being collected
by the ROV. Callogorgia
verticillata, encrusting sponges,
and serpulids are also visible. b
Image of sample BM_ULI_02
immediately after collection.

¢ Branch of B. mollis at the
stereomicroscope with d detail
of the polyps. e, f SEM images
of B. mollis polyps showing

the external layer of cup-like
sclerites covering the calyx

and the axis (e, f) and the
sclerite from the apical part of
the calyx wall (e). Scale bars:
a=5cm;b=1cm;c,d=1mm;
e=0.5 mm; f=0.1 mm

Description. Fan-like yellowish colony (Fig. 18a-e), with
axial skeleton rich in calcium carbonate. Branches organized
in multiple orders on a single plane, resembling large feath-
ers. Polyps turned toward the axis and arranged in whorls of
two or rarely one (Fig. 18d, e).

Sclerites in the form of scales, with the inner surface
covered in large warts and the outer surface smooth with
ridges (Fig. 19a-c). Eight apical scales large, triangular and
elongated, forming the operculum (Figs. 18f, g; 19a). Walls
of the polyps with scales arranged in eight vertical rows
(Figs. 18f, g; 19b). Opercular scales can open, while mar-
ginal scales remain fixed. Coenenchyme with large and small
plates whose surface resembles that of the polyps’ sclerites
(Figs. 18f, g; 19c¢).

Taxonomic remarks. C. verticillata colonies can grow
up to 150 cm in height (Fig. 18b), and the color ranges from
bright white to yellowish or light pink. Furthermore, the
number of polyps arranged in a whorl varies from one to
more than four, depending on the branch diameter. Despite
this variability, C. verticillata is the only species of its genus
present in the Mediterranean Sea and eastern Atlantic Ocean
(Carpine and Grasshoff 1975). It is easily recognizable by its
feather-like planar branching and its polyps, curved upward
and arranged in whorls.

Ecological remarks. Found on hard bottoms, gener-
ally with high sedimentation, at similar depth in the east-
ern Atlantic Ocean (130-1300 m) and the Mediterranean
Sea (90-1000 m) (Carpine and Grasshoff 1975; Grasshoff
1985b; Fourt et al. 2017; Chimienti et al. 2019 and refer-
ences therein). Carpine and Grasshoff (1975) suggested that
C. verticillata may be too large and fragile to withstand the
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Fig. 17 SEM images of Bebryce mollis sclerites (sample BM_
ULI_02). a Cuplike sclerites from the superficial layer of the calyx
wall and coenenchyme. b Thornstars from the inner layer of the coe-
nenchyme. ¢ Sclerites from the apical edge of the calyx wall. d Points
or opercular sclerites. e Curved spindles from the collaret. € Small
rods from the tentacles

relatively strong currents of the slope break; this observa-
tion is consistent with the occurrence of this species in areas
characterized by high sedimentation levels. C. verticillata
host a rich associated fauna, including the parasitic zoan-
thid Zibrowius primnoidus Carreiro-Silva, Braga-Henriques,
Sampaio, de Matos, Porteiro and Ocafia, 2010, the sea slug
Tritonia callogorgiae Chimienti, Furfaro & Taviani, 2020,
the crinoid Leptometra phalangium (Miiller, 1841), and the
cusk-eels Benthocometes robustus (Goode & Bean, 1886)
(Carreiro-Silva et al. 2011; Bo et al. 2014a; Fabri et al. 2014;
Chimienti et al. 2020).

The dense forests of C. verticillata on the Ulisse Sea-
mount summit, from which the sample analyzed here origi-
nates, were recently described by Bo et al. (2021). These
forests reach a density of up to 3.4 colonies m~2. They are
dominated by juvenile colonies (Fig. 18a), often mixed with
other small gorgonians (Fig. 16a). Large colonies of C. ver-
ticillata form aggregations (Fig. 18b) only on flat or gently
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sloping hardgrounds of the western sector of the seamount
summit (Bo et al. 2021).

Distribution. Eastern Atlantic Ocean (Azores, Great
Meteor Bank, Madeira, Josephine Bank, Bay of Biscay,
Morocco, Mauritania, Cape Verde) and the Mediterranean
Sea (Alboran Sea, Balearic Sea, Gulf of Lions, Ligurian
Sea, Sardinia, Tyrrhenian Sea, Sicily Channel, Ionian Sea,
S Adriatic Sea, Aegean Sea) (Carpine and Grasshoff 1975;
Grasshoff 1986; Aguilar et al. 2013; Bo et al. 2011; Fourt
et al. 2017; De la Torriente et al. 2018; Fabri et al. 2014;
Ramos et al. 2016; Chimienti et al. 2019 and references
therein). In the Ligurian Sea, C. verticillata is reported
exclusively from the Ulisse and Penelope seamounts (Bo
et al. 2021).

Family KERATOISIDIDAE Gray 1870

Subfamily KERATOISIDINAE Gray 1870

Genus Acanella Gray 1870

Acanella cf. arbuscula (Johnson 1862).

(Figs. 20, 21, Table S5).

Examined material. CD_FN_14 Monterosso Canyon,
549 m, on mud. Basal plate missing.

Description. Fan-shaped colony, 13 cm high. Color
dark yellow in vivo (Fig. 20a, b), bright orange soon after
collection (Fig. 20c), and brown when dried (Fig. 20g-1).
Branching occurring at node level dichotomously or, more
rarely, trichotomously. Ramifications not occurring exactly
on the same plane, but overall aspect of the colony planar.
Axial skeleton organized in horny nodes and calcareous
internodes (Fig. 20d). Organic nodes brown with concave
margins (Fig. 20e), more scattered and thinner toward the
apical part of the colony. Internodes white and smooth,
with delicate longitudinal groves, noticeable only along
basal internodes (Fig. 20d). Internodes ranging in length
from 8 to 19 mm and hollow, with central canal about
15% of the axis diameter (Fig. 20f). Basal plate missing,
but calcareous, lobate, root-like bases reported from other
samples collected by trawlers in the study area (Enrichetti,
pers. comm.). Non-retractile polyps arranged quite regu-
larly, primarily (but not exclusively) in two opposite rows,
opposite or alternate (Fig. 20b-c, g, h). Polyps emerging
almost vertically from the branches, being densely packed
(6—12 polyps per cm), and with two to three polyps at
the tip ends (Fig. 20i). Size ranges from 1.3 to 5.4 mm
in height and from 0.8 to 1.9 mm in width (Fig. 20g-n).
Polyps generally funnel-shaped, with proximal end being
smaller than distal end (Fig. 20g, j, m); when dried, closed
polyps with cylindrical to conical shape (Fig. 20k, 1, m).

Long slender sclerites (from 0.6 to 3.6 mm long)
arranged longitudinally and obliquely along polyp wall
(Figs. 20g-n; 21a), giving the polyp a twisted aspect.
Some polyp body sclerites (generally the longest) project-
ing beyond the base of the contracted tentacles, creating
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Fig. 18 Callogorgia verticil-
lata. a A dense aggregation of
juvenile colonies of C. verticil-
lata from the summit of the
Ulisse Seamount (448 m). b A
forest of large colonies from the
same site. ¢ Two fragments col-
lected by ROV (BM_ULI_01).
d Branch of C. verticillata
observed at the stereomicro-
scope; note the organization of
the polyps in verticils. e Detail
of a branch tip. f, g SEM images
showing the complex armature
of sclerites covering C. verticil-
lata polyps and coenenchyme.
Scale bars: a, b=10 cm;
c=2.5cm;d,e=1 mm;f,
¢=0.5 mm

a crown of about 0.5-1.5 mm (Fig. 20g-n). Distal end of
these sclerites with a sharp point, whereas proximal end
often enlarged and, in some cases, bifurcate (Figs. 20k;
21a). Small tentacle sclerites also present (Fig. 21b). Thin
coenenchyme containing needle-like sclerites ranging
from 0.1 to 1.8 mm in length (Fig. 20g-n, 21c). All sclerite
types presenting fine ornamentations uniformly distributed
on the surface (Fig. 21, inset).

Taxonomic remarks. Several species historically attrib-
uted to Acanella have been reported from the Mediterra-
nean Sea, including Acanella eburnea (Pourtales, 1868),
Acanella furcata Thomson 1929, Acanella gigliolii Cecchini
1914, and Acanella mediterranea Cecchini 1914 (Cecchini
1914; Thomson 1929; Carpine 1963). However, these spe-
cies have lately been synonymized with Isidella elongata
(Esper, 1788), which Carpine and Grasshoff (1975) recog-
nized as the only member of the family Keratoisididae in
the Mediterranean Sea. Consequently, all Mediterranean
records of bamboo corals have been assigned to 1. elongata
by default, based solely on their collection location (Saucier

et al. 2017). Notably, the original description of I. elongata
focused exclusively on the axial skeleton, without account-
ing for polyps or sclerites (Esper 1791). Despite subse-
quent redescriptions (Koch 1887; Bayer 1990), distinctions
between Isidella and closely related genera such as Acanella
remain unresolved. Recent phylogenetic analyses have fur-
ther shown that Isidella is not monophyletic, complicating
its classification (France 2007; Duenas et al. 2014; Waitling
et al. 2022).

The genus Isidella shows a strong affinity with Acanella,
as both exhibit branching from the nodes. Traditionally,
the two genera have been distinguished based on branch-
ing pattern, with Isidella being planar and Acanella bushy
and tridimensional (Kiikenthal 1924; Bayer 1990), and the
polyp crown structure, with Isidella lacking the protruding
apical end of the polyp wall sclerites among the tentacle
bases, which is typical of Acanella (Koch 1887). However,
both characters have proven unreliable: Dichotomous and
planar branching patterns have been repeatedly observed
in Acanella (Kiikenthal 1915; Thomson 1927; Aurivillius
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500 ym

Fig. 19 SEM images of Callogorgia verticillata sclerites (sample
BM_ULI_01). a Scales from the operculum (lower line: inner side).
b Scales from the polyp wall (right column: inner side). ¢ Scales from
the coenenchyme (lower line: inner side)

1931; Bayer 1990; Saucier et al. 2017), and the structure
of the polyp crown is highly dependent on the degree of
contraction and therefore on fixation methods (Wright and
Studer 1889; Kiikenthal 1924; Carpine and Grasshoff 1975;
Saucier et al. 2017). Morphological and molecular analyses
of samples from various geographical regions have shown
that traits commonly used to distinguish A. arbuscula, A.
eburnea, and I. elongata (i.e., branching pattern, polyp size,
and sclerite length) (Table S5) fall within an intraspecific
continuum (Saucier et al. 2017). Notably, Saucier et al.,
(2017) revealed the presence of two Acanella species in the
Mediterranean Sea, A. arbuscola and A. furcata, inhabiting
the same muddy environment and depth range (300-800 m)
typically attributed to I. elongata. These findings cast doubt
on the validity of previous Mediterranean records of 1. elon-
gata. Moreover, recent phylogenetic studies indicate that
genera within the family Keratoisididae, including Acanella
and Isidella, are polyphyletic and require taxonomic revision
(Morrissey et al. 2023).

In the present study, sample CD_FN_14 is attributed
to the genus Acanella based on i) the length of the inter-
nodes, ii) the trumpet-shaped polyps, and iii) the presence
of curved sclerites twisted around the polyp wall. At the
species level, the assignment of this specimen to Acanella
cf. arbuscola is supported by the taxonomical compari-
son presented in Table S5. The ROV analysis of the Ligu-
rian population from which sample CD_FN_14 originates
revealed an average colony height of 16.8 +0.7 cm (n=254)
(unpublished), which is consistent with literature data for
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A. arbuscola. However, it is noteworthy that the maximum
colony height observed is considerably greater, reaching up
to 52 cm (unpublished). Furthermore, the colony habitus
is never bushy, in contrast to what is typically observed in
Atlantic populations, and the axis of the analyzed specimen
is hollow. Additionally, the presence of large bilobate polyp
wall sclerites, described here for the first time, may indicate
either a new species or an unrecognized variant within the
known morphological continuum. Further morphological
and phylogenetic analyses are currently underway to clarify
this issue.

Ecological remarks. Acanella arbuscula inhabits both
hard and soft bottoms between 350 and 2035 m, with the
few confirmed Mediterranean records occurring exclusively
on soft bottoms, approximately from 300 to 1082 m (Myt-
ilineou et al. 2016; Saucier et al. 2017). In the Ligurian Sea,
two distinct populations of Acanella sp. have been recently
reported from muddy plains in the proximity of the Deiva
Marina Canyon (670-730 m) and Monterosso Canyon
(500-560 m), with a maximum density of 3.3 colonies m™2
(Bo et al. 2023). In the basin, the occurrence of keratoisidids
has been considered a good indicator of pristine environ-
ments (Bo et al. 2015; Carbonara et al. 2020; Angiolillo
et al. 2024).

Distribution. Acanella arbuscula has a circumglobal dis-
tribution, with sparse records reported from the Pacific and
Indian oceans and a distribution center in the North Atlantic
Ocean. In the latter basin, the species is widely distributed
between the equator to the South and the Davis Strait and the
submarine ridges connecting Greenland, Iceland, and Scot-
land to the North (Grasshoff 1986, 1989; Buhl-Mortensen
et al. 2015; Saucier et al. 2017). The presence of A. arbus-
cula in the Mediterranean Sea has been confirmed through
molecular analysis in the eastern Ionian and Balearic Seas
(Mytilineou et al. 2016; Saucier et al. 2017).

Geographical and bathymetrical distribution

At the regional scale, the ten species analyzed in this study,
along with the three additional species reported by Bo et al.
(2020a, 2021, 2023), show distinct distribution patterns
between coastal habitats (5-8 NM) and offshore sites (50-75
NM) (Fig. 22). Four species, namely Acanthogorgia armata,
Acanthogorgia sp., Placogorgia massiliensis, and Acanella
cf. arbuscula, occur exclusively on the continental slope
and the Levante Canyon. The identity of the stoloniferans
observed on the offshore seamounts (Bo et al. 2020a, 2021)
remains unclear. They may belong to Rolandia cf. coral-
loides, a species found along the Ligurian continental slope.
A similar situation is seen in the genus Placogorgia: P. coro-
nata and P. massiliensis are found on the continental slope,
while an unidentified Placogorgia sp. was observed on the
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Fig. 20 Acanella cf. arbuscola.
a Aggregation on the muddy
flanks of the Monterosso
Canyon, at 459 m. b Sample
CD_FN_14 photographed
immediately before (b) and after
(c) collection. Note the bright
orange color in (c). d The basal
portion of the axial skeleton
deprived of coenenchyme

after chlorite hypochlorite
cleansing. The organization

in nodes and internodes is
clearly depicted. e Close-up of
the basal node of the colony.

f Detail of a broken internode
showing the allow central core.
g-i Stereomicroscope images

of Acanella branches from

the central (g), basal (h), and
apical (i) part of the colony. j-1
Polyps with different status of
contraction: opened (j), closed
(k), and highly contracted (1).
m-n SEM images of Acanella
polyps. Scale bar: a=10 cm;
b=5cm;c=2cm;d=2 mm;e,
g-k=1mm; f=0.5 mm

offshore seamounts (Bo et al. 2020a, 2021). In this case,
however, the occurrence of P. coronata on the Ulisse Sea-
mount has been recently confirmed (Bo, pers. comm.). The
pennatulacean Kophobelemnon stelliferum (Miiller, 1776)
is herein reported only from the Penelope Seamount. How-
ever, this species is commonly encountered along the French
continental slope and canyons (Fourt et al. 2017). A single
colony has also been observed at mesophotic depth (70 m)
along the western Ligurian coast (Enrichetti et al. 2019), fur-
ther confirming its broad bathymetric range. Given that most
of the ROV surveys conducted in this area targeted hard bot-
toms, it is plausible that records of K. stelliferum, as well as
other pennatulaceans, are partially biased. Muriceides lepida
and Swiftia dubia have been reported both inshore and off-
shore (Fig. 22). Among the species recorded exclusively
offshore, Bebryce mollis and Dendrobrachia bonsai are the

most widespread, occurring in all three seamounts. Con-

versely, Villogorgia bebrycoides and Callogorgia verticil-
lata are reported only for the Ulisse and Penelope seamounts
(upper bathyal tops) and Chelidonisis aurantiaca exclusively
from the Janua Seamount (lower bathyal top). The faunal
similarities among the three seamounts are unsurprising,
since they are part of the same volcanic complex (Fanucci
and Nicolich 1984). The Janua Seamount lies about 15 km
southwest of the others, and the Penelope summit rises as a
secondary peak of the Ulisse Seamount. Curiously, V. bebry-
coides and B. mollis are also reported from the St. Lucia
Seamount (mesophotic top), approximately located 25 NM
East (Bo et al. 2014b) (Fig. 1).

Following the zoogeographical regionalization of the
North Atlantic Ocean for deep-sea corals (Cairns and
Chapman 2001; Watling et al. 2011), the Ligurian bathyal

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Coral Reefs

Fig. 21 SEM images of sclerites from sample CD_FN_14, identified
as Acanella cf. arbuscula. a Polyp body sclerites. b Coenenchyme
sclerites. ¢ Tentacle sclerites. Inset: detail of polyp body sclerite
tuberculation

octocoral fauna has been classified into five chorological cat-
egories (Fig. 23). Most species (62%) are distributed across
both the Mediterranean Sea and the eastern Atlantic coast,
corresponding to the Mediterranean Sea and Lusitanian
provinces (Spalding et al. 2007). The geographical bounda-
ries of the Lusitanian Province extend northward through the
Bay of Biscay, SW England, and W Ireland, and southward
along the Moroccan and Mauritanian coasts, including the
Macaronesian Archipelago (Cape Verde, Canary Islands,
Madeira, Azores). The whole province falls within the limits
of the warm-temperate latitudinal belt. The gorgonian fauna
of this area is distinguishable due to its richness in end-
emisms (Grasshoff 1977; Watling et al. 2011; Braga-Hen-
riques et al. 2013). The dominance of warm-temperate NE
Atlantic-Mediterranean species among the Ligurian bathyal
octocorals—over half of the total—is unsurprising. This
reflects the Mediterranean’s biogeographic history, shaped
by its connection to the Atlantic Ocean and strongly influ-
enced by Quaternary climatic events (Bianchi et al. 2012).

@ Springer

Two species (15%), namely A. armata and C. aurantiaca,
are known to occur exclusively in the North Atlantic Ocean.
If specimen BM_FUS_01 is confirmed as Acanthogorgia
pico, a third species would fall into this chorological cat-
egory. A. pico has been recorded only along the eastern
Atlantic Ocean, specifically the Azores and Ireland, while A.
armata and C. aurantiaca are considered amphi-Atlantic. A.
pico and C. aurantiaca are warm-temperate species, whereas
A. armata is cold-temperate. It occurs from Newfoundland,
Labrador, Greenland, and Iceland, extending southward into
the warm-temperate belt only in the eastern North Atlantic.
A. armata has also been reported from the Mediterranean
Sea, though only in the Alboran region (Pardo et al. 2011).

Two species exhibit a widespread, circumglobal distribu-
tion. The pennatulacean K. stelliferum is broadly distrib-
uted throughout the temperate waters of both the Atlantic
and Pacific Oceans (Rice et al. 1992; Lopez-Gonzalez et al.
2001; Mastrototaro et al. 2013). Similarly, A. arbuscula
has been reported from the SW Pacific Ocean, the Aleutian
Islands, the Indian Ocean, and the northern to equatorial
Atlantic Ocean, including the Mediterranean Sea and the
Gulf of Mexico (Saucier et al. 2017). However, the Ligurian
population may represent a distinct Acanella species with a
more restricted distribution. If so, the proportion of wide-
spread species would decrease to 7%.

Among the Ligurian bathyal octocorals, P. massiliensis is
currently the only species considered endemic to the Medi-
terranean Sea, although it has been recorded once off the
coast of Galicia (Grasshoff 1985a). Due to its small size
and delicate appearance, this species is likely often diffi-
cult to distinguish from the background, especially when
scattered on coral rubble and sand. For this reason, the
few records from both the Mediterranean (Sartoretto and
Zibrowius 2018) and the Atlantic (Grasshoff 1985a) are
likely underestimated, suggesting a wider distribution range
for this species. A low level of endemism is plausible con-
sidering i) the relatively recent origin of the Mediterranean
deep-sea fauna (Bianchi et al. 2012) and ii) the tendency for
octocoral taxa with limited geographical ranges to inhabit
coastal shallow waters, whereas species with widespread
or cosmopolitan distributions are more common in deeper
waters (Grasshoff 1977; Williams 1992). Notably, some
species formerly regarded as Mediterranean endemics, but
with vicariant counterparts in the Atlantic Ocean, are now
considered synonyms, as exemplified by K. stelliferum and
K. leukarti (Mastrototaro et al. 2013). However, it should be
noted that D. bonsai is primarily reported from the Mediter-
ranean basin, with only a single record in the NE Atlantic
Ocean, from the Gulf of Cadiz (Diaz del Rio et al. 2014),
possibly indicating a quasi-endemic distribution.

Regarding bathymetric distribution, three main cat-
egories are identified for the Ligurian bathyal octocoral
fauna (Fig. 23). The “highly eurybathic” species extend
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Fig. 22 Geographical distribution of the Ligurian bathyal octocorals based on recent ROV investigations. Data from Bo et al. (2020a, 2021,

2023)

their distribution from littoral depths down to the lower
bathyal, reaching at least 2000 m (i.e., S. dubia and K. stel-
liferum). The “eurybathic” species extend from littoral
depths to the lower bathyal but generally do not occur below
1000-1500 m. Some eurybathic species (i.e., M. lepida, B.
mollis, and C. verticillata) show a stronger affinity for the
lower bathyal zone compared to other taxa that tend to prefer

mesophotic or upper bathyal depths (i.e., V. bebrycoides, R.
coralloides). Finally, the true “bathyal” species are distrib-
uted below 200 m depth. Some of these species (namely D.
bonsai and C. aurantiaca) are mainly found within the first
1000 m. In contrast, others (i.e., A. armata, Placogorgia
spp., and A. arbuscula) generally inhabit greater depths.
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bathyal octocorals investigated in the present study. The shaded area
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recent marine habitat classification for the Mediterranean Sea (Mon-
tefalcone et al. 2021)

Discussion

This study provides a detailed morphological descrip-
tion of the bathyal octocoral fauna from the Ligurian Sea,
along with comprehensive anatomical, ecological data and
imagery for taxa that are generally poorly documented. Ten
species were sampled using an ROV and accurately exam-
ined (Table 1). Some of the identified species are considered
widespread in the Mediterranean bathyal ecosystems. Cal-
logorgia verticillata, for example, appears to be the most fre-
quently recorded species, having been reported in eight out
of the nine Mediterranean cold-water coral provinces (Rueda
et al. 2019; Angeletti et al. 2020; Bo et al. 2023). Similarly,
Bebryce mollis, Muriceides lepida, and Villogorgia bebry-
coides were reported in five, four, and three cold-water coral
provinces, respectively (Taviani et al. 2017; Moccia et al.
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2019; Angeletti et al. 2020; Bo et al. 2023). Some of these
species, along with the stoloniferan Rolandia coralloides,
have also been recorded at shallower depths (Bo et al. 2012;
Gori et al. 2017; Ocaia and Cinar 2018), confirming a wide
geographical distribution.

This study contributed to expanding the known distribu-
tion of five species considered rare in the Mediterranean
Sea. The inconspicuous habitus and the reduced size of
some of these species limit their detection during deep-sea
explorations. As new data from deep-sea studies become
available, their occurrence and distribution may be signifi-
cantly revised. Along with P. massiliensis, a small and rarely
reported species currently considered endemic to the Medi-
terranean Sea, two other species are here reported for the
first time in the Ligurian Sea. These include Acanthogorgia
armata, previously recorded only in the Alboran Sea (Pardo
et al. 2011), and Acanella cf. arbuscula, identified through
molecular markers in the Ionian and Balearic Seas (Mytili-
neou et al. 2016; Saucier et al. 2017). Finally, the Atlantic
species Chelidonisis aurantiaca represents a new record for
the entire Mediterranean basin (Bo et al. 2020a), possibly
along with Acanthogorgia cf. pico.

Three species were not physically collected but were
identified from ROV footage in previous studies: Swiftia
dubia, Dendrobrachia bonsai, and Kophobelemnon stel-
liferum (Bo et al. 2020a, 2021, 2023). An additional soft
coral (sample BM_PEN_01) was collected on the Penelope
Seamount on mud and biogenic detritus at 457 m (Bo et al.
2021) (Table 1). The taxonomic identity of this specimen,
probably belonging to the genus Daniela von Koch, 1891,
is still under investigation.

Additional information on octocoral diversity in the study
area is available from historical studies mainly based on
bycatch monitoring from bathyal trawling grounds in the
eastern Ligurian Sea (Brian 1931; Issel 1932; Rossi 1958;
Relini-Orsi and Relini 1972; Relini et al. 1986; Relini 2007).
Rossi (1958) focused extensively on the cnidarians collected
between 200 and 700 m in the Ligurian Sea. She analyzed
both discarded material and the anthozoans collected by J.M.
Péres and J. Picard during the Calypso cruise in Novem-
ber 1957 (Blanc 1959). Her significant contribution led to
the identification of twelve octocoral species, including:
Rolandia coralloides, Telestula sp., Alcyonium palmatum
Pallas, 1766, Paramuricea macrospina (Koch, 1882), Vil-
logorgia bebrycoides, Bebryce mollis, Isidella elongata, and
the pennatulaceans Kophobelemnon stelliferum, Funiculina
quadrangularis (Pallas, 1766), Virgularia mirabilis (Miiller,
1776), Pennatula rubra Ellis, 1764, Pennatula phosphorea
Linnaeus, 1758, and Pteroeides griseum (Bohadsch, 1761).
Among these, six were new records for the Ligurian Sea,
and one species (Telestula sp.) was a new record for the
entire Mediterranean Sea. Since Rossi’s report, the genus
Telestula has not been observed again in the Mediterranean
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Sea, likely due to its small size and cryptic habitus. The
record of P. macrospina is problematic, as the only currently
known population in the Ligurian Sea is found at shallower
depths (75-105 m) in the western sector (Enrichetti et al.
2019). Considering i) the morphological similarity between
the genus Paramuricea and Placogorgia, and ii) that the
first record and description of Placogorgia species in the
Mediterranean occurred only in 1975, it is possible that the
specimen observed by Rossi (1958) actually belonged to
Placogorgia. A re-examination of Rossi’s original material
would be valuable to verify those records in light of current
taxonomic knowledge.

Recent explorations in the study area include three dives
carried out in 1994 with the bathyscaphe Cyana, off the
Portofino Promontory and the nearby Entella Canyon, at
depths between 125 and 520 m (Tunesi and Diviacco 1997,
Tunesi et al. 2001). Additional ROV surveys were conducted
in 2013-2014 in the Mesco and Monterosso Canyons, at
depths of 378580 m, by the Marine Environment Research
Centre ENEA of La Spezia and the Marine Hydrographic
Institute (Fanelli et al. 2017). These investigations reported
living and dead scleractinians, as well as soft-bottom octo-
coral species, including A. palmatum, F. quadrangularis,
and I. elongata.

Including historical data, the octocoral diversity in the
bathyal Ligurian Sea now totals 24 species. This represents
nearly half (48%) of the entire bathyal Mediterranean octo-
coral fauna, which comprises 50 species in total (Altuna and
Poliseno 2019). Several factors likely contribute to the high
octocoral diversity in the bathyal Ligurian Sea. First, the
complex seabed topography (featuring steep slopes, canyons,
and seamounts) offers firm substrates for larval settlement
and a variety of exposure condition (Fanucci et al. 1989;
Cattaneo-Vietti et al. 2010; Wiirtz 2012). Second, the area
is influenced by the Levantine Intermediate Water (LIW),
a cold, well-oxygenated current that plays a crucial role in
sustaining Mediterranean bathyal communities dominated
by cnidarians (Taviani et al. 2017; Chimienti et al. 2019;
Vertino et al. 2019; Wienberg et al. 2022). Furthermore, the
Ligurian Sea is the northernmost and coldest sector of the
western Mediterranean Sea, offering optimal oceanographic
conditions for deep-sea fauna, which is mainly composed
of elements with Boreo-Atlantic affinity (Fredj and Laubier
1985; Bianchi et al. 2012). Finally, the octocoral diversity of
the bathyal Ligurian Sea represents about 22% of the group’s
total diversity in the NE Atlantic Ocean (Watling et al. 2011;
Garcia-Cardenas et al. 2023). This finding supports the gen-
eral view that the Mediterranean deep-sea coral fauna is less
diverse than that of the adjacent NE Atlantic Ocean (Altuna
and Poliseno 2019).

Another aim of this study was to identify the main taxo-
nomic shortcomings affecting the identification of Medi-
terranean deep-sea octocorals. Some octocoral genera in

the Mediterranean are monospecific and characterized by
a distinct sclerite type. In these cases, species identifica-
tion is relatively straightforward, as seen in V. bebrycoides,
B. mollis, and C. verticillata. However, in most genera, the
high morphological plasticity complicates the identification
(Altuna and Poliseno 2019). In such cases, accurate iden-
tification should rely on multiple features, including the
sclerome, polyps, colony structure, and axial skeleton. Our
analysis of the Ligurian specimens revealed that some traits
are particularly prone to variability, making them less reli-
able in certain taxa. For example, colony size and branch
thickness vary considerably in Placogorgia and Muriceides.
Similarly, the presence of branched or unbranched sclerites
in the inner layer of the coenenchyme shows significant vari-
ability in Acanthogorgia, Placogorgia, and Muriceides.

The present study highlights the difficulty in sepa-
rating some closely related genera, such as the pairs
RolandialSarcodictyon, ParamuricealPlacogorgia, and
Acanellallsidella. These difficulties often reflect the confu-
sion affecting the entire taxonomic group, as seen in the
family Keratoisididae (Watling et al. 2022; Morrissey et al.
2023). In the case of Paramuricea and Placogorgia, the two
genera represent a continuum of different forms without
clear boundaries. In all these situations, a major systematic
revision supported by morphological and phylogenetic evi-
dence is needed (Altuna and Poliseno 2019).

Some taxonomic aspects highlighted in the present study
suggest that the diversity of certain groups of Mediterranean
octocorals may be higher than currently known. Deep-sea
octocorals identification in the Mediterranean Sea is largely
based on Carpine and Grasshoff (1975), who described sev-
eral monospecific genera, including Acanthogorgia. In the
present study, however, three species of the genus Acan-
thogorgia are reported for the Mediterranean, namely A.
armata, A. hirsuta, and Acanthogorgia sp. A similar situa-
tion is described for the Mediterranean keratoisidids. Three
species, namely A. arbuscula, A. furcata, and I. elongata, are
known from bathyal muds (Saucier et al. 2017), compared
to only one reported by Carpine and Grasshoft (1975). This
study also considers the possibility that Acanella cf. arbus-
cula and Rolandia cf. coralloides represent undescribed
species. Conversely, it highlights the unclear morphological
distinctions between M. lepida and M. sceptrum.

Finally, this study provided some new ecological insights
into the identified species. Substrate preference, for example,
has been expanded for three species documented growing
on plastic debris, namely A. armata, M. lepida, and, if con-
firmed, R. cf. coralloides.

The contrasting distribution patterns between inshore
and offshore habitats displayed by the species analyzed
in the present study remain difficult to explain (Fig. 22).
One possible explanation is that the stable conditions and
unique trophic environment of offshore seamounts favor
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some deep-sea octocoral species, accounting for the high
observed diversity. In contrast, the oceanographic conditions
of the Ligurian continental shelf may vary greatly due to the
seabed topography, river inputs, and coastal urbanization
(Cattaneo-Vietti et al. 2010). Additionally, the influence of
the LIW, together with upwelling and downwelling along the
continental slope, likely contributes to the high abundances
of species forming dense forests along the Levante Canyon,
namely A. armata, P. coronata, P. massiliensis, M. lepida,
and Acanella cf. arbuscula.

The bathymetric distributions identified here are consist-
ent with the information available in the literature (Fig. 23).
For some closely related species pairs, the analysis of lit-
erature records suggests a possible bathymetric separation
between mainly mesophotic and mainly bathyal species. For
example, A. hirsuta and V. bebrycoides are probably more
common at mesophotic depths, while A. armata and M.
lepida can be considered true bathyal species.

Establishing a solid morphological reference framework
is essential for advancing octocoral taxonomic knowledge,
including molecular analyses. While recent advances in
phylogenomic have significantly improved our under-
standing of higher-level relationships among octocoral
orders and families (McFadden et al. 2022), the resolu-
tion at genus and species level remains limited. Molecular
markers often yield ambiguous or even erroneous results,
especially when not supported by robust morphological
verification (Altuna & Poliseno 2019). The present study
focused on establishing a solid morphological framework
as a necessary baseline for future integrative approaches.
Continued improvements in molecular techniques, com-
bined with robust morphological verification, are expected
to provide a more accurate picture of generic and species-
level diversity in the coming years.

Taxonomic studies on deep-sea marine organisms are
also crucial for supporting ROV-based surveys and refining
biodiversity estimates. In particular, gorgonians play a key
ecological role in structuring deep-sea habitats. A clearer
and more consistent taxonomic framework allows for better
assessment of species richness and distribution, ultimately
contributing to more informed conservation strategies and
the effective protection of these vulnerable ecosystems.
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