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Abstract: An analysis of 483 remotely operated vehicle (ROV) dives carried out along the Italian coast
on hard substrata at mesophotic depths (40-200 m) allowed an overview of the rich sponge diversity
(53 taxa) of the deep continental platform to be obtained for the first time. About 40% of the potential
actual species diversity was recognisable using ROV, suggesting that this group is among the richest
yet underestimated using this technology in contrast to other megabenthic taxa. Additionally, the
study allowed us to gather data on the current basin-scale distribution and bathymetric limits of
five common and easily identifiable demosponges with up to 55% occurrence in the explored sites:
Aplysina cavernicola, the group Axinella damicornis/verrucosa, Chondrosia reniformis, Foraminospongia
spp., and Hexadella racovitzai. Four of these latitudinal distributions were characterised by high
occurrence in the Ligurian Sea and a progressive decrease towards the south Tyrrhenian Sea, with
an occasional second minor peak of occurrence in the Sicily Channel. In contrast, Foraminospongia
spp- showed a maximum occurrence on the offshore reliefs and a second one in the North—central
Tyrrhenian Sea, while it was almost absent in the Ligurian Sea. Trophic and biogeographic reasons
were discussed as possible causes of the double-peak distributions. The vertical distributions support
a more consistent occurrence of all considered taxa in deeper waters than previously known. This
suggests that they may more typically belong to the mesophotic realm than the shallow waters, owing
to a more extensive sampling effort in the deeper depth range. The five target taxa are typical or
associated species of seven reference habitats in the recently revised UNEP/SPA-RAC classification.
However, they may create such dense aggregations that they should be listed as new facies in the
abovementioned classification.

Keywords: demosponges; large-scale distribution; zonation; ROV; reference habitats

1. Introduction

With more than 720 described species, sponges are one of the benthic groups with
the highest species richness in the Mediterranean Sea [1,2]. They play a pivotal role in the
functioning of marine benthic ecosystems as recyclers of dissolved and particulate organic
matter, reservoirs and sinks of silica, and, for the larger species, 'key bioengineers” because
of their three-dimensional structures and long lifespans [3-11]. The sponge-dominated
habitats can attract fish and invertebrates, also of commercial interest, by increasing the
number and complexity of available microhabitats, providing refuge from predators, and
serving as spawning and nursery grounds [7,12-14]. Given their diversity and abundance,
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they dominate facies and are listed as typical or associated species of numerous reference
habitats in the recently revised UNEP/SPA-RAC classification, from the littoral zone to
abyssal depths [15].

Although Mediterranean sponge fauna is among the world’s most studied, informa-
tion about deep-sea species remains scarce, especially compared to those found in shallow
waters [7,10,16,17]. Data on massive deep-sea sponges mainly derive from dredging or
trawling (including individuals collected as bycatch and scientific hauls) [18-20]. Many
recent studies have relied on these techniques, benefiting from the possibility of identifying
the samples through morphological and molecular analyses, but, on the other hand, the
lack of observation of the specimens in situ leaves profound gaps in the knowledge of
their ecology [17,21-23]. In the last twenty years, new technologies such as submersibles,
autonomous underwater vehicles (AUVs) and remotely operated vehicles (ROVs) that
can also collect samples have made the visual exploration of deep-sea environments fea-
sible, significantly increasing knowledge about the composition and vulnerability of the
megabenthic communities thriving at mesophotic and bathyal depths, especially in rocky
habitats [24-33]. This has provided much data on megabenthic species, including sponges,
in their natural habitats [10,16,34-36]. At first, most of the studies targeting the spon-
gofauna focused on peculiar species in limited geographic extension and bathymetric
gradients [37-39]. Large-scale datasets covering regions or entire basins in a wide depth
range remain scant [40,41].

Various studies have focused on mesophotic (40-200 m) assemblages dominated by
massive sponges in the Mediterranean Sea. In the eastern basin, multi-specific sponge
aggregations were recently characterised along the Israeli coast by Idan et al. [42], while
in the western sector, Santin et al. [10,43] and Dominguez-Carri6 et al. [44] described
complex sponge assemblages on the continental shelf of the Menorca Channel and in a
submarine canyon off Cap de Creus, respectively. More recently, Diaz et al. [17] identified
rich sponge assemblages on the sedimentary and rocky bottoms of three seamounts of the
Mallorca Channel. Enrichetti et al. [40,45] reported two communities along the Italian coast
dominated by sponges (Axinella spp. and Haliclona cf. mediterranea) and extensive sponge
grounds dominated by massive keratose sponges in the Ligurian Sea between 40 and 70 m.
Other mesophotic assemblages with numerous and abundant sponge species were found
in the Amendolara Bank between 120 and 180 m [7] and in the Gulf of St Eufemia (south
Tyrrhenian Sea) between 90 and 130 m [46].

Compared to other phyla, identifying Porifera through images is challenging, and
sampling is not always easy because of the small size of most species and their encrusting
or cryptic habitus [47]. For these reasons, sponges are often cited as common components
of deep benthic communities, but their identification remains uncertain, so their diversity
and abundance are largely underestimated [16,47,48].

In this study, an extensive dataset obtained from explorative ROV campaigns between
2006 and 2021 at the basin scale (Ligurian Sea, Tyrrhenian Sea, and Sicily Channel) was
analysed to define, for the first time, the large-scale distribution of the spongofauna present
along the Italian coasts at mesophotic depths. In particular, the large-scale occurrence of
the most common and identifiable sponges was obtained and discussed in terms of latitude
and depth.

2. Materials and Methods
2.1. ROV Dataset

The dataset included 483 ROV dives, each corresponding to a distinct geographical
site. Sites were then grouped into four coastal macro-areas (LIG, Ligurian Sea; NCT, North—
central Tyrrhenian Sea; ST, South Tyrrhenian Sea; SC, Sicily Channel) and one offshore
macro-area. The latter macro-area included the mesophotic tops of three seamounts: the
Santa Lucia Seamount in the Ligurian basin, the Vercelli Seamount in the central Tyrrhenian
Sea, and the Palinuro Seamount in the southern Tyrrhenian Sea (offshore reliefs, OR), in
the depth range of 40-200 m (Figure S1). About 486 h of video footage and 25,500 photos
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taken by high-resolution cameras were analysed, covering ~570,000 m? (hard ground and
the surrounding soft bottoms).

2.2. Sponge Diversity

In each site, the presence of large sponges (>3 cm), identified to the lowest possible
level, was noted. Taxa (species or genera) were determined based on external morphological
features using field guides and the available specialist scientific literature and, when
possible, through laboratory analyses of collected samples. The currently valid scientific
species names were checked on the World Porifera Database (WPD) [2]. Only those reliably
identifiable from the images were considered in the analyses. To estimate the actual
diversity of the sponge fauna, the gaps between the considerable species richness based
on images (ROV sponge diversity), and the potential true diversity of large sponges, all
the taxa, including those identifiable at the species level and those recognisable only as
morphotypes, labelled with a sequential number, were counted in 10 random sites.

2.3. Large-Scale Distribution

The percentage frequency of occurrence of each identified taxon was calculated consid-
ering the entire dataset and the single macro-areas, and the semi-quantitative abundance
of each taxon was defined according to the frequency of observation (on a 0-3 scale:
never observed, 0; rare (<3 observations), 1; common (3-10 observations), 2; abundant
(>10 observations), 3). The normalised average ROV sponge diversity &+ SE in each consid-
ered macro-area was obtained as the average number of taxa identified in each dive in the
macro-area.

Multivariate analyses of the sponge diversity matrix were performed using semi-
quantitative abundance (1, rare; 2, common; 3, abundant). The offshore relief records were
not included in the formal analysis due to their scarcity. The non-metric Multi-Dimensional
Scaling (nMDS) plot was produced to ascertain macro-area clustering patterns in the upper
(40-100 m) and lower (100-200 m) mesophotic zone. Putative differences were tested
using PERMutational ANalysis Of VAriance (PERMANOVA) (factor ‘macro-area’, fixed,
4 levels, n = 473; Bray—Curtis similarity Index measure, permutation = 9999), and pair-
wise comparisons were made to ascertain differences among groups in the same depth
ranges [49,50]. The SIMPER (SIMilarity PERcentage) test was performed to assess which
taxa were primarily responsible for the observed differences [51]. All statistical analyses
were carried out using PRIMER-e 7 version 7.0 with the PERMANOVA+ Add On package.

2.4. Most Common Species

The most frequent taxa were arbitrarily selected from the database, comprising those
occurring in more than 25% of the total dives. More detailed investigations were conducted
into these taxa. The semi-quantitative indications of the abundance of each taxon were
used to build large-scale distribution maps. Maps were created using QGIS (version 3.38).
Their depth ranges in each site of the present study and those reported in the available
literature were used to build a comparative Box plot to visualise the concordance of the
present records with the known depth ranges of the species.

2.5. Ecological Insight

30 to 130 frames per each of the selected taxa were collected to calculate their average
and maximum density (number of individuals m~2 4 SE) or coverage (%). The number of
individuals and the covered surface (evaluated using the ROV laser beams) were calculated
using Image] 1.53a

To assess the habitat preference of the target species, we noted the type and inclination
of the substrate on which they were observed. The substrates were defined according to
five categories: (M) mud, (D) detritic bottom (including sand to coarse-grained sediment,
biogenic detritus, and rhodoliths), (R) outcropping rocks, (CCA) rocks covered by crustose
coralline algae, and (ART) artificial (including marine litter and fishing gear). The inclina-
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tion was divided into three categories: (H) horizontal (0-30°), (S) sloping (31-80°), and (V)
vertical (81-90°). For each taxon, a semi-quantitative evaluation of preference was given
using the 0-3 scale (never observed, 0; occasionally observed, 1; often observed, 2; most
commonly observed, 3). Finally, the habitats where the target taxa were observed were
defined according to the recently revised UNEP/SPA-RAC classification [15].

3. Results
3.1. Sponge Diversity

The analysis of the ROV footage allowed the identification of fifty-three taxa, of which
fifty-one belonged to the class Demospongiae, one to Calcarea, and one to Homoscle-
romorpha (Table 1). Seven taxa were identified at the genus level; the group Axinella
damicornis /verrucosa was created because these two species share a similar morphological
aspect and are frequently observed in the same habitat, complicating their discrimination
at the species level when based solely on ROV images. The putative actual diversity of
large sponges in the mesophotic zone, calculated considering not only the taxa identifiable
at the species/genus level but also the morphotypes, indicated that around 60% of the large
sponges present in the mesophotic zone remain unidentified.

Table 1. List of the sponge taxa identified in the present work, with a separate percentage frequency
of observation for the total dataset and each macro-area. In bold: taxa considered for more detailed
analyses. Legend: LIG, Ligurian Sea; NCT, North—central Tyrrhenian Sea; ST, South Tyrrhenian Sea;
SC, Sicily Channel; OR, offshore reliefs.

Sponge Taxon Frequency (%)

Demospongiae TOT LIG NCT ST SC OR

Acanthella acuta Schmidt, 1862 2.1 9.0 0.0 0.0 0.0 0.0
Agelas oroides (Schmidt, 1864) 18.0 441 6.6 8.2 24.6 10.0
Aplysilla sulfurea Schulze, 1878 0.4 0.0 0.8 0.5 0.0 0.0
Aplysina cavernicola (Vacelet, 1959) 26.1 57.7 23.8 14.2 8.8 20.0
Axinella cannabina (Esper, 1794) 1.0 0.0 1.6 1.6 0.0 0.0
Axinella polypoides Schmidt, 1862 10.1 29.7 6.6 0.0 14.0 0.0
Axinella damicornislverrucosa 54.9 82.0 63.1 35.0 47 .4 60.0
Axinyssa digitata (Cabioch, 1968) 0.4 0.0 0.0 0.5 1.8 0.0
Calyx nicaeensis (Risso, 1827) 1.7 1.8 0.0 1.6 53 0.0
Chondrosia reniformis Nardo, 1847 28.2 58.6 13.1 16.4 40.4 20.0
Ciocalypta penicillus Bowerbank, 1862 1.0 0.0 0.8 0.5 3.5 10.0
Cliona celata Grant, 1826 0.4 0.0 0.0 0.0 0.0 20.0
Cliona viridis (Schmidt, 1862) 6.0 45 5.7 3.3 19.3 0.0
Crella (Crella) elegans (Schmidt, 1862) 11.4 45 7.4 5.5 12.3 0.0
Crella (Grayella) pulvinar (Schmidt, 1868) 6.4 324 2.5 6.0 8.8 0.0
Dendrilla sp. 0.8 0.0 0.0 0.0 7.0 0.0

Dysidea avara (Schmidt, 1862) 11.0 39.6 0.0 1.1 12.3 0.0
Dysidea fragilis (Montagu, 1814) 43 12.6 0.0 22 53 0.0
Foraminospongia spp. 33.3 4.5 64.8 27.9 33.3 70.0

Geodia sp. 0.2 0.0 0.0 0.0 0.0 10.0

Haliclona (Gellius) bioxeata (Boury-Esnault, Pansini & Uriz, 1994) 52 0.0 14.8 0.5 10.5 0.0
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Sponge Taxon Frequency (%)
Haliclona (Halichoclona) fulva (Topsent, 1893) 9.5 1.8 7.4 12.6 8.8 0,0
Haliclona (Halichoclona) magna (Vacelet, 1969) 54 7.2 12.3 10.4 7.0 0.0
Haliclona (Soestella) fimbriata Bertolino & Pansini, 2015 8.1 0.9 21.3 10.4 19.3 0.0
Haliclona (Soestella) implexa (Schmidt, 1868) 11.8 0.9 49 8.7 53 0.0
Haliclona (Reniera) mediterranea Griessinger, 1971 8.1 3.6 11.5 6.0 17.5 0.0
Haliclona poecillastroides (Vacelet, 1969) 17.8 27.9 15.6 12.6 19.3 20.0
Hamacantha (Vomerula) falcula (Bowerbank, 1874) 5.0 1.8 9.8 3.3 35 20.0
Hemimycale columella (Bowerbank, 1874) 16.8 16.2 10.7 15.8 36.8 0.0
Hexadella dedritifera Topsent, 1913 14.5 7.2 23.0 14.8 12.3 0.0
Hexadella racovitzai Topsent, 1896 37.3 62.2 41.0 224 29.8 30.0
Lycopodina hypogea (Vacelet & Boury-Esnault, 1996) 0.8 0.0 33 0.0 0.0 0.0
Pachastrella monilifera Schmidt, 1868 7.0 2.7 20.5 0.5 0.0 50.0
Petrosia (Petrosia) ficiformis (Poiret, 1789) 11.8 28.8 2.5 6.6 17.5 0.0
Phakellia spp. 29 0.0 9.8 0.0 3.5 0.0
Pleraplysilla spinifera (Schulze, 1879) 12.8 19.8 6.6 115 17.5 10.0
Poecillastra compressa (Bowerbank, 1866) 10.8 3.6 32.0 1.1 1.8 60.0
Polymastia polytylota Vacelet, 1969 3.5 0.9 41 3.3 0.0 50.0
Raspailia (Raspailia) viminalis Schmidt, 1862 43 0.9 2.5 4.4 14.0 10.0
Rhizaxinella spp. 41 0.9 1.6 8.2 1.8 10.0
Sarcotragus foetidus Schmidt, 1862 18.2 68.5 2.5 2.2 8.8 0.0
Spongia (Spongia) lamella (Schulze. 1879) 12.2 41.4 1.6 22 12.3 0.0
Stelligera stuposa (Ellis & Solander, 1786) 0.2 0.0 0.8 0.0 0.0 0.0
Suberites domuncula (Olivi, 1792) 0.8 0.9 0.0 0.5 35 0.0
Suberites syringella (Schmidt, 1868) 5.2 0.0 3.3 8.7 7.0 10.0
Tethya aurantium (Pallas, 1766) 0.6 2.7 0.0 0.0 0.0 0.0
Tethya citrina Sara & Melone, 1965 19 0.9 3.3 0.5 1.8 20.0
Topsentia calabrisellae Bertolino & Pansini, 2015 2.3 0.0 2.5 44 0.0 0.0
Topsentia vaceleti Kefalas & Castritsi-Catharios, 2012 3.3 0.0 0.0 7.1 1.8 20.0
Ulosa digitata (Schmidt, 1866) 1.2 54 0.0 0.0 0.0 0.0
Weberella sp. 2.7 0.0 41 22 7.0 0.0

Calcarea
Clathrina lacunosa (Johnston, 1842) 5.6 0.9 9.0 22 15.8 20.0
Homoscleromorpha

Oscarella spp. 15.3 29.7 10.7 12.0 10.5 0.0

3.2. Large-Scale Distribution

Some of the identified taxa showed a peculiar pattern of distribution. For example,
the keratoses Dysidea avara (Schmidt, 1862), Sarcotragus foetidus Schmidt, 1862, Spongia
(Spongia) lamella (Schulze, 1879), Agelas oroides (Schmidt, 1864), and Crella (Crella) elegans
(Schmidt, 1862) were mainly present in the Ligurian Sea. On the other hand, Hemimycale
columella (Bowerbank, 1874), Haliclona (Soestella) fimbriata Bertolino & Pansini, 2015, Raspailia
(Raspailia) viminalis Schmidt, 1862, and Topsentia vaceleti Kefalas & Castritsi-Catharios, 2012
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were typical southern species (Table 1). No species exclusive to a single macro-area were
found (Table 1).

Differences among macro-areas were always significant in terms of sponge occurrence
and dominance in the upper mesophotic zone (40-100 m), as confirmed by means of
PERMANOVA (p = 0.001) (Table S1, Figure 1A).
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Figure 1. Non-metric Multi-Dimensional Scaling (nMDS) plots for the (A) upper (<100 m) and
(B) lower (>100 m) mesophotic zone. Bray—Curtis similarity Index; Shepard plot stress plots: 0.015.
LIG, Ligurian Sea; NCT, North—central Tyrrhenian Sea; ST, South Tyrrhenian Sea; SC, Sicily Channel.

Ligurian sites showed higher intra-similarity (37.4%), mainly due to the high frequency
of occurrence of Axinella damicornis/verrucosa, S. foetidus, and Chondrosia reniformis Nardo,
1847. In comparison, the South Tyrrhenian Sea macro-area was the most heterogeneous
(13.0% similarity), dominated by A. damicornis /verrucosa, C. reniformis, and Hexadella racov-
itzai Topsent, 1896 (Table S2). Among the macro-areas, the highest level of similarity was
observed between the Ligurian Sea and the Sicily Channel (23.6%), decreasing to 21.1%
between the Liguria Sea and the North—central Tyrrhenian Sea and reaching the minimum
value of 15.0% when the Sicily Channel and the South Tyrrhenian Sea were compared
(Table S2, Figure 2A).

In the lower mesophotic zone (100-200 m), the differences among the macro-areas
remained significant (PERMANOVA, p = 0.001) (Table S1; Figure 1B). The similarity within
each macro-area slightly decreased, except for the North—central Tyrrhenian Sea (from 23%
in the upper mesophotic zone to 31.7% in the lower one). In contrast, the South Tyrrhenian
Sea remained the most heterogeneous group (7.3%) (Table S3, Figure 2B).

Although the taxon contributions remained similar to those observed in the shallower
depth range, Foraminospongia spp. showed a marked widespread presence and abundance
in the deepest range, with percentage contribution values ranging from 35.8% in the
Ligurian Sea to 54.4% in the North—central Tyrrhenian Sea (Table S3).

The average number of sponge taxa per site showed a peak in the Ligurian Sea
(7.2 & 0.4 taxa per dive) and a marked decrease moving southward, with the lowest value
reported in the South Tyrrhenian Sea (3.2 £ 0.2 taxa per dive) (Figure 3A). A second peak
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of average diversity was registered in the Sicily Channel (5.4 &+ 0.6 taxa per dive), and a
similar value was observed for the offshore reliefs (5.5 & 1.2 taxa per dive) (Figure 3A).
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Figure 2. (A) Similarity percentage of each macro-area, and (B) pair-wise comparisons among macro-
areas. White bars, upper (<100 m) mesophotic zone; black bars, lower (>100 m) mesophotic zone.
LIG, Ligurian Sea; NCT, North—central Tyrrhenian Sea; ST, South Tyrrhenian Sea; SC, Sicily Channel.
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Figure 3. (A) Average number of sponge taxa (& SE) in each site in the five considered macro-areas,
and (B) percentage frequency of occurrence of the five target sponge taxa in each macro-area. Legend:
LIG, Ligurian Sea; NCT, North—central Tyrrhenian Sea; ST, South Tyrrhenian Sea, SC, Sicily Channel;
OR, offshore reliefs.
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3.3. Most Common Species

Considering the total frequency of occurrence, 34 of the listed taxa were sporadically
observed (in less than 10% of the sites), 14 were observed in between 10% and 25% of
the sites, and only five were observed in more than 25% of the visited sites (Table 1).
Aplysina cavernicola Vacelet, 1959, the group Axinella damicornis/verrucosa, C. reniformis,
Foraminospongia spp., and H. racovitzai were the most common identifiable taxa, with
A. damicornis/verrucosa present in about 55% of the explored sites, H. racovitzai in about
36%, Foraminospongia spp. in about 33%, and A. cavernicola and C. reniformis in about 27%
(Table 1).

Considering the large-scale distribution of these taxa, four showed a pattern simi-
lar to that observed for the overall spongofauna, with a maximum in the Ligurian Sea
(82% of the sites for A. damicornis/verrucosa and about 60% of the sites for the other taxa)
and a progressive decrease moving southward in the Tyrrhenian Sea, with percentages
of occurrence between 14% and 35% (Figures 3B and 4A-D). A second minor peak of
occurrence in the Sicily Channel was reported for A. damicornis/verrucosa, C. reniformis, and
H. racovitzai but not for A. cavernicola, which was present in only five sites in this macro-area
(Figures 3B and 4A-D). In the North—central Tyrrhenian macro-area, all four taxa were
observed in the Tuscan and Pontine archipelagos, sometimes with high abundances; on the
other hand, along the eastern Sardinian coast, only A. damicornis/verrucosa and H. racovitzai
were noted, while A. cavernicola and C. reniformis were virtually absent (Figure 4A-D).

Figure 4. (A-E) Distribution maps of the populations of five target taxa, indicating the densities
(number of individuals m~2, percentage of coverage).
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On the explored seamounts, these four taxa were observed on two upper mesophotic
reliefs, Palinuro and Vercelli, in the Tyrrhenian Sea. In contrast, none were observed on the
lower mesophotic Santa Lucia Seamount in the Ligurian Sea. In contrast, Foraminospongia
spp. showed a peak of occurrence on the offshore reliefs, observed on all three mesophotic
seamounts, and a second peak in the North—central Tyrrhenian Sea, especially along the Sar-
dinian coast. At the same time, it was almost absent in the Ligurian Sea (Figures 3B and 4E).

Regarding the bathymetric distribution of these taxa, the recorded depth ranges were
40-140 m for A. cavernicola, 40-188 m for Axinella damicornis/verrucosa, 40-132 m for C.
reniformis, 40-165 m for H. racovitzai, and 55-200 m for Foraminospongia spp. (Figure 5).
The distribution medians from the literature of the four species were between 15 and
31 m, with the quartiles extending to the upper limit of the mesophotic zone (40 m). In the
present dataset, the highest occurrence was observed between 70 and 80 m for A. cavernicola,
Axinella damicornis/verrucosa, and H. racovitzai, and around 60 m for C. reniformis (Figure 5).
Since Foraminospongia spp. was identified only at the genus level, no comparison could be
made for this taxon (Figure 5).

A. damicornis/verrucosa [ C. reniformis H. racovitzai Foraminospongia spp.
|
i
I

- =

Figure 5. Bathymetric distributions of the five target taxa observed in the present work (yellow) and
reported in the available literature (grey).

3.4. Ecological Insight

In numerous sites, very dense aggregations of each of the five taxa were observed
(Figures 4 and 6): A. cavernicola’s mean density varied between 6.9 £ 1.1 and 26.1 &= 2.5 in-
dividuals m~?2, reaching a maximum of 42 individuals m~?2 on the coralligenous outcrops
of the Pontine Archipelago (North—central Tyrrhenian Sea) at a 70 m depth. On average, the
density of A. damicornis/verrucosa was between 15.1 £ 1.4 and 26.8 £ 2.3 individuals m~2,
with a peak of 56 individuals m~2 on the silted rocky flanks of the Bordighera Canyon (Lig-
urian Sea) at around 80 m. The mean density of C. reniformis varied between 8.3 & 1.8 and
37.7 4 5.6 individuals m~2 on coralligenous and outcropping rocks, with a maximum of 77 in-
dividuals m~2 at 60 m in the Gulf of Gioiosa (South Tyrrhenian Sea). Finally, Foraminospongia
spp.’s average density varied between 9.5 + 1.6 and 37.2 + 4.3 individuals m~2, reaching
the maximum density in Orosei Canyon (North—central Tyrrhenian Sea) at 172 m, with
86 individuals m 2. The encrusting sponge H. racovitzai completely covered the rocks on
which it was settled, as in the Ligurian site of Santo Stefano at around 90 m.

Regarding the habitat preferences of the five target species, none were observed on
mud or artificial substrates (Figure 7). A. cavernicola, A. damicornis/verrucosa, C. reniformis,
and Foraminospongia spp. were most frequently noted on outcropping and coralligenous
rocks with low to medium inclination, even if they were also recorded on detritic bottoms,
including rhodolith beds. H. racovitzai was reported exclusively on sloping and vertical
hardgrounds and rocks covered by crustose coralline algae (Figure 7).



J. Mar. Sci. Eng. 2024, 12,2110

10 of 20

Figure 6. Aggregations of the five target taxa in different habitats: (A) numerous colonies of Aplysina
cavernicola on the coralligenous outcrops in Diano Marina (western Ligurian Sea, 55 m); (B) A. cav-
ernicola and Hexadella racovitzai dominating the basal layer of the facies with Alcyonacea on Ischia
Island (South Tyrrhenian Sea, 75 m); (C) dense aggregation of Axinella damicornis/verrucosa on the
detritic bottom of Santo Stefano (western Ligurian Sea, 50 m); (D,E) numerous individuals of A. dami-
cornis/verrucosa beneath gorgonian and black coral forests, respectively (Bordighera Canyon, western
Ligurian Sea, 75 m; Favazzina, South Tyrrhenian Sea, 85 m); (F) the densest aggregation of Chon-
drosia reniformis observed in the present study on the circalittoral coralligenous outcrops in the Gulf
of Gioiosa (South Tyrrhenian Sea, 78 m); (G) A. cavernicola and C. reniformis together with other
benthic organisms completely covering an iron shipwreck in Lampedusa (Sicily Channel, 65 m);
(H) Foraminospongia spp. on a rhodolith bed in Porto Corallo (North—central Tyrrhenian Sea, 125 m);
(I) dense aggregation of Foraminospongia spp. on coralligenous accretions in the Pontine Archipelago
(North—central Tyrrhenian Sea, 105 m); (J) numerous specimens of Foraminospongia spp. together
with structuring anthozoans on the offshore circalittoral rocks off Orosei Canyon (North—central
Tyrrhenian Sea, 170 m); (K) bright reddish patches of H. racovitzai on a coralligenous cliff of Elba
Island (North—central Tyrrhenian Sea, 85 m); (L) the silted deep banks of Santo Stefano covered by
contracted H. racovitzai (western Ligurian Sea, 90 m). Scale bar: 10 cm.
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Figure 7. Percentage preference for the considered types of substrates (left) and slope (right) of
the target taxa. Substrate categories’ codes: D, detritic including rhodoliths; R, outcropping or
sub-outcropping rocks; CCA, rocks covered by crustose coralline algae. Inclination category codes:
H, horizontal or sub-horizontal; S, sloping; V, vertical or sub-vertical.

Finally, considering the recently revised SPA/RAC classification of Mediterranean
benthic habitats, the five target species were observed in seven facies characterised by large
and erect sponges on coralligenous outcrops, outcropping rocks and detritic bottoms. Five
(MC1.512a, MC1.512b, MC1.521a, MC3.512, MC3.515) were in the circalittoral zone, one
(MD1.512) in the offshore circalittoral zone, and one (ME1.512) in the upper bathyal zone,
where they were already listed. In the present work, they were also reported in different
habitats in the circalittoral and the offshore circalittoral zone as associated species of facies
dominated by invertebrates, including cnidarians and brachiopods, sometimes with very
high densities (Figures 6 and 7).

4. Discussion

Sponges are among the most common suspension feeders in marine benthic ecosys-
tems from intertidal to bathyal depths [52]. Nevertheless, information about their diversity,
distribution, and ecology below 40 m depth is minimal. This work represents the first
attempt to characterise the mesophotic massive spongofauna along the Italian coast from a
large-scale geographic (600 NM latitudinal gradient) and bathymetric (40-200 m depth)
perspective. The ROV imaging technique identified fifty-three taxa (87% at the species
level), confirming the mesophotic zone as a rich biodiversity hotspot [53].

All the identified taxa were already reported in the Mediterranean Sea and represent
10.5% of the species known in the Italian seas [54,55]. This percentage must be considered
partial since we considered only large sponges visible through ROV footage thriving below
40 m depth, excluding small, cryptic taxa and those living in shallow waters.

Among them, eight (namely, A. oroides, A. cannabina, C. nicaeensis, H. (G.) bioxeata, H.
(H.) magna, H. (S.) fimbriata, T. calabrisellae, and T. vaceleti) are endemic to the Mediterranean
Sea. A. cavernicola, A. cannabina, A. polypoides, L. hypogea, S. foetidus, S. lamella, T. aurantium,
and T. citrina are included in international protection lists, specifically in the Annexes II
of the Bern and Barcelona Conventions because of their scattered geographic distribution
and possible reduction owing to the impact of anthropic activities and the effects of climate
change [56-61].

The difficulty in identifying Porifera through ROV footage has led to underestimating
the actual diversity value. A tentative estimation of the actual sponge diversity accounted
for more than double the identified species, and this datum indeed remains underestimated
because of the small, cryptic species [47]. On the other hand, this technique allowed us
to observe live sponges in their natural habitat, defining their presence and abundance
in mesophotic environments. A similar difficulty was also highlighted for heterobranchs,
though the colouration patterns and stenophagy of the visible species were a significant
help in identification [31].
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A. cavernicola, Axinella damicornis /verrucosa, Chondrosia reniformis, and Hexadella racov-
itzai were the most frequently observed identifiable taxa. In addition, Foraminospongia spp.
was highly common in the dataset. This latter genus was recently described as including
two new species, F. balearica (Diaz, Ramirez-Amaro & Ordines, 2021) and F. minuta (Diaz,
Ramirez-Amaro & Ordines, 2021), collected at mesophotic depths on three seamounts
in the Mallorca Channel [41]. F. minuta is a small (about 1.5 cm in diameter and 0.5 cm
high), massive-encrusting sponge, greyish in colour, living on hard bottoms associated
with fossil ostreid reefs. On the other hand, F. balearica is a large (up to 6 cm in diameter,
with tubes up to 2-3 cm high), massive-tubular, golden-yellow sponge mainly found on
rhodolith beds and sedimentary bottoms. This latter species appears very similar to the
sponge observed in over 160 sites visited in the present study, sometimes forming very
dense aggregations. Moreover, a single specimen collected in the Pontine Archipelago
(North—central Tyrrhenian Sea) was formally identified as F. balearica based on spicule
analysis. Nevertheless, since we could not exclude the presence of different species of the
same genus, the taxon Foraminospongia spp. was created conservatively.

Overall, the mesophotic sponge diversity presented two main peaks in the Ligurian
Sea and the Sicily Channel, with a significant reduction in the Tyrrhenian Sea, especially
in the southern sector, and a high diversity on the explored offshore reliefs. Several
biotic and abiotic factors may determine this distribution. The high diversity recorded in
the Ligurian Sea agrees with the findings of vast and dense sponge grounds dominated
by the massive keratose sponge S. foetidus along the western Ligurian coast between
40 and 70 m in depth [45], as well as two sponge-dominated communities, with a high
abundance of Axinella spp. and Haliclona cf. mediterranea, together with several other species,
including A. cavernicola, A. polypoides, C. reniformis, H. racovitzai, and some unidentified
sponges [40]. This sponge abundance was hypothesised as being driven by a peculiar
set of environmental features favouring filter feeders [40,45]. Indeed, the Ligurian basin
shows a high sedimentation rate and elevated organic inputs deriving from the several
rivers flowing from the Alpine and the Apennine chains and from the main cyclonic
circulation associated with the northerly winds, causing the upwelling of deep water
along the canyons [45,62,63]. These factors may explain the high sponge biomass observed
by Enrichetti et al. [45], the high biodiversity reported in this study, and, indirectly, the
high occurrence of specialised sponge predators such as heterobranchs [31]. C. reniformis
incorporates foreign material suspended in the water column, such as sand grains and
sponge spicules, to construct its skeleton [64]. The high sedimentation rate of the Ligurian
Sea may favour the presence of this species, explaining the high abundance observed in this
area. The same factor may determine the virtual absence of C. reniformis along the eastern
Sardinian slope canyon system [65]. The rocky flanks of the canyons, exposed to turbulent
hydrodynamic conditions, may disadvantage the settlement of this species. Foraminospongia
spp. showed an opposite distribution: rare in the Ligurian Sea and abundant in the North—
central Tyrrhenian Sea. Foraminospongia spp., observed mainly on rhodolith beds and
inclined hard substrates, may prefer habitats with strong water currents and low levels
of sedimentation, such as the two cited [65,66]. Nevertheless, the ecology of this recently
described taxon requires further investigation to pinpoint the factors driving its distribution.

The second sponge hotspot identified in this study is located in the Sicily Channel
(hosting 77.4% of the total sponge richness). The Sicily Channel, a crossroad between the
western and the eastern Mediterranean basins, is characterised by peculiar geomorpho-
logic and oceanographic characteristics, making it one of the most important biodiversity
hotspots in the Mediterranean Sea [67-69]. Its geomorphology includes several submarine
reliefs (e.g., banks, ridges, knolls, pinnacles, and seamounts) composed of sedimentary or
volcanic rocks. The hydrodynamic circulation is dominated on the surface by the inflow of
the Modified Atlantic Water (MAW) from the West, at intermediate depth by the outflow
of the Levantine Intermediate Water (LIW) flowing from the eastern basin, and on the
bottom from the Mediterranean Deep Water (MDW) [67,70-72]. These main currents, in
synergy with seasonal local winds, mesoscale structures, and the complex seafloor topog-
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raphy, contribute to making this area one of the most productive in the Mediterranean
Sea [70,73-77]. Several studies have already reported the high bento-nektonic biodiversity
in the region [69,72,75,78,79]. Regarding Porifera, numerous studies revealed a noticeable
sponge occurrence in the Sicily Channel [34,54,80-82]. Some authors highlighted the large
variety of sponges inhabiting the deep water around the Maltese Islands (Strait of Sicily)
between 50 and 1000 m, reporting 20 and 23 species, respectively [83,84].

To emphasise the nutrients as a key factor driving the diversity and abundance of the
sponge community in the Ligurian Sea and Sicily Channel, the trophic levels of different
areas of the Tyrrhenian basin characterised by average Chl-a concentrations should be
considered. The Mediterranean Sea is classified as an oligotrophic basin, as its primary
production by autotrophs is generally weak, and Chl-a concentration in the open ocean
areas rarely exceeds 2-3 mg m 3 [85]. Although high Chl-a values over large areas are
seldom detected in the basin, an important exception is represented by large blooms
observed in the Ligurian-Provencal Region. From this basin, the parameter progressively
decreases from the northern Tyrrhenian basin to the southern one [86]. A slight increase in
productivity can be observed in the Sicily Channel [86].

An alternative or complementary explication of these two peaks arises from the
biogeographic distribution of Atlantic fauna in the Mediterranean Sea. According to
Sitja [85], the Atlantic spongofauna entering the Mediterranean Sea disperses following
two main superficial flows, one running northward through the Balearic Sea to the Ligurian
basin and a second one bordering the northern African coast and reaching the Sicily
Channel [85]. Following this observation, Sitja supported a similarity between the deep-
shelf sponge fauna of the Alboran Sea and that reported in the easternmost areas of the
western Mediterranean Sea, such as the Ligurian Sea and the Sicily Channel [84]. In
addition, Astraldi and Gasparini [87] and Astraldi et al. [88] claimed that the Tyrrhenian
Sea can be considered the most isolated basin in the western Mediterranean Sea because of
the shallow sill of the Corsica Channel to the North and that between Sicily and Sardinia
to the South. By contrast, the other Italian seas exhibit more similarities with the rest of
the Mediterranean basin. This scenario agrees with the clustering analysis presented in
this study.

A high sponge diversity was observed on the mesophotic top of the visited seamounts,
characterised by a flourishing offshore coralligenous habitat [7,89,90]. This datum must be
treated cautiously due to the limited number of dives in these localities, which may have bi-
assed the overall diversity value. Unlike other previously investigated megabenthic groups
(such as brachiopods) [31], none of the identified taxa showed a preference for seamounts.
Nevertheless, several studies support the wide diversity of the spongofauna on offshore
reliefs, probably related to the current conditions and inclination of the flanks that affect the
sedimentation rates locally. These, in turn, favour active suspension feeders and, in some
cases, contribute to the lower impact of fishing activities on coastal zones [17,24,41,89,91].

None of the identified species were observed exclusively in one macro-area. On
the contrary, two species, namely, Haliclona poecillastroides (Vacelet, 1969) and Polymastia
polytylota (Vacelet, 1969), which were previously reported as being exclusive to the Ligurian
Sea and the North—central Tyrrhenian Sea, respectively, were observed in other areas in
the present study, suggesting that their geographic distribution is larger than previously
known [55].

The bathymetric distributions reported in the present work for the target taxa (exclud-
ing Foraminospongia spp.) agreed with those reported in the available literature, except for
A. damicornis/verrucosa, whose maximum known depth is 130 m (A. damicornis, A. polypoides,
and A. verrucosa, considered as a single taxon) [46]. These sponges were known in the
mesophotic zone but are mainly reported in shallow waters, where they have been more
intensively studied. The present study suggests that they might show their actual peak of
occurrence at mesophotic depths down to the limit of the continental shelf, probably exploit-
ing the lower competition levels with the photosynthetic community. A similar situation
was recently observed for heterobranchs; the intense investigation at mesophotic depths
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extended the known distribution ranges of most of the shallow-water species [32]. Follow-
ing the bathymetric distribution reported for F. balearica (100-433 m) [41], Foraminospongia
spp. was noted mainly in the deepest part of the mesophotic zone (100-145 m), with the
lowest individuals observed at 437 m on the Baronie Seamount (North—central Tyrrhenian
Sea, unpublished data). The similar geographic and bathymetric distributions and similar
external morphology support the possibility that the species we encountered belongs to
the same Balearic species.

Although the five target taxa have been largely studied, only a handful of papers
report density values at mesophotic depths. The values found in the present study for
A. cavernicola were higher than those observed in the Balearic Islands between 72 and
228 m in depth (5 + 4.9 individuals m~2) and in the Ligurian Sea between 30 and 80 m
(1.51 £ 2.3 individuals m~2) [10,40]. In the same Spanish localities, the average density of
A. damicornis/verrucosa was ten times lower (2.4 + 2.5 individuals m~2) [10] than that noted
in some Italian sites in the present study. Enrichetti et al. [40] reported densities of up to
25 individuals m~2 in the Ligurian Sea between 28 and 83 m. No specific studies have been
conducted on the abundance of C. reniformis and H. racovitzai at mesophotic depths; never-
theless, both taxa were extensively investigated in shallow waters. In both cases, similarities
were reported between the depth ranges. The densities of C. reniformis reported on sublit-
toral cliffs at 3040 m in the Aegean Sea (between 1 + 0.6 and 13 £ 2.2 individuals m~2) [92]
were comparable with those observed here. In the highly eutrophic North Adriatic Sea, C.
reniformis is one of the most common and largest sponge species, with individuals larger
than one square metre, covering up to 55% of the rocky substrate on which they settle
between 5 and 7 m [93].

In shallow waters, H. racovitzai covers a high percentage of the walls and ceilings of
submarine caves where it lives, sometimes even overgrowing other invertebrates [57,94].
Similarly, this species maintains its encrusting habitus at greater depths, sometimes com-
pletely covering the deep circalittoral outcropping rocks on which it settles. Finally, since
Foraminospongia spp. was identified only at the genus level, a proper comparison with other
studies was impossible. Nevertheless, a mean density of 6.2 £ 6.5 individuals m~2 with a
maximum of 43 individuals m~2 was reported for F. balearica on the deep continental shelf
of the Menorca Channel [10]. The values reported for Foraminospongia spp. along the Italian
coast were generally higher, and the maximum abundance was twice that reported in the
Balearic area.

Following the ecological knowledge reported in the literature, it is unsurprising that
the five target species showed high variability in terms of the substrates on which they
were settled, being observed on both horizontal detritic bottoms and inclined and sub-
vertical hardgrounds. A. cavernicola, A. damicornis/verrucosa, C. reniformis, and H. racovitzai
are mentioned in the recently revised SPA/RAC classification Manual of Mediterranean
benthic habitats as typical components or associated species in numerous facies, mainly
in the infralittoral zone [15]. A. cavernicola and A. damicornis/verrucosa are also cited in
different habitats in the circalittoral and offshore circalittoral zones, including corallige-
nous cliffs, submarine caves, rocks covered by sediment and colonised by invertebrates,
and coarse detritic bottoms, while C. reniformis and H. racovitzai are reported only on the
walls and roofs of submerged caves in the circalittoral zone despite also being known
to inhabit coralligenous and outcropping rocks [39,42,46,95]. The present study greatly
expands the information available on the habitat occupied or formed by these taxa, such as
deep coralligenous outcrops in association with cnidarians and brachiopods and offshore
invertebrate-dominated rocks, where they may become dominant components of the ben-
thic community. Foraminospongia spp. is cited as a typical taxon characterising the facies
with large and erect sponges in the invertebrate-dominated upper bathyal rock [15,41].
Along the Italian coast, this taxon was also observed on mesophotic rhodolith beds, cir-
calittoral coralligenous rocks and offshore circalittoral rocks, in association with large and
erect sponges, Alcyonacea, Antipatharia, and Scleractinia. This information may be useful
for the future implementation of the manual, providing a more complete overview of the
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habitat preferences of the investigated taxa and establishing a basis for better conserva-
tion strategies.

5. Conclusions

The Mediterranean Sea is experiencing rapid environmental variations due to climate
change. Marine sponges are particularly sensitive, modifying their communities in different
ways. For example, in the 1980s, an intensive mass mortality event caused by a disease
induced by a bacterium destroying spongin fibres affected keratose sponges, particularly
those of the genus Spongia [96]. On the Portofino Promontory, quantitative and qualitative
monitoring of the shallow-water sponge community showed different patterns for the
considered taxa, with some more abundant now than in the past (Axinella spp. and Agelas
oroides), some virtually stable (Cliona viridis and a complex of red encrusting sponges), and
others drastically depleted (Chondrosia reniformis, Phorbas tenacior (Topsent, 1925), Acanthella
acuta, Ircinia spp., Dysidea avara, and Petrosia (Petrosia) ficiformis [63]. At present, data
on the composition and distribution of the mesophotic sponge communities at the basin
scale are scant. The information reported in this paper, presenting an overview of the
sponge diversity, distribution, and ecology in the Italian seas, is crucial for a comprehensive
understanding of the mesophotic spongofauna and constitutes a baseline for future studies
and conservation actions.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jmse12112110/s1, Figure S1. Map of the study area. Black dots
indicate the coastal explored sites, and red dots indicate the visited offshore seamounts. Table S1.
One-way PERMutational ANalysis Of VAriance (PERMANOVA) tests and pair-wise comparisons
performed on the whole species matrix for upper (40-100 m) and lower (100-200 m) mesophotic
depth ranges. Significant values are reported in bold. (Bray—Curtis similarity index; permutations:
9999). Table S2. Similarity percentage (SIMPER) test for the sponge taxa derived by means of ROV
video transect analysis in the lower (100-200 m depth) mesophotic zone. Cut off at 70% of the
cumulative contribution. Species with a percentage contribution within each macro-area greater than
10% and 5% between pair-wise comparisons are in bold. Table S3. Similarity percentage (SIMPER)
test for the sponge taxa derived by means of ROV video transect analysis in the upper (40-100 m
depth) mesophotic zone. Cut off at 70% of the cumulative contribution. Species with a percentage
contribution within each macro-area greater than 10% and 5% between pair-wise comparisons are
in bold.

Author Contributions: Conceptualisation, Methodology, Validation: M.T., M.B. (Marzia Bo), and
G.B.; Formal analysis: M.T., M.B. (Marzia Bo), G.B., and M.C,; Investigation: M.T., M.B. (Marzia Bo),
G.B, M.A., A.C, and S.C.; Data curation, Writing—original draft, Visualisation: M.T., M.B. (Marzia
Bo), G.B., M.C., and M.B. (Marco Bertolino); Writing—review and editing: M.T., M.B. (Marzia Bo),
G.B.,, M.C.,, M.B. (Marco Bertolino), M.A., and A.C.; Resources, Supervision: M.B. (Marzia Bo), FA.,
S.C, S.G., and G.B.; Project administration, Funding acquisition: M.B. (Marzia Bo), FA., S.C., S.G.,
G.B., M.A,, and A.C. All authors have read and agreed to the published version of the manuscript.

Funding: The large ROV dataset employed in the present study was built including observations
conducted along the Italian coast during several ROV campaigns. These campaigns were financed
by Ministero dell’Ambiente e della Tutela del Territorio e del Mare (Project 2010, Red Coral); Minis-
tero delle Politiche Agricole, Alimentari e Forestali (Project 2012, “Use of ROV in the management
of deep Corallium rubrum populations”; L.R. 7 Agosto 2007, no. 7. “Struttura spaziale, di popo-
lazione e genetica dei banchi di Corallium rubrum del Mediterraneo centro occidentale”); Istituto
Superiore per la Ricerca e la Protezione Ambientale (ISPRA) and Calabrian Regional Council for
Environment (“Monitoraggio della Biodiversita Marina in Calabria”, grant no. 327 MoBioMarCal);
Ministry of Instruction, University and Research (MIUR) (grant no. 2010Z8HJ5M_011 PRIN 2010-
2011); Autonomous Region of Sardinia (RAS); Agenzia Regionale per la Protezione dell’ Ambiente
Ligure (grant no. 127/2015, 109/2016, 110/2017, within the Marine Strategy Framework Monitoring
Program, ARPAL n. 177/2014); EU-ENPI CBC MED 2007-2013, “Ecosystem conservation and sus-
tainable artisanal fisheries in the Mediterranean basin” (ECOSAFIMED) (grant no. II-B/ 2.1/1073);
Greenpeace-ISPRA, 2012 “I tesori sommersi del Canale di Sicilia”; D.R.A. Assessorato Territorio


https://www.mdpi.com/article/10.3390/jmse12112110/s1
https://www.mdpi.com/article/10.3390/jmse12112110/s1

J. Mar. Sci. Eng. 2024, 12,2110 16 of 20

Ambiente Regione Siciliana-Asse 3 Linea di intervento 3.2.1.2 of POR FESR Sicilia 2007-2013; Local
Management Plan of the Unit Management between Calava Cape and Milazzo Cape—P0044509,
ISPRA-Regione Sicilia; SIA-SIC “Study of the impact on fishing from war and merchant ships wrecks
in the Strait of Sicily and in other Sicilian seas”, 2010-2012—ISPRA-Regione Sicilia; PRIN (Progetti di
Rilevante Interesse Nazionale) project “Tyrrhenian Seamounts ecosystem ms: an Integrated Study
(TySEc)” financed by the Italian Ministry of Research and Instruction and by the Global Census of
Marine Life on Seamounts (CenSeam, New Zealand); SIR-MIUR_BIOMOUNT Project (Biodiversity
Patterns of the Tyrrhenian Seamounts) (grant no. RBSI14HC90); “National Biodiversity Future
Center—NBFC project”, CN_00000033, Concession Decree No. 1034 of 17 June 2022 adopted by the
Italian Ministry of University and Research, CUP D31B21008270007.

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Material; further inquiries can be directed to the corresponding author.

Acknowledgments: The authors would like to thank the members of all the crews for their help,
dedication, experience, and technical expertise during the field surveys.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Coll, M,; Piroddi, C.; Steenbeek, J.; Kaschner, K.; Ben Rais Lasram, F.; Aguzzi, J.; Ballesteros, E.; Bianchi, C.N.; Corbera, J.; Dailianis,
T.; et al. The biodiversity of the Mediterranean Sea: Estimates, patterns, and threats. PLoS ONE 2010, 5, €11842. [CrossRef]
[PubMed]

De Voogd, N J.; Alvarez, B.; Boury-Esnault, N.; Cardenas, P.; Diaz, M.C.; Dohrmann, M.; Downey, R.; Goodwin, C.; Hajdu, E.;
Hooper, ].N.A,; et al. World Porifera Database. Available online: https://www.marinespecies.org/porifera (accessed on 12
September 2024).

Schoénberg, C.H.; Fang, ] K.H.; Carballo, J.L. Bioeroding sponges and the future of coral reefs. In Climate Change, Ocean Acidification
and Sponges; Carballo, ., Bell, J., Eds.; Springer: Cham, Switzerland, 2017; pp. 179-372.

Cerrano, C.; Bavestrello, G.; Bianchi, C.N.; Calcinai, B.; Cattaneo-Vietti, R.; Morri, C.; Sara, M. The role of sponge bioerosion in
Mediterranean coralligenous accretion. In Mediterranean Ecosystems: Structures and Processes; Springer: Milan, Italy, 2001; pp.
235-240.

Gili, J.M.; Coma, R. Benthic suspension feeders: Their paramount role in littoral marine food webs. Trends Ecol. Evol. 1998, 13,
316-321. [CrossRef] [PubMed]

Buhl-Mortensen, L.; Vanreusel, A.; Gooday, A.].; Levin, L.A.; Priede, I.G.; Buhl-Mortensen, P.; King, N.J.; Raes, M. Biological
structures as a source of habitat heterogeneity and biodiversity on the deep ocean margins. Mar. Ecol. 2010, 31, 21-50. [CrossRef]
Bo, M; Bertolino, M.; Bavestrello, G.; Canese, S.; Giusti, M.; Angiolillo, M.; Pansini, M.; Taviani, M. Role of deep sponge grounds
in the Mediterranean Sea: A case study in southern Italy. Hydrobiologia 2012, 687, 163-177. [CrossRef]

Van Soest, RW.; Boury-Esnault, N.; Vacelet, J.; Dohrmann, M.; Erpenbeck, D.; De Voogd, N.J.; Santodomingo, N.; Vanhoorne, B.;
Kelly, M.; Hooper, ].N.A. Global diversity of sponges (Porifera). PLoS ONE 2012, 7, e35105. [CrossRef]

Coppari, M.; Gori, A,; Viladrich, N.; Saponari, L.; Canepa, A.; Griny6, J.; Olariaga, A.; Rossi, S. The role of Mediterranean sponges
in benthic—pelagic coupling processes: Aplysina aerophoba and Axinella polypoides case studies. |. Exp. Mar. Biol. Ecol. 2016, 477,
57-68. [CrossRef]

Santin, A.; Griny9, J.; Ambroso, S.; Uriz, M.].; Gori, A.; Dominguez-Carri6, C.; Gili, ].M. Sponge assemblages on the deep
Mediterranean continental shelf and slope (Menorca Channel, Western Mediterranean Sea). Deep. Sea Res. I Oceanogr. Res. Pap.
2018, 131, 75-86. [CrossRef]

Maldonado, M.; Lopez-Acosta, M.; Sitja, C.; Garcia-Puig, M.; Galobart, C.; Ercilla, G.; Leynaert, A. Sponge skeletons as an
important sink of silicon in the global oceans. Nat. Geosci. 2019, 12, 815-822. [CrossRef]

Hogg, M.M.; Tendal, O.S.; Conway, K.W.; Pomponi, S.A.; Van Soest, R W.M.; Gutt, ].; Krautter, M.; Roberts, ].M. Deep-Sea Sponge
Grounds: Reservoirs of Biodiversity; UNEP-WCMC Biodiversity Series No. 32; Conservation Monitoring Centre (UNEP-WCMC):
Cambridge, UK, 2010.

Beazley, L.I.; Kenchington, E.L.; Murillo, E]J.; Sacau, M.D.M. Deep-sea sponge grounds enhance diversity and abundance of
epibenthic megafauna in the Northwest Atlantic. ICES J. Mar. Sci. 2013, 70, 1471-1490. [CrossRef]

Grinyo, J.; Aguzzi, J.; Kenchington, E.; Costa, C.; Hanz, U.; Mienis, F. Occurrence and behavioral rthythms of the endangered
Acadian redfish (Sebastes fasciatus) in the Sambro Bank (Scotian Shelf). Front. Mar. Sci. 2023, 10, 1158283. [CrossRef]
Montefalcone, M.; Tunesi, L.; Ouerghi, A. A review of the classification systems for marine benthic habitats and the new updated
Barcelona Convention classification for the Mediterranean. Mar. Environ. Res. 2021, 169, 105387. [CrossRef] [PubMed]

Santin, A.; Griny®9, J.; Uriz, M.].; Lo Iacono, C.; Gili, ].M.; Puig, P. Mediterranean coral provinces as a sponge diversity reservoir: Is
there a mediterranean cold-water coral sponge fauna? Front. Mar. Sci. 2021, 8, 662899. [CrossRef]

Diaz, ].A.; Ordinas, F; Farriols, M.T.; Melo-Aguilar, C.; Massuti, E. Sponge assemblages in fishing grounds and seamounts of the
Balearic Islands (western Mediterranean). Deep. Sea Res. Part I Oceanogr. Res. Pap. 2024, 203, 104211. [CrossRef]


https://doi.org/10.1371/journal.pone.0011842
https://www.ncbi.nlm.nih.gov/pubmed/20689844
https://www.marinespecies.org/porifera
https://doi.org/10.1016/S0169-5347(98)01365-2
https://www.ncbi.nlm.nih.gov/pubmed/21238320
https://doi.org/10.1111/j.1439-0485.2010.00359.x
https://doi.org/10.1007/s10750-011-0964-1
https://doi.org/10.1371/journal.pone.0035105
https://doi.org/10.1016/j.jembe.2016.01.004
https://doi.org/10.1016/j.dsr.2017.11.003
https://doi.org/10.1038/s41561-019-0430-7
https://doi.org/10.1093/icesjms/fst124
https://doi.org/10.3389/fmars.2023.1158283
https://doi.org/10.1016/j.marenvres.2021.105387
https://www.ncbi.nlm.nih.gov/pubmed/34153621
https://doi.org/10.3389/fmars.2021.662899
https://doi.org/10.1016/j.dsr.2023.104211

J. Mar. Sci. Eng. 2024, 12,2110 17 of 20

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Vacelet, J. Eponges de la Roche du Large et de L'étage Bathyal de Méditerranée: Récoltes de la Soucoupe Plongeante Cousteau et Dragages;
Editions du Muséum: Paris, France, 1969; Volume 59.

Pansini, M.; Musso, B. Sponges from Trawl-Exploitable Bottoms of Ligurian and Tyrrhenian Seas: Distribution and Ecology. Mar.
Ecol. 1991, 12, 317-329. [CrossRef]

Voultsiadou, E. Sponge diversity in the Aegean Sea: Check list and new information. Ital. ]. Zool. 2005, 72, 53-64. [CrossRef]

El Lakhrach, H.; Hattour, A.; Jarboui, O.; Elhasni, K.; Ramos-Espla, A.A. Spatial distribution and abundance of the megabenthic
fauna community in Gabes gulf (Tunisia, eastern Mediterranean Sea). Mediterr. Mar. Sci. 2012, 13, 12-29. [CrossRef]

DeLaHoz, M.V; Sarda, E; Coll, M.; Sdez, R.; Mechd, A.; Oliva, F,; Ballesteros, M.; Palomera, I. Biodiversity patterns of megabenthic
non-crustacean invertebrates from an exploited ecosystem of the Northwestern Mediterranean Sea. Reg. Stud. Mar. Sci. 2018, 19,
47-68. [CrossRef]

Diaz, J.A.; Ordines, F; Massuti, E.; Cardenas, P. From caves to seamounts: The hidden diversity of tetractinellid sponges from the
Balearic Islands, with the description of eight new species. Peer] 2024, 12, e16584. [CrossRef]

Bo, M; Cerrano, C.; Canese, S.; Salvati, E.; Angiolillo, M.; Santangelo, G.; Bavestrello, G. The coral assemblages of an offshore
deep Mediterranean rocky bank (NW Sicily, Italy). Mar. Ecol. 2014, 35, 332-342. [CrossRef]

Bo, M.; Coppari, M.; Betti, F.; Massa, F.; Gay, G.; Cattaneo-Vietti, R.; Bavestrello, G. Unveiling the deep biodiversity of the Janua
Seamount (Ligurian Sea): First Mediterranean sighting of the rare Atlantic bamboo coral Chelidonisis aurantiaca Studer, 1890. Deep
Sea Res. Part I Oceanogr. Res. Pap. 2020, 156, 103186. [CrossRef]

Bo, M.; Coppari, M.; Betti, F; Enrichetti, F.; Bertolino, M.; Massa, F.; Bava, S.; Gay, G.; Cattaneo-Vietti, R.; Bavestrello, G. The high
biodiversity and vulnerability of two Mediterranean bathyal seamounts support the need for creating offshore protected areas.
Aquat. Conserv. Mar. Freshw. Ecosyst. 2021, 31, 543-566. [CrossRef]

De la Torriente, A.; Serrano, A.; Fernandez-Salas, L.M.; Garcia, M.; Aguilar, R. Identifying epibenthic habitats on the Seco de los
Olivos Seamount: Species assemblages and environmental characteristics. Deep Sea Res. Part I Oceanogr. Res. Pap. 2018, 135, 9-22.
[CrossRef]

Griny®9, J.; Gori, A.; Greenacre, M.; Requena, S.; Canepa, A.; Lo Iacono, C.; Ambroso, S.; Purroy, A.; Gili, ].M. Megabenthic
assemblages in the continental shelf edge and upper slope of the Menorca Channel, Western Mediterranean Sea. Prog. Oceanogr.
2018, 162, 40-51.

Angeletti, L.; Canese, S.; Cardone, F,; Castellan, G.; Foglini, F.; Taviani, M. A brachiopod biotope associated with rocky bottoms
at the shelf break in the central Mediterranean Sea: Geobiological traits and conservation aspects. Aquat. Conserv. Mar. Freshuw.
Ecosyst. 2020, 30, 402-411. [CrossRef]

Consalvo, I.; La Mesa, G.; Canese, S.; Giusti, M.; Salvati, E.; Loia, M.; Tunesi, L. The demersal fish assemblages of the infra and
circalittoral coastal rocky bottoms of the Aeolian Archipelago (Central Mediterranean Sea) studied by Remotely Operated Vehicle
(ROV). Mediterr. Mar. Sci. 2021, 22, 27-39. [CrossRef]

Toma, M.; Enrichetti, F.; Bavestrello, G.; Canese, S.; Cau, A.; Andaloro, E; Angiolillo, M.; Greco, S.; Bo, M. Brachiopod fauna from
the Deep Mediterranean Sea: Distribution patterns and ecological preferences. Diversity 2022, 14, 753. [CrossRef]

Toma, M.; Betti, F; Bavestrello, G.; Cattaneo-Vietti, R.; Canese, S.; Cau, A.; Andaloro, E,; Greco, S.; Bo, M. Diversity and abundance
of heterobranchs (Mollusca, Gastropoda) from the mesophotic and bathyal zone of the Mediterranean Sea. Eur. Zool. ]. 2022, 89,
167-189. [CrossRef]

Toma, M.; Bo, M; Giudice, D.; Canese, S.; Cau, A.; Andaloro, F; Angiolillo, M.; Greco, S.; Bavestrello, G. Structure and status of
the Italian red coral forests: What can a large-scale study tell? Front. Mar. Sci. 2022, 9, 1073214. [CrossRef]

Aguilar, R.; Correa, M.L.; Calcinai, B.; Pastor, X.; De la Torriente, A.; Garcia, S. First records of Asbestopluma hypogea Vacelet and
Boury-Esnault, 1996 (Porifera, Demospongiae Cladorhizidae) on seamounts and in bathyal settings of the Mediterranean Sea.
Zootaxa 2011, 2925, 33—-40. [CrossRef]

Sitja, C.; Maldonado, M. New and rare sponges from the deep shelf of the Alboran Island (Alboran Sea, Western Mediterranean).
Zootaxa 2014, 3760, 141-179. [CrossRef]

Boury-Esnault, N.; Vacelet, J.; Reiswig, H.M.; Fourt, M.; Aguilar, R.; Chevaldonné, P. Mediterranean hexactinellid sponges, with
the description of a new Sympagella species (Porifera, Hexactinellida). J. Mar. Biol. Assoc. U. K. 2015, 95, 1353-1364. [CrossRef]
Bakran-Petricioli, T.; Vacelet, J.; Zibrowius, H.; Petricioli, D.; Chevaldonné, P.; Rada, T. New data on the distribution of the
‘deep-sea’sponges Asbestopluma hypogea and Oopsacas minuta in the Mediterranean Sea. Mar. Ecol. 2007, 28, 10-23. [CrossRef]
Gokalp, M.; Kooistra, T.; Rocha, M.S; Silva, T.H.; Osinga, R.; Murk, A.J.; Wijgerde, T. The effect of depth on the morphology,
bacterial clearance, and respiration of the Mediterranean sponge Chondrosia reniformis (Nardo, 1847). Mar. Drugs 2020, 18, 358.
[CrossRef] [PubMed]

Idan, T.; Goren, L.; Shefer, S.; Ilan, M. Sponges in a changing climate: Survival of Agelas oroides in a warming Mediterranean Sea.
Front. Mar. Sci. 2020, 7, 603593. [CrossRef]

Enrichetti, F.; Dominguez-Carri, C.; Toma, M.; Bavestrello, G.; Betti, F; Canese, S.; Bo, M. Megabenthic communities of the
Ligurian deep continental shelf and shelf break (NW Mediterranean Sea). PLoS ONE 2019, 14, e0223949. [CrossRef]

Diaz, J.A.; Ramirez-Amaro, S.; Ordines, F. Sponges of Western Mediterranean seamounts: New genera, new species and new
records. Peer] 2021, 9, €11879. [CrossRef]

Idan, T.; Shefer, S.; Feldstein, T.; Yahel, R.; Huchon, D.; Ilan, M. Shedding light on an East-Mediterranean mesophotic sponge
ground community and the regional sponge fauna. Mediterr. Mar. Sci. 2018, 9, 84-106. [CrossRef]


https://doi.org/10.1111/j.1439-0485.1991.tb00261.x
https://doi.org/10.1080/11250000509356653
https://doi.org/10.12681/mms.19
https://doi.org/10.1016/j.rsma.2018.03.002
https://doi.org/10.7717/peerj.16584
https://doi.org/10.1111/maec.12089
https://doi.org/10.1016/j.dsr.2019.103186
https://doi.org/10.1002/aqc.3456
https://doi.org/10.1016/j.dsr.2018.03.015
https://doi.org/10.1002/aqc.3255
https://doi.org/10.12681/mms.23297
https://doi.org/10.3390/d14090753
https://doi.org/10.1080/24750263.2022.2033859
https://doi.org/10.3389/fmars.2022.1073214
https://doi.org/10.11646/zootaxa.2925.1.3
https://doi.org/10.11646/zootaxa.3760.2.2
https://doi.org/10.1017/S0025315414001891
https://doi.org/10.1111/j.1439-0485.2007.00179.x
https://doi.org/10.3390/md18070358
https://www.ncbi.nlm.nih.gov/pubmed/32664196
https://doi.org/10.3389/fmars.2020.603593
https://doi.org/10.1371/journal.pone.0223949
https://doi.org/10.7717/peerj.11879
https://doi.org/10.12681/mms.13853

J. Mar. Sci. Eng. 2024, 12,2110 18 of 20

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Santin, A.; Griny9, ].; Ambroso, S.; Uriz, M.].; Dominguez-Carri6, C.; Gili, ]. M. Distribution patterns and demographic trends of
demosponges at the Menorca Channel (Northwestern Mediterranean Sea). Prog. Oceanogr. 2019, 173, 9-25. [CrossRef]
Dominguez-Carri6, C.; Riera, J.L.; Robert, K.; Zabala, M.; Requena, S.; Gori, A.; Orejas, C.; Lo Iacono, C.; Estournel, C.; Corbera, G.;
et al. Diversity, structure and spatial distribution of megabenthic communities in Cap de Creus continental shelf and submarine
canyon (NW Mediterranean). Prog. Oceanogr. 2022, 208, 102877. [CrossRef]

Enrichetti, F; Bavestrello, G.; Betti, F.; Coppari, M.; Toma, M.; Pronzato, R.; Canese, S.; Bertolino, M.; Costa, G.; Pansini, M.; et al.
Keratose-dominated sponge grounds from temperate mesophotic ecosystems (NW Mediterranean Sea). Mar. Ecol. 2020, 41,
€12620. [CrossRef]

Bertolino, M.; Bo, M.; Canese, S.; Bavestrello, G.; Pansini, M. Deep sponge communities of the Gulf of St Eufemia (Calabria,
southern Tyrrhenian Sea), with description of two new species. ]. Mar. Biol. Assoc. U. K. 2015, 95, 1371-1387. [CrossRef]
Bertolino, M.; Ricci, S.; Canese, S.; Cau, A.; Bavestrello, G.; Pansini, M.; Bo, M. Diversity of the sponge fauna associated with
white coral banks from two Sardinian canyons (Mediterranean Sea). J. Mar. Biol. Assoc. U. K. 2019, 99, 1735-1751. [CrossRef]
Griny9, J.; Chevaldonné, P.; Schohn, T.; Le Bris, N. Megabenthic assemblages on bathyal escarpments off the west Corsican
margin (Western Mediterranean). Deep Sea Res. Part I Oceanogr. Res. Pap. 2021, 171, 103475. [CrossRef]

Anderson, M.]J. Permutation tests for univariate or multivariate analysis of variance and regression. Can. J. Fish. Aquat. Sci. 2001,
58, 626—639. [CrossRef]

Anderson, M.J. Permutational Multivariate Analysis of Variance; Department of Statistics, University of Auckland: Auckland, New
Zealand, 2005; Volume 26, pp. 32—46.

Clarke, K.R. Non-parametric multivariate analyses of changes in community structure. Aust. J. Ecol. 1993, 18, 117-143. [CrossRef]
Maldonado, M.; Aguilar, R.; Bannister, R.; Bell, J.; Conway, J.; Dayton, P; Diaz, C.; Gutt, ].; Kelly, M.; Kenchington, E.; et al. Sponge
grounds as key marine habitats: A synthetic review of types, structure, functional roles, and conservation concerns. In Marine
Animal Forests: The Ecology of Benthic Biodiversity Hotspots; Rossi, S., Bramanti, L., Gori, A., Orejas, C., Eds.; Springer International
Publishing: Cham, Switzerland, 2017; pp. 145-183.

Cerrano, C.; Bastari, A.; Calcinai, B.; Di Camillo, C.G.; Pica, D.; Puce, S.; Valisano, L.; Torsani, F. Temperate mesophotic ecosystems:
Gaps and perspectives of an emerging conservation challenge for the Mediterranean Sea. Eur. Zool. ]. 2019, 86, 370-388. [CrossRef]
Pansini, M.; Longo, C. A review of the Mediterranean Sea sponge biogeography with, in appendix, a list of the demosponges
hitherto recorded from this sea. Biogeographia 2003, 24, 2457-2473. [CrossRef]

Pansini, M.; Longo, C. Checklist Della Fauna Marina Italiana. Porifera. Biol. Mar. Mediterr. 2008, 15, 44-70.

Pronzato, R. Mediterranean sponge fauna: A biological, historical and cultural heritage. Biogeogr. J. Integr. Biogeogr. 2003, 24,
91-99. [CrossRef]

Manconi, R.; Cadeddu, B.; Ledda, E,; Pronzato, R. An overview of the Mediterranean cave-dwelling horny sponges (Porifera,
Demospongiae). ZooKeys 2013, 281, 1-68. [CrossRef]

Relini, G.; Tunesi, L. Le Specie Protette dal Protocollo SPA/BIO (Convenzione di Barcellona) Presenti in Italia; Schede descrittive per
I'identificazione; Societa Italiana di Biologia Marina: Genoa, Italy, 2009; Volume 16, pp. 1-433.

Chevaldonné, P,; Pérez, T.; Crouzet, ].M.; Bay-Nouailhat, W.; Bay-Nouailhat, A.; Fourt, M.; Almon, B.; Pérez, J.; Aguilar, R,;
Vacelet, J. Unexpected records of ‘deep-sea’ carnivorous sponges Asbestopluma hypogea in the shallow NE Atlantic shed light on
new conservation issues. Mar. Ecol. 2015, 36, 475-484. [CrossRef]

Santin, A.; Griny9, J.; Bilan, M.; Ambroso, S.; Puig, P. First report of the carnivorous sponge Lycopodina hypogea (Cladorhizidae)
associated with marine debris, and its possible implications on deep-sea connectivity. Mar. Pollut. Bull. 2020, 159, 111501.
[CrossRef] [PubMed]

Azzola, A.; Bavestrello, G.; Bertolino, M.; Bianchi, C.N.; Bo, M.; Enrichetti, F; Morri, C.; Oprandi, A.; Toma, M.; Montefalcone, M.
You cannot conserve a species that has not been found: The case of the marine sponge Axinella polypoides in Liguria, Italy. Aquat.
Conserv. Mar. Freshw. Ecosyst. 2021, 31, 737-747. [CrossRef]

Cattaneo-Vietti, R.; Albertelli, G.; Aliani, S.; Bava, S.; Bavestrello, G.; Cecchi, L.B.; Bianchi, C.N.; Bozzo, E.; Capello, M.; Castellano,
M,; et al. The Ligurian Sea: Present status, problems and perspectives. Chem. Ecol. 2010, 26, 319-340. [CrossRef]

Bertolino, M.; Betti, F.; Bo, M.; Cattaneo-Vietti, R.; Pansini, M.; Romero, ].; Bavestrello, G. Changes and stability of a Mediterranean
hard bottom benthic community over 25 years. J. Mar. Biol. Assoc. U. K. 2016, 96, 341-350. [CrossRef]

Bavestrello, G.; Cerrano, C.; Cattaneo-Vietti, R.; Sara, M.; Calabria, F.; Cortesogno, L. Selective incorporation of foreign material in
Chondrosia reniformis (Porifera, Demospongiae). Ital. ]. Zool. 1996, 63, 215-220. [CrossRef]

Moccia, D.; Cau, A.; Bramanti, L.; Carugati, L.; Canese, S.; Follesa, M.C.; Cannas, R. Spatial distribution and habitat characteriza-
tion of marine animal forest assemblages along nine submarine canyons of Eastern Sardinia (central Mediterranean Sea). Deep Sea
Res. Part I Oceanogr. Res. Pap. 2021, 167, 103422. [CrossRef]

Basso, D.; Babbini, L.; Ramos-Espld, A.A.; Salomidi, M. Mediterranean Rhodolith Beds. In Rhodolith/Maérl Beds: A Global
Perspective; Springer: Berlin/Heidelberg, Germany, 2017; pp. 281-298.

Napolitano, E.; Sannino, G.; Artale, V.; Marullo, S. Modelling the baroclinic circulation in the area of the Sicily channel: The role
of stratification and energy diagnostics. J. Geophys. Res. 2003, 108, 3230. [CrossRef]


https://doi.org/10.1016/j.pocean.2019.02.002
https://doi.org/10.1016/j.pocean.2022.102877
https://doi.org/10.1111/maec.12620
https://doi.org/10.1017/S0025315413001380
https://doi.org/10.1017/S0025315419000948
https://doi.org/10.1016/j.dsr.2021.103475
https://doi.org/10.1139/f01-004
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1080/24750263.2019.1677790
https://doi.org/10.21426/B6110107
https://doi.org/10.21426/B6110118
https://doi.org/10.3897/zookeys.281.4171
https://doi.org/10.1111/maec.12155
https://doi.org/10.1016/j.marpolbul.2020.111501
https://www.ncbi.nlm.nih.gov/pubmed/32750596
https://doi.org/10.1002/aqc.3492
https://doi.org/10.1080/02757541003689845
https://doi.org/10.1017/S0025315415001186
https://doi.org/10.1080/11250009609356136
https://doi.org/10.1016/j.dsr.2020.103422
https://doi.org/10.1029/2002JC001502

J. Mar. Sci. Eng. 2024, 12,2110 19 of 20

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Vega Fernandez, T.; Pace, M.L.; Badalamenti, F.; D’Anna, G.; Fiorentino, F.; Garofalo, G.; Gristina, M.; Knittweis, L.; Mirto, S.;
Pipitone, C. Application of the MESMA Framework. Case Study: Strait of Sicily; MESMA Report; IMARES: [Jmuiden, The Netherlands,
2012. Available online: https://www.um.edu.mt/library/oar/bitstream /123456789 /26248 /1/MESMA%20project_Deliverable%
203.1-3.2.pdf (accessed on 15 August 2024).

Deidun, A.; Andaloro, F.; Bavestrello, G.; Canese, S.; Consoli, P.; Micallef, A.; Romeo, T.; Bo, M. First characterisation of a Leiopathes
glaberrima (Cnidaria: Anthozoa: Antipatharia) forest in Maltese exploited fishing grounds. Ital. |. Zool. 2015, 82, 271-280.

Di Lorenzo, M.; Sinerchia, M.; Colloca, F. The North sector of the Strait of Sicily: A priority area for conservation in the
Mediterranean Sea. Hydrobiologia 2018, 821, 235-253. [CrossRef]

Astraldi, M.; Gasparini, G.P.; Gervasio, L.; Salusti, E. Dense water dynamics along the Strait of Sicily (Mediterranean Sea). ]. Phys.
Oceanogr. 2001, 31, 3457-3475. [CrossRef]

Freiwald, A.; Beuck, L.; Ruggeberg, A.; Taviani, M.; Hebbeln, D. R/V Meteor Cruise M70-1 Participants. The white coral
community in the central Mediterranean Sea revealed by ROV surveys. Oceanography 2009, 22, 58-74. [CrossRef]

Greenpeace. Tesori in Alto Mare: Il Canale di Sicilia e 1’Area a Sud delle Isole Baleari; Greenpeace Report; October 2009. Available
online: https://www.greenpeace.org/static/planet4-italy-stateless /2018 /11 /cc18d656-tesori-mediterraneo.pdf (accessed on 12
August 2024).

Civile, D.; Lodolo, E.; Caffau, M.; Baradello, L.; Ben-Avraham, Z. Anatomy of a submerged archipelago in the Sicilian Channel
(central Mediterranean Sea). Geol. Mag. 2016, 153, 160-178. [CrossRef]

Consoli, P.; Esposito, V.; Battaglia, P.; Altobelli, C.; Perzia, P.; Romeo, T.; Canese, S.; Andaloro, F. Fish distribution and habitat
complexity on banks of the Strait of Sicily (Central Mediterranean Sea) from remotely operated vehicle (ROV) explorations. PLoS
ONE 2016, 11, e0167809. [CrossRef]

Consoli, P.; Altobelli, C.; Perzia, P.; Bo, M.; Rosso, A.; Alongi, G.; Serio, D.; Canese, S.; Romeo, T.; Andaloro, F. Species and habitats
of conservation interest in the ecologically and biologically significant area of the Strait of Sicily: A contribution towards the
creation of a Specially Protected Areas of Mediterranean importance. Mediterr. Mar. Sci. 2021, 22, 297-316. [CrossRef]

Béranger, K.; Mortier, L.; Gasparini, G.P.; Gervasio, L.; Astraldi, M.; Crépon, M. The dynamics of the Sicily Strait: A comprehensive
study from observations and models. Deep Sea Res. II Top. Stud. Oceanogr. 2004, 51, 411-440. [CrossRef]

Fiorentino, F.; Garofalo, G.; Fortibuoni, T.; Bahrib, T.; Camilleri, M.; Drago, A.; Gristina, M.; Massa, F. Delineating Habitats Used
by Different Life Phases of Hake in the Strait of Sicily. Report of the SGMERD-06-01 Sensitive and Essential Fish Habitats in the
Mediterranean; STECF: Brussels, Belgium, 2006; pp. 203-234.

Taviani, M.; Angeletti, L.; Ceregato, A.; Foglini, F.; Froglia, C.; Trincardi, F. The Gela Basin pockmark field in the strait of Sicily
(Mediterranean Sea): Chemosymbiotic faunal and carbonate signatures of postglacial to modern cold seepage. Biogeosciences 2013,
10, 4653-4671. [CrossRef]

Pansini, M. Littoral demosponges from the banks of the Strait of Sicily and the Alboran Sea. In Taxonomy of Porifera: From the NE
Atlantic and Mediterranean Sea; Springer: Berlin/Heidelberg, Germany, 1987; pp. 149-185.

Ben Mustapha, K.; Zarrouk, S.; Souissi AEl Abed, A. Diversité des Démosponges Tunisiennes; Bulletin Institut national des Sciences
et Technologies de la mer de Salammbé: Tunis, Tunisia, 2003; Volume 30, pp. 55-78.

Zibrowius, H.; Taviani, M. Remarkable sessile fauna associated with deep coral and other calcareous substrates in the Strait of
Sicily, Mediterranean Sea. In Cold-Water Corals and Ecosystems; Freiwald, A., Roberts, .M., Eds.; Erlangen Earth Conference Series;
Springer: Berlin/Heidelberg, Germany, 2005; pp. 807-819.

Calcinai, B.; Moratti, V.; Martinelli, M.; Bavestrello, G.; Taviani, M. Uncommon sponges associated with deep coral bank and
maérl habitats in the Strait of Sicily (Mediterranean Sea). Ital. ]. Zool. 2013, 80, 412—423. [CrossRef]

Sitja, C. The Bathyal Connections between the Mediterranean Sea and the Northeastern Atlantic Ocean: An Assessment Using
Deep-Water Sponges as a Case Study. Ph.D. Thesis, Universitat de Barcelona, Barcelona, Spain, 2020.

Sournia, A. La Production Primaire Planctonique en Méditerranée. Essai de Mise a Jour; Bulletin de I'Etude en commun de la
Meéditerranée, Cooperative Investigations in the Mediterranean, International Coordinator and Operational Unit; Etude en
commun de la Méditerranée, Coordonnateur International et Unité Opérationnelle: Monaco, 1973; Volume 5, pp. 1-128.
d’Ortenzio, F.; Ribera d’Alcala, M. On the trophic regimes of the Mediterranean Sea: A satellite analysis. Biogeosciences 2009, 6,
139-148. [CrossRef]

Astraldi, M.; Gasparini, G.P. The seasonal characteristics of the circulation in the Tyrrhenian Sea. Seas. Interannual Var. West.
Mediterr. Sea 1994, 46, 115-134.

Astraldi, M.; Bianchi, C.N.; Gasparini, G.P; Morri, C. Climatic fluctuations, current variability and marine species distribution-a
case-study in the Ligurian sea (north-west Mediterranean). Oceanol. Acta 1995, 18, 139-149.

Bo, M; Bertolino, M.; Borghini, M.; Castellano, M.; Covazzi Harriague, A.; Di Camillo, C.G.; Gasparini, G.; Misic, C.; Povero, P;
Pusceddu, A.; et al. Characteristics of the mesophotic megabenthic assemblages of the Vercelli seamount (North Tyrrhenian Sea).
PLoS ONE 2011, 6, €16357. [CrossRef] [PubMed]

Rovere, M.; Bo, M.; Alessi, J.; Paoli, C.; Villani, N.; Vassallo, P; Fiori, C.; Roccatagliata, N. Seamounts and seamount-like structures
of the Tyrrhenian Sea. In Atlas of the Mediterranean Seamounts and Seamount-Like Structures; Wiirtz, M., Rovere, M., Eds.; IUCN:
Gland, Switzerland; Malaga, Spain, 2016; pp. 111-184.

Aguilar, R.; Pastor, X.; Garcia, S.; Marin, P.; Ubero, J. Importance of seamounts-like features for Mediterranean marine habitats
and threatened species. Rapp. Comm. Int. Mer Médit. 2013, 40, 716.


https://www.um.edu.mt/library/oar/bitstream/123456789/26248/1/MESMA%20project_Deliverable%203.1-3.2.pdf
https://www.um.edu.mt/library/oar/bitstream/123456789/26248/1/MESMA%20project_Deliverable%203.1-3.2.pdf
https://doi.org/10.1007/s10750-017-3389-7
https://doi.org/10.1175/1520-0485(2001)031%3C3457:DWDATS%3E2.0.CO;2
https://doi.org/10.5670/oceanog.2009.06
https://www.greenpeace.org/static/planet4-italy-stateless/2018/11/cc18d656-tesori-mediterraneo.pdf
https://doi.org/10.1017/S0016756815000485
https://doi.org/10.1371/journal.pone.0167809
https://doi.org/10.12681/mms.25125
https://doi.org/10.1016/j.dsr2.2003.08.004
https://doi.org/10.5194/bg-10-4653-2013
https://doi.org/10.1080/11250003.2013.786763
https://doi.org/10.5194/bg-6-139-2009
https://doi.org/10.1371/journal.pone.0016357
https://www.ncbi.nlm.nih.gov/pubmed/21304906

J. Mar. Sci. Eng. 2024, 12,2110 20 of 20

92.

93.

94.

95.

96.

Antoniadou, C.; Voultsiadou, E.; Chintiroglou, C. Sublittoral megabenthos along cliffs of different profile (Aegean Sea, Eastern
Mediterranean). Belg. . Zool. 2006, 136, 69.

Di Camillo, C.G.; Coppari, M.; Bartolucci, I.; Bo, M.; Betti, F,; Bertolino, M.; Calcinai, B.; Cerrano, C.; De Grandis, G.; Bavestrello,
G. Temporal variations in growth and reproduction of Tedania anhelans and Chondrosia reniformis in the North Adriatic Sea. In
Ancient Animals, New Challenges: Developments in Sponge Research; Maldonado, M., Turon, X., Becerro, M., Jests Uriz, M., Eds.;
Springer: Dordrecht, The Netherlands, 2012; pp. 299-313.

Gerovasileiou, V.; Voultsiadou, E. Sponge diversity gradients in marine caves of the eastern Mediterranean. J. Mar. Biol. Assoc. U.
K. 2016, 96, 407-416. [CrossRef]

Longo, C.; Cardone, F.; Pierri, C.; Mercurio, M.; Mucciolo, S.; Marzano, C.N.; Corriero, G. Sponges associated with coralligenous
formations along the Apulian coasts. Mar. Biodivers. 2018, 48, 2151-2163. [CrossRef]

Gaino, E.; Pronzato, R.; Corriero, G.; Buffa, P. Mortality of commercial sponges: Incidence in two Mediterranean areas. Ital. ]. Zool.
1992, 59, 79-85. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0025315415000697
https://doi.org/10.1007/s12526-017-0744-x
https://doi.org/10.1080/11250009209386652

	Introduction 
	Materials and Methods 
	ROV Dataset 
	Sponge Diversity 
	Large-Scale Distribution 
	Most Common Species 
	Ecological Insight 

	Results 
	Sponge Diversity 
	Large-Scale Distribution 
	Most Common Species 
	Ecological Insight 

	Discussion 
	Conclusions 
	References

