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Abstract: The sea star Hymenodiscus coronata is the only Mediterranean representative of the deep-
sea order Brisingida. In the North-eastern Atlantic Ocean, this species is known to create dense
aggregations, while, in the Mediterranean basin, it is generally reported as scattered individuals.
Through the analysis of the video footage obtained from an extensive ROV campaign carried out in
the northern Strait of Sicily in 2021, over 2850 specimens were counted. The specimens, observed
between 310 m and 714 m depth, showed a large variability in size and number of arms. It was
noted that 17% of the specimens displayed the peculiar “sail position”, with all the arms extended
vertically in the water column, possibly increasing the filtration rate. Almost the totality of the
individuals was noted on soft bottoms, in accordance with the ecological preferences of the species.
The density of H. coronata in each site varied between 0.01 and 0.81 individuals m~2, with the highest
densities reported in sites characterized by large muddy areas among rocky outcrops and turbulent
hydrodynamic conditions. Although the trawling areas exploited in 2021 did not seem to interfere
with the presence of H. coronata in the study area, a precautionary approach should be assumed to
protect the largest ever reported Mediterranean aggregation of this poorly known species.

Keywords: sea star; population density; ecology; ROV; Sicily Channel

1. Introduction

Mediterranean echinoderms represent 2.2% of the global echinoderm diversity, with
154 species recorded until 2010 [1]. Most of the known species reside in shallow environ-
ments, while there is still a substantial knowledge gap of deep-sea echinoderms species,
especially in the southern and eastern regions of the basin [1-3]. The recent expansion in
scientific interest and sampling efforts in deep-sea environments, coupled with advance-
ments in the technologies involved in the explorations, has led to a continuous increase in
our understanding of the biodiversity and ecology of deep-sea communities, including the
echinoderm fauna [3,4].
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The spatial distribution pattern of echinoderms can vary depending on several fac-
tors, including the environmental conditions, intra- and inter-specific interactions, the
life cycle, and the availability of trophic resources [5]. While many echinoderms tend to
occur as scattered individuals, some species can form extended populations with high
abundances [3,6,7], which can have a significant impact on the structure and function of
both shallow and deep environments [8,9]. In addition, temporary aggregative behavior
can occur in the case of a localized high abundance of food or to increase fertilization
success during breeding periods [10-12].

The sea stars of the order Brisingida Fisher, 1928 typically inhabit deep-sea ecosystems,
from tropical waters to polar regions, both living solitarily or forming dense aggregations
at favorable conditions [13,14]. Brisingids are characterized by a small circular disk and
multiple slender arms equipped with spines for catching food particles from the water
column, resembling the morphology of some ophiuroids and crinoids [13-15]. The Atlantic
Ocean hosts twenty-three species of Brisingida [16], among which Hymenodiscus coronata
(Sars, 1871) is the only one reported in the Mediterranean Sea. This species is present on
the muddy plains of the basin from around 70 m up to a 2904 m depth [1,2,17,18]. It is
characterized by 9-12 orange to reddish arms, up to 30 cm long [2]. The first description of
the species was based on a specimen collected between a 200 and 300 m depth off Vestfjord
(Norway), classified as Brisinga coronata by Sars (1871) [19]. Fisher (1917) re-assessed the
diagnostic features reported in the original description, including the species in a new
genus, Brisingella [20]. At the end of the century, Mah conducted a cladistic analysis on the
order Brisingida, leading to a synonymizing of the genera Brisingella and Hymenodiscus
Perrier, 1884, and, consequently, located the species to its final taxonomic position [21].

Most of the information on the distribution of this species comes from trawling surveys.
It has been documented from the North-eastern Atlantic Ocean, from Norway to the Canary
Islands [22,23], and throughout the Mediterranean Sea, both in the western and the eastern
basins [2,24-29].

The species reaches the maximum densities in the Norwegian fjords, where popu-
lations of up to 3 individuals m-2 have been reported [30], while, in the Mediterranean
Sea, it usually occurs as scattered individuals [2,3,24,28,31]. Nevertheless, Massi and
Titone reported the species as characteristic (sensu Péres and Picard, 1964) in the trawling
bycatch of the Strait of Sicily, even if the abundance values were never indicated in the
reports [26,32,33]. This area constitutes an important crossroad between the western and
eastern Mediterranean basins, playing a crucial role in the bi-directional flow of water
masses and marine species [34,35]. The thermohaline circulation strongly influences the
Strait of Sicily, with the eastward flow of the Modified Atlantic Water (MAW) in the upper
layer (<200 m depth) and the westward flow of the deeper layers consisting of Levan-
tine Intermediate Water (LIW) and a vein of the transitional Eastern Mediterranean Deep
Water (tEMDW) [36,37]. The complex seabed morphology, including ridges, plateaus,
canyons, and seamounts, further affects the current flow by causing upwelling and shallow
mesoscale eddy structures [38,39]. These geological and hydrodynamic features lead to a
high ecological diversity, making the Strait of Sicily one of the most significant biodiversity
hotspots in the Mediterranean Sea [40].

An ROV-based exploration conducted in 2021 in the northern sector of the Strait of
Sicily reported a large population of the Atlantic brisingid H. coronata, providing a rare
opportunity to study this kind of aggregation. The present study aims to provide a detailed
characterization of this population, assessing its geographic and bathymetric distribution,
morphological variability, ecological preferences, and vulnerability.

2. Materials and Methods

A total of 140 ROV transects (each corresponding to a different site) were carried out in
the northern part of the Strait of Sicily between 135 and 885 m depth (Figure 1). The surveys
were performed from 15 September to 15 November 2021, by the MainportGeo vessel with
a Tomahawk ROV Light Work Class. The ROV was equipped with two standard definition
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cameras (for rear and frontal view), a high-definition camera, a ZCAM E2-F6 (EF) Full Frame
6 K Cinema with a Canon EF 16-35 mm f/2.8 L IIl USM lens (Z CAM, Shenzhen, China), two
lights, two laser beams (20 cm-distanced), a Sonardyne Ranger 2 USBL underwater acoustic
system (Sonardyne International Ltd, Yateley, United Kingdom), a multiparameter probe
Seabird MicroCAT SBE 37 (Sea-Bird Scientific, Washington, DC, USA), and two hydraulic
arms. The length of each transect was variable (ranging from 50 m to 2050 m; average
length: 929 + 257 m), for a total of 129.5 km explored in about 406 h. The data-logging
software OFOP (Ocean Floor Observation Protocol) (Version n° 11, License purchased
20 July 2021) [41] was used on board to record each observation with its corresponding
information (date, time, geographic co-ordinates, and depth). The frequency of occurrence
was defined considering the sites in which the species was reported with respect to the
total. The depths at which each specimen was observed were used to create a boxplot to
investigate the bathymetric distribution of the species. Multi-beam maps of the study area
were obtained using a multi-beam echosounder Kongsberg EM2040 in shallower waters
(from 150 to 300 m) and a Kongsberg EM710-MK2 in deeper waters (from 300 to 1000 m)
(Kongsberg Discovery Simrad Bergen, Bergen, Norway).

| ——— |
1M.2E 11.3E 11.4E 11.5E 11.6E 1.7E

Figure 1. Study area. Multi-beam bathymetric model (5 m resolution) of the explored area (Strait of
Sicily, Central Mediterranean Sea, inset, red rectangle), with the 140 ROV transects (white lines).

At a later time, videos were analyzed using Apple’s Final Cut Pro X software
(version 10.4) to collect more detailed information about the target species in each transect,
namely, the size of the specimens (divided into three categories: small (smaller than 15 cm
in diameter), medium (16-30 cm diameter), and large (>30 cm diameter)), the number of
intact arms and the position on the seabed (divided into three categories: Plain (flat on
the seafloor), Claw (with the arms partially lifted), and Sail (with the arms completely
lifted to resemble a sail)), the type of substrate on which H. coronata were laying (in the
categories: mud, coral rubble, and rock, including outcropping rocks and rocks constituted
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by agglomerated white corals skeletons), and its inclination (horizontal (0°-20°), sloping
(21°-80°), or vertical (81°-90°)).

The possible differences among the three size groups and the position in which they
were observed were verified by a Chi? test (Degrees of freedom = 4). All statistical analyses
were performed using PAST Software version 4.03 [42].

To determine the density of the populations and highlight the possible aggregations
along the explored paths, the exact number of specimens in each transect was counted,
and densities were calculated by dividing the transects into a string of adjacent 100 m?
sampling units (SU).

To evaluate the possible impact of the fishing vessels operating in the considered area,
data from the Automatic Identification System (AIS) regarding trawling efforts in 2021 were
collected from the Global Fishing Watch free database (https://globalfishingwatch.org;
accessed on 10 March 2024). The resulting raster of 1 km? resolution was cropped according
to the area’s footprint and processed to identify the fishing zones with at least one hour of
trawling activity for 2021.

Finally, any interesting observation on the relationship of the target species with other
benthic taxa has been noted.

3. Results

Hymenodiscus coronata was frequently encountered in the study area, being present
in 34.3% of the explored sites, with 2852 specimens counted. Most of the specimens
observed were reported in the northernmost part of the investigated area, occurring in a
wide bathymetric range (310-714 m); however, maximum abundance was restricted to a
narrower range, spanning from 431 m to 472 m (Figure 2).
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Figure 2. Bathymetric distribution. Boxplot of the bathymetric distribution of Hymenodiscus coronata
in the present work (left, orange) and of the 140 ROV transects performed (right, blue).

The size varied between around 10 and 50 cm, with over 79% of the observed brisingids
being larger than 15 cm in diameter (Figure 3A). The number of intact arms was highly variable,
from one to eleven, even if almost 50% of the specimens had eight arms (Figures 3B and 4A,B).
Moreover, many specimens showed arms of different sizes (Figure 4C).
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Figure 3. Morphology. Frequency (%) of the target sea star H. coronata in terms of (A) size (Small, <15 cm;
Medium, 16-30 cm; and Large, >30 cm), (B) number of intact arms, and (C) position on the seafloor.

C J— D

Figure 4. Morphology and ecology. ROV images of the sea star H. coronata: (A) close-up of a

large specimen on mud, with well-visible spines on the eight slender arms and the gonads at the
base of the arms; (B) two different-sized individuals with the arms slightly lifted; (C) several large
specimens of H. coronata showing arms of different sizes flatted on the muddy bottom (white arrows);
(D) close individuals of different size and number of arms (white arrows); (E) large specimen on
the horizontal muddy substrate with the arms’ tips lifted; and (F) H. coronata in the “sail position”.
(G,H) Chlorophthalmus agassizi and Benthocometes robustus are among the bentho-nektonic species
frequently observed close to the target sea stars. Scale bar: 15 cm.

Most of the specimens were lying on the bottom with the arms flattened (54%), 29%
had the arms partially risen, and 17% were observed with all the arms lifted in the “sail
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position” (Figures 3C and 4D-F). Moreover, when considering the relationship between
individual size and position, the percentages of specimens observed flat on the substrate
or with the arms slightly lifted were very similar for the three considered size classes,
varying between 52% and 62% and between 23% and 33%, for the “plain” and “claw”
positions, respectively. On the other hand, the “sail pose” was performed by only 8%
of the small-sized individuals against over 14% and 24% of the medium and large ones,
respectively (result not shown). The relationship among size and position was statistically
significant (Chi? = 93.7, degrees of freedom = 4, p = 0.0001).

Regarding habitat preferences, almost all the individuals were observed on horizon-
tal or moderately inclined muddy bottoms, on the flanks of small reliefs, or where the
seafloor presented some roughness. In contrast, only ten individuals were reported on hard
substrates, namely, coral rubble and silted rocks.

H. coronata occurred in 37.2% of the 1,001,100 m2 SU delimitated on the transects, with
density varying between 0.01 and 0.81 individuals m 2. Considering only the SU where
the asteroid was present, in 17%, the maximum density exceeded 0.14 individuals m~2.
In eight SU (five in Dive 60, two in Dive 79, and one in Dive 73), it was higher than
0.4 individuals m 2 (Figure 5).
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Figure 5. Population density and fishing impact. Distribution of the transects in which H. coronata
was observed, with the indication of the maximum density per sampling unit and the trawling areas
exploited in 2021.

The highest density values were reported in sites dominated by large muddy areas
among rocky outcrops (Figures 6A,B and 7A); on horizontal and sloping soft bottoms, the
densities were high and homogeneous along the ROV transect (Figures 6C,D and 7B); and,
finally, in sites characterized by a complex topography of the seafloor and located above a
300 m depth, the frequency of occurrence of H. coronata was markedly lower, with scattered
individuals strictly confined to the small muddy patches interspersed among rocks or
rarely settled on the silted cliffs (Figures 6E-H and 7C,D).
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Figure 6. Population density and ecological preferences. Distribution of the specimens (red dots)
along the transects (white lines) according to substrate type and inclination: (A-D) horizontal or
slightly inclined muddy substrates with sparse rocks; and (E-H) sloping to vertical rocky outcrops
with scattered muddy patches. Scale bar: 250 m.

Despite being very close, the trawler areas only partially overlapped with the sites in
which the target species was present (Figure 5). They were located mainly in the central
and southernmost part of the explored areas, on the flanks of a large deep creek between
two wide rocky elevations (Figure 5).
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Figure 7. Patchiness. Maximum density per sampling unit related to the substrate type (grey,
outcropping rocks; and light yellow, mud) in four selected transects: (A) Dive 60; (B) Dive 88;
(C) Dive 94; and (D) Dive 83.

Finally, several bentho-nektonic taxa were observed close of the target brisingid,
namely, three crustaceans (Penaeus kerathurus (Forskal, 1775), Plesionika gigliolii (Senna, 1902),
and Plesionika sp.) and seven fish species (Benthocometes robustus (Goode & Bean, 1886),
Chlorophthalmus agassizi Bonaparte, 1840, Coelorinchus caelorhincus (Risso, 1810), Gadiculus
argenteus Guichenot, 1850, Helicolenus dactylopterus (Delaroche, 1809), Hymenocephalus
italicus Giglioli, 1884, and Synchiropus phaeton (Giinther, 1861)), among which C. agassizi
and C. caelorhincus were the most frequent (Figure 4G,H).

4. Discussion

The Atlantic brisingid Hymenodiscus coronata is a common encounter on the Mediter-
ranean bathyal muds, e.g., [1,2,18,29], that has only been observed as scattered individuals
or small groups of few specimens until now, e.g., [3,24,28,31]. This work reports, for the
first time, in the Mediterranean Sea, the observation in situ of aggregations of this species
in the Strait of Sicily, with novel information on its distribution, morphology, ecology, and
vulnerability. Using the ROV-imaging technique, over 2850 specimens were observed,
plausibly representing an underestimation due to the small size, pale cryptic colour, and
partial sediment coverage of some individuals, making them undetectable through the
ROV footage.

The species shows a large variability in terms of morphometry: in fact, the size
varies from less than 15 cm to around 50 cm in diameter, and the number of intact arms
is between 1 and 11. According to Sanchez, the number of arms in some Asteroidea
groups is determined during ontogeny, so the starfishes with more than five arms tend
to grow their extra arms in the first life stages, and the origin of new arms diminishes
in frequency with increasing size (and age) [43]. The reduced number of arms observed
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in many specimens may be related to several factors. First, it may be due to the fragility
of the thin arms of the species, as already reported by several authors, e.g., [14,44,45]. It
could also be due to the capacity of some asteroids to reproduce asexually by fissiparity.
Fissiparity has been suggested for H. coronata by Sars and Sars 1872, but this observation
is very speculative [46]. Another explanation may come from the predatory activity of
other benthic taxa. In fact, during the investigations, a dozen fish and crustacean species
were noted near the target brisingids. In this regard, Romeu et al. recently reported
the echinoderms Penilpidia ludwigi (Marenzeller, 1893) and H. coronata, together with the
polyps of the bamboo coral Isidella elongata (Esper, 1788), as the main components of the
gut content of the deep-sea spiny eel Notacanthus bonaparte Risso, 1840 in the lower slope of
the Balearic basin [47]. Our study did not observe the notacanthid near the target brisingid,
although it was noted in the explored sites. However, most of the seven fish noted near the
brisingids are generalist species [48-51], feeding on a large variety of benthic organisms
and putatively on the thin arms of H. coronata.

The density of the brisingid results strictly related to the topographic characteristics of
the explored sites, in particular, its bathymetry and the type and inclination of the substrate.
The depth range in which H. coronata was recorded in the present work agrees with the
known bathymetric distribution of the species, confirming its presence from the upper to
the lower bathyal. Our observations support the preference of H. coronata for horizontal
and moderately sloping soft bottoms. Most of the specimens were recorded on the flanks
of small relieves and on seafloor irregularities, including artificial ones (i.e., trawl marks).
Griny6 et al. recently reported a similar scenario in the Alboran Sea, where the trawl
marks were colonized by megabenthic species, including H. coronata [31]. The specimens
were observed on the edge of the fishing marks with their arms extended vertically in the
water column. According to several authors, the position assumed by H. coronata seems
to be related to its feeding activity: specimens flat on the sea floor are resting, while those
with all the arms raised are capturing food in the water current, e.g., [13,14,30,31]. This
habitus may explain the preference of the species, highlighted also in the present work,
for areas exposed to the water flow, such as inclined substrates at the base of rocky cliffs,
and muddy areas among rocky outcrops and trawl marks, to benefit from the accelerated
flow over topographic highs to implement the feeding rates. Interestingly, the “sail pose”
was displayed mainly by large individuals, suggesting that the filtering activity is more
efficient in long-armed specimens. The highest densities are reported in areas characterized
by large muddy patches among rocky elevations, probably because of the small-scale
water turbulence created by the bottom roughness. The density is homogeneous when the
environmental conditions are stable (i.e., on horizontal muddy planes). Finally, in sites
with a complex seafloor topography (i.e., steep outcrops, vertical rocky walls, and biogenic
coral reefs) or located at a shallower depth (<400 m depth), the density of H. coronata is
significantly lower.

Hymenodiscus coronata exhibits a distribution pattern similar to other benthic species
originating from the Atlantic Ocean and settling in the Strait of Sicily, e.g., [40,52-54]. In
addition, the complex seafloor topography and turbulent hydrodynamic conditions of the
Strait probably favor the largest aggregation of this species known for the Mediterranean
Sea. Data on the density of the species in the Mediterranean Sea are scarce. Grinyo et al.
and Mecho et al. counted 36 and 47 brisingids on the bathyal bottoms of the Alboran and
Balearic seas in the western basin [2,31]. At the same time, Terribile et al. and Leonard
et al. reported 1.8 x 107% and 7.2 x 10> individuals m~2, respectively, in the deep
waters around the Maltese Islands [2,28]. In the eastern basin, D’Onghia et al. reported
1.5 x 10~* individuals m~2 in an area off Apulia (South-eastern Italy) between a 300 m and
700 m depth [24]. The density reported in the present study (up to 0.81 individuals m~?2)
was significantly higher, even if significantly lower than that reported in the Norwegian
fjords [30]. It is possible to hypothesize that the population in the area may potentially
account for more than 25 million individuals, considering an average density of 0.08
individuals m~2 and an extension of the optimal habitat of 33 x 107 m? (based on the
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multi-beam map, taking into account the preferred substrate type and inclination, and the
depth range in which it was present).

Echinoderms in deep Mediterranean environments are highly susceptible to the de-
structive effects of bottom trawling, being unable to escape or withstand them, e.g., [55-57].
This may explain the very low densities of H. coronata reported in the available literature.
Griny® et al. showed evidence of the human impact on the megabenthic assemblages of
bathyal sediments in the Alboran Sea, comparing the diversity and abundance of benthic
species, including H. coronata, inside a marine protected area and in an adjacent site with
no regulation [31]. Overall, megabenthic species densities in the trawled area were signifi-
cantly lower than where fishing is prohibited. In the present study, the effects of bottom
trawling on the H. coronata population are not clear. Bottom trawlers generally operate at
depths greater than those where the highest densities of the target sea star were observed
and prefer horizontal soft bottoms where their target species live (mainly aristeid and
penaeid shrimps, red mullets, and European hakes) [58-60]. This allows for the avoiding of
areas with scattered rocks and turbulent hydrodynamic conditions, preferred by H. coronata.
Nevertheless, it cannot be excluded that the absence of individuals in the trawled areas
may have been determined by the passage of the fishing vessels in the years preceding our
monitoring. In favor of this hypothesis, Massi, and Massi and Titone frequently reported
the species in the trawling bycatch of this area, supporting the impact of this activity on the
brisingid H. coronata, e.g., [26,33,61-63].

For these reasons, a precautionary approach should be assumed in evaluating the
effect of human activities on the benthic organisms present in this area, especially on those
whose knowledge is still scarce, such as H. coronata. The aggregation reported in this study
represents, at present, the largest ever reported in the Mediterranean Sea, so its protection
may have a key role in the conservation of the species in the basin.

Author Contributions: Conceptualization, M.T., A.G., M.B. and EE.; methodology, validation, and for-
mal analysis, M.T., A.G., M.B. and EE.; investigation, resources, data curation, and writing—original
draft preparation, M.T., A.G. and S.C.; writing—review and editing, M.T., A.G.,, M.B,,S.C,, FE., TR.
and E.S.; visualization and supervision, M.T., A.G., M.B., EE. and S.C.; project administration and
funding acquisition, S.G., 5.C., T.R. and E.S. All authors have read and agreed to the published
version of the manuscript.

Funding: The authors declare that no financial support was received for the research, authorship,
and/or publication of this article.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: Requests to access the datasets should be directed to TR, at
teresa.romeo@szn.it.

Acknowledgments: The authors would like to thank the AALEA and MainportGeo teams and all the
colleagues involved in the field surveys.

Conflicts of Interest: No potential competing interest was reported by the authors.

References

1.

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, e11842.
[CrossRef] [PubMed]

Mecho, A; Billett, D.5.M.; Ramirez-Llodra, E.; Aguzzi, ].; Tyler, P.A.; Company, ].B. First Records, Rediscovery and Compilation of
Deep-Sea Echinoderms in the Middle and Lower Continental Slope of the Mediterranean Sea. Sci. Mar. 2014, 78, 281-302. [CrossRef]
Leonard, C.; Evans, J.; Knittweis, L.; Aguilar, R.; Alvarez, H.; Borg, ].A.; Garcia, S.; Schembri, P.J. Diversity, Distribution, and
Habitat Associations of Deep-Water Echinoderms in the Central Mediterranean. Mar. Biodivers. 2020, 50, 69. [CrossRef]

Gori, A.; Bavestrello, G.; Griny6, J.; Dominguez-Carri6, C.; Ambroso, S.; Bo, M. Animal Forests in Deep Coastal Bottoms and
Continental Shelf of the Mediterranean Sea. In Marine Animal Forests; Rossi, S., Bramanti, L., Gori, A., Orejas, C., Eds.; Springer
International Publishing: Cham, Switzerland, 2017; pp. 1-27. [CrossRef]

Entrambasaguas, L.; Pérez-Ruzafa, A.; Garcia-Charton, J.A.; Stobart, B.; Bacallado, J.J. Abundance, Spatial Distribution and
Habitat Relationships of Echinoderms in the Cabo Verde Archipelago (Eastern Atlantic). Mar. Freshw. Res. 2008, 59, 477. [CrossRef]


https://doi.org/10.1371/journal.pone.0011842
https://www.ncbi.nlm.nih.gov/pubmed/20689844
https://doi.org/10.3989/scimar.03983.30C
https://doi.org/10.1007/s12526-020-01095-3
https://doi.org/10.1007/978-3-319-17001-5_5-1
https://doi.org/10.1071/MF07109

Diversity 2024, 16, 238 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Metaxas, A.; Giffin, B. Dense Beds of the Ophiuroid Ophiacantha Abyssicola on the Continental Slope off Nova Scotia, Canada.
Deep Sea Res. Part I Oceanogr. Res. Pap. 2004, 51, 1307-1317. [CrossRef]

Stevenson, A.; Mitchell, E]J.G.; Davies, J.S. Predation Has No Competition: Factors Influencing Space and Resource Use by
Echinoids in Deep-sea Coral Habitats, as Evidenced by Continuous Video Transects. Mar. Ecol. 2015, 36, 1454-1467. [CrossRef]
Iken, K.; Konar, B.; Benedetti-Cecchi, L.; Cruz-Motta, ].].; Knowlton, A.; Pohle, G.; Mead, A.; Miloslavich, P.; Wong, M.; Trott, T.; et al.
Large-Scale Spatial Distribution Patterns of Echinoderms in Nearshore Rocky Habitats. PLoS ONE 2010, 5, €13845. [CrossRef]

Gale, K.S.P; Gilkinson, K.; Hamel, J.; Mercier, A. Patterns and Drivers of Asteroid Abundances and Assemblages on the
Continental Margin of Atlantic Canada. Mar. Ecol. 2015, 36, 734-752. [CrossRef]

Scheibling, R.E.; Lauzon-Guay, J.-S. Feeding Aggregations of Sea Stars (Asterias spp. and Henricia sanguinolenta) Associated with
Sea Urchin (Strongylocentrotus droebachiensis) Grazing Fronts in Nova Scotia. Mar. Biol. 2007, 151, 1175-1183. [CrossRef]
Mercier, A.; Hamel, J.-F. Depth-Related Shift in Life History Strategies of a Brooding and Broadcasting Deep-Sea Asteroid.
Mar. Biol. 2008, 156, 205-223. [CrossRef]

Lawrence, ].M.; Cobb, J.C.; Talbot-Oliver, T. Density and Dispersion of Luidia clathrata (Echinodermata: Asteroidea) in Old Tampa
Bay. Mar. Freshw. Behav. Physiol. 2012, 45, 101-109. [CrossRef]

Mah, C.L. A New Species of Brisingenes from the Hawaii Undersea Military Munitions Assessment Area with an Overview of
Hawaiian Brisingid in Situ Video Observations and Functional Morphology of Subambulacral Spines (Forcipulatacea; Asteroidea).
Deep Sea Res. Part 11 2016, 128, 43-52. [CrossRef]

Zhang, R.; Fau, M.; Mah, C.; Eléaume, M.; Zhang, D.; Zhou, Y.; Lu, B.; Wang, C. Systematics of Deep-Sea Starfish Order Brisingida
(Echinodermata: Asteroidea), with a Revised Classification and Assessments of Morphological Characters. Mol. Phylogenet. Evol.
2024, 191, 107993. [CrossRef] [PubMed]

Emson, R.H.; Young, C.M. Feeding Mechanism of the Brisingid Starfish Novodinia antillensis. Mar. Biol. 1994, 118, 433-442.
[CrossRef]

Downey, M.E. Revision of the Atlantic Brisingida (Echinodermata: Asteroidea), with Description of a New Genus and Family.
Smithson. Contrib. Zool. 1986, 435, 1-57. [CrossRef]

Tanti, C.M.; Schembri, PJ. A Synthesis of the Echinoderm Fauna of the Maltese Islands. J. Mar. Biol. Assoc. UK 2006, 86, 163-165.
[CrossRef]

Garcia-Guillén, L.M.; Macias-Ramirez, A.; Rios, P.; Manjon-Cabeza, M.E. Deep Sea Starfishes (Echinodermata: Asteroidea) from
the Avilés Canyon System (Bay of Biscay), Including Two New Records. Estuar. Coast. Shelf Sci. 2022, 277,107993. [CrossRef]
Sars, G.O. Forhandlinger i Videnskabs-selskabet i Christiania; Brogger & Christie: Christiania, Norway, 1871; pp. 5-6.

Fisher, WK. LL—New Genera and Species of Brisingidee. Ann. Mag. Nat. Hist. 1917, 20, 418-431. [CrossRef]

Mah, C. Preliminary phylogeny and taxonomic revision of the Brisingida (Asteroidea: Forcipulatacea). In Proceedings of the 9th
International Echinoderm Conference, San Francisco, CA, USA, 5-9 August 1996; A.A. Balkema: Rotterdam, The Netherlands,
1998; pp. 273-277.

Clark, A.M.; Downey, M.E. Starfishes of the Atlantic; Chapman Hall: London, UK, 1992; 794p.

Dilman, A.B. Changes in Deep-Sea Asteroid Fauna along the Northern Mid-Atlantic Ridge. Cah. Biol. Mar. 2013, 54, 505-509.
[CrossRef]

D’Onghia, G.; Mastrototara, F; Matarrese, A.; Politou, C.Y.; Mytilineou, C. Biodiversity of the Upper Slope Demersal Community
in the Eastern Mediterranean: Preliminary Comparison Between Two Areas With and Without Trawl Fishing. J. Northw. Atl. Fish.
Sci. 2003, 31, 263-273. [CrossRef]

Cartes, J.E.; Maynou, F; Fanelli, E.; Romano, C.; Mamouridis, V.; Papiol, V. The Distribution of Megabenthic, Invertebrate Epifauna
in the Balearic Basin (Western Mediterranean) between 400 and 2300 m: Environmental Gradients Influencing Assemblages
Composition and Biomass Trends. ]. Sea Res. 2009, 61, 244-257. [CrossRef]

Massi, D.; Titone, A.; Micalizzi, R.; Giusto, G.B.; Sinacori, G. Macrozoobenthos Raccolto Nelle Campagne di Pesca a Strascico Condotte
Nello Stretto di Sicilia nel Periodo 2003-2010; Technical Report; IAMC-CNR: Mazara del Vallo, Italy, 2011; p. 17. Available online:
http:/ /eprints.bice.rm.cnr.it/id /eprint/13012 (accessed on 10 March 2024).

Oztoprak, B.; Dogan, A.; Dagli, E. Checklist of Echinodermata from the Coasts of Turkey. Turk. J. Zool. 2014, 38, 892-900.
[CrossRef]

Terribile, K.; Evans, ].; Knittweis, L.; Schembri, P.J. Maximising MEDITS: Using Data Collected from Trawl Surveys to Characterise
the Benthic and Demersal Assemblages of the Circalittoral and Deeper Waters around the Maltese Islands (Central Mediterranean).
Reg. Stud. Mar. Sci. 2016, 3, 163-175. [CrossRef]

Goniilal, O.; Dalyan, C. Bathymetric Distribution of Macroinvertebrates in the Northeastern Levantine Sea and the Northeastern
Aegean Sea Based on Bottom-Trawl Surveys. Oceanol. Hydrobiol. Stud. 2017, 46, 405-413. [CrossRef]

Buhl-Mortensen, L.; Buhl-Mortensen, P.; Glenner, H.; BAmstedt, U.; Bakkeplass, K. The Inland Deep Sea-Benthic Biotopes in the
Sognefjord. In Seafloor Geomorphology as Benthic Habitat; Elsevier: Amsterdam, The Netherlands, 2020; pp. 355-372. [CrossRef]
Griny®6, J.; Lo Iacono, C.; Pierdomenico, M.; Conlon, S.; Corbera, G.; Gracia, E. Evidences of Human Impact on Megabenthic
Assemblages of Bathyal Sediments in the Alboran Sea (Western Mediterranean). Deep Sea Res. Part I Oceanogt. Res. Pap. 2020, 165,
103369. [CrossRef]

Péres, ].M.; Picard, J]. Nouveau manuel de bionomie benthique de la mer Méditerranée. Rec. Trav. Stat. Mar. End. 1964, 31, 137.


https://doi.org/10.1016/j.dsr.2004.06.001
https://doi.org/10.1111/maec.12245
https://doi.org/10.1371/journal.pone.0013845
https://doi.org/10.1111/maec.12180
https://doi.org/10.1007/s00227-006-0562-3
https://doi.org/10.1007/s00227-008-1077-x
https://doi.org/10.1080/10236244.2012.689490
https://doi.org/10.1016/j.dsr2.2014.06.003
https://doi.org/10.1016/j.ympev.2023.107993
https://www.ncbi.nlm.nih.gov/pubmed/38103706
https://doi.org/10.1007/BF00350300
https://doi.org/10.5479/si.00810282.435
https://doi.org/10.1017/S0025315406012987
https://doi.org/10.1016/j.ecss.2022.107993
https://doi.org/10.1080/00222931709487030
https://doi.org/10.21411/CBM.A.FCCC91B4
https://doi.org/10.2960/J.v31.a20
https://doi.org/10.1016/j.seares.2009.01.005
http://eprints.bice.rm.cnr.it/id/eprint/13012
https://doi.org/10.3906/zoo-1405-82
https://doi.org/10.1016/j.rsma.2015.07.006
https://doi.org/10.1515/ohs-2017-0040
https://doi.org/10.1016/B978-0-12-814960-7.00019-1
https://doi.org/10.1016/j.dsr.2020.103369

Diversity 2024, 16, 238 12 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Massi, D.; Titone, A. Composizione Specifica del Megabenthos non Commerciale Della Campagna MEDITS 2018—GSA 16 (Sicilia
Meridionale); Technical Report; IRBIM-CNR: Mazara del Vallo, Italy, 2020; p. 13. Available online: http://eprints.bice.rm.cnr.it/
id/eprint/20158 (accessed on 10 March 2024).

Bianchi, C.N.; Morri, C. Biodiversity of the Mediterranean Sea: Situation, Problems and Prospects for Future Research. Mar.
Pollut. Bull. 2000, 40, 367-376. [CrossRef]

Bianchi, C.N.; Morri, C.; Chiantore, M.; Montefalcone, M.; Parravicini, V.; Rovere, A. Mediterranean Sea biodiversity between the
legacy from the past and a future of change. Life Mediterr. Sea Look Habitat Changes 2012, 1, 55.

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]

Gasparini, G.P;; Ortona, A.; Budillon, G.; Astraldi, M.; Sansone, E. The Effect of the Eastern Mediterranean Transient on the
Hydrographic Characteristics in the Strait of Sicily and in the Tyrrhenian Sea. Deep Sea Res. Part I Oceanogr. Res. Pap. 2005, 52,
915-935. [CrossRef]

Agostini, V.N.; Bakun, A. ‘Ocean Triads’ in the Mediterranean Sea: Physical Mechanisms Potentially Structuring Reproductive
Habitat Suitability (with Example Application to European Anchovy, Engraulis encrasicolus). Fish. Oceanogr. 2002, 11, 129-142.
[CrossRef]

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]

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]

Van den Beld, L; Rengstorf, A.; Grehan, A. Development of Standard Operating Procedures for Video Analysis and Classification, GIS
Integration, Video Visualization and Image Data Archiving; Final Report INF-08-09-GRE; Earth and Ocean Sciences, NUI: Galway,
Ireland, 2007; 73p, Available online: https://maps.marine.ie/infomarData/researchmap /reports /2008 /INF-08-09-GRE.pdf
(accessed on 10 March 2024).

Hammer, &J.; Harper, D.A.; Ryan, P.D. PAST: Paleontological statistics software package for education and data analysis. Palaeontol.
Electron. 2001, 4, 9.

Sanchez, R.P. Origen sequencial de los rayos postmetamorficos en Heliaster y Labidiaster (Echinodermata: Asteroidea). Rev. Chil.
Hist. Nat. 2000, 73, 573-578. [CrossRef]

Tyler, P.A.; Pain, S.L.; Gage, J.D.; Billett, D.5S.M. The Reproductive Biology of Deep-Sea Forcipulate Seastars (Asteroidea:
Echinodermata) from the N.E. Atlantic Ocean. J. Mar. Biol. Assoc. UK 1984, 64, 587-601. [CrossRef]

Zhang, R.; Wang, C.; Zhou, Y.; Zhang, H. Morphology and Molecular Phylogeny of Two New Species in Genus Freyastera
(Asteroidea: Brisingida: Freyellidae), with a Revised Key to Close Species and Ecological Remarks. Deep Sea Res. Part I Oceanogr.
Res. Pap. 2019, 154, 103163. [CrossRef]

Sars, G.O.; Sars, M. On Some Remarkable Forms of Animal Life from the Great Deeps Off the Norwegian Coast; Bregger & Christie:
Christiania, Norway, 1872; Volume 1.

Romeu, O.R; Cartes, J.E.; Solé, M.; Carrasson, M. To What Extent Can Specialized Species Succeed in the Deep Sea? The Biology
and Trophic Ecology of Deep-Sea Spiny Eels (Notacanthidae) in the Mediterranean Sea. Deep Sea Res. Part I Oceanogr. Res. Pap.
2016, 115, 74-90. [CrossRef]

Anastasopoulou, A.; Kapiris, K. Feeding ecology of the shortnose greeneye Chlorophthalmus agassizi Bonaparte, 1840 (Pisces:
Chlorophthalmidae) in the eastern Ionian Sea (eastern Mediterranean). J. Appl. Ichthyol. 2008, 24, 170-179. [CrossRef]

Consoli, P.; Battaglia, P.; Castriota, L.; Esposito, V.; Romeo, T.; Andaloro, F. Age, growth and feeding habits of the bluemouth
rockfish, Helicolenus dactylopterus dactylopterus (Delaroche 1809) in the central Mediterranean (southern Tyrrhenian Sea). J. Appl.
Ichthyol. 2010, 26, 583-591. [CrossRef]

Vagenas, G.; Apostolidis, C.; Dogrammatzi, A.; Karachle, PK. Filling in data gaps on the phaeton dragonet (Synchiropus phaeton
(Guinther, 1861)): A study on biological characteristics in the eastern Mediterranean (Aegean Sea, Greece). Mar. Biol. Res. 2021, 17,
828-837. [CrossRef]

Scacco, U.; Tiralongo, F.; Mancini, E. Feeding in deep waters: Temporal and size-related plasticity in the diet of the slope predator
fish Coelorinchus caelorhincus (Risso, 1810) in the central Tyrrhenian Sea. J. Mar. Sci. Eng. 2022, 10, 1235. [CrossRef]

Azzurro, E.; Ben Souissi, S.J.; Boughedir, W.; Castriota, L.; Deidun, A.; Falautano, M.; Ghanem, R.; Zammit-Mangion, M.;
Andaloro, F. The Sicily Strait: A transnational observatory for monitoring the advance of non indigenous species. Biol. Mar.
Mediterr. 2014, 21, 105-106.

Spano, N.; De Domenico, E. Biodiversity in Central Mediterranean Sea. In Mediterranean Identities—Enuvironment, Society, Culture;
Fuerst-Bjelis, B., Ed.; Intechopen: London, UK, 2017; Volume 6, pp. 129-148. [CrossRef]

Bo, M.; Al Mabruk, S.A.; Balistreri, P.; Bariche, M.; Batjakas, L.E.; Betti, E; Bilan, M.; Canese, S.; Cattaneo-Vietti, R.; Corsini-Foka,
M.; et al. New Records of Rare Species in the Mediterranean Sea (November 2020). Mediterr. Mar. Sci. 2020, 21, 608-630. [CrossRef]
Smith, C.; Papadopoulou, K.N.; Diliberto, S. Impact of Otter Trawling on an Eastern Mediterranean Commercial Traw] Fishing
Ground. ICES J. Mar. Sci. 2000, 57, 1340-1351. [CrossRef]

Colloca, F,; Carpentieri, P; Balestri, E.; Ardizzone, G.D. A Critical Habitat for Mediterranean Fish Resources: Shelf-Break Areas
with Leptometra phalangium (Echinodermata: Crinoidea). Mar. Biol. 2004, 145, 1129-1142. [CrossRef]


http://eprints.bice.rm.cnr.it/id/eprint/20158
http://eprints.bice.rm.cnr.it/id/eprint/20158
https://doi.org/10.1016/S0025-326X(00)00027-8
https://doi.org/10.1175/1520-0485(2001)031%3C3457:DWDATS%3E2.0.CO;2
https://doi.org/10.1016/j.dsr.2005.01.001
https://doi.org/10.1046/j.1365-2419.2002.00201.x
https://doi.org/10.1017/S0016756815000485
https://doi.org/10.1007/s10750-017-3389-7
https://maps.marine.ie/infomarData/researchmap/reports/2008/INF-08-09-GRE.pdf
https://doi.org/10.4067/S0716-078X2000000400002
https://doi.org/10.1017/S0025315400030289
https://doi.org/10.1016/j.dsr.2019.103163
https://doi.org/10.1016/j.dsr.2016.05.006
https://doi.org/10.1111/j.1439-0426.2007.01028.x
https://doi.org/10.1111/j.1439-0426.2010.01467.x
https://doi.org/10.1080/17451000.2022.2029900
https://doi.org/10.3390/jmse10091235
https://doi.org/10.5772/intechopen.68942
https://doi.org/10.12681/mms.23674
https://doi.org/10.1006/jmsc.2000.0927
https://doi.org/10.1007/s00227-004-1405-8

Diversity 2024, 16, 238 13 of 13

57.

58.

59.

60.

61.

62.

63.

Tiralongo, F.; Mancini, E.; Ventura, D.; De Malerbe, S.; Paladini de Mendoza, F.; Sardone, M.; Arciprete, R.; Massi, D.; Marcelli, M.;
Fiorentino, F,; et al. Commercial Catches and Discards Composition in the Central Tyrrhenian Sea: A Multispecies Quantitative
and Qualitative Analysis from Shallow and Deep Bottom Trawling. Mediterr. Mar. Sci. 2021, 22, 521. [CrossRef]

Fiorentino, F.; Garofalo, G.; Gristina, M.; Gancitano, S.; Norrito, G. Some relevant information on the spatial distribution of
demersal resources, benthic biocoenoses and fishing pressure in the Strait of Sicily. In Report of the MedSudMed Expert Consultation
on Spatial Distribution of Demersal Resources in the Straits of Sicily and the Influence of Environmental Factors and Fishery Characteristics;
MedSudMed Technical Documents No. 2; CNR-IRMA: Trapani, Italy, 2004; pp. 50-66.

Consoli, P; Esposito, V.; Falautano, M.; Battaglia, P; Castriota, L.; Romeo, T.; Sinopoli, M.; Vivona, P.; Andaloro, F. The impact of
fisheries on vulnerable habitats: The case of trawling on circa-littoral grounds in the Strait of Sicily (central Mediterranean Sea).
Mar. Biol. Res. 2017, 13, 1084-1094. [CrossRef]

Di Maio, F.; Geraci, M.L.; Scannella, D.; Russo, T.; Fiorentino, F. Evaluation of the economic performance of coastal trawling off
the southern coast of Sicily (Central Mediterranean Sea). Sustainability 2022, 14, 4743. [CrossRef]

Massi, D. Macroinvertebrati Bentonici non Commerciali Della Pesca a Strascico Campagna GRUND 2003—Stretto di Sicilia;
ID/WP/DM/1/0704/DRAFT; IAMC-CNR: Mazara del Vallo, Italy, 2004.

Massi, D. Composizione Dello “Sporco” (Macrobenthos Non Commerciale) Della Pesca a Strascico Campagna GRUND 2004—Stretto di
Sicilia; ID/WP/DM/2/1005/DRAFT; IAMC-CNR: Mazara del Vallo, Italy, 2005.

Massi, D.; Titone, A. Composizione Dello “Sporco” (Macrobenthos Non Commerciale) Della Pesca a Strascico Campagna MEDITS
2016—Stretto di Sicilia; Technical Report; IAMC-CNR: Mazara del Vallo, Italy, 2017.

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/10.12681/mms.25753
https://doi.org/10.1080/17451000.2017.1348010
https://doi.org/10.3390/su14084743

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

