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Cold-water coral ecosystems have been identified as vulnerable, but quantitative data on their conservation status is very limited. The Marine Strategy Framework Directive (MSFD) is the tool implemented by the European Union's Integrated Maritime Policy to achieve Good Environmental Status (GES) of marine waters by 2020. In this context, the aim of this study was to evaluate the Ecological Status of benthic habitats in Cassidaigne canyon, focusing in particular on cold-water coral habitats dominated by Madrepora oculata.

Data were collected during the Videocor1 cruise (2017). Videos and photos collected during eight dives of the H-ROV Ariane were used to reconstruct, in 3-dimensions, the areas where cnidarians have settled in the canyon. A total of 33 3D models were built, which allowed measuring the spatial and vertical distribution, surface, density and size structure of cnidarian populations at four different sites. When 3D reconstructions were not possible, GIS tools were used. The seven cnidarian species considered were the scleractinian M. oculata; three antipatharians: Leiopathes glaberrima, Antipathella subpinnata, Antipathes dichotoma; and three aclyonaceans: the precious red coral Corallium rubrum and the gorgonians Callogorgia verticllata and Viminella flagellum.

Using photogrammetry, we were able to reveal the size structure of the dense population of M. oculata in the canyon, as well as to obtain knowledge on a complex site (Cassis-200) composed of 15 knolls, and to quantify the surface occupied by M. oculata at a separate site (Cassis-500) influenced by industrial discharges. At the southern flank of the canyon we found a highly diverse site (SW Flank) dominated by antipatharians and gorgonians composing large forests, and finally a reservoir of M. oculata was identified under overhangs at a site called the Wall. The diversity of accompanying species is also reported and marine litter quantified. Images collected before 2017 were compared to the 3D models to precisely locate them on the sites, and assess temporal changes in M. oculata colony sizes at Cassis-200 site. We also report on the ground-truthing of predicted habitat maps produced previously, and confirm their good representation of the distribution of cold-water coral habitats. Finally, we quantified the criteria defined by the MSFD, aimed at evaluating the GES of benthic habitats for M. oculata ecosystems, at the scale of the Cassidaigne canyon. Measurements showed that the extent of loss of the observed M. oculata habitat reached 56% according to the MFSD definition.

Introduction

Cold-water corals encompass many species of the subclass Hexacorallia, including the order of stony corals (Scleractinia) among which are framework-building species, and the order of black corals (Antipatharia) forming arborescent colonies. Some species of the subclass Octocorallia, including gorgonians and alcyonaceans, are also arborescent corals. The two main species known to form complex three-dimensional structures in the Mediterranean Sea are Lophelia pertusa and Madrepora oculata. These framework-building species can occur in very high densities, increasing habitat heterogeneity thus providing niches for several species at different scales among their polyps, branches, colonies, patches and mounds, and enhancing species density and/or diversity at a local or regional scale [START_REF] Henry | Global Biodiversity in Cold-Water Coral Reef Ecosystems[END_REF]. Framework-building and arborescent corals are very important habitat-structuring species that provide many ecosystem services, by increasing the local biodiversity in the deep Mediterranean Sea [START_REF] D'onghia | Effects of deep-water coral banks on the abundance and size structure of the megafauna in the Mediterranean Sea[END_REF].

Various human activities are known to have a negative effect on cold-water coral communities. Bottom trawling is the most destructive [START_REF] Benn | Human Activities on the Deep Seafloor in the North East Atlantic: An Assessment of Spatial Extent[END_REF], and has been banned below 1000 m in the Mediterranean Sea since 2005 (http://www.fao.org/gfcm/data/maps/fras/en/). Although having much less impact than bottom trawling, bottom longlines and gill nets may cause damage to coral colonies when these fishing gears get entangled with corals which are then broken during retrieval of the gear or if gears are lost, trapped in the colonies and moved by water currents. Sediment resuspension and accumulation, seafloor dredging, mineral activities, oil prospection, litter, waste disposal, submarine cables, CO2-induced global-warming and ocean acidification are other potential threats to the environmental integrity of cold-water coral habitats caused by human activities (Freiwald et al., 2004;[START_REF] Guinotte | Will human-induced changes in seawater chemistry alter the distribution of deep-sea scleractinian corals?[END_REF][START_REF] Mcculloch | Resilience of cold-water scleractinian corals to ocean acidification: Boron isotopic systematics of pH and saturation state up-regulation[END_REF][START_REF] Puig | Ploughing the deep sea floor[END_REF][START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF][START_REF] Roberts | Cold-water corals in a changing ocean[END_REF][START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF]. These impacts lead to habitat degradation or destruction and therefore loss or change in biodiversity.

The Marine Strategy Framework Directive (MSFD), adopted in June 2008, commits European Union (EU) Member States to adopt an ecosystem approach to managing the marine environment (European Parliament, 2008). By implementing this directive, the member states aim to achieve good environmental status (GES) of their marine waters by 2020, based on 11 descriptors. This includes deep-sea waters within the European Union Exclusive Economic Zone (EEZ) and embraces, as defined by the MSFD, the water column and the seabed and subsoil under the water column. Monitoring, assessing the environmental status, and managing the deep sea on the basis of knowledge of ecosystem biodiversity, functions and services are crucial actions to ensure its long-term sustainability. Among the 11 descriptors of the MSFD framework, seafloor integrity (D6) is the descriptor used to characterize the status of benthic habitats (European Commission, 2017a, b). Habitat destruction is one of the main threats to environmental integrity (Claudet and Fraschetti, In French Mediterranean waters, structure-forming scleractinians are known from two canyons: Lacaze-Duthiers and Cassidaigne [START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF]. Our study focuses on Cassidaigne canyon, where potential distribution maps of cold-water coral habitat have been produced previously [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF][START_REF] Bargain | Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables[END_REF]. These potential suitable areas were inspected in 2017 with a Remotely Operated Vehicle (ROV) to validate the predicted habitat distribution and evaluate the status of populations of different species of benthic megafauna in relation to anthropogenic impacts. For 48 years (1967For 48 years ( to 2015)), Cassidaigne canyon was subjected to massive discharges from the aluminum industry, which is known to have had impacts on the local fauna of the canyon [START_REF] Dauvin | Towards an impact assessment of bauxite red mud waste on the knowledge of the structure and functions of bathyal ecosystems: The example of the Cassidaigne canyon (north-western Mediterranean Sea)[END_REF]Fontanier et al., 2012;[START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF][START_REF] Fontanier | Deep-sea benthic foraminifera in an area around the Cassidaigne Canyon (NW Mediterranean) affected by bauxite discharges[END_REF][START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF].

Video and high-resolution images acquired during the 2017 surveys were used to build threedimensional (3D) models of outcrops on which coral colonies have settled using photogrammetry. The reconstructions of the real-scale 3D models were built from a series of overlapping photos and snapshots of videos [START_REF] Arnaubec | Optical mapping with the ARIANE HROV at IFREMER: The MATISSE processing tool[END_REF]. Photogrammetry provides a permanent record of the 3D coral colonies, gives access to quantitative parameters, replicates measurements and allows monitoring over time. This non-invasive methodology has recently been used for monitoring marine habitats, mostly in shallow waters. For example, it was used to evaluate gorgonian densities and abundances in the Marine Protected Area of Portofino [START_REF] Palma | SfM-Based Method to Assess Gorgonian Forests (Paramuricea clavata (Cnidaria, Octocorallia))[END_REF] and a methodology dedicated to the management and conservation of red coral populations has been formulated [START_REF] Royer | Photogrammetric Surveys and Geometric Processes to Analyse and Monitor Red Coral Colonies[END_REF]. Regarding deep waters, one study was performed in the Whittard canyon (Atlantic ocean), where photogrammetry was used to highlight the complexity of coral habitats living on vertical walls [START_REF] Robert | New approaches to high-resolution mapping of marine vertical structures[END_REF]. In our study we used photogrammetry to evaluate the ecological status of cold-water coral habitats in Cassidaigne canyon. Our objectives were to:

(1) draw the spatial and vertical distribution of colonial cnidarians (the scleractinian M. oculata; the antipatharians: Leiopathes glaberrima, Anthipathella subpinnata and Antipathes dichotoma; the red coral Corallium rubrum, and the gorgonians Callogorgia verticillata and Viminella flagellum);

(2) measure the surface covered by, and the density of, populations of M. oculata, C. rubrum and gorgonians using photogrammetry and video analyses;

(3) measure the size structure of M. oculata and C. verticillata populations at different locations in the canyon;

(4) evaluate the diversity of megafauna species at the different locations in the canyon;

(5) quantify the seafloor integrity in areas dominated by M. oculata populations at the scale of the Cassidaigne canyon, using the two criteria defined by the MSFD to evaluate the status of benthic habitats; [START_REF] Bruno | Experimentation of structured light and stereo vision for underwater 3D reconstruction[END_REF] assess temporal changes in ecological status at a location in Cassidaigne canyon that had been previously surveyed in 2010 and 2013;

(7) validate the habitat suitability model previously built for cold-water corals at the scale of the Cassidaigne canyon.

Materials and methods

Study area

The head of the Cassidaigne canyon (Fig. 1) is located at a depth of 190 m and 8 km away from the coast, in the Eastern part of the Gulf of Lion (NW Mediterranean Sea). In this region, the general water circulation (the Northern Current, from 0 to 200 m depth) follows a westward direction along the continental slope. In the presence of the prevailing Mistral wind (from north or north-west), intense upwelling is generated in the canyon area [START_REF] Millot | The Gulf of Lions' hydrodynamics[END_REF]Alberola and Millot, 2003). In Cassidaigne canyon, M. oculata colonies were previously reported only on exposed bedrock and on vertical walls of the western flank [START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF][START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. Four locations were explored during the Videocor1 cruise (2017): Cassis-200, Cassis-500, SW Flank and the Wall at depths from 200 to 515 meters [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF].

Since 1967, the canyon has been impacted by the direct disposal of bauxite residues (red mud) from two different aluminum factories. After 1988 the discharge of bauxite residues was reduced as one factory stopped production. This disposal is known to have impacts on the local fauna of the canyon [START_REF] Dauvin | Towards an impact assessment of bauxite red mud waste on the knowledge of the structure and functions of bathyal ecosystems: The example of the Cassidaigne canyon (north-western Mediterranean Sea)[END_REF]Fontanier et al., 2012;[START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF][START_REF] Fontanier | Deep-sea benthic foraminifera in an area around the Cassidaigne Canyon (NW Mediterranean) affected by bauxite discharges[END_REF][START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. Nevertheless, in an attempt to apply the protocols of the Barcelona Convention (1976), the French government decided to stop the disposal of red mud in January 2016, by granting a six-year license for the disposal of a fluid with no suspended matter and only chemicals, instead.

Additionally, to reduce impacts from fisheries, the Cassidaigne canyon is now included in the Marine Protected Area (MPA) of the "Parc National des Calanques" (www.calanques-parcnational.fr -Decree 2012-507). Thus, two zones were created on the western flank of the canyon: a (1) 'reinforced protection zone', i.e. a no-take zone with the exception of local artisanal fisheries, and a (2) 'no-take zone', where no fishing activity is allowed [START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF].

Data acquisition

Scientific data were collected during the Videocor1 cruise in 2017. This cruise, on board the scientific R/V L'Europe, was the first to deploy the new Hybrid-ROV Ariane (©Ifremer) [START_REF] Raugel | Operational and scientific capabilities of Ariane, Ifremer's hybrid ROV[END_REF]. Data were obtained from a total of 8 dives (supp. mat. A), with the acquisition of 24 hours of video (10h on Cassis-200, 4h on Cassis-500, 1h30 on the Wall, and 8h30 on SW Flank) and more than 8,000 photos of different rugged sites along the canyon. No in situ measurements were performed since a laser measurement system was not available during the cruise. The four locations explored during Videocor1 were chosen based on the results of the habitat suitability models previously built for the canyon [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF][START_REF] Bargain | Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables[END_REF].

Ariane was equipped with an HD photo camera (Nikon D5200) and two video cameras, an HD pan and tilt mounted camera with zoom capacity (Camera Principale) and an HD tilt mounted camera (Camera Science). The navigation data were derived from the acoustic USBL GPS positioning system.

In this study, the 2-meter resolution bathymetry used was that collected locally at the same four sites during the Bathycor 2 cruise (2016) by the Autonomous Underwater Vehicle (AUV) Idef'X (©Ifremer). (DOI: 10.17600/16011300).

Video and image processing

The videos recorded by Ariane were analyzed either with Matisse and 3D Metrics processing tools (©Ifremer) or Adelie Video (©Ifremer) depending on the type of site (flat or with vertical parts) and the ability to build a 3-dimension (3D) reconstruction or not.

Matisse and 3D Metrics processing tools (Photogrammetry)

The 3D models were built using the 'Structure from motion' technique, based on multi-view geometry and image matching. A global view of the scene can be obtained by building a map using multiple images. This technique uses the redundancy of successive images or within a video flux to put all the pieces together and build the global view [START_REF] Bruno | Experimentation of structured light and stereo vision for underwater 3D reconstruction[END_REF][START_REF] Arnaubec | Optical mapping with the ARIANE HROV at IFREMER: The MATISSE processing tool[END_REF].

Limited visibility imposes taking images close to the sea-floor, with a small footprint for each image, and requires artificial illumination of the scene as light is greatly attenuated in water. However, artificial light cannot be optimized to light the scene uniformly, therefore deep-sea optical images must be compensated for non-uniform illumination. Taking other disturbances such as color dependent attenuation and marine snow into account are part of the preprocessing step. These steps are followed by the construction of a sparse 3D cloud that is then densified. The dense point cloud is used to create a surface (mesh), and then the original images are projected onto the mesh to obtain the final textured model. In order to geo-reference these data and make measurements, the absolute position and scale are obtained by merging the navigation system positioning and the camera positions retrieved during the reconstruction process.

In this study, a total of 33 models were built, when possible based on HD photos collected regularly by automatic acquisition during the cruise. When automatic acquisition had not been triggered, video stills were used instead of photos if needed (supp. mat. A). The 3D Metrics processing tool was used to view the models and measure population parameters.

Adelie Video for georeferencing species occurrences

The Ifremer post-processing software: Adelie Video© was used to analyze videos recorded along linear dive transects where photogrammetry was not useful to map distribution because of the flat shape of the seafloor, such as along the SW-Flank site. This processing allowed georeferencing species occurrence observed on videos using the corresponding navigation file, and mapping the distribution in a GIS (ArcMap ©ESRI).

Data analysis

Species distribution

The species considered for this study are not only the structure-forming scleractinian M. oculata, but also other cold-water coral species providing 3D-habitat to other species: antipatharians Leiopathes glaberrima, Antipathella subpinnata and Antipathes dichotoma; alcyonaceans C. rubrum (precious red coral), gorgonians Callogorgia verticillata and Viminella flagellum.

The distribution of the species considered was obtained using either photogrammetry or video analysis. Each colony was then manually plotted using 3D Metrics or Adelie Video, to obtain the depth, latitude and longitude. In the second step, occurrence points were exported and mapped in ArcMap©ESRI for spatial distribution, or processed in Excel©Microsoft for vertical distribution. Species whose recognition/identification was not easy in the 3D models were plotted with the help of video and HD photos to find their exact position in the reconstructions.

Surface and density

A 3D approach was used to calculate the surface and density occupied by species settled on rocky outcrops with complextopography, i.e. M. oculata and C. rubrum, and a 2-dimension (2D) approach was used for species seen along linear transects on smooth areas, i.e. C. verticillata and V. flagellum.

In the 3D approach, a maximum number of colonies of M. oculata and C. rubrum was plotted on the 3D models, giving the total number of colonies (nb) in each reconstruction. Colonies under 2 cm were not plotted. The surface occupied by the colonies plotted was measured using the polygon function of the 3D Metrics processing tool. This allowed calculating the density of species considering the actual surface area of the bottom taking into account its 3D structure (nb colonies.m -2 ). The points plotted with 3D Metrics could also be exported and mapped in plan view through GIS. Areas occupied by colonies were then contoured by polygons and the area of each polygon was calculated on a horizontal view. The number of colonies belonging to each polygon was known, which allowed estimating the colony density projected onto a horizontal plane (nb colonies.m -2 ).

Where colonies were settled under the overhangs of the Wall, it was not possible to take photos because the HD photo camera could not be directed upwards. Therefore, this site was reconstructed using video images from the 'Camera Principale' located on the top of the ROV, which could be directed upwards. The resulting 3D models had low resolution, allowing identification of only a quarter of the individual colonies from the models. However, colonies could be counted using snapshots of the video of the different parts of the huge overhangs.

In the 2D approach, species observed and settled along linear transects, i.e. C. verticillata and V. flagellum, were plotted in a GIS using Adelie-Video, and a linear density was calculated (nb colonies.m -1 ). Sections of 20 m-long were calculated using the GIS tool, Adelie-Observation©Ifremer. At Cassis-500, C. verticillata was also present but in smaller areas, and thus the sections used were 10 m in length.

No estimation of density and surface could be calculated for antipatharian species, given the difficulty of reconstructing them in 3D, and the difficulty of counting, from video, the total number of individuals forming forests and gardens.

Size

Colony heights were measured using 3D Metrics. Size measurements were performed on M. oculata, C. rubrum, C. verticillata and V. flagellum populations, in attempts to measure as many colonies as possible in each 3D model. No antipatharian size measurements could be performed since colonies always move with the water flow and local currents, therefore they cannot be represented by 3D reconstructions. Nevertheless, a qualitative description of antipatharian colony sizes was made through video and photo analysis.

Diversity of accompanying species

The different species observed were identified to the lowest taxonomic level possible, using high resolution digital photos and the book "Guide de la faune profonde de la mer Méditerranée" [START_REF] Boury-Esnault | New hexactinellid sponges from deep Mediterranean canyons[END_REF]. Since no specimen was sampled, some species could not be identified (i.e. sponges), but were morphologically distinguished. Abundances are given as presence and absence data based on species observations at each location.

Statistical analysis

Statistical analysis was performed using XLSTAT 2019 for Excel [START_REF] Addinsoft | Circulation in the French Mediterranean coastal zone near Marseilles: the influence of wind and the Northern Current[END_REF]. Box-plots of the vertical distribution of the different species were produced. A non-parametric Kruskal-Wallis test was used to compare mean sizes of M. oculata colonies at three locations. Non-parametric Mann-Whitney tests were computed to compare mean sizes of C. verticillata colonies at two locations, and the same was applied for V. flagellum. Gaussian mixture models were run to identify the different size groups at each location for the same species.

A hierarchical clustering of the four locations was performed based on the presence or absence of species, including habitat-forming cnidarians. The Sorensen similarity coefficient was used to build the similarity matrix because this coefficient is based on binary data, and it emphasizes the presence of species (absence may be due to weak sampling effort).

Degradation and seafloor integrity

Areas where coral rubble was found were contoured and measured with 3D Metrics, allowing their estimation in 3D, after which they were transferred to a GIS for positioning and measurement in 2D.

Marine litter observations were georeferenced and mapped in a GIS using Adelie Video. The observations were classified following the guidelines of the MSFD Technical Subgroup on Marine Litter for the Mediterranean Sea (Annex 5.1.) (European Commission, 2013). The three classes considered were: Plastic, Metal and Glass/Ceramics. Linear density was calculated using the total length of navigation tracks on each site.

The presence or absence of waste disposal (bauxite residues) at each location was recorded.

Temporal changes

A qualitative analysis of the temporal changes of M. oculata colonies distribution and sizes of the Cassis-200 location was performed. 3D models and images taken in 2017 were compared with video data recorded previously in 2010 (ESSROV 2010) and 2013 (ESSNAUT 2013) [START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF][START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. The videos recorded in 2010 and 2013 did not allow to build 3D-models because they were not recorded for that purpose: the video coverage and image quality were not sufficient, and the submarine navigations were not precise enough. But the 3D-models of 2017 made it possible to precisely identify the scene observed on the videos recorded in 2010 and 2013 and to recognize which knoll and which face of the knoll had been observed at the time. It was therefore possible to choose the orientation of the 3D-model and to compare the same scene at 5 and 7 years apart.

Validation of the habitat suitability maps built previously

The in situ cold-water coral population distribution observed in 2017 was compared to the theoretical distribution obtained from the habitat suitability models [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF][START_REF] Bargain | Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables[END_REF]. For this we overlapped both maps in GIS and compared the extent of the distributions. We also gathered all the navigation tracks we were aware of in Cassidaigne canyon (MARUM_2009, MEDSEACAN_2009, ESSROV_2010, ESSNAUT_2013, ESSTECHROV_2017, ESSTECHROVGEN_2017, VIDEOCOR1_2017 cruises) in order to map absence of M. oculata colonies.

Results

Spatial distribution of the 3D models

A total of 33 models were built in 3D; 10 at Cassis-500, 10 at Cassis-200, 9 on the SW Flank and 4 at the Wall (Fig. 2). 

Scleractinian Madrepora oculata

Spatial and vertical distribution of M. oculata

The presence of M. oculata was observed in high abundance at three locations: Cassis-500, Cassis-200 and the Wall; but only three colonies were observed at the SW Flank. The vertical distribution ranged from depths of 203 to 484 m.

At the head of Cassidaigne canyon, at Cassis-200, 1294 colonies of M. oculata were counted from the 3D reconstructions. Colonies have settled on particular rocky elevations of the area that we called knolls (Fig. 3). We identified a total of 13 knolls where the presence of M. oculata was mapped (Fig. 4). Only a few isolated colonies were found in areas in between the knolls. Video observations also showed the presence of colonies on Knoll 13, however no 3D model could be built for this knoll because the video coverage we had was not enough. One knoll was also found with no M. oculata (Knoll 4 on the eastern side of Cassis-200), and one knoll (Knoll 12 on the northern side of Cassis-200) was not explored but was identified with the help of bathymetry. This means that at Cassis-200, M. oculata was present on a total of 14 knolls, different in size and structure (supp. mat.B). Colonies of M. oculata occupied a 3-dimensional spread distribution on each knoll, presenting a south-westerly orientation, facing the dominant currents of the area. Here, the mean depth for the presence of the species was 217±14 m. Because of the patchy distribution of M. oculata on the knolls, the vertical distribution on each knoll is presented (Fig. 4). Knoll 3 is the shallowest one, with a mean depth of 206±2 m, ranging from 203 to 211 m. Knoll 5 is the deepest one, with a mean depth of 271±2 m, ranging from 269 to 276 m.

At Cassis-500, also located at the canyon's head, a total of 3492 colonies of M. oculata were plotted. The linear exploration performed at this site showed that colonies have settled on the vertical part of a rocky ledge, occupying the whole structure explored (Fig. 4). The entire area was covered by red sediment, and it is important to note that the basal part of tall colonies was covered by red mud. Very small colonies were also seen under overhangs, with no red mud. The deepest observation for the presence of M. oculata in the canyon was registered at this site, where colonies were found at a mean depth of 432±10 m, ranging from 416 m to 484 m (Fig. 4).

At SW Flank, located at the exit of Cassidaigne canyon, only three colonies of M. oculata were observed at the top of a rocky structure, at a depth of 351 m (Fig. 4).

The Wall, a long escarpment also located at the exit of the canyon, was surveyed through two vertical transects of approximately 300 m in height (T1 and T2) (Fig. 5; supp.mat. B). This location was very difficult to explore due to the technical challenge of navigating in this environment below an overhang, something that had never been done before since the tilt cameras of ROVs generally cannot be directed upwards. In this study, it was possible to build 3D models based on video since the part under the overhang was filmed when the H-ROV Ariane accidently bumped the ceiling; however, no photos could be taken. These 3D models allowed showing the complexity of this site where colonies have settled. Along the first transect (T1), two overhangs at different depths (Overhang T1-307 m and Overhang T1-320 m) were found with the presence of M. oculata (Fig. 5), whereas a third overhang was found (Overhang T2-340m) along transect 2 (T2), at a deeper part of the wall (Fig. 5). At the Wall, M. oculata exclusively colonized the area under the overhangs, with colonies having an upside-down orientation. Around 3000 small colonies were counted under the three overhangs (only 677 colonies were plotted on the 3D models) and they occupied the entire area. At the Wall (n=677), the mean depth where colonies could be found was 322±15 m. Since colonies had settled under the overhangs, their vertical distribution corresponded to the depth ranges of the latter. Therefore, the shallowest overhang was found between a depth of 305 and 307 m, whereas, just below, the second overhang was found at depths from 323 to 325 m. The deepest occurrence of M. oculata at the location was recorded under the third overhang, with a depth distribution that ranged from 339 to 345 m. 

CS200 CS500 Wall Flank K1 K2 K3 K5 K6 K7 K8 K9 K10 K11 K14 K15 

Surface coverage and colony density of M. oculata

At Cassis-200, the total surface occupied by colonies was 409 m² on the 3D models, and was half as much when transferred into GIS and seen in plan view (Table I). Colonies of M. oculata occupied different surfaces and presented different densities depending on the knoll. The largest surface occupied by colonies was seen for Knolls 2 and 3 (Table I). The highest density was found on Knoll 8, with 12 colonies.m -2 calculated on the 3D model. Overall, at Cassis-200, the mean density of M. oculata calculated in 3D was 4 colonies.m -2 .

At Cassis-500, the surface occupied by M. oculata was 924 m² on the 3D models, and less than half when transferred into a GIS. The mean density was 4 colonies.m -2 in 3D.

Under the overhangs of the Wall, colonies occupied a total surface area of 317 m² measured on the 3D models, which was almost the same when transferred into a GIS because the colonies occupied a horizontal plane under the overhangs, allowing good representation in 2D. At the Wall, the mean density was 9 colonies.m -2 , the highest mean density of M. oculata in Cassidaigne canyon.

At SW Flank, no estimation of surface/density was calculated since only three colonies were observed.
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Table I At Cassis-200, the mean height of M. oculata was 18±12 cm (n=1023). Size measurements show colonies as small as 2 cm (smaller colonies were not plotted), while the tallest colony measured 78 cm. The Gaussian mixture model (Fig. 6) shows a size structure of colonies composed of 4 distinct size groups. At Cassis-200, 40% of the colonies were included in the group with the smallest mean size of 9 cm (group 1), whereas 8% of the colonies were included in the largest size group of 45 cm (group 4). At this location, 52% of the colonies were therefore included in intermediate size groups, with 31% of the colonies included in group 2, with a mean size of 16 cm, and 21% included in group 3, with a mean size of 30 cm.

At Cassis-500, the size measurements (n=2293) show that the smallest colony measured 1 cm and the tallest 67 cm, the mean size was 12±8 cm. The Gaussian mixture model for Cassis-500 (Fig. 6) shows that colonies of M. oculata belong to 4 different size groups. At Cassis-500, there are therefore 2 groups (groups 2 and 3) in which the smallest colonies were included, with a mean size of 6 and 10 cm, which accounted for 30% and 35% of the colonies, respectively. The model also shows that 24% of colonies of M. oculata belong to a group in which the mean size was 17 cm and 11% of the colonies fit in the group in which the mean size observed was 29 cm. Therefore, the results presented by the model indicated that at Cassis-500 a larger part of the population is included in the smaller size groups (with 65% in group 2 and 3) than in the taller size groups (35% in group 1 and 4).

At the Wall, the size measurements (n=170) show colonies with a minimum size of 6 cm and a maximum of 22 cm, and with a mean size of 11±3 cm. The low number of size measurements is due to the low image resolution of the 3D reconstructions made from video for this location. However, the Gaussian mixture model analysis could be performed (Fig. 6). The model suggests that the colonies of M. oculata belong to two size groups, with 51% of the colonies included in a group with a mean size of 10 cm and the other 49% included in a group with a mean size of 13 cm.

The Kruskal-Wallis test performed to compare the mean size of M. oculata populations on the three locations shows that they are all different. The mean size of M. oculata in Cassidaigne canyon was significantly different between Cassis-200 (18±12 cm), Cassis-500 (12±8 cm) and the Wall (11±3 cm) (p-value ≤ 0.05). The global mean size of M. oculata in the Cassidaigne canyon was 14±10 cm.

Forests and gardens of antipatharians

Spatial and vertical distribution of antipatharians

Three antipatharian species, A. dichotoma, A. subpinnata and L. glaberrima, were observed at Cassidaigne canyon. The species A. subpinnata was found only at Cassis-200. The two species, A. dichotoma and L. glaberrima, were found at both Cassis-200 and at SW Flank, while at Cassis-500 only one antipatharian colony was observed, A. dichotoma, and no antipatharian was observed at the Wall (Fig. 7).

The distribution of A. subpinnata was limited to Cassis-200 at a mean depth of 210±8 m (Fig. 7), where two dense forests of the species were seen at the tops of knoll 3 and knoll 9.

Gardens of L. glaberrima, on the contrary, presented a much more widespread distribution, with the presence of the species at both Cassis-200 and the SW Flank, with a depth distribution ranging from 200 to 376 m (Fig. 7). At Cassis-200 (n=124), L. glaberrima was observed settled on the side of knolls, as well as between knolls as part of coral gardens at a mean depth of 225±14 m. At the SW Flank (n=21), colonies of this species were observed only in the northern part of the site where L.

glaberrima occupied the sides of a rocky structure at a mean depth of 322±37 m and dense colonies of V. flagellum were observed at the top. Colonies of L. glaberrima could be observed either as white or orange. Both morphs could be observed with no link with the size of the colony or its location.

Colonies of A. dichotoma was always observed as isolated colonies from 209 to 435 m (Fig. 7) at Casssis-200, SW Flank and Cassis-500.

Colonies of L. glaberrima and A. dichotoma presented a more extended vertical distribution than the forest forming species A. subpinnata (Fig. 7). It was not possible to identify antipatharians on the 3D models due to their movement with the water flow. Hence, it was not possible to perform any size measurements for this group of corals. Nevertheless, a qualitative description of the size structure of the populations was possible based on video and photo analysis (Fig. 8).

At both locations, Cassis-200 and SW Flank, size seemed to be similar among colonies of A.

dichotoma and no small colonies could be observed (Fig. 8A &8B).

At Cassis-200, forests of A. subpinnata included large colonies occupying the top of two knolls but small colonies had also settled on the sides of knoll 3 (Fig. 8C), whereas no A. subpinnata was observed at SW Flank (Fig. 8D).

Colonies of L. glaberrima of different sizes were observed at both Cassis-200 and SW Flank. Large colonies of the species could be observed, in particular occupying the sides of knolls at Cassis-200 (Fig. 9E) and vertical walls at SW Flank (Fig. 8F). However, small and intermediate size colonies were also observed in high density, forming coral gardens (Fig. 8G). A mix of small and large colonies was also found at the site SW Flank (Fig. 8H). 

3.4

The Octocorallia Scleraxonia Corallium rubrum

Spatial and vertical distribution of C. rubrum

The red coral C. rubrum was found at two locations: Cassis-200 and the Wall (Fig. 4).

At Cassis-200 (n=123), the presence of C. rubrum could be osberved Knolls 3, 8, 9 and 15 (Fig. 4), which are amongst the shallowest. Here, C. rubrum was found at a mean depth of 209±5 m, with a vertical distribution ranging from 203 to 220 m depth (Fig. 9). The use of videos and HD photos was essential to locate small patches of colonies, always underhanging the knolls . On Knoll 3, 94 colonies of C. rubrum were counted and plotted, while only 16 colonies were counted on Knoll 8, 9 on Knoll 15 and 4 on Knoll 9. Colonies of C. rubrum presented a wide distribution along the entire rocky structure of Knoll 3, while on other knolls colonies were concentrated in a small area (Fig. 4).

At the Wall, a total of 42 colonies of C. rubrum were counted at a mean depth of 306±1 m (Fig. 9).

Colonies were found to have settled all along the outer edge of the overhang T1-307m. The length of the explored edge was around 10m long. Since the occurrence of the species was limited to the outer edge of the overhang, the observations of red coral varied only between 305 and 307 m depth.

Surface coverage and colony density of C. rubrum

At Cassis-200, C. rubrum colonies were counted on the 3D models when possible, and this was complemented by counting small colonies on HD photos. The total surface area measured on the 3D models was 11 m² and we counted 123 colonies, which gives a density of 11 colonies.m -2 . Colonies of C. rubrum covered the largest surface (10 m²) on Knoll 3, and showed the highest density on Knoll 8, where the colonies were all gathered in an area smaller than 1 m².

At the Wall, colonies of C. rubrum settled on the horizontal edge of the shallowest overhang. We counted 42 colonies on a surface area of 2 m², corresponding to a density of 20 colonies.m -2 . Since the colonies were all aligned along the 10 m long edge, a linear density was calculated, corresponding to 4 colonies.m -1 . At Cassis-200 on Knoll 3, several size measurements of C. rubrum colonies were performed (n=26) on the 3D reconstructions, showing a mean size of 6±1 cm, with the smallest colony measuring 3 cm and the tallest one measuring 16 cm (Fig. 9).

No measurement could be performed on Knolls 8, 9, and 15 because the colonies were too small, or at the Wall, because the 3D models were made with video snapshots, therefore the resolution was not good enough to measure small colonies, although they could be seen on the HD images (Fig. 9).

Gorgonians Callogorgia verticillata and Viminella flagellum

Spatial and vertical distribution of gorgonian populations

Many tall colonies of both gorgonians species were observed at SW Flank while only a few isolated colonies were observed at Cassis-200, and only one species (C. verticillata) was observed at Cassis-500 (Fig. 10). Neither of the two species was observed at the Wall.

At SW Flank, dense and tall colonies of C. verticillata (n=84) had settled on patches of rocky substrate covered by a thin layer of sediment at a mean depth of 371 ± 19 m (Fig. 10). At this location, dense aggregations of V. flagellum (n=234) were also found at a mean depth of 297 ± 45 m (Fig. 10). Linear transects carried out along the edge of the continental shelf have shown its presence almost everywhere. White and yellow-colored V. flagellum colonies formed vast forests, settled on rocky substrate.

At Cassis-200, only a few gorgonian colonies were seen at knoll 5 and around knolls in the deepest area. Cassis-200 was the shallowest location where C. verticillata (n=6) was observed at a mean depth of 254 ± 17 m, together with V. flagellum at a mean depth of 267 ± 17 m (Fig. 10).

At Cassis-500, tall colonies of C. verticillata have settled on the top of the ledge previously described, but no V. flagellum were observed. At this site, C. verticillata (n=57) reached a deeper part of the canyon, at a mean depth of 450±18 m (Fig. 10). The depth range of C. verticillata at Cassis-500 varied between 424 and 483 m, being the widest depth range of all the locations, with the highest density recorded at a depth around 430 m. At SW Flank, colonies of C. verticillata (437 colonies) were irregularly distributed along a linear transect of 1.2 km. The maximum density estimated was 47 colonies observed along a 20 meter long video transect, corresponding to 2 colonies.m -2 . Many more colonies of V. flagellum were counted, approximately 3870 colonies irregularly distributed along a linear transect of around 2.2 km in length. The highest density estimated for V. flagellum at SW Flank was 316 colonies along a 20 meter long video transect, corresponding to 16 colonies.m -1 .

At Cassis-200 on Knoll 5, 24 colonies of V. flagellum could be plotted, covering a surface of 7 m², corresponding to a density of 4 colonies.m -2 ., while only 2 small colonies of C. verticillata were seen on the same knoll.

At Cassis-500 a total of 104 colonies of C. verticillata were counted on videos at the beginning, middle and end of the linear transect of 440 m length. The highest density measured was 19 colonies along two 10-meter video transects, corresponding to 2 colonies.m -1 .

Size structure of gorgonian populations Gorgonian C. vertillata

The global mean size of C. verticillata in the Cassidaigne canyon was 69 ± 29 cm.

At the SW Flank (n=37), the mean size was 80±27 cm, the smallest colony of C. verticillata measured 22 cm and the tallest one measured 144 cm (Fig. 11). The size histogram is bimodal and the result of the Gaussian mixture model shows one group with a mean size of 65 cm (27% of the population) and another group with a mean size of 86 m (73% of the population).

At Cassis-500, size measurements (n=44) show a mean size of 60±28 cm, a minimum size of 18 cm and a maximum size of 109 cm (Fig. 11). The Gaussian mixture model shows three different size groups. The smaller one contains 23% of the population with a mean size of 27 cm, an intermediate group contains 32% of the population with a mean size of 52 cm and the larger group contains almost half of the population (45%) with a mean size of 87 cm.

At Cassis-200, the size of the very few small colonies of C. verticillata observed at the periphery of knolls was not measured.

The Mann-Whitney test performed to compare mean sizes of C. verticillata colonies at SW Flank and Cassis-500 evidence a difference between the two populations (p-value≤0.05). 

Gorgonian V. flagellum

The global mean size of V. flagellum in the Cassidaigne canyon was 53 ± 15 cm. Observations showed that most colonies of V. flagellum were unbranched, however, when in the presence of one or two branches, the entire colonies measured around 20 cm at most.

At SW Flank (n=112), the smallest colony measured 12 cm, while the tallest measured 100 cm. The Gaussian mixture model shows a population composed of two size groups with mean heights of 42 cm and 69 cm, with a respective distribution of 57% and 43% (Fig. 11). The overall mean size was 53 ± 19 cm.

At Cassis-200, only 11 colonies could be measured, and no Gaussian mixture model was computed.

The smallest colony measured 39 cm, while the tallest one measured 72 cm; the mean size was 52 ± 11 cm.

The Mann-Whitney test performed to compare the mean sizes of V. flagellum colonies at SW Flank and Cassis-200 locations showed that there is no difference between the two groups. No significant difference (p-value≥0.05) was observed between the mean sizes at Cassis-200 and SW Flank.

The diversity of accompanying species

In Cassidaigne canyon, the highest species richness was observed at Cassis-200 and SW Flank, with a total of 63 and 52 species of megafauna observed (supp. mat. C). At Cassis-500, we could observe 34 different species on photos and videos, while at the Wall only 23 species were observed.

Colonies of M. oculata were seen at the four locations, and some accompanying species were also present at these locations: the poriferans Haliclona (Haliclona) magna, an encrusting bright yellow sponge (Hexadella cf. crypta) [START_REF] Reveillaud | Relevance of an integrative approach for taxonomic revision in sponge taxa: case study of the shallow-water Atlanto-Mediterranean Hexadella species (Porifera : Ianthellidae : Verongida)[END_REF] and an encrusting blue gray sponge (Hamacantha cf. falcula); the scleractinian Desmophyllum dianthus; serpulids with calcareous tubes; the decapod Munida sp.; the brachiopod Gryphus vitreus; the echinoid Cidaris cidaris; and the fish Pagellus bogaraveo.

A minimum of 14 visually distinct sponges could be seen on the photos and videos, but not named because no sampling was performed. Certain others are known from the literature to live in the Cassidaigne canyon and were easily recognized. Therefore, the taxonomic and morphologic list of sponges provided is probably underestimated (supp. mat. C).

At Cassis-200, species from the continental shelf could be observed mixed with species from the deep sea, i.e. several colonies of the gorgonian Paramuricea clavata (tall and small ones), the decapods Palinurus elephas and fish species Anthias anthias and Lapanella fasciata. The soft coral Daniela koreni (pers. Comm. P. Lopez-Gonzales) was also present in high abundance between knolls.

The SW Flank is characterized by the dominance of the structuring species C. verticillata and V.

flagellum. However, the species composition at this location is similar to what was seen at Cassis-200, in terms of presence/absence but is very different in terms of species abundance and distribution. The analysis of videos and photos showed that C. verticillata at SW Flank is a host for several species of epifauna. Species from groups such as zoantharians, sea urchins, hydrozoa, nudibranchs, crustaceans and ophiuroids were seen occupying the canopy of the alcyonaceans. In most cases, more than one group of epifaunal species was found on a single colony of C. verticillata. A total of 44 colonies of C. verticillata (out of 437) providing habitat for species of epifauna were observed (10%). Two colonies were found to host the zoantharian Zibrowius primnoidus (Carreiro-Silva et al., 2017), 8 Tritoniidae were observed in 8 colonies, and juveniles of Ophiuroidea were found in 17 colonies of C. verticillata. Additionally, hydrozoans were found on dead structures. Several individuals (one to four) of the sea urchin Cidaris cidaris were found in a total of 7 colonies, most of which were damaged.

The Wall is composed of three different 'habitats' presenting a low diversity of megafauna: the vertical cliff, terraces with coral rubble, and overhangs. Under the overhangs, M. oculata was found covering the entire ceiling with a bright blue encrusting sponge between coral colonies. An encrusting pale yellow sponge was also seen on protrusions that resembled fossilized oysters hanging from the ceiling. The outer ledge of the overhang was very rich and harbored many small colonies of the red coral C. rubrum, together with M. oculata. The vertical cliff was covered by many sponges with Munida sp. hidden in small holes of the granular cliff. Terraces serve as repositories for coral rubble falling from the overhangs above. Many skeletons of the scleractinians Dendrophyllia cornigera and M. oculata were seen on these shelves. Some colonies were still alive as were echinoids probably attracted by the fauna close by.

At Cassis-500, two glass sponges Farrea bowerbanki (Boury-Esnault et al., 2017) and cf. Oospacas minuta [START_REF] Bakran-Petricioli | New data on the distribution of the 'deep-sea' sponges Asbestopluma hypogea and Oopsacas minuta in the Mediterranean Sea[END_REF] were observed exclusively at this location, in very high abundances. Another glass sponge Tretodictyum reiswigi (Boury-Esnault et al., 2017) was also seen in high abundance but was not restricted to Cassis-500. This location is also characterized by the presence of a mixture of small and tall colonies of C. verticillata, and only 3 colonies out of 104 (3%) were observed with the presence of epifauna. At this location, the epifaunal groups included one individual of the nudibranch Tritoniidae, a juvenile of the crustacean Anamathia rissoana, the zoantharian Zibrowius primnoidus (Carreiro-Silva et al., 2017) and a high abundance of juvenile Ophiuroidea. Eggs of an unknown species were also found in the canopy of C. verticillata at Cassis-500.

The number of necroses of C. verticillata was also registered during video analysis. At Cassis-500, no necroses were found on the 104 colonies of C. verticillata however, at the SW Flank, 20 (out of 437) colonies with necroses were observed (4.5 %).

The cluster analysis computed to explore the similarity between the four locations, based on their species composition in presence or absence, grouped Cassis-200 and SW Flank with a Sorensen similarity index above 70%. The Wall was similar to Cassis-200 and SW Flank at 50%, and finally Cassis-500 presented only a 48% similarity to the three other sites (supp. mat. D). The Wall and Cassis-500 harbor different assemblages of species. 29 3.7 State of degradation and seafloor integrity

Coral rubble of M. oculata

Coral rubble was found at the three locations where M. oculata was present in high abundance, Cassis-200, Cassis-500 and the Wall. The surface occupied by rubble differed between locations (Table II).

Table II. Surface covered by coral rubble, calculated using either a 2-dimension or a 3-dimension approach, for each location where M. oculata was observed. The surface covered by coral rubble is also represented in % in relation to the total area occupied by living M. oculata at each location (Table I). At Cassis-200, coral rubble was observed on 9 of the 13 knolls reconstructed in 3D. Rubble was found on the floor under places where colonies have settled. Knoll 3 had the largest surface area covered by coral rubble. Overall, at Cassis-200, coral rubble was measured to cover a surface area of 90 m², representing 22% in relation to the total coverage occupied by living colonies.

At Cassis-500, coral rubble was only observed in a small area of the site, occupying a surface area of 9 m² according to the calculations in 2D, and of 10 m² according to the calculations in 3D. Coral rubble was found on the floor, under an area covered by living colonies of M. oculata, corresponding to 1-2% of their total surface area at Cassis-500. The area where coral rubble was found at Cassis-500 was the only site of the location where images of the seafloor were recorded beneath the ledge colonized by M. oculata. Despite the small surface area covered by rubble, Cassis-500 was the only location where dead colonies of M. oculata were observed standing in place (see section 3.7.3).

The Wall was the site where coral rubble occupied the largest surface area. Coral rubble covered the rugged sections of the vertical wall, just below the overhangs where colonies have settled. The total area occupied by rubble along the Wall was 154 m² in 3D, representing 49% of the total surface area observed with living M. oculata. When considering the 2D calculations of the surface area, the rubble surface area was 74 m², representing 23% of the total area occupied by living M. oculata.

Marine litter

A total of 112 litter items were found at the four locations, of which 46 at Cassis-200, 16 at Cassis-500, 41 at SW Flank and 9 at the Wall. The spatial distribution of marine litter observed during video analysis shows the presence of three categories of litter at the four locations in the Cassidaigne canyon: plastic, metal and glass/ceramics, with a density ranging from 4.9 to 10.6 items.km -1 (Table III). Derelict fishing gear (98 longlines and fishing nets) belonging to the plastic category (105 items), was the type of marine litter observed most, as it was found at all four locations (Table III). Entanglement of coral colonies is one of the principal impacts observed at Cassis-200 (see Knoll 3 and 5 in supp. mat. A). Plastic, including fishing gears, was the most abundant category of marine litter found at the Cassidaigne canyon, accounting for 93 % of all litter items. A total of 5 sub-categories of plastic, out of the 10 defined by the MSFD, were found at the Cassidaigne canyon (Table III). Derelict fishing gears were the sub-categories that contributed to the high abundance of plastic along the canyon, with fishing lines (category A7) representing between 67% and 98% of the abundance of plastic marine litter.

Waste disposal

Cassis-500 was the only location where video images showed the presence of bauxite residues. The entire ledge inspected was covered by red sediment (Fig. 12) with living colonies of M. oculata, having their basal part covered by red mud. In the deepest part of Cassis-500, colonies of M. oculata were seen standing in place but dead and completely covered by red mud (Fig. 12B), showing no existence of a living part at the apex of the colony. Cassis-500 corresponds to a surface area of 924 m² of a total of 1650 m² occupied by M. oculata (Table I), which means 56% of the explored M.

oculata habitat is impacted by bauxite residues in the Cassidaigne canyon. 

Temporal changes at Cassis-200

Two knolls (Knoll 3 and 9), easily identifiable at the location Cassis-200 on the 3D reconstructions, were recognized in the video footage recorded previously in 2010 and 2013.

Photos of Knoll 3 were taken with an interval of seven years (2010 and 2017), while photos of Knoll 9 were taken with one of five years (2013 and 2017) (Fig. 13). The corresponding 3D reconstructions were built and helped the recognition of both knolls (Fig. 13).

At Knoll 3, no major differences could be seen between 2010 and 2017. However, possible growth in the size of colonies and the establishment of two new colonies could be observed, although the videos from 2010 were of poor quality and no HD images were taken (Fig. 13). At Knoll 3, a fishing long line seen in the 3D reconstruction of 2017 was also seen during the analysis of the video of 2010, showing its persistence over seven years.

At Knoll 9, no major differences could be seen between 2013 and 2017. Only apparent growth was noted for M. oculata colonies (Fig. 13). However, no big differences in the sizes of the rest of the M. oculata colonies were observed.

However, videos from 2010 and 2013 were not dedicated to M. oculata observation, and no HD images were taken and no 3D models were built at those times, therefore differences could not be quantified and these results should be interpreted with caution. 

Validation of the habitat suitability model built previously

The inspection of Cassidaigne canyon in 2017 was driven by the habitat suitability maps built previously [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF][START_REF] Bargain | Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables[END_REF]. However, not all the locations highlighted as suitable by the model could be explored, especially that located on the eastern flank (Fig. 14). But the exploration of Cassis-200, Cassis-500 and the Wall was a success and revealed a very high concentration of M. oculata colonies, as described in this paper. The exploration of the SW Flank did not specifically show M. oculata populations, but other cold-water corals, such as gorgonians and antipatharians were observed in high concentrations (Fig. 7,11 & 15). Distribution of the absence of M. oculata colonies is shown by mapping all the navigation tracks in Cassidaigne canyon (Fig. 14). Despite the effort made for the exploration of the eastern flank, no M. oculata colony could be found. 

Discussion

Spatial and vertical distribution

In our study M. oculata was seen to occupy a vertical distribution at depths ranging from 203 to 483 m. At Cassis-200, colonies of M. oculata were found on 14 knolls (including Knoll 13 where no 3D model was built). The mean depth of occurrence of M. oculata was 215±14 m. In other parts of the Gulf of Lion they were found as shallow as 129 m depth in the La Fonera canyon, but most frequently between 180 and 300 m [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF]. At Cassis-500, colonies of M. oculata settled on the vertical part of a deep (432±10 m) and long (circa 400 m) rocky ledge, with the lower limit of the observed distribution at 483 m. However, during a previous cruise in 2013, M. oculata colonies were observed further east along the rocky ledge, reaching depths of 515 m [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. At the Wall, a vertical cliff more than 300 m high, colonies of M. oculata had settled in an upside-down position and in high density under overhangs encountered at different depths (307, 320 and 340 m).

Due to the challenging navigation conditions in this complex location, the ROV navigated at a safe distance from the cliff and the footage of the cameras therefore covered a 10-meter wide band. But the overhangs are probably larger than the surveyed area, and colonies of M. oculata probably cover a surface area larger than that measured at the Wall during the present work. On the SW flank only three colonies could be plotted at a depth of around 350 m. Two other colonies had already been seen in this area in 2009 but they were located shallower at 324 and 244 m [START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF]. Therefore, we can assume that at this location either colonies are sparsely settled, or that we have not yet found the area of high concentration. The wide depth distribution of M. oculata seen in Cassidaigne canyon is probably related to its high tolerance to environmental conditions [START_REF] Wienberg | Scleractinian cold-water corals in the Gulf of Cadiz-First clues about their spatial and temporal distribution[END_REF], making it the most dominant structuring species in the Mediterranean Sea [START_REF] Wienberg | Scleractinian cold-water corals in the Gulf of Cadiz-First clues about their spatial and temporal distribution[END_REF][START_REF] Gori | Bathymetrical distribution and size structure of cold-water coral populations in the Cap de Creus and Lacaze-Duthiers canyons (northwestern Mediterranean)[END_REF][START_REF] Fanelli | Cold-water coral Madrepora oculata in the eastern Ligurian Sea (NW Mediterranean): Historical and recent findings[END_REF], whereas in the North Atlantic scleractinian structuring ecosystems are mainly composed of L. pertusa [START_REF] Roberts | The cold-water coral Lophelia pertusa (Scleractinia) and enigmatic seabed mounds along the north-east Atlantic margin: are they related?[END_REF][START_REF] Costello | Role of cold-water Lophelia pertusa coral reefs as fish habitat in the NE Atlantic[END_REF][START_REF] Van Den Beld | Cold-Water Coral Habitats in Submarine Canyons of the Bay of Biscay[END_REF].

Forests of A. subpinnata were observed on the top of two knolls at Cassis-200, at depths of 203 m (Knoll 3) and 220 m (Knoll 9). Colonies were grouped together, surrounded by M. oculata colonies. In the Mediterranean Sea, the depth distribution of A. subpinnata is often reported to be between 60 to 100 m deep [START_REF] Bo | Characteristics of a black coral meadow in the twilight zone of the central Mediterranean Sea[END_REF]; however, around Malta, this species was observed between 250 to 400 m [START_REF] Deidun | First characterisation of a Leiopathes glaberrima (Cnidaria: Anthozoa: Antipatharia) forest in Maltese exploited fishing grounds[END_REF][START_REF] Evans | Recent evidence that the deep sea around Malta is a biodiversity hotspot[END_REF]. Our observations between these two depth ranges provide new information on the depth distribution of the species, insofar as relatively little is known about this distribution.

Gardens of L. glaberrima presented a wider vertical distribution, between 214 and 355 m depth. This is consistent with previous observations commonly reporting the species at depths exceeding 600 m in the Mediterranean Sea [START_REF] Carlier | Trophic relationships in a deep Mediterranean cold-water coral bank (Santa Maria di Leuca, Ionian Sea)[END_REF][START_REF] Angeletti | New deep-water cnidarian sites in the southern Adriatic Sea[END_REF][START_REF] Bo | The coral assemblages of an off-shore deep Mediterranean rocky bank (NW Sicily, Italy)[END_REF][START_REF] Mytilineou | New cold-water coral occurrences in the Eastern Ionian Sea: Results from experimental long line fishing[END_REF][START_REF] Angeletti | First report of live deep-water cnidarian assemblages from the Malta Escarpment[END_REF][START_REF] Bo | Persistence of Pristine Deep-Sea Coral Gardens in the Mediterranean Sea (SW Sardinia)[END_REF][START_REF] Ingrassia | Black coral (Anthozoa, Antipatharia) forest near the western Pontine Islands (Tyrrhenian Sea)[END_REF]. In the Cassidaigne canyon, gardens of L. glaberrima were seen in the vicinity of M. oculata habitats and also in the vicinity of dense forests of gorgonians V. flagellum, something that was also described in Maltese waters [START_REF] Deidun | First characterisation of a Leiopathes glaberrima (Cnidaria: Anthozoa: Antipatharia) forest in Maltese exploited fishing grounds[END_REF]. Spatial distribution of L. glaberrima in the Mediterranean Sea has mainly been highlighted in the eastern part of the western basin [START_REF] Massi | Spatial distribution of the black coral Leiopathes glaberrima (Esper, 1788) (Antipatharia: Leiopathidae) in the Mediterranean: a prerequisite for protection of Vulnerable Marine Ecosystems (VMEs)[END_REF], therefore our records provide new information on its distribution in the western basin.

The antipatharian A. dichotoma was observed as isolated colonies at depths from 209 to 435 m, which is consistent with previous records in the Mediterranean Sea reporting the species at depths from 100 to 650 m [START_REF] Mastrototaro | Biodiversity of the white coral bank off Cape Santa Maria di Leuca (Mediterranean Sea): An update[END_REF][START_REF] Bo | Coral assemblage off the Calabrian Coast (South Italy) with new observations on living colonies of Antipathes dichotoma[END_REF][START_REF] Mytilineou | New cold-water coral occurrences in the Eastern Ionian Sea: Results from experimental long line fishing[END_REF][START_REF] Boury-Esnault | New hexactinellid sponges from deep Mediterranean canyons[END_REF][START_REF] Bo | Phylogenetic relationships of Mediterranean black corals (Cnidaria:Anthozoa:Hexacorallia) and implications for classification within the order Antipatharia[END_REF].

The precious red coral C. rubrum was found at depths between 203 and 307 m in the Cassidaigne canyon. In the NW Mediterranean Sea, red coral presents a very wide vertical distribution, ranging from 16 m [START_REF] Tsounis | Effects of spatial variability and colony size on the reproductive output and gonadal development cycle of the Mediterranean red coral (Corallium rubrum L.)[END_REF] to the deepest record at 1016 m off Malta [START_REF] Knittweis | New depth record of the precious red coral Corallium rubrum for the Mediterranean[END_REF]. We observed C. rubrum in association with M. oculata ecosystems at two locations (Cassis-200 and the Wall), an association that has already been described in other canyons of the NW Mediterranean Sea such as in the Spanish canyons, Cap de Creus between 50 and 100 m [START_REF] Rossi | Survey of deepdwelling red coral (Corallium rubrum) populations at Cap de Creus (NW Mediterranean)[END_REF] and La Fonera between 100 and 160 m [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF].

The fan-forming alcyonacean C. verticillata was found at depths between 377 and 483 m at SW Flank, and isolated colonies were also found at a depth of 232 m at Cassis-200. The upper limit of the C.

verticillata population in the Mediterranean Sea was determined as 120 m (Bo et al., 2012b;[START_REF] Bo | The coral assemblages of an off-shore deep Mediterranean rocky bank (NW Sicily, Italy)[END_REF][START_REF] Bo | Persistence of Pristine Deep-Sea Coral Gardens in the Mediterranean Sea (SW Sardinia)[END_REF], but its distribution is normally reported to be between 300 and 1000 m deep [START_REF] Mastrototaro | Biodiversity of the white coral bank off Cape Santa Maria di Leuca (Mediterranean Sea): An update[END_REF][START_REF] Deidun | First characterisation of a Leiopathes glaberrima (Cnidaria: Anthozoa: Antipatharia) forest in Maltese exploited fishing grounds[END_REF], which corresponds to our observations.

The whip gorgonian V. flagellum was found forming large forests at depths between 279 and 390 m. This species has often been observed in the Atlantic Ocean (OCEANA, 2011), presenting a vertical distribution from 90 to 1000 m. In the Mediterranean Sea, the species has been documented in Italian waters [START_REF] Giusti | Record of Viminella flagellum (Alcyonacea: Ellisellidae) in Italian waters (Mediterranean Sea)[END_REF][START_REF] Angiolillo | Distribution of the deep-dwelling gorgonian Viminella flagellum in the Italian western Mediterranean sea by means of multi-year ROV surveys[END_REF][START_REF] Cau | Coral forests diversity in the outer shelf of the south Sardinian continental margin[END_REF][START_REF] Giusti | Habitat preference of Viminella flagellum (Alcyonacea: Ellisellidae) in relation to bathymetric variables in southeastern Sardinian waters[END_REF], and its distribution is known between 90 to 200 m. Our results extend knowledge on the vertical distribution of V. flagellum with the report of large forests at water depths down to 390 m.

2 Surface and density

In this study M. oculata was seen to cover a global surface of around 1650 m² in the canyon, with 56% of the surface area at Cassis-500, 25% at Cassis-200 and 19% at the Wall. However, we can assume that the surface area is probably larger at the Wall since the overhangs are probably larger than what could be seen. The surface area is also probably larger at Cassis-500 because we had to stop the dive before reaching the end of the ledge, and we know that further east, colonies of M.

oculata have settled to a depth of 515 m [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. Surface areas are rarely mentioned in the literature because navigation tracks are not usually dedicated to photogrammetry. The highest density of M. oculata was 12 colonies.m -2 on Knoll 8 at Cassis-200, but colonies were irregularly distributed among knolls and the density was 7 colonies.m -2 on Knolls 3 and 9, and even lower on Knolls 2 and 5 (1 colony.m -2 ). On the contrary, at the Wall colonies were regularly distributed and entirely covered the ceiling of the overhangs, but they were of smaller sizes. The mean densities were 4 colonies.m -2 at Cassis-200 and Cassis-500, and 9 colonies.m -2 at the Wall. Our results are similar to those found previously in the Cap de Creus canyon where densities of M. oculata were calculated to reach a maximum of 11 col.m -2 , with a mean density lower than 1 col. m -2 [START_REF] Orejas | Cold-water corals in the Cap de Creus canyon, northwestern Mediterranean: spatial distribution, density and anthropogenic impact[END_REF].

The precious red coral C. rubrum was found on areas of 11 m² at Cassis-200 (11 colonies.m -2 ) and only 2 m², but in higher density (20 colonies.m -2 ), along the edge on the top of the cliff at the Wall.

Red coral was reported in other canyons of the Gulf of Lion, mainly on the upper walls and near vertical walls [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF], but no surface areas or densities were calculated.

Forests of gorgonians were not mixed and at SW Flank they were either composed of C. verticillata (2 colonies.m -1 ) or V. flagellum (16 colonies.m -1 ) distributed in patches each around 20 meters long. At Cassis-500 a population of C. verticillata had settled on the ledge (2 colonies.m -1 ) in patches of around 10 meters long, while at Cassis-200 very few colonies were seen and only in the deepest part of the site. On the Montenegrin margin, the gorgonian C. verticillata was reported in densities of up to 5 colonies.m -2 [START_REF] Angeletti | New deep-water cnidarian sites in the southern Adriatic Sea[END_REF], which is higher than what we could observe in the Cassidaigne canyon. Around the island of Sardinia and in the Strait of Sicily, V. flagellum was reported in densities lower than 0.5 colonies.m -2 [START_REF] Giusti | Habitat preference of Viminella flagellum (Alcyonacea: Ellisellidae) in relation to bathymetric variables in southeastern Sardinian waters[END_REF] and up to 60 colonies.m -2 [START_REF] Angiolillo | Distribution of the deep-dwelling gorgonian Viminella flagellum in the Italian western Mediterranean sea by means of multi-year ROV surveys[END_REF]. We only calculated linear densities, but images of V. flagellum forests show similar densities in Italian waters as in the Cassidaigne canyon.

Size structure of populations

At Cassis-200 we could observe the tallest population of M. oculata, with the highest colony being 78.3 cm. The structure of the population was composed of four different size groups (mean sizes 9 cm, 16 cm, 30 cm and 45 cm) in which 41% of the colonies are in the group of small specimens, and only 8% are in that of the tallest. A population structure composed of similar size groups (<10cm; 10-20 cm; 20-40 cm and higher than 40 cm) was also described in the Cap de Creus canyon [START_REF] Gori | Bathymetrical distribution and size structure of cold-water coral populations in the Cap de Creus and Lacaze-Duthiers canyons (northwestern Mediterranean)[END_REF]. The presence of small colonies is described to indicate active recruitment [START_REF] Gori | Bathymetrical distribution and size structure of cold-water coral populations in the Cap de Creus and Lacaze-Duthiers canyons (northwestern Mediterranean)[END_REF].

At Cassis-500 the size structure of M. oculata population is composed of four groups (mean sizes = 6 cm, 10 cm, 17 cm, 29 cm), in which 65% of the population belong to the two smallest size groups. These mean sizes are smaller than those measured at Cassis-200. We hypothesize that the small size of the population is a consequence of anthropogenic impacts occurring during the last 50 years [START_REF] Dauvin | Towards an impact assessment of bauxite red mud waste on the knowledge of the structure and functions of bathyal ecosystems: The example of the Cassidaigne canyon (north-western Mediterranean Sea)[END_REF]Fontanier et al., 2012;[START_REF] Fontanier | Deep-sea benthic foraminifera in an area around the Cassidaigne Canyon (NW Mediterranean) affected by bauxite discharges[END_REF][START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. The high sedimentation rate of bauxite residues may have prevented M. oculata's growth by suffocation, by starvation or by preventing settlement of new colonies. Colonies were seen only on vertical parts or under the rocky outcrops but not on the top of the ledge where there is probably too much sedimentation for larvae to cope with and settle. According to the minimal growth rate of M. oculata, shown to be 3 mm/year [START_REF] Orejas | Growth rates of live Lophelia pertusa and Madrepora oculata from the Mediterranean Sea maintained in aquaria[END_REF], the smallest size groups of colonies (mean size = 6 and 10 cm) observed in our study are around 20 and 30 years old. The measurement of the size of the colonies performed in this study supports what was initially hypothesized for this location [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF], that is the recruitment of M. oculata at Cassis-500 probably occurred after the reduction of red mud discharges in 1988, 30 years ago, due to the termination of production by one of the two main aluminum factories. Since the discharge of particles stopped in January 2016, our measurements performed one year after the end of this pressure can be used as a reference for future measurements dedicated to monitoring this site's recovery.

At the Wall the population of M. oculata was composed of small colonies (two groups of mean sizes 10 and 13 cm), in very high density under three overhangs at depths between 307 and 340 m. No large colonies could be observed, all of them were upside down, and coral rubble was seen to cover terraces below the three overhangs. We can thus assume that colonies fell due to their own weight and because of their downward orientation. Colonies are thus naturally unable to reach large sizes at this location, nor can they be physically impacted by human activities because they are protected by the overhang. This makes the Wall a location that can be considered as a reservoir for the M. oculata population in the Cassidaigne canyon, ensuring the persistence of the species, since it can spread to other areas given their reproduction processes based on external fertilization [START_REF] Wienberg | Scleractinian cold-water corals in the Gulf of Cadiz-First clues about their spatial and temporal distribution[END_REF][START_REF] Pires | Reproduction of deep-sea reef-building corals from the southwestern Atlantic, Deep Sea Research Part II[END_REF]. However, if colonies keep falling off once they reach a certain size, it is also possible that the population at the Wall itself also relies on recruitment of larvae from elsewhere.

Colonies of C. rubrum were very small, with a mean size of 6 cm height and with the tallest colony found measuring 16 cm in Cassidaigne canyon. In other canyons, heights of C. rubrum populations were also measured to be small, i.e. in Cap de Creus canyon they hardly reached 6 cm [START_REF] Rossi | Survey of deepdwelling red coral (Corallium rubrum) populations at Cap de Creus (NW Mediterranean)[END_REF] and in La Fonera canyon, C. rubrum was reported as small, centimetric colonies [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF]. The small size of C. rubrum colonies has been shown not to be related to depth, but to disturbances occurring in the environment [START_REF] Cau | Habitat constraints and self-thinning shape Mediterranean red coral deep population structure: Implications for conservation practice[END_REF]. Therefore, the small size observed for the C. rubrum population in Cassidaigne canyon is probably due to intense hydrodynamic processes occurring in the canyon [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF]. The water flow generated by upwelling and downwelling phenomena in the canyon could be a disturbance slowing down the colonies growth. Whereas larger colonies can be observed in deeper waters where there are less constraints from the environment, and a more stable temperature (Galli et al., 2016). For example, C. rubrum colonies of good size, in view of their many branches, were seen at a depth of 1000 m off Malta [START_REF] Knittweis | New depth record of the precious red coral Corallium rubrum for the Mediterranean[END_REF].

The height of antipatharian colonies could not be measured because of their flexibility and their movement in the water flow, which prevented photogrammetry. However, it was possible to observe different sizes of both species A. subpinnata and L. glaberrima, suggesting active recruitment and healthy populations. Antipathes dichotoma was always seen in tall colonies and no small ones were reported. This might be because small colonies could not be seen on the videos as they are very thin and flattened against the substrate. Antipatharians are amongst the oldest known marine organisms, with very slow growth and millennial longevities [START_REF] Roark | Extreme longevity in proteinaceous deep-sea corals[END_REF][START_REF] Carreiro-Silva | Variability in growth rates of long-lived black coral Leiopathes sp. from the Azores[END_REF].

Leiopathes glaberrima and accompanying benthic invertebrates have been reported as Vulnerable Marine Ecosystem indicators and protection measures should be adopted as a precautionary approach [START_REF] Massi | Spatial distribution of the black coral Leiopathes glaberrima (Esper, 1788) (Antipatharia: Leiopathidae) in the Mediterranean: a prerequisite for protection of Vulnerable Marine Ecosystems (VMEs)[END_REF].

The population of C. verticillata at the SW Flank was composed of two size groups, 65 cm and 86 cm divided respectively into 27% and 73%, both corresponding to tall sizes, with no record of small specimens. Small colonies may be located at another place that we may not have explored. A bimodal size structure has already been described for C. verticillata in the Gulf of S. Eufemia (Tyrrhenian Sea) where colonies of C. vertcillata presented two groups of colonies of smaller sizes (15-20 cm or 55-60 cm) (Bo et al., 2012b). At Cassis-500, the size structure of the C. verticillata population was divided into three groups of 27, 52 and 87 cm (23%, 32% and 45 %). The presence of small colonies supports the idea of a population with recruitment. Since the medium size class is less abundant than the two others, it may have suffered from the high sedimentation rate of bauxite residues expelled at the site, but now that the discharge of these residues has stopped a new generation may have settled.

The whip gorgonian V. flagellum formed large forests at SW Flank and we measured a mean size of 53±19 cm, divided into two groups of 42 and 69 cm (57% and 43%). The measurements may be inaccurate because V. flagellum is flexible and the 3D models may not have properly reconstructed the apex of the colonies. No measurement for V. flagellum is reported in the literature.

Diversity of accompanying species

At Cassis-200, a higher megafauna species richness was observed compared to the three other locations in the canyon, and exceptional diversity patterns were associated with the highest topographic elevations (knolls) covered by M. oculata, i.e. forests of A. subpinnata were found at Knolls 9 and 3; Paramuricea clavata was found at Knoll 3; and C. rubrum was observed at Knolls 3, 8, 15 and 16. These knolls are high topographic elevations on which species can be exposed to currents. This factor was reported to be a driver of the distribution of deep-water corals, for example M.

oculata [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF][START_REF] Bargain | Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables[END_REF] and C. rubrum [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF] in the Mediterranean Sea, but also Lophelia pertusa in the Atlantic Ocean [START_REF] Mohn | Linking benthic hydrodynamics and cold-water coral occurrences: A high-resolution model study at three cold-water coral provinces in the NE Atlantic[END_REF]. The association of the precious red coral C. rubrum with the scleractinian M. oculata has often been reported in the Mediterranean Sea [START_REF] Rossi | Survey of deepdwelling red coral (Corallium rubrum) populations at Cap de Creus (NW Mediterranean)[END_REF][START_REF] Costantini | Deep-water Corallium rubrum (L., 1758) from the Mediterranean Sea: preliminary genetic characterisation[END_REF][START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF] and deep occurrences have been discovered recently [START_REF] Evans | Recent evidence that the deep sea around Malta is a biodiversity hotspot[END_REF][START_REF] Knittweis | New depth record of the precious red coral Corallium rubrum for the Mediterranean[END_REF]. Two scleractinian species, the yellow coral Dendrophyllia cornigera and the solitary coral Dendrophyllium dianthius, are widely described in association with M. oculata in other canyons, such as in the Sardianian canyons [START_REF] Taviani | The "Sardinian cold-water coral province" in the context of the Mediterranean coral ecosystems[END_REF] and the Levante canyon [START_REF] Fanelli | Cold-water coral Madrepora oculata in the eastern Ligurian Sea (NW Mediterranean): Historical and recent findings[END_REF]. The presence of tall colonies of M. oculata at Cassis-200, as well as the multi-modal size structure of the population, suggests a healthy population. This exuberant development of colonies is known to provide a habitat structure for many other species [START_REF] D'onghia | Comparing Deep-Sea Fish Fauna between Coral and Non-Coral "Megahabitats" in the Santa Maria di Leuca Cold-Water Coral Province (Mediterranean Sea)[END_REF] and may explain the high number of accompanying species of megafauna we recognized (63 species or morphotypes) following [START_REF] Boury-Esnault | New hexactinellid sponges from deep Mediterranean canyons[END_REF]. The presence of M. oculata has already been shown to enhance the local diversity of species at a site [START_REF] D'onghia | Effects of deep-water coral banks on the abundance and size structure of the megafauna in the Mediterranean Sea[END_REF]. In comparison with lists of species observed at other M. oculata locations in the Mediterranean Sea, we observe that fewer than 50 megafauna species are commonly reported in cold-water ecosystems using images only, i.e. 24 megafauna species were reported in the Bari canyon [START_REF] Angeletti | New deep-water cnidarian sites in the southern Adriatic Sea[END_REF]; 30 megafauna species in La Fonera canyon [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF]. But when using sampling, including megafauna and macrofuana, the number of species increases: e.g. 222 species were identified at Santa Maria di Leuca [START_REF] Mastrototaro | Biodiversity of the white coral bank off Cape Santa Maria di Leuca (Mediterranean Sea): An update[END_REF].

At Cassis-500, colonies of M. oculata were spaced from each other, growing only on the vertical part of a ledge and not on the top. Accompanying species were less numerous (34 species or morphotypes) than at Cassis-200, and composed of different species (only 48% similarity). Cassis-500 has been impacted by waste disposal for 50 years [START_REF] Dauvin | Towards an impact assessment of bauxite red mud waste on the knowledge of the structure and functions of bathyal ecosystems: The example of the Cassidaigne canyon (north-western Mediterranean Sea)[END_REF][START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF], and the effects are visible in every video and photo. Therefore, species growing at Cassis-500 are those able to live without being buried and able to cope with sedimentation. Since this site is also the deepest in our study, we cannot exclude the hypothesis that depth could also be a factor explaining a change in species diversity. However, the exceptional diversity found recently deep in the Mediterranean Sea, for example at depths of 400 m in Sardinian canyons [START_REF] Moccia | New sites expanding the "Sardinian cold-water coral province" extension: A new potential cold-water coral network?[END_REF] or at depths of 1000 m off Malta [START_REF] Evans | Recent evidence that the deep sea around Malta is a biodiversity hotspot[END_REF], suggest that depth is not the main factor that prevented accompanying fauna to develop at Cassis-500.

We observed the lowest number of accompanying species at the Wall (23 species or morphotypes) and a similarity of up to 50% with Cassis-200 and SW Flank. We could see M. oculata and a blue sponge entirely covering the ceiling of overhangs, and the red coral C. rubrum living on the border of the overhang between small colonies of M. oculata. A few other species, mainly sponges, have settled on the vertical part of the cliff, but do not specifically accompany M. oculata. The difficult navigation conditions encountered along the vertical cliff and the difficulties in observing the ceiling under the overhangs prevented good observation of species, which may explain the low number of species reported in this study. But this location is also the most distant from the coast and from the organic matter input, which may also explain the low number of species.

Forests of A. subpinata and gardens of L. glaberrima were seen in the vicinity of either M. oculata at Cassis-200, or V. flagellum at SW Flank. Those two locations presented the highest numbers of megafauna species (respectively 63 and 52 species or morphotypes) and presented a species composition with more than 70% similarity. Antipatharians have already been described as true oases of biodiversity (Bo et al., 2012b). Given their large tree-like structure, antipatharians can form gardens or forests that have been compared to terrestrial forests given their longevity and the amount of high biodiversity they support [START_REF] Bo | Persistence of Pristine Deep-Sea Coral Gardens in the Mediterranean Sea (SW Sardinia)[END_REF]. Antipatharians also have a nursery role in the ecosystem [START_REF] Bo | Persistence of Pristine Deep-Sea Coral Gardens in the Mediterranean Sea (SW Sardinia)[END_REF]. The fragility of antipatharians has been recognized and the FAO now considers coral gardens as VMEs (FAO, 2016). Leiopathes glaberrima appears as an endangered species on the IUCN Red list of species [START_REF] Bo | Persistence of Pristine Deep-Sea Coral Gardens in the Mediterranean Sea (SW Sardinia)[END_REF]. et al., 2017). This zoantharian is known to use the colony as a host and as a food resource by eating the tissue. Observations of the high abundance of epifauna showing negative effects on colonies of C.

verticillata have also been demonstrated in Sicilian waters [START_REF] Bo | The coral assemblages of an off-shore deep Mediterranean rocky bank (NW Sicily, Italy)[END_REF]. In our study, we also observed the presence of the echinoid C. cidaris together with necroses in the canopy of C. vertcillata at SW Flank, but neither the echinoid nor the gorgonian necroses were seen at Cassis-500. We assume that a relationship exists between the high number of sea urchins and the high number of necroses in the canopies. At Cassis-500 it seems that bauxite residues and sedimentation rate prevent the settlement of C. cidaris and therefore its feeding on C. verticillata. Bauxite residues could thus protect C. verticillata from grazing.

With regards to diversity, caution is necessary when considering the number of megafauna species presented in this study as it was based on photos and video analysis, which can lead to bias and the misidentification of species. Moreover, macrofauna and meiofauna are not considered in our study since no sampling was performed. Quantitative evaluation of diversity was not possible because the species matrix was not quantitative and the only data available was the presence and absence of species. Although the number of species identified at Cassis-200 appears to illustrate high diversity when compared to the three other locations explored in the canyon, the number of species at this location nonetheless remains underestimated. For example, video observations have shown a high abundance and diversity of sponges at Cassis-200, but the species could not be identified, since the identification of sponges requires physical sampling (Bo et al., 2012a), and sometimes genetic analysis [START_REF] Bakran-Petricioli | New data on the distribution of the 'deep-sea' sponges Asbestopluma hypogea and Oopsacas minuta in the Mediterranean Sea[END_REF].

4.5 Seafloor integrity 4.5.1 Marine litter and waste disposal Marine Litter was mainly composed of plastics at the four locations, reflecting the general trend previously described in French Mediterranean canyons [START_REF] Fabri | Megafauna of vulnerable marine ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic impacts[END_REF][START_REF] Gerigny | Seafloor litter from the continental shelf and canyons in French Mediterranean Water: Distribution, typologies and trends[END_REF]. Plastic items were identified as derelict fishing gears such as fishing long lines. They were seen in high abundance in all the coral habitats explored, together with coral rubble. Overall, in Cassidaigne canyon, the surface corresponding to M. oculata rubble was measured as 15% of the total surface occupied by the species. It is known that fishing longlines can have impacts on colonies due to entanglement and physical breakage [START_REF] Lastras | Cold-Water Corals and Anthropogenic Impacts in La Fonera Submarine Canyon Head, Northwestern Mediterranean Sea[END_REF][START_REF] D'onghia | Anthropogenic impact in the Santa Maria di Leuca cold-water coral province (Mediterranean Sea): Observations and conservation straits[END_REF][START_REF] Fanelli | Cold-water coral Madrepora oculata in the eastern Ligurian Sea (NW Mediterranean): Historical and recent findings[END_REF][START_REF] Fabri | Review of literature on the implementation of the MSFD to the deep Mediterranean Sea[END_REF]). Yet, in Cassidaigne canyon, the locations Cassis-200 and Cassis-500 have been included within regulated fisheries zones since 2012. This indicates that the fishing gears observed during our study, entangled in coral colonies, were lost before that time. Our study took place on the upper part of Cassidaigne canyon's flank, therefore we could not observe heavy litter items as those described in three large submarine canyon off Spain [START_REF] Tubau | Marine litter on the floor of deep submarine canyons of the Northwestern Mediterranean Sea: The role of hydrodynamic processes[END_REF], but we found the same distribution of marine debris, mainly composed of longlines, observed between 30 to 300 m in the Tyrrhenian Sea [START_REF] Angiolillo | Distribution and assessment of marine debris in the deep Tyrrhenian Sea (NW Mediterranean Sea, Italy)[END_REF]. These fishing gears were seen colonized by M. oculata and similar observations have also been described in the Levante canyon [START_REF] Fanelli | Cold-water coral Madrepora oculata in the eastern Ligurian Sea (NW Mediterranean): Historical and recent findings[END_REF]. This shows the persistence of the abandoned fishing gears and the resilience capacities of the ecosystem. The largest surface of coral rubble was found at the Wall, but at this location of coral rubble is more likely caused by the natural fall of the colonies under their own weight than by fishery-related impacts.

Another impact on the M. oculata ecosystem in Cassidaigne canyon is the presence of bauxite residues at Cassis-500, covering 56% of the total area where M. oculata colonies are known to have settled. It is possible that a non-evaluated part of the habitat was completely buried by bauxite residues, and this would increase the proportion of the ecosystem impacted. At Cassis-500 the local species composition is affected, evidenced by the low number of species observed and the lowest similarity in species composition compared to the three other sites. Moreover, at Cassis-500, the size structure of M. oculata population is different from that measured at Cassis-200, and the mean size of colonies is smaller. The gorgonian C. verticillata has a size structure with a very low number of colonies in the middle size group, which may correspond to a group of colonies that had settled when industrial wastes were expelled in large quantities. Even though the disposal of waste in solid particle form was stopped in January 2016 [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF], it will take many years before noticeable changes occur.

Seafloor Integrity criteria for the European MSFD

To consider the Good Ecological Status of benthic habitats, the MSFD stipulates the use of descriptor 6, Seafloor Integrity, and more specifically two criteria: the extent of loss of the habitat type (D6C4), and the extent of adverse effects on the condition of the habitat type (D6C5). These criteria measure the degree of anthropogenic effects on biological parameters that should not exceed a specified proportion of the natural extent of the habitat (EU Decision 2017/848). According to the MSFD, the physical loss of the natural seabed due to permanent change of the seabed substrate or morphology should be considered as a permanent change to the seabed that has lasted or is expected to last for a period of two reporting cycles (12 years) or more.

In this study, we considered the habitat type to be the M. oculata ecosystem at the scale of the Cassidaigne canyon, and we used photos, videos and photogrammetry to evaluate the status of the ecosystem with the two criteria suggested for benthic habitats. Our results show that the proportion of the habitat impacted by bauxite residues (waste disposal) was 56% of the total extent of the M.

oculata habitat. This proportion represents the total surface occupied by M. oculata at Cassis-500, where we can attest that in the deepest part, M. oculata colonies were completely dead; the density of the structuring species M. oculata is lower compared to the other sites in the canyon; the mean sizes of the structuring species M. oculata and C. verticillata are smaller than the size at visually nonimpacted sites; the size structure of these populations (M. oculata and C. verticillata) is different compared to the size structure at visually non-impacted sites; the accompanying species presented a particular and different composition, compared to visually non-impacted sites in the canyon.

It is noteworthy that a 12-year interval in the deep sea is very short and the impact on the deep seafloor is of much greater concern than on the continental shelf because of the low resilience of deep-sea benthic ecosystems [START_REF] Fabri | Review of literature on the implementation of the MSFD to the deep Mediterranean Sea[END_REF]. We can therefore conclude that in the light of criterion D6C4, the extent of loss of the M. oculata ecosystem equals 56% in the Cassidaigne canyon and will need more than 12 years to recover despite the fact that the pressure has stopped.

Temporal changes

The MSFD advises that special conservation areas should be monitored every 6 years to evaluate the Ecological Status of European marine waters (EC 734/2008). In our study, we presented an attempt to perform a temporal analysis at 7 and 5 year intervals on two luxuriant M. oculata knolls at Cassis-200. Using 3D models of 2017 made it possible to recognise which knolls had been observed in 2010 and 2013 and to compare them with what we observed in 2017. It was difficult to quantify changes in the general size and distribution of M. oculata colonies, and sizes could not be quantified because we did not possess good resolution images for the 2010 and 2013 cruises, and because videos were not recorded with the objective to build 3D models, we could not quantify sizes. In addition, the low growth rate and low fecundity of M. oculata, explain the small changes seen between years. Therefore, based on these results we suggest that if legal conservation instruments are applied in the area, instead of the 6-year monitoring cycles considered by the MSFD, a 12-year monitoring cycle should be enough for M. oculata ecosystems at Cassis-200. Monitoring should be strengthened at Cassis-500, where recovery should be observed in terms of species diversity since the disposal of bauxite residues was stopped in 2016. However, although the necessary time for the recovery is not known, this site could be a good observatory. Obviously, in the deepest part of the site, where hard bottoms are covered by bauxite residues, sessile benthic species will probably never be able to settle again.

Validation of potential habitat maps

The suitable habitats predicted previously in Cassidaigne canyon with statistical models [START_REF] Fabri | Cold-water coral ecosystems in Cassidaigne Canyon: An assessment of their environmental living conditions[END_REF][START_REF] Bargain | Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables[END_REF] were visually explored during the Videocor1 2017 cruise described in our study. At every location predicted to be a probable habitat for M. oculata we found large cnidarian species able to play a structural role in the ecosystems, i.e. M. oculata or antipatharians or large gorgonians. At SW Flank we did not find the exact species we expected to find, therefore we can hypothesize that: (1) the parameters used as drivers for the distribution of M. oculata are the same for the different species of cnidarians and we may not have elucidated the parameters strictly related to the scleractinians; (2) and if the parameters are the same, competition between species may have led to one species dominating instead of another. For example, at SW Flank where we expected to find M. oculata populations but where we saw large forests of antipatharians and gorgonians, it may be that every hard substrate available for the establishment of M. oculata was already occupied by antipatharians and gorgonians, therefore we saw only sparse colonies of M.

oculata. Whatever the case we found habitat-forming species of cnidarians sheltering a diverse ecosystem where potential areas for cold-water corals were predicted.

Conclusion

Photogrammetry provided much information on the complex locations in Cassidaigne canyon. Every site/location can now be easily recognized by its particular shape, and 3D models helped to better understand where vulnerable ecosystems are located. Moreover, the detailed maps produced in this work will be of great help for future monitoring of the area. Also, the precise navigation now possible with ROVs and submersibles allows exact positioning and returning to study locations very easily, ensuring repeatability in the methodology. In a world in which the number of impacts on marine environments is increasing, and in which assessments sometimes use methodologies like sampling that damage marine ecosystems, innovative non-intrusive methods such as imagery and 3D models can be used to better understand protected habitats. Photogrammetry is therefore a good means of obtaining quantitative data in the deep sea and of better calculating surfaces, densities and size parameters. However, it is noteworthy that density results correspond to an estimation limited by several methodological factors. First, the number of colonies counted and the measurement of surface areas were limited to the areas reconstructed in 3-dimensions. Second, the number of colonies plotted in 3D corresponded to an approximation of their total number, and this number is underestimated, especially in 3D models built from video data where the low image resolution makes it difficult to identify every colony. Third, in sites with dense agglomerations of colonies it was difficult to distinguish and count individual ones. Additionally, there is a substantial risk of not plotting colonies of small size due to misidentification. Nonetheless, this methodology allows comparing quantitative data between sites and monitoring their evolution through time. 3D models built at regular intervals will allow monitoring vulnerable ecosystems, giving access to distribution, density and size parameters.

Figure 1 :

 1 Figure 1: Location map of the study area. A: The global location is the eastern part of the Gulf of Lion; B: the Marine Protected Area (MPA) of the "Parc National des Calanques"; C: The Cassidaigne canyon, the bauxite disposal pipe, the reinforced protection zone and the no-take zone, and the four locations surveyed by the ROV Ariane during the VIDEOCOR1 cruise (2017).

Figure 2 :

 2 Figure 2: Spatial distribution of the 33 models built in 3D at Cassidaigne canyon, specifically at Cassis-500 (10 models), Cassis-200 (10 models), SW Flank (9 models) and the Wall (4 models). High-resolution bathymetry at each site was collected during the Bathycor Cruise (2016). See supp.mat. B for an exhaustive view of 3D-models.

Figure 3 :

 3 Figure 3: Examples of 3D-models of selected areas within Cassidaigne canyon. See supp.mat B for an exhaustive view of all the 3Dmodels constructed.

Figure 4 :

 4 Figure 4: Spatial and vertical distribution of M. oculata and C. rubrum. Maps show the distribution of M. oculata colonies in yellow, rubble in orange, C. rubrum colonies in red. Dive navigation tracks are represented as green lines. The graph shows depth-range box-plots of M. oculata in Cassidaigne canyon, for each location (Cassis-200, Cassis-500, the Wall and SW Flank) and the detail for each knoll at Cassis-200 (K1 to K17). The number of plotted colonies is indicated on the graph (n) for each location and knoll.

Figure 5 :

 5 Figure 5: 3D-Representation of the Wall, with the two vertical navigation tracks T1 and T2 and the position of the 3 overhangs located at different depths, where 3D models were made.

Figure. 6 :

 6 Figure. 6: Histograms of size distribution for M. oculata populations at Cassis-200, Cassis-500 and the Wall, and the Gaussian mixture models implemented to identify size groups. Illustration of size measurement on the 3D models for M. oculata at Cassis-200 (green line between two red dots).

Figure 7 :

 7 Figure 7: Spatial and vertical distribution of antipatharian species in the Cassidaigne canyon. Maps show the distribution of forests of A. subpinata (violin), gardens of L. glaberrima (blue), and isolated colonies of A. dichotoma (orange). The graph shows depth range box-plots of the three species observed at each location during the Videocor1 cruise. No antipatharian was found at the Wall. The number of plotted colonies is indicated on the graph (n) for each species.
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Figure 8 :

 8 Figure 8: Qualitative size description of antipatharians from Cassis-200 and SW Flank sites. A and B: Large isolated colonies of A. dichotoma; C and D: Forest of large colonies of A. subpinnata with small colonies around; E and F: Large colonies of L. glaberrima; G: Gardens of L. glaberrima with colonies of different sizes; H: Colonies of L. glaberrima of different sizes.

Figure 9 .

 9 Figure 9. Spatial and vertical distribution of C. rubrum in Cassidaigne canyon for each location. Photos show C. rubrum in Cassidaigne canyon, at Cassis-200 and the Wall, with close-ups on Knolls 3, 8, 9, 15 and on the ledge of Overhang T1-307m. The graph shows depth-range box-plots of C. rubrum in Cassidaigne canyon for each location. The number of plotted colonies is indicated on the graph (n) for each location and knoll.

Figure. 10 .

 10 Figure. 10. Spatial and vertical distribution of the two gorgonian species (C. verticillata in red and V. flagellum in blue) in Cassidaigne canyon. The number of plotted colonies is indicated on the graph (n) for each species.

Figure. 11 .

 11 Figure. 11. Histograms of gorgonian size distribution, and gaussian mixture models implemented to identify size groups for C. verticillata populations at SW Flank and Cassis-500, and for V. flagellum population at SW Flank.

Figure 12 .

 12 Figure 12. Colonies of M. oculata impacted by the disposal of bauxite residues at Cassis-500: (A) The basal part of living colonies covered by red mud and (B) a vertical wall covered with dead colonies.

Figure 13 :

 13 Figure 13: Illustration of the temporal changes at Cassis-200. Photos and 3D reconstruction of Knoll 3 at seven years interval, the arrows indicate the place where two new colonies could be observed in 2017 compared to 2010, and Knoll 9 at five years interval, yellow arrows indicate the colonies that seem to have grown in 2017 compared to 2013.

Figure 14 .

 14 Figure 14. A -Map displaying the probability of the presence of M. oculata in Cassidaigne canyon generated with a model built using MaxEnt, from (Fabri et al., 2017), and all submersible and ROVs navigation tracks we could gather (cruises MARUM_2009, MEDSEACAN_2009, ESSROV_2010, ESSNAUT_2013, ESSTECHROV_2017, ESSTECHROVGEN_2017, VIDEOCOR1_2017). B and C: Probability of presence of M. oculata in red, Navigation tracks in green and in situ observation of different species of cold-water corals from Videocor1, M. oculata in yellow, gorgonians in blue, antipatharians in orange.

.

  Surface coverage and colony density, in 2D and in 3D, for M. oculata at Cassis-200, Cassis-500 and the Wall. For the 384 location Cassis-200, the surface and density are presented for each knoll. Total surface and mean densities were calculated for 385 the 3 locations. 386 387

	3.2.						
	Location	Knoll	Surface 2D (m²)	Surface 3D (m²)	n	Density 2D (nb colonies.m -²)	Density 3D (nb colonies.m -²)
	Cassis-200	Knoll 1	19	38	98	5	
	Cassis-200	Knoll 2	44	104	79	2	
	Cassis-200	Knoll 3	49	101	98	14	
	Cassis-200	Knoll 5	8	42	23	3	
	Cassis-200	Knoll 6	14	32	60	4	
	Cassis-200	Knoll 7	17	30	67	4	
	Cassis-200	Knoll 8	8	9	98	14	12
	Cassis-200	Knoll 9	11	14	94	8	
	Cassis-200	Knoll	6	6	27	5	
		10					
	Cassis-200	Knoll	5	5	16	3	
		11					
	Cassis-200	Knoll	2	2	9	4	
		14					
	Cassis-200	Knoll	9	11	17	2	
		15					
	Cassis-200	Knoll	2	3	17	8	
		17					
	Cassis-200		200	409	1388	6	
	Cassis-500		409	924	3492	9	
	SW Flank				2		
	Wall		322	317	677	9	
	388						
	389						
	390						

3 Size structure of M. oculata populations

Table III .

 III Distribution of marine litter observation and linear density (item/km) at each location. Sub-categories of plastic have been defined according to the criteria established by the MSFD for the Mediterranean Sea.

			Cassis-200 Cassis-500 SW Flank Wall
		A2 : bottles	1			
		A5 : other plastic objects	1			
	A -PLASTIC	A6 : Fishing nets	0	1	3	2
		A7 : Fishing longlines	44	13	35	6
		A8 : Other fishing related		1	1	1
	C -METAL	(beverage can)		1		
	D -GLASS	(bottle)			1	
		Total nb of item	46	16	40	9
	Total navigation length (km)	4.838	2.035	3.775	1.825
		Item/km	9.5	7.8	10.6	4.9

  The presence of epifauna species in the canopy of C. verticillata was often seen. A high number of colonies of C. verticillata were observed acting as hosts for nudibranchs. A previously identified zoantharian species, Zibrowius primnoidus, was reported as a parasite of C. verticillata (Carreiro-Silva

The three species of antipatharians observed in the Cassidaigne canyon are protected under three different conventions: CITES (Convention on International Trade in Endangered species), the Bern convention (Treaty no. 104; Bern, 19.IX.1979) and the Barcelona convention (IG.23/10/EC) where antipatharians are listed in Annex II (L. glaberrima) and Annex III (A. subpinnata and A. dicthoma).

Both gorgonian species, C. vertilliata and V. flagellum, were present as deep forests at SW Flank and may play important habitat structuring roles. We observed gorgonians in association with antipatharians (above paragraph), scleractinians (D. dianthus and D. cornigea) and commercially important species, such as the seabream Pagellus bogaraveo and the lobster Palinurus mauritanicus.
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