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Cold-water coral reefs (CWC) are known to be biodiversity hotspots, however, the sponge assemblages found to dwell within these habitats haven not been studied in depth to date in the Mediterranean Sea. The present article provides the first insight on the associated sponge fauna of the recently discovered CWC communities on the Catalan Margin and, to a lesser extent, the Cabliers Coral Mound Province, while also reviewing the current knowledge of the sponge fauna dwelling in all the Mediterranean CWC provinces. In regards to the studied areas, some rare species are cited for the first time in the Mediterranean or redescribed, while two of them, Hamacantha (Hamacantha) hortae sp. nov. and Spongosorites cabliersi sp. nov. are new to science. At a basin scale, Mediterranean CWC appear as poriferan biodiversity hotspots, yet current diversity values on each site rather represent a small fraction of its actual fauna. Additionally, the existence of an endemic sponge fauna exclusively dwelling on CWC is refuted. Nonetheless, the sponge fauna thriving in Mediterranean CWC appears to be unique, and different from that of other Atlantic regions. Finally, with the current knowledge, the sponge fauna from the Mediterranean CWC is grouped in three distinguishable clusters (Alboran Sea, Western and Eastern Mediterranean), which appears to be determined by the basins water circulation, specially the Levantine Intermediate Water and the Atlantic Water following a western-eastern pattern from the Strait of Gibraltar to the Adriatic Sea. Overall, sponge living in Mediterranean CWC are still poorly explored in most areas, yet they appear to be good candidates for biogeographical studies.
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INTRODUCTION

Coral dominated ecosystems are amongst the most exceptional and endangered benthic habitats all over the world (Hughes et al., 2002; Roberts et al., 2002). From a functional point of view, they play a major role in benthic-pelagic coupling processes and biogeochemical cycles (Wild et al., 2008) by creating a flow between water-column productivity and the benthic realm (Lesser, 2006). From a structural point of view, reef-building corals act as ecosystem engineers (sensu Jones et al., 1994), forming complex biogenic frameworks and providing niches, nursery grounds or shelter for a wide variety of organisms (Jensen and Frederiksen, 1992; Plaisance et al., 2009; Messmer et al., 2011). As so, they result in a heterogeneity increase in the abundance and functional diversity of the associated fauna (Buhl-Mortensen et al., 2010; Linley et al., 2017), giving them the status of biodiversity hotspots (Hughes et al., 2002; Roberts et al., 2002).

The cold-water corals (CWC) Desmophyllum pertusum (Linnaeus 1758) (hereon referred as Lophelia pertusa) and Madrepora oculata Linnaeus 1758 are slow growing, reef-forming species, with an almost worldwide distribution (Roberts et al., 2009b). Both species can build reefs several hundreds of meters tall and, due to their three-dimensional structure, they alter the water flux and sedimentation rates across their bodies, creating a myriad of different microhabitats within the reef (Roberts et al., 2009b; Buhl-Mortensen et al., 2016 and references within both). Like their shallow waters counterparts, their complex configuration provides suitable habitat and nursery ground for other species (Rogers, 1999; Henry and Roberts, 2007; Henry et al., 2013), even commercial fish (Baillon et al., 2012; Corbera et al., 2019), which has led to the consideration of CWC as deep-sea biodiversity hotspots (Roberts et al., 2009b; Henry and Roberts, 2016), as they greatly enhance the biodiversity of the areas where they occur (Jensen and Frederiksen, 1992). This, paired with their long lifespan (Buhl-Mortensen et al., 2010) and susceptibility to anthropogenic impacts (Rogers, 1999; Orejas et al., 2009), has prompted their inclusion as Vulnerable Marine Ecosystems (VMEs) by United Nations General Assembly (2007) (UNGA Resolution 61/105), the Food and Agriculture Organization (FAO, 2008; General Fisheries Commission for the Mediterranean (GFCM S.A.C.), 2008) and the OSPAR commission (OSPAR, 2009, 2010). Nevertheless, and despite the rapid increase of information regarding the associated CWC reef biodiversity over the last two decades, considerable knowledge gaps still exist, specially outside of the North Atlantic area (Henry and Roberts, 2016). In this regard, studies focusing on the fauna associated with CWC habitats consistently note the high proportion of suspension and filter feeders such as sponges, cnidarians, bryozoans, crinoids, ophiuroids or ascidians, which are suspected to benefit from shelter and elevated feeding positions (Henry and Roberts, 2007; Roberts et al., 2009b; Buhl-Mortensen et al., 2016; Corbera et al., 2019). In this sense, studies and projects focusing on North-Atlantic CWC habitats have reported more than 1.300 associated species (Roberts et al., 2006), representing a 30% increase from less than a decade ago (Rogers, 1999), yet it is expected that this number will continue growing as further work to characterize the high faunal diversity of NE Atlantic cold-water coral reefs is on-going (Roberts et al., 2006). In this regard, CWC-associated sponges in the North Atlantic might be amongst the globe’s most well-characterized, with studies focusing partially or fully on their biodiversity, distribution and spatial and trophic ecology having been undertaken during the past decades (e.g., Henry and Roberts, 2007; van Soest et al., 2007; Roberts et al., 2009a; van Soest and Beglinger, 2009; Kazanidis and Witte, 2016; Kazanidis et al., 2016). Amongst others, these studies have highlighted the vast diversity of CWC-associated Porifera (van Soest and De Voogd, 2015), which is often underrepresented (Henry and Roberts, 2016), and started unveiling their ecological importance for the reefs, with sponges enhancing the reef’s biodiversity (Kazanidis et al., 2016), and being key actors in the biogeochemical cycles (Rix et al., 2016, 2017; Bart et al., 2021) and eroding processes (Beuck and Freiwald, 2005; Beuck et al., 2007, 2010) within CWC reefs.

On the contrary, despite a surging interest and research focus on CWC ecosystems in the Mediterranean Sea (Evans et al., 2019), less than 500 species have been recorded so far associated with CWC reefs (Rueda et al., 2019). Currently, from all their known accompanying fauna, Porifera stands out as one of the most diverse groups associated with Mediterranean CWC, with ca. 90 species recorded so far (Rueda et al., 2019), yet it is still far beyond Atlantic records for the same phyla (van Soest and Lavaleye, 2005; van Soest et al., 2007; van Soest and De Voogd, 2015). Additionally, while CWC ecosystems are known to occur across the whole Mediterranean basin, almost all data regarding Mediterranean CWC associated sponges comes from the Italian margin (Bertolino et al., 2019) and the Gulf of Lions (Vacelet, 1969), with information for the rest of the basin being almost anecdotal and limited to just a few species (e.g., Aguilar et al., 2011; Boury-Esnault et al., 2015; Fabri et al., 2017; Santín et al., 2020b). As so, Mediterranean CWC might be considered as suitable environments for the discovery of new or rare species (Cardone et al., 2019; Santín et al., 2020b). Furthermore, while CWC support diverse associated fauna, most of it seems to be rather facultative than endemic to CWC, yet this is still to be assessed (Rueda et al., 2019). Finally, prior works on Atlantic CWC have suggested that geographical distance between CWC and water currents might be amongst the most important factors shaping the diversity and composition of CWC sponge associated fauna (van Soest et al., 2007; van Soest and De Voogd, 2015). Regarding the later, invertebrates’ larvae might act as passive particles in a given water mass, thus being their transport tied to their said water mass movements (Shanks et al., 2002). The Mediterranean Sea, being a semi-enclosed basin (Robinson et al., 2001), with a single connection to the Atlantic through the Strait of Gibraltar, poses a perfect setting to test such hypotheses. In this regard, the Mediterranean is a concentration basin (evaporation exceeds precipitation and runoff), which circulation is mainly marked by two water masses: the inflowing Atlantic Water (AW) and the Levantine Intermediate Water (LIW) (Menna and Poulain, 2010). In this sense, the LIW is formed at the eastern Mediterranean by cooling and evaporation of the surface mixed layer, yet the exact process of the LIW formation and the exact locality where it occurs is still subject of debate (Hayes et al., 2019). After its formation, the LIW flows westwards at a depth of 200 – 600 m toward the Adriatic Sea and the Sicily Channel, from which it enters the western Mediterranean Sea, eventually exiting the basin through the Strait of Gibraltar as the Western Intermediate Water (WIW) (Robinson et al., 2001; Menna and Poulain, 2010). Flowing on opposing direction is the Atlantic Water (AW), which enters the Mediterranean Sea through the Strait of Gibraltar, down to 200 m depth, to compensate for the water’s evaporation net loss across the basin. It flows throughout the western part of the basin subjected to cyclonic anticyclonically mesoscale phenomena, gradually becoming the Modified Atlantic Water (MAW), which flows into the eastern part of the basin through the Strait of Sicily, where it transforms into the Levantine Surface Water (LSW), ultimately taking part in the formation of the LIW (Robinson et al., 2001). Currently, Mediterranean CWC’ distribution is believed to be marked by the Levantine Intermediate Water (LIW) (Chimienti et al., 2019), thus it would also be expected to have a major influence in the growth and distribution of CWC associated fauna.

During the ABIDES (Assessment of Bottom-trawling Impacts in Deep-sea Sediments, September, 2017) project, CWCs ecosystems were discovered at several locations within the Blanes Canyon (north-western Mediterranean Sea), always associated with the presence of exposed rocky outcrops. While the presence of CWC in the area was known from incidental Agassiz trawl data (Zabala et al., 1993; Rosell and Uriz, 2002; Aymà et al., 2019), the occurrence of living CWCs reefs in this canyon had not been documented before, and represented an unexpected finding, especially considering that they occur in a heavily trawled area (De Leo et al., 2019; Puig et al., 2019). During the ABIDES-ROV oceanographic cruise, it was possible to recollect a few pieces of M. oculata from a canyon wall, which proved to be rich in sponges (Santín et al., 2018a). Additionally, during the MELCOR (MELilla CORals, June 2012) Cruise, the Cabliers Coral Mound in the Alboran Sea, the largest coral mound found alive in the Mediterranean Sea up to date (Corbera et al., 2019), was characterized and sampled for the first time. Again, a diverse associated sponge fauna was detected in CWC fragments (Costa et al., 2018), yet it still needs to be studied in depth.

In this context, this paper aims to (i) provide the first insight into the associated poriferan fauna of the recently discovered CWCs in the Blanes Canyon and in the Cabliers Coral Mound, (ii) testing whether or not a Mediterranean CWC endemic sponge fauna exists, (iii) gaining insight on the diversity and possible relationships between the associated sponge fauna of CWC provinces within the Mediterranean (iv) exploring the possible role of the Mediterranean water masses circulation in the distribution of CWC sponge fauna across the Mediterranean basin.



MATERIALS AND METHODS


Definition of the Mediterranean Cold-Water Coral Provinces

Cold-water coral reefs provinces are typically defined as areas with large coral growth and colony density (Taviani et al., 2011), yet the term is not without controversy (Chimienti et al., 2019; Orejas and Jiménez, 2019). Originally termed for CWCs occurring in the Atlantic (Taviani et al., 2011), currently there are eight CWC provinces recognized in the Mediterranean basin so far (Taviani et al., 2017; Chimienti et al., 2019; Angeletti et al., 2020), being: the “Eastern Alboran CWC province (eA),” the “Gulf of Lions CWC province (GoL),” the “South Sardinia CWC province (sS),” the “South Malta CWC province (M),” the “Santa Maria di Leuca CWC province (SMdL),” the “Bari Canyon CWC province (BC),” all as defined in Chimienti et al. (2019), and the recently discovered “Corsica Channel CWC province (CC),” as defined by Angeletti et al. (2020). For the purpose of the present paper, three additional sites are considered for analysis despite not being defined as CWC provinces: the “Catalan Margin (CM)” the “Strait of Gibraltar-western Alboran (SoG-wA)” and the “Albanian subfossil reefs (AL).”


Catalan Margin Area (CM)

Spanning from the Ligurian Sea to the northern area of the Catalan margin, the Gulf of Lions’ continental margin displays one of the highest canyon densities of the world (Würtz, 2012), with the Cap de Creus and Lacaze-Duthiers canyons being its westernmost representatives. South to the aforementioned canyons, we found the Palamós (also known as La Fonera) and the Blanes canyons, which are classified alongside the Gulf of Lions as an Ecologically or Biologically Significant Area (EBSA) by the Regional Activity Center for Specially Protected Areas (Gabrie et al., 2012). While until recently all known CWC communities in the Catalan coast were restricted to the Cap de Creus Canyon (Orejas et al., 2009), recent explorations in the Palamós and the Blanes canyons have started reporting the occurrence of living CWC communities in both areas (Lastras et al., 2016; Puig and Gili, 2019; Santín et al., 2020a,b). In its most recent revision, Chimienti et al. (2019) excluded La Fonera canyon from the Gulf of Lions CWC province, yet it acknowledged the presence of CWC reefs communities in the area. As so, both the Palamós and the Blanes canyons are here treated as a separate entity from the Gulf of Lions CWC province, yet further discussion regarding whether they should be considered a new CWC province, or part of the Gulf of Lions’ one, falls of the scope of the present paper.



Gibraltar-Western Alboran Area (SoG-wA)

The existence of dead CWC communities in the Western Alboran Sea has been long documented (Margreth et al., 2011; Palomino et al., 2011), yet the actual presence of living reefs is restricted to La Línea and Guadiaro canyons (Vázquez et al., 2015), with additional sporadic observations of isolated colonies (Palomino et al., 2011), and also being suspected to occur in the deep-sea area around Ceuta (Pardo et al., 2011). Regarding the Strait of Gibraltar, it was not until recent years that the presence of living CWC banks was reported in the area (Álvarez-Pérez et al., 2005). In this sense, the Strait of Gibraltar and its surrounding areas subjected to a series of particular oceanographic conditions with an outflow of Mediterranean Water (40 – 900 m depth) toward the Atlantic and the inflow of superficial Atlantic water on its inner area, which could justify its consideration as a distinct extra-Mediterranean CWC province (Chimienti et al., 2019). Additionally, while still scarce, a few articles have reported the presence of sponges attached to coral rubble in the Gibraltar Straits and the Ceuta area (Topsent, 1928; Boury-Esnault et al., 1994). As so, while information is scant, the uniqueness of the area justifies its inclusion as the easternmost CWC site considered for the study.



The Albanian Subfossil Reefs (AL)

The presence of subfossil CWC reefs in Albanian waters had long been known by fishermen, yet it was not until recent years that their presence was properly documented (Nasto et al., 2018), quickly followed by the discovery of isolated, yet alive, M. oculata and L. pertusa colonies (Angeletti et al., 2014). While all data regarding its sponge fauna comes from a single sampling of the subfossil reefs (Nasto et al., 2018), the Albanian waters represent a unique CWC site, as it is one of the only known south-eastern Adriatic CWC communities, and it has been suggested that it might play a major role on the connectivity of two of the Adriatic and Ionian Sea CWC communities (Chimienti et al., 2019), which, objectively, makes it worthy of inclusion. Finally, the area is also part of the Ionian Sea EBSA area (Gabrie et al., 2012), established in part due to the exceptional presence of CWC in the area.



The Blanes Canyon

The ABIDES-ROV cruise took place from the 9th to 19th of September 2017, on board of the R/V ‘Sarmiento de Gamboa,’ using the Remotely Operated Vehicle (ROV) ‘Liropus 2000.’ The main goal of this cruise was to evaluate the impacts of bottom trawling activities on submarine canyon flanks of the Catalan continental margin (north-western Mediterranean Sea). During the exploration of the Blanes submarine canyon (Figure 1A) a vertical wall expanding from 670 to 860 m depth was surveyed (Supplementary Material 1). The wall was densely covered by colonies of the reef building scleractinians L. pertusa (Figure 2A), M. oculata (Figures 2B–F), the solitary coral Desmophyllum dianthus (Esper, 1794) (Figure 2F), found along with scattered colonies of the antipatharians Parantipathes larix (Esper, 1788) and the gorgonian Muriceides lepida Carpine and Grasshoff, 1975.


[image: image]

FIGURE 1. (A) Location of the collection site (white star) in the Blanes Canyon, north-western Mediterranean Sea). (B) Location of the collection site (white stars) in the Cabliers Coral Mound, in the Alboran Sea. Projected view [UTM Zone 31N (WGS84)] with geographic (WGS84) coordinates indicated for reference.
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FIGURE 2. (A) Colony of Lophelia pertusa growing on a vertical wall on the Blanes Canyon at ca. 840 m depth (41°34′872′′N 02°50′986′′E). (B) Partially death colony of Madrepora oculata, growing on a vertical wall at ca. 600 m depth (41°37′642′′N 02°51′4265′E). Sd signals de presence of the Sponge Sympagella delauzei, whereas Un. Por. correspond to unidentified sponges. (C) Partially buried colony of M. oculata (rear). Pt signals an individual of Polymastia tissieri growing amidst the sand/rubble matrix at ca. 680 m depth at the eastern flank of the canyon (41°30′338′′N 02°56′04′′E). (D) Partially buried colony of M. oculata (front). Un. Por. correspond to unidentified sponges. (E) Close up of the partially buried colony, where a Munida sp. (reddish crab) can be seen alongside unidentified sponges (Un. Por.). (F) Sympagella delauzei (Sd) individuals growing onto the dead skeleton of a M. oculata colony at ca. 600 m depth (41°37′642′′N 02°51′4265′E).




The Cabliers Coral Mound Province

The “MELCOR” cruise took place from the 25th May to 1st of June 2012, on board the R/V ‘Garcia del Cid’ (Lo Iacono, 2012). During the cruise, the Cabliers Coral Mound was entirely mapped for the first time through the acquisition of multibeam swath bathymetry (Figure 1B). The Cabliers Coral Mound Province develops on a volcanic substrate within a depth of 290 – 700 m, and consists of a system of linear ridge-like Cold-Water Coral mounds, up to 140 m tall, aligned for up to 20 km along an NNE-SSW direction (Lo Iacono et al., 2014). The top of the mound is characterized by thriving cold-water coral reefs, mainly composed by the framework building scleractinian M. oculata and L. pertusa, whose colonies reach larger dimensions compared to similar reefs of the Mediterranean (Corbera et al., 2019). The reefs are accompanied by several species including the glass sponge Asconema setubalense Kent, 1870, the scleractinian Dendrophyllia cornigera (Lamarck, 1816), the black corals Phanopathes cf. rigida (Pourtalès, 1880) and P. larix (Corbera et al., 2019). Martin-Rauschert dredges were collected on the dead coral frameworks and coral rubble deposits surrounding the above described living reefs (Supplementary Material 1).



Sample Collection

During the ABIDES-ROV cruise, a few pieces of L. pertusa and M. oculata were retrieved from the Blanes Canyon, north-western Mediterranean Sea (41°37′642′′N 02°51′426′E), at ca. 600 m depth, by means of the articulated arm of the ROV. The coral rubble samples consisted of three small, broken colony fragments and a single medium-sized piece of M. oculata, (ca. 23 – 23 cm wide) which had been originally collected to estimate the age of the reef. Thus, the sample was not preserved neither in formaldehyde nor in alcohol, but was let to dry instead. A few additional sponge specimens were found attached to a living piece of M. oculata, being preserved in absolute ethanol (see Supplementary Material 2).

During the “MELCOR” cruise, several fragments of coral rubble composed by both L. pertusa and M. oculata were sampled by means of a Martin Rauscher epibenthic sledge, at a depth range between 340 and 350 m depth (Figure 1B, being fixed in 4% formaldehyde and posteriorly transferred at 70% ethanol). Part of this samples were sent to the Università degli Studi di Genova (UNIGE) for further study (Costa et al., 2018), while a single piece of Madrepora and a few isolated sponge individuals remained at the Institut de Ciències del Mar (ICM-CSIC), having those been used for the present study (see Supplementary Material 2).



Sample Identification

Once back in the laboratory, the largest sponge samples (>1 cm2) were detached from the coral rubble and individualized in Eppendorf containers, whereas smaller ones (<1 cm2). Provisional identifications were made by examination of teased preparations of fragments, made permanent by mounting in Canada balsam. To obtain spicule preparations for both optical and scanning electron microscopy (SEM) fragments of the sponges were dissolved with nitric acid (HNO3) following the procedures described in Cristobo et al. (1993) and Uriz et al. (2017). The SEM observation was conducted through a HITACHI TM3000 TableTop scanning electron microscope from the Centre d’Estudis Avançats de Blanes (CEAB) and a HITACHI S-3500 N scanning electron microscope from the Institut de Ciències del Mar (ICM-CSIC), both at 5 Kv. Spicule dimensions are given as maximum and minimum length and width for each spicule category with the average values being given in between in italics followed by ±the Standard Deviation (i.e., MIN. – MEAN ± SD – MAX.). Unless stated, all spicule measurements were based on 40 spicules.

All the material examined has been labeled and deposited in the Museu de Ciències Naturals de Barcelona (MZB), following the reference number specified in the species’ examined material (Supplementary Material 2). Species classification has followed the current proposed classification for sponges in the World Porifera Database (van Soest et al., 2021).



Diversity Estimates and Statistical Analyses

In order to be able to compare between the selected CWC sites (as defined in section “Definition of the Mediterranean Cold-Water Coral Provinces”), a careful examination of the current bibliography dealing with CWC in the Mediterranean was conducted, in search for any relevant data regarding the occurrence of sponges in the aforementioned CWC coral sites. To such aim, a systematic literature search was conducted using the biographic database Web of Science (WoS) in September 2020. Specifically, an advanced search was confined by the combination of the terms “sponge” or “Porifera,” “Mediterranean” and a third term, “cold-water coral,” “Lophelia” or “Madrepora.” Published articles until September 2020, including scientific papers, book chapters and workshop and congress proceeding, were screened and included in the analysis if they contained information regarding the presence of sponge species growing onto CWC in the Mediterranean Sea. Additionally, ‘historical papers’ susceptible of containing relevant information were checked regardless of whether or not they were retrieved by the search engine, as WoS is known to offer an incomplete coverage of old literature (Marx, 2012). Finally, the reference lists of all articles were checked for any additional relevant studies. Due to the widely varying procedence and quality of the information, which included presence/absence, semiquantitative and quantitative data, incidence data was selected as the most appropriate approach to establish comparisons between areas, thus simplifying information available into a presence/absence matrix. Basic diversity estimates were then calculated, including number of species per area, shared species between areas, and percentage of exclusive Mediterranean endemism and percentage of North Atlantic sponge fauna on each area. Additionally, graphics were produced regarding (i) the total number of sponge species identified vs. total publications involving sponges’ in Mediterranean CWC through time, both at a basin scale and for each area individually, (ii) the total number of species identified based on collected material and/or ROV per area and (iii) a randomized species accumulation curve to estimate the total number of species at a basin scale. Finally, a Jaccard dissimilarity matrix was generated for the 10 evaluated CWC sites defined in section “Definition of the Mediterranean Cold-Water Coral Provinces,” which was later represented as dendrogram (average linkage) and a non-metric multidimensional scaling (nMDS) for visual exploration by means of the package vegan (Oksanen et al., 2019), available for the R software platform (R Core Team, 2019). After an initial visual assessment of the plots, a 25% similarity threshold was applied for cluster delimitation. Later on, a one-way PERMANOVA (Anderson, 2001) was applied to test for differences in species composition between the clusters using the adonis function (999 permutations) of the vegan package (Oksanen et al., 2019). Posteriorly, additional tests were applied to elucidate whether or not clusters might be influenced by the geographical distance between CWC sites. To such aim, the geographic distances between all 10 sites were calculated and transformed into Euclidean distance matrix, which was then confronted with the Jaccard dissimilarity matrix by means of a Mantel tests (999 permutations) using the mantel function of the vegan package (Oksanen et al., 2019). Finally, a Person correlation was applied between the geographical linear distance between sites and the Jaccard dissimilarity matrix using the cor.test function, available on the stats package, and graphically represented using the tidyverse (Wickham et al., 2019) and ggpubr (Kassambara, 2020) packages, all available for the R software platform (R Core Team, 2019).



RESULTS


Systematic Description

A total of 184 sponge specimens could be detected within the analyzed material, accounting for a total of 46 species that could be identified at least to genus level, with 39 corresponding to the Blanes Canyon and 7 to the Cabliers Coral Mound (Table 1, Figure 3, and Supplementary Material 2). In both areas, three out of the four Porifera classes (Calcarea, Demospongiae, Hexactinella) were present in the samples, only lacking Homoscleromorpha representatives. Calcarea and Hexactinellida were represented by three species and four species respectively, while all the others corresponded to Demospongiae, with Poecilosclerida being the most diverse order present. From those, Poecillastra taviani (Tetractinellida; Figure 3D) and Acanthancora schmidti (Poecilosclerida) were the most abundant, with 72 and 21 individuals, respectively.


TABLE 1. Comparative table including all known sponge species that have been recorded within CWC provinces in the Mediterranean Sea.
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FIGURE 3. Close up of several sponge species growing onto the Madrepora rubble (A) holotype of Hamacantha (Hamacantha) hortae sp. nov. (B) Individual of Tetrodictyum reiswigi. (C) Sphincter caused by the boring sponge Siphonodictyon infestum, known to erode the calcareous skeleton of several CWC species. (D) Poecillastra taviani individual growing inside a dead polyp. Interestingly enough, and despite the huge number of individuals encountered (over 70), practically all individuals dwelled exclusively inside the polyps, which might be interpreted as a niche preference for cavities and other burrows. (E) Individual of the carnivorous sponge Lycopodina hypogea, which had been previously recorded in the area associated with marine debris (Santín et al., 2020a). (F) Encrusting individual of Hymedesmia (Hymedesmia) quadridentata, with a clear hispidation visible to the naked eye.


Below, a morphological description is provided for those species deemed rare, faunistically relevant or new to science, and from which enough material was collected to allow for their proper identification and description. Several other potential new or rare species were collected, yet the scarcity of the material did not allow for a proper taxonomical characterization of the samples. Acronyms used for the examined material correspond with those on the Supplementary Material 1, were additional information is provided for each specimen.

Class DEMOSPONGIAE Sollas, 1885

SubClass Heteroscleromorpha Cárdenas et al., 2012

Order HAPLOSCLERIDA Topsent, 1928

Family CHALINIDAE Gray, 1867

Genus Haliclona Gray, 1841

Haliclona (Flagellia) hiberniae van Soest, 2017

Material examined: H. (F.) hiberniae: Hh_1; Hh_2; Hh_3; Hh_4; Hh_5; Hh_ 6. Haliclona (Reniera) sp.: HRsp_1. Haliclona sp. Hsp_1.

Additional comparative material: Haliclona (Flagellia) sp., Cap de Creus, north-western Mediterranean Sea (42°20′37.5″N 3°19′50.8″E), ca. 120 m depth, collected by dredging by local fishermen attached to a rock, Summer 2019.

Diagnosis:

Small, beige, cushion-shaped sponges, growing attached to coral rubble. They usually present a roundish body (ca. 10 mm × 5 mm) with a clear osculum more or less located at the center of the sponge, which might be absent or inconspicuous in smaller individuals. The sponge is rather lax, with a clearly visible reticulation of interconnected fibers and a hairy appearance due to projecting spicules.

Skeleton: Rather confused ascending paucispiculate tracks of megascleres connected by single spicules (Figure 4), with sponging being only visible at the nodes. Microscleres are numerous, arranged without any discernible pattern, yet mostly concentrating toward the spicular tracts.
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FIGURE 4. Haliclona (Flagellia) hiberniae spicular set and skeletal arrangement as seen with an optical microscope. The skeleton is formed by paucispiculated tracts of oxeas, with abundant sigmas and flagelosigmas (F1 and F2), both in two categories. Scale bars: General, 100 μm; F1, 30 μm and F2, 50 μm.


Spicules: Oxeas: mostly straight or slightly curved, with acerate ends (330 – 384 ± 30.7 – 434.4 × 6 – 11.1 ± 1.3 – 14 μm). Flagellosigma I (Figure 4, F1): Clearly asymmetrical, with one side being larger than the other, yet the degree of it is subjected to individual variability. Additionally, the larger shaft tends to be more straight compared to the shortest side, which describes a more pronounced curvature. The tips are both recurved, with the shortest end’s tip being gently curved compared with the larger tip ending, which is more abruptly recurved, as if it were a hook (86 – 95.8 ± 4.9 – 105.2 μm). Flagellosigma II (Figure 4, F2): similar to flagellosigma I, the main difference being their size (27.5 – 53 ± 8.4 – 76.2 μm). Sigma I: symmetrical, describing a gentle curvature (51 – 59.1 ± 2.7 – 64.4 μm). Sigma II: smaller than sigma I, and describing a deeper curve when compared (20.6 – 32.9 ± 6.9 – 41 μm).

Remarks:

The subgenus Flagellia van Soest, 2017 was recently erected to encompass all Haliclona species which shared the possession of flagellosigmas, a unique sigma-like spicule with asymmetrical ends and a more or less ovoid shape (van Soest, 2017). From all their current accepted species, only three are present in the North Atlantic area (Table 2). From those, H. (F.) xenomorpha has two categories of oxeas and stout flagellosigmas (Dinn, 2020), whereas H. (F.) porosa possess a single flagellosigma and sigma categories as opposed to H. (F.) hiberniae (van Soest, 2017), which possess two of each (Table 2). As so, while H. (F.) xenomorpha is easily told apart from its North Atlantic counterparts and the current material (Dinn, 2020), both H. (F.) porosa and H. (F.) hiberniae have been described from CWC environments, and the size range of H. (F.) porosa flagellosigmas’ encompasses both flagellosigma categories in H. (F.) hiberniae, being told apart from subtle differences in overall shape and tip curvature (van Soest, 2017). Nevertheless, in H. (F.) porosa sigmas appear in a single category and are consistently rare (van Soest, 2017), whereas in the examined specimens they are abundant and clearly divisible in two categories (Figure 4), for which the examined specimens are here assigned to H. (F.) hiberniae.


TABLE 2. Comparative table between the North Atlantic Haliclona (Flagellia) species, including the locality (Loc.) and depth of the sample, as well as the measurement of their spicular complement.

[image: Table 2]While recently described, H. (F.) hiberniae had long been recorded from the Atlanto-Mediterranean region under the name of ‘Gellius flagilifer’ and ‘Gellius vagabundus’ (Babiç, 1922; Vacelet, 1969), and it is plausible that several Mediterranean records for said species correspond in fact to H. (F.) hiberniae (van Soest, 2017). While the current specimens represent the first confirmed records for the Spanish Mediterranean waters, ‘Gellius flagilifer’ had been previously recorded from the Alboran Sea (Sitjà and Maldonado, 2014), the Catalan coast (Bibiloni, 1981), and the Balearic Archipelago (Bibiloni, 1990), with the Alboran Sea records already being suspected to correspond to H. (F.) hiberniae (van Soest, 2017). Regarding the Catalan and Balearic records, both seem to fit well within H. (F.) hiberniae, with two clear sigma and flagellosigma categories, all within size range (Bibiloni, 1981, 1990). Nevertheless, an additional Haliclona (Flagellia) sp. sample examined from the Catalan continental shelf, while also possessing two categories of sigma and flagelosigmas, presented differences with the H. (F.) hiberniae samples from the CWC environments, mainly in shape (heavily encrusting and spinny, vs. cushion shaped bodies) and stouter, larger oxeas (ca. 500 × 15 μm). As so, older records for G. flagilifer and G. vagabundus from shallow Mediterranean areas might correspond to a yet undescribed Haliclona (Flagellia) species, close to H. (F.) hiberniae, for which their assignment to the later should be taken with caution until further data can be obtained.

Finally, in the Atlantic the species has been mostly reported from CWC communities, were it seems to be fairly abundant (van Soest, 2017). Nevertheless, the species seems to be less abundant in the Mediterranean CWC communities, with only four other records, three as G. flagilifer (Vacelet, 1969; Longo et al., 2005; D’Onghia et al., 2015) and one as H. (F.) cf. hiberniae (Bertolino et al., 2019) reported. Nevertheless, it is possible that more records will surface in other CWC communities across the Mediterranean once their accompanying fauna is properly inventoried.

Order MERLIIDA Vacelet, 1979

Family HAMACANTHIDAE Gray, 1872

Genus Hamacantha Gray, 1867

Hamacantha (Hamacantha) hortae Santín, Grinyó, Uriz, and Gili sp. nov.

Material examined: H. (H.) hortae sp. nov.: Holotype – MZB 2020-0967 – Blanes Canyon, north-western Mediterranean Sea (41°37′642′′N 02°51′426′E), ‘ABIDES’ survey, ca. 600 m depth, 2018; MZB 2020-0927 – slide of the holotype. Paratypes – MZB 2020-0968 – 1 individual; MZB 2020-0927 – microscopic slide of MZB 2020-0968; MZB 2020-0977 – 2 individuals; all attached to Madrepora rubble, same location as the holotype. Hamacantha (Hamacantha) azorica Topsent, 1904: Ha_1; Ha_2; Ha_3. Hamacantha (Hamacantha) johnsoni (Bowerbank, 1864): Hj_1; Hj_2; Hj_3; Hj_4.

Diagnosis:

Small encrusting sponge (Figure 3A; all examined species less than ca. 1 cm2), with a smooth, sparsely lumpy surface. No oscula could be observed. The ectosome is translucent, which allows to easily distinguish the megascleres at naked eye. Color bright white when dry.

Skeleton: The ectosome is frail, translucent and easily detachable, consisting on a loose tangential reticulation of oxeas, with the occasional presence of diancistras. On the contrary, megascleres on the choanosome are arranged in tracts, which occur both parallel and perpendicular to the ectosome, occasionally traversing it. Tylostyles are present in the form of exotyles on the perpendicular tracts. Diancistras occur along the choanosomal tracts without any discernible patter. All samples had low spicular density, with huge spaces between tracts.

Spicules: Tylostyles (Figures 5, 6A): Robust, straight with cleat marked tyles and an acerate end, their width slightly decreases while approaching the acerate tip. They occur in low numbers and exclusively in the choanosomal tracks, mostly perpendicular to the sponge’s surface, with the tyle point toward it, becoming exotyles (369.7 – 452 ± 60 – 573.4 × 4.9 – 5.7 ± 0.9 – 7.3 μm). Oxea I (Figures 5, 6B): Robust, with acerate ends, on very rare occasions, telescoped. They are usually slightly bent at two thirds of its length (348.2 – 410.3 ± 55 – 567.2 × 4.9 – 6.3 ± 0.8 – 8.7 μm). Oxea II (Figures 5, 6C): Smaller and slender than oxea I, with a somewhat more prominent bending that the later. The least abundant of the two oxea categories, could only be found in the holotype and two out of three of the paratypes (91.9 – 188.2 ± 49.9 – 235.2 × 2.9 – 3.7 ± 0.6 – 4.4 μm). Diancistra I (Figures 5, 6D,E,G): Typical of the genus, with and stout, straight shaft, with recurved hook-like endings. One of the endings presents a gentler curvature, with a clear rounded notch and a slightly bigger hook-like end, whereas the other presents a more acute angle, with a smaller, elongated notch, and a slightly slimmer hook-like end. The inner side of the shaft presents a subtle depression on the middle, with fimbriae on both sides, with the fimbriae closer to the rounded-notch end usually resembling a blade. There is a certain degree of variation on said pattern, as diancistras with both ends “rounded-notched” occasionally occur. Finally, both ends are not on the same plane as the shaft, but usually bent (ca. 45° in opposing directions; Figure 6G) in regards to it (123 – 139 ± 11.1 – 159.2 μm). Diancistra II (Figures 5, 6F): With a strongly bent shaft (boomerang-like), with asymmetrical, recurved acerate ends. One of them is “sigma-like,” with a gentle curvature and a long, acerate tip, while the other one is considerably smaller, describing a markedly narrow curvature. They are considerably scarce, with no more than 20 observed per specimen (33.8 – 35.8 ± 1.9 – 37.5 μm).
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FIGURE 5. Hamacantha (Hamacantha) hortae sp. nov. spicular set. The skeleton is formed by loose tracts of tylostyles (T) and oxeas in two size categories (O I and O II), with diancistras in two size categories (D I and D II) scattered around. Scale bar, 100 μm.



[image: image]

FIGURE 6. SEM imagining of Hamacantha (Hamacantha) hortae sp. nov. spicular set. (A) Tylostyle; (B) Oxea I; (C) Oxea II; (D) Diancistra I; (E) developmental form of diancistra I, still lacking the hook-like expansions; (F) Diancistra II and (G) Lateral view of Diancistra I. Scale bar for (A–E) 100 μm; scale bar for (F) 20 μm; and scale bar for (G) 60 μm.


Etymology:

The name hortae is chosen in honor of the neighborhood of Horta (Catalonia, Spain). Known at least since the early X century, it was an independent village until 1904, when it got annexed to Barcelona. Yet, it still retains nowadays the aura of being a village within a city, exemplified by one of its popular mottos “Horta no és ni serà mai Barcelona” (Horta is not and will never be Barcelona).

Remarks:

Characterized by the possession of diancistras, the genus Hamacantha is easily identifiable and relatively common within deep-sea and other dark habitats around the world (Hajdu and Castello-Branco, 2014; Hajdu et al., 2015; Ise et al., 2019). Currently, the genus is classified in three subgenera, Hamacantha (Hamacantha), Hamacantha (Vomerula), and Hamacantha (Zygherpe), which are told apart by their main megascleres (Oxea vs. Style vs. Tylostyle). In this sense, H. (H.) hortae sp. nov. would fit within the Hamacantha subgenus, where it is easily distinguishable from all other known species of Hamacantha (Hamacantha) due to its lack of sigmas and the possession of two categories of oxeas, and the additional presence of tylostyles as megascleres (Table 3). While H. (H.) hortae sp. nov. has been here assigned to Hamacantha (Hamacantha) as oxeas are its most abundant megasclere category, the species represents a crack on the current Hamacantha subgeneric classification (Hajdu, 2002), as the presence of tylostyles is the diagnostic feature for the subgenus Zygherpe (Hajdu et al., 2015). In this sense, tylostyle bearing Hamacantha species are considerably rare, with only two species known so far, both occurring in the Pacific (Laubenfels, 1932; Hajdu et al., 2015). Yet, their tylostyles resemble those of H. (H.) hortae sp. nov., which might suggest a certain degree of relationship between species. Nevertheless, Hamacantha subgenus was erected based on classification convenience and do not necessarily represent a monophyletic clade (Hajdu, 2002; Hajdu et al., 2015). While currently there are no molecular data for any Hamacantha species, H. (H.) hortae sp. nov. seems to reinforce such view and, additionally, would support a closer relationship between Hamacantha (Zygherpe) and Hamacantha (Hamacantha) species than with Hamacantha (Vomerula), despite the later possessing styles as main megascleres.


TABLE 3. Comparative table between the North Atlantic Hamacantha (Hamacantha) species, including the locality (Loc.) and depth of the sample, as well as the measurement of their spicular complement.

[image: Table 3]Order POECILOSCLERIDA Topsent, 1928

Family CLADORHIZIDAE Dendy, 1922

Genus Cladorhiza Sars, 1872

Cladorhiza cf. abyssicola Sars, 1872

Material examined: C. cf. abyssicola: Ca_1

Diagnosis:

Stipitate sponge with branching lateral processes. Color in spirit is translucent yellow.

Skeleton: The sponges’ body and branches are formed by a dense axis of mycalostyles, whereas anchorate anisochelae and sigmas are found scattered across the whole body of the sponge, with sigmas being less abundant that chelae.

Spicules: Mycalostyles (Figure 7A): Almost straight, usually in the form of styles with a blunt end. (290.1 – 329.3 ± 32.1 – 390 × 8.9 – 10.2 ± 2.1 – 15.3 μm). Anisochelae (Figure 7B): chelae with clear unequal ends, the bigger one with well-formed acerate alae and visible fimbriae attached to the shaft, whereas the other end consists of five spaced underdeveloped alae, in the form of claw-like appendages. (12.5 – 21.4 ± 1.5 – 23.9 μm). Sigmas (Figure 7C): Large sigmas, with a C-like contour and acerate tips (72.3 – 85.3 ± 7.7 – 95.4 μm).
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FIGURE 7. SEM imagining of Cladorhiza cf. abyssicola spicular set. (A) Mycalostyes; (B) Anchorate anisochelae; (C) Sigma. Scale bar for (A) 100 μm; scale bar for (B) 10 μm; and scale bar for (C) 50 μm.


Remarks:

While currently there are ca. 200 carnivorous sponge species accepted worldwide (van Soest et al., 2021), only two have been recorded in the Mediterranean so far; Lycopodina hypogea (Vacelet and Boury-Esnault, 1996) and the North Atlantic C. abyssicola, easily told apart from each other based on their external appearance and spicular set. Cladorhiza abyssicola is far less abundant than L. hypogea, having only been found five times in the Mediterranean prior to this study (Babiç, 1922; Vacelet, 1969; Boury-Esnault et al., 1994; Fourt et al., 2017; Hestetun et al., 2017), being this its first report for the Catalan coast. Nevertheless, other North Atlantic Cladorhiza are very close to or practically indistinguishable from C. abyssicola (Göcke et al., 2016; Hestetun et al., 2017), with the possibility of ‘cryptic Cladorhiza’ within Mediterranean records having already been noted (Fourt et al., 2017). Overall, a ‘rare’ species record for the Mediterranean basin, which suggests further investigation including molecular techniques.

Family HYMEDESMIIDAE Topsent, 1928

Genus Acanthancora Gray, 1867

Acanthancora schmidti (Topsent, 1898)

Material examined: A. schmidti: As_1; As_2; As_3; As_4; As_5; As_6; As_7; As_8; As_9; As_10; As_11; As_12; As_13; As_14; As_15; As_16; As_17; As_18; As_19; As_20; As_21.

Diagnosis:

Small smooth encrusting sponge (ca. 1 cm2), without apparent oscula or any other distinguishing external characteristics. Color dull white, “bone-like” when dry.

Skeleton: The ectosome consists of a tangential layer of strongyles, without a clear distinguishable organization, alongside a relatively dense layer of chelae. The choanosome consists of erect acanthostyles in a single category attached to a basal layer of spongin.

Spicules: Strongyles (Figure 8A): Tornotes modified into strongyles, with a thin, straight shaft with polytylote processes and rounded ends. Styloid modifications are rare, but present in some individuals (167.2 – 203.2 ± 10.1 – 240 × 2.5 – 2.9 ± 0.8 – 4.2 μm). Acanthostyles (Figure 8B): Small, stout acanthostyles, with spines all over the shaft and head, and an acerate end. The head’s spines are robust and round-ended, whereas the shaft’s ones have a hook-like appearance, with the hook always pointing toward the head. Two categories could eventually be distinguished, yet there are no morphological distinctive traits between bigger and smaller acanthostyles (105 – 125.5 ± 23.6 – 253 × 12.2 – 14.3 ± 1.7 – 15.1 μm). Chelae (Figure 8C): Peculiar, strongly acanthose chelae, with spines terminating in rounded to acerate ends, with a prevalence for the former. They possess four teeth, with the central two possessing two considerably developed rounded alae each, whereas the two lateral teeth are reduced to curved expansions with a thinner shaft and short, small rounded alae in comparison. The chelae’s shaft is robust and heavily spinned on its external side, with spine morphology varying from smaller, rounded wart-like ones to wide, stout spines with almost acerate ends. Very regular in size (31 – 35.1 ± 0.5 – 35.9 μm). Chiastosigmas (Figure 8D): small sigma derivative, with 4 – 6 rays, typically 5, protruding from a central disk. The shafts are curved as in forming a sphere, giving the chiastosigmas the appearance of an empty ball when looked from the side. In 4-rayed morphs, the shafts are symmetrical with each other, whereas in 5- and 6- rayed morphs, this symmetry is lost. The central disk varies from a flat, ovoid plate to a subtle sphere. Finally, the shafts inner face is almost entirely serrulated except for its basal area, while also ending with heavily recurved tips, as in a claw (5 – 6.3 ± 0.7 – 7.4 μm).
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FIGURE 8. SEM imagining of Acanthancora schmidti spicular set. (A) Strongyle with polytylote processes; (B) Acanthostyle. (C) Rear, lateral and frontal view of the acanthose chelae; (D). Four-rayed (4-r), five-rayed (5-r), and six-rayed (6-r) chiastosigmas, with a close up of a four-rayed chiastosigma, with visible serrulated shafts (S). Scale bar for (A–C) 25 μm; Scale bar for (D), close up chiastosigmas 1 μm, and scale bar for (D), general view of the chiastosigmas types, 5 μm.


Remarks:

The genus Acanthancora is easily recognizable due to their peculiar acanthose chelae, a characteristic only shared with the ill-known Pseudohalichondria. Nevertheless, the latter refers to massive specimens with plumose skeleton and lacking acanthostyles, whereas Acanthancora possess a hymedesmid skeletal organization and acanthostyles, easily telling them apart (Van Soest, 2002).

In his original and subsequent descriptions, Topsent noted the presence of chiastosigmas as a diagnostic character for Acanthancora (Topsent, 1904, 1928), yet in the rexamination of Acanthancora type material no chiastosigmas could be found (van Soest, 2002). After careful examination of the current material, no chiastosigmas could be observed with an optic microscope but become apparent with SEM imaging, being almost as abundant as the chelae. Thus, chiastosigmas do appear to be proper for the species, yet a re-examination of the type material of all other known Acanthancora would be necessary to determine if it is a shared trait for the genus, or just species-specific. While this represents the first record for Acanthancora in the Mediterranean, two other species are known to occur in North Atlantic waters. From those, A. schmidti is distinguished from Acanthancora aenigma (Lundbeck, 1910) due to the bigger size of the ectosomal tornotes and lack of chiastosigmas in the later, yet the species remains insufficiently described (Lundbeck, 1910) and its synonymy with A. schmidti cannot be ruled out in the future. Concerning A. schmidti and Acanthancora clavatancora Topsent, 1927, Topsent (1928) mainly distinguished A. clavatancora as possessing polytylote styles and chelae with rounded spines, whereas, in contrast, A. schmidti possessed ectosomal polytylote strongyles and chelae with acerate spines, with otherwise all spicules in a similar size-range category (Table 4). Nevertheless, the analyzed material possessed both ectosomal polytylote strongyles, rarely styloids, and chelae with rounded spines, blurring the separation between both species. In light of these findings, it seems there is no longer any clear difference that would justify both being considered separate species, as already suggested by Van Soest (2002).


TABLE 4. Comparative table between the North Atlantic Acanthancora, including the locality (Loc.) and depth of the sample, as well as the measurement of their spicular complement.

[image: Table 4]Genus Hymedesmia Gray, 1858

Hymedesmia (Hymedesmia) quadridentata Cardone et al., 2019.

Material examined: H. (H.) quadridentata: Hq_1; Hq_2; Hq_3; Hq_4. Hymedesmia sp.: Hsp_1; Hsp_2; Hsp_3; Hsp_4. Hymedesmia (Hymedesmia) cf. mutabilis (Topsent, 1904): Hm_1; Hm_2; Hymedesmia (Hymedesmia) cf. plicata Topsent, 1928: Hp_1.

Diagnosis:

Heavily encrusting sponge, extremely hispid due to projecting acanthostyles protruding the sponge (Figure 3F). Color gray-white when dry. Smaller individuals might appear as translucent-gray stains, slightly hispid/velvety at the binocular microscope, which can be easily overlocked as discolorations of the skeletal framework if it were not by the apparent hispidation.

Skeleton: Typical from the genus (Figure 9), with acanthostyles single erect on the substrate, with tylostyles as ectosomal spicules, arranged parallel to the sponge surface. Chelae and sigmas concentrate toward the base of the sponge.
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FIGURE 9. Hymedesmia (Hymedesmia) quadridentata skeletal arrangement and spicular set. Left: Hymedesmoid skeleton, typical of the genus, with three acanthostyle categories (A1, A2, A3) erect on the substrate. Right: General view of H. (H.) quadridentata microscleres, including two categories of sigmas (SI and SII) and two categories of chelae (CI and CII), one of them with four unguliferous alae (CII). Scale bar 100 μm.


Spicules: Tylostyles: Slightly curved, with asymmetrical inflated ends. They appear to be scarce, as less than 10 could be measured (188 – 195.2 ± 17.6 – 215 × 2.4 – 3.9 ± 1.7 – 6.7 μm). Acanthostyles I (Figure 9): mostly straight, with an acerate end. They possess round, spinose heads, with most spines appearing blunt or with roundish terminations. Contrary to the head, the shaft and acerate tip are almost devoid of spines (368.5 – 600.5 ± 95.2 – 799.2 × 11.6 – 17.2 ± 2.4 – 19.4 μm). Acanthostyles II (Figure 9): smaller in size than the acanthostyles I and, contrary to these, spines are common from the head to the middle of the shaft (124.3 – 185.7 ± 42.9 – 319.2 × 8.7 – 11.2 ± 2.9 – 17.5 μm). Acanthostyles III (Figure 9): the smallest and most abundant acanthostyle category, identical in shape to the other two, but contrary to these they are completely spinned (55 – 74.3 ± 22.1 – 151.5 × 6.3 – 8 ± 1.2 – 10.7 μm). Chelae I (Figure 9): typical arcuate isochelae, with a curved shaft and three free alae (22.2 – 25.2 ± 1.7 – 28 μm). Chelae II (Figure 9): “C” shaped unguliferate chelae, with a curved shaft and four small unguliferous teeth on each end (21.8 – 25.1 ± 2.4 – 30.8 μm). Sigmas I (Figure 9): “C” shaped sigmas, rarely “S” shaped, with recurved ends. They are slightly asymmetrical, giving the impression that they don’t bent on the middle of the shaft, but at 2/3 of its length (50 – 59.5 ± 5.6 – 75.5 μm). Sigma II (Figure 9): pretty much identical to Sigmas I, but smaller (7.3 – 12.5 ± 3.8 – 22.8 μm).

Remarks:

The genus Hymedesmia is amongst the most diverse within Porifera, and it is also recognized as one of the most abundant taxa in CWC environments (Goodwin et al., 2011). Nevertheless, from all known Hymedesmia, the presence of unguliferous chelae is a rare feature, shared by just a few species worldwide (Cardone et al., 2019). In the North Atlantic only three species, H. (H.) mucronata, H. (H.) zetlandica, and H. (H.) quadridentata, possess unguliferous chelae. From these, H. (H.) mucronata is only known from its type locality in the Azores, and widely differs from the present material in terms of spicular size while, at the same time, it only possesses a single category of sigmas (Topsent, 1904). On the other hand, both H. (H.) zetlandica and H. (H.) quadridentata are present in the Mediterranean CWC communities (Bertolino et al., 2019), yet H. (H.) zetlandica possesses a single category of sigmas and considerably smaller acanthostyles (van Soest, 2002), which clearly tells it apart from H. (H.) quadridentata. Contrary to H. (H.) quadridentata’s original description (Cardone et al., 2019) three acanthostyles categories could be differentiated in the present material, yet they would fit in range of the original two acanthostyles categories described, and wouldn’t justify erecting a new species. Interestingly enough, H. (H.) zetlandica, possessing unguliferous chelae, is the type species of the genus Hymedesmia, yet barely no more than half-a-dozen other species share such characteristic. Additionally, the unguliferous chelae morphology widely varies between those Hymedesmia possessing such, with teeth ranging from two to four, and, in the case of H. zetlandica, being additionally spinned (Table 5). Currently, the genus Hymedesmia is mainly built around the shared possession of an “hymedesmiid skeleton,” yet such character is believed to be linked with the encrusting habitus of most Hymedesmia rather than a real synapomorphy for the genus, which is already known to be polyphyletic (Redmond et al., 2013; Ríos et al., 2020). As so, the new discovery or rediscovery of more of these “deviant” Hymedesmia, specially once molecular data of such can be obtained, might eventually led to a complete reorganization of the genus.


TABLE 5. Comparative table between the North Atlantic Hymedesmia (Hymedesmia) species with unguliferous chelae, including the locality (Loc.) and depth of the sample, as well as the measurement of their spicular complement.

[image: Table 5]Order SUBERITIDA Chombard and Boury-Esnault, 1999

Family HALICHONDRIIDAE Gray, 1867

Genus Spongosorites Topsent, 1896

Spongosorites cabliersi Santín, Grinyó and Lo Iacono sp. nov.

Material examined: S. cabliersi sp. nov.: Holotype – MZB 2020-0936 – Cabliers Coral Mound, western Alboran Sea (35°47′58′′N 2°15′17′′ W), ‘MELCOR’ survey, 340 m depth, 2012. Paratype – MZB 2020-0937 – Cabliers Coral Mound, western Alboran Sea (35°47′58′′N 2°15′17′′ W), ‘MELCOR’ survey, 340 m depth, 2012.

Diagnosis:

Both the holotype and paratype consist of fragments of a massive, lumpy sponge, with a smooth appearance. The sponge possesses a thin, translucid ectosome, firmly attached to the choanosome, and can only be peeled off as flakes. The choanosome is cavernous, with several openings of varying size. The sponge is hardly compressible. Color in spirit, orange to brown.

Skeleton: The ectosome is made of loose reticulation of strongyloxeas, parallel to the sponge’s surface and without a clear organization. The choanosome on the other hand is of an ‘halichlonoid’ nature, densely packed with strongyleoxeas which occur in a rather confused manner, without a clear direction.

Spicules: Strongyleoxeas (Figure 10): Robust oxeas with blunt terminations (Figure 10A), which gives them appearance of strongyleoxeas, with a ‘cigar-shaped’ appearance. They are mostly straight, with a slight or subtle central bending, sometimes showing a subtle double bending toward the tips instead. They possess the same width across the spicule except for its terminations, which end in a characteristic short tapering, with either a blunt or a mucronate tip, typically with 1 to 2 tapering points (Figure 10B). Albeit very rare, true style or strongyle modifications might occur (194 – 349.2 ± 52.2 – 388 × 9.8 – 15.2 ± 4.2 – 19.4 μm). It is to be noted however, that while smaller spicules can be found, most of them fall between 320 – 360 μm size range.
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FIGURE 10. SEM imagining of Spongosorites cabliersi sp. nov. spicular set. (A) General view of the strongyleoxeas. (B) Close up of the strongyleoxea’s heads, with a more or less mucronated end, preceded by more two tapering points (M1 and M2), which might be more or less marked between individual spicules. Scale bar for (A) 100 μm; scale bar for (B) 20 μm.


Etymology:

The name cabliersi refers to the area in which the sample was collected, the Cabliers Coral Mound. This CWC reef is of special ecological relevance because of the large extension (at least 5.2 km) of coral communities found in exceptional thriving conditions and for their pristine state of conservation (Corbera et al., 2019).

Remarks:

The genus Spongosorites is closely aligned with Topsentia, with which it shares several diagnostic characters (Bertolino et al., 2015). In this sense, the current material has been assigned to Spognosorites due to the possession of bent oxeas and a smooth surface, with its only oxea category being smaller than 600 μm. Nevertheless, species differentiation with Spongosorites is hazardous, as it mostly relies on subtle differences in the spicules (Picton and Goodwin, 2007). In this sense, from all the described Spongosorites in the North Atlantic (Table 6), Spongosorites cabliersi sp. nov. differs from most of them in the possession of a relatively small single oxea category, with only another four species possessing a single oxea category in the same size range. From those, Spongosorites calcicola and Spongosorites flavens would be the closest to the current material, with Spongosorites difficilis and Spongosorites coralliophaga being told apart due to their possession of oxeas with long, accerate tampering ends (Lundbeck, 1902; Stephens, 1915). Spongosorites calcicola is so far only known to occur in shallow Irish muddy bottoms, and possesses oxeas with closely resemble those of S. cablersi sp. nov. being mostly straight or slightly bent, with blunt or mucronate endings (Picton and Goodwin, 2007). Nevertheless, they are described as possessing a proportional width to length ratio, whereas in S. cabliersi sp. nov. this is not the case, being of the same width regardless of the length of the spicules with, additionally, S. cabliersi sp. nov. strongyloxeas doubling in width those of S. calcicola. Finally, S. calcicola is said to possess numerous large oscula and a bright lemon color not lost when after preservation, none of which appears to be shared with S. cabliersi sp. nov. On the other hand, S. flavens is an ill-known species, being mostly known from Italian and Adriatic coasts (Pulitzer-Finali, 1983) and the Alboran Sea (Maldonado, 1992, 1993), thus co-occurring with S. cabliersi sp. nov. in the later. Nevertheless, its oxeas are defined as slightly fusiform, with frequent tetratological modifications (Pulitzer-Finali, 1983; Maldonado, 1993) not observed in S. cabliersi sp. nov. while, at the same time, they are also considerably thinner (Table 6). As so, S. cabliersi sp. nov. is characterized by a single straight to slightly bent strongyloxea size category with a constant, robust width, and blunt to mucronate, short-tapering endings, which tells it apart from all other North Atlantic Spongosorites described so far.


TABLE 6. Comparative table between the Eastern North Atlantic Spongosorites species, including the locality (Loc.) and depth of the sample, as well as the measurement of their spicular complement.
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Diversity Estimates Amongst CWC Provinces

The bibliographical search reported 37 papers or conference presentations which included data regarding the presence of sponge species associated with Mediterranean CWC frameworks, with approximately 2 – 4 papers per CWC site (Figure 11 and Tables 1, 7). While the oldest paper dates back almost a century (Topsent, 1928), it was not until 2010–2015 that the Mediterranean CWC sponge fauna began to be properly inventoried (Figure 11A). While, overall, a clear increment in number of publications and recorded species has been occurring yearly since then at a basin scale (Figure 11A), this is not the case for all the evaluated CWC sites (Figure 11B). As an example, the Gulf of Lions, which corresponds to the best studied area so far (Tables 1, 7 and Supplementary Materials 3, 4), has barely increased in the total number of recorded species since the early 70s (Vacelet, 1969) despite the continuous exploration of the CWC communities in the area (Fabri et al., 2014, 2017, 2019; Fourt et al., 2017). In this sense, most sites follow a similar trend, with a single publication each representing a sharp increase in the total number of sponge species recorded (Figure 11B), while most other publications barely contribute to expand the total pool of identified species. Additionally, ROV based publications account for a relatively low number of the total species identified on each area (ca. 3 – 5 per area), with a maximum of just 8 species identified for the GoL (Figure 11C).
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FIGURE 11. (A) Cumulative timeline of the total number of species (light red) and total number of publications (light green) including data regarding sponge living within Mediterranean CWC. (B) Cumulative timeline of the total number of sponge species associated with CWC on each one of the evaluated areas: SoG-wA (light green); eA (navy blue); CM (bright green); GoL (sky blue); CC (orange); sS (purple); M (red); SMdL (carmine); AL (black); BC (pink). (C) Stacked barplots showing the total number of sponge species identified on each area based on sample identification (duck blue) and/or ROV based identification (red). Note that the sum of both might be higher than the total amount of identified species per area, as the same species might have been identified by both sample and ROV.



TABLE 7. Comparative table between all the analyzed CWC provinces.

[image: Table 7]The total number of sponge species associated with CWC was 172, with 143 (83%) having been identified to species level (Tables 1, 7). Most sites had between 25 and 35 species per area except for the Gulf of Lions, the Maltese waters and the Corsica Channel, which reported 69, 17, and 8 species, respectively (Tables 1, 7). Due to the low number of reported species in the Corsica Channel, records from nearby coral rubble in the Gulf of Liguria (four species; Sarà, 1958; Pulitzer-Finali, 1983) were included as part of this area given their proximity. The percentage of local endemism for each site was considerably low (Table 7), with only two out of 10 areas having endemic species and representing, in both cases, less than a 10% of the total sponge species on each area. Nevertheless, and despite that most of the encountered species corresponded to North Atlantic fauna, Mediterranean endemic sponges consistently represented 10–20% of the total sponge fauna on most sites (Table 7), except for the Corsica Channel, the Maltese waters and Albanian waters, where no Mediterranean endemics were present. However, those three areas are amongst the least explored of all Mediterranean CWC sites, and the presence of Mediterranean endemic sponges should be expected in all of them once sampling effort increases. Regarding their distribution, only one species sponges, only, Desmacella inornata (Bowerbank, 1866), is currently present at all the evaluated sites (Table 1), but it is likely that other common species, such as Poecillastra compressa (Bowerbank, 1866), Pachastrella monilifera Schmidt, 1868 or Hamacantha (Hamacantha) johnsoni (Bowerbank, 1864) might be present at all or most of the CWC sites, but haven’t yet been recorded everywhere due to a lack of sampling effort. In this sense, several species that appear to be limited to the western Mediterranean, such as Oopsacas minuta Topsent, 1927, are in fact known from other deep-sea environments on the eastern Mediterranean (Bakran-Petricioli et al., 2007), thus their absence might also be a results of the currently insufficient sampling effort rather than ecological requirements.

The beta diversity revealed a low number of shared species between CWC sites, rarely exceeded more than 20% (Supplementary Material 3). Similarly, when paired together, none of the investigated areas accounted for more than a 40% of the total diversity of sponge in the basin (Supplementary Material 4). This is in concurrence with the randomized species accumulation curve (Supplementary Material 5), which is far from reaching an asymptote, and shows high standard deviation values of across the curve, implying that the current knowledge on the Mediterranean poriferan diversity is still far from its peak.

Finally, the relationship between the different evaluated CWC sites was represented by means of a dendrogram and nMDS (Figure 12). With a threshold of 25% similarity four groups could be clearly distinguished, which were also significantly different amongst each other (PERMOANOVA, F 1.4741, p-value 0.042∗). In this sense, clusters appeared to partially reflect geographic regions within the Mediterranean Sea, with both Alboran sites grouped together, as well as all western (Catalan Margin, Gulf of Lions and the south of Sardinia) and eastern (Santa Maria di Leuca, Bari Canyon and the Albanian coasts) Mediterranean sites (Figures 12, 13). The fourth cluster did not follow any geographical pattern, including the Corsica Channel (western Mediterranean) and the Maltese waters (eastern Mediterranean). Yet this final cluster is most likely an artifact due to the low number of species recorded in both sites (Tables 1, 7), which are insufficiently characterized when compared to all other the other Mediterranean CWC provinces. As so, we excluded both the CC and M sites from the PERMANOVA analysis, and ran it again (F 2.4428, p-value 0.005∗∗), resulting in a stronger differentiation between clusters. Regarding the possible influence of geographical distance between CWC sites and its associated sponge fauna composition, the Mantel test proved statistically significant (rM 0.4474, p-value 0.006∗∗), thus indicating that geographical distance was at least partially responsible for the CWC sponge communities’ composition. In this sense, the Person correlation also proved statistically significant (n = 45 pairwise comparisons, R 0.48, t 3.4861 p-value 0.001∗∗∗), with closer sites being more similar than distant sites (Supplementary Material 6), supporting the nMDS and dendrogram clustering.
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FIGURE 12. Top: dendrogram representing the sample clustering based on a Bray–Curtis dissimilarity matrix. A 25% similarity threshold was used for clustering. Clusters are differently shaded on a gray-scale to ease visual group identification. Bottom: non-metric multidimensional scaling (nMDS) ordination plot. CWC provinces are represented based on a presence/absence matrix of their associated sponge assemblages. A stress estimate of 0.048 was obtained, indicating a good fit. Clusters are differently shaded on a gray-scale to ease visual group identification, as in the dendrogram. Strait of Gibraltar and western Alboran (SoG-wA); eastern Alboran (eA); Catalan Margin (CM); Gulf of Lions (GoL); South of Sardinia (sS); Corsica Channel (CC); Maltese waters (M); Santa Maria di Leuca (SMdL); Albanian coasts (AL); Bari Canyon (BC); Alboran cluster (Al); western Mediterranean cluster (wM); eastern Mediterranean cluster (eM); Outlier cluster (Oc).
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FIGURE 13. (A) Bathymetric map of the Mediterranean Sea, with all CWC provinces (numbers) evaluated represented alongside a simplified schematic representation of its water masses circulation and formation (Letters). (B) Vertical profile of the Mediterranean Sea with all CWC provinces depth ranges represented alongside a simplified schematic representation of its water masses circulation (arrows) and formation (letters). The whiskers on each number represent the depth range of occurrence for each CWC province according to Chimienti et al. (2019) with additional data for the Corsica Channel from Angeletti et al. (2020) and for the Catalan Margin from the De Leo et al. (2019) and Puig et al. (2019). 1: Strait of Gibraltar and western Alboran (SoG-wA); 2: eastern Alboran (eA); 3: Catalan Margin (CM); 4: Gulf of Lions (GoL); 5: South of Sardinia (sS); 6: Corsica Channel (CC); 7: Maltese waters (M); 8: Santa Maria di Leuca (SMdL); 9: Albanian coasts (AL); 10: Bari Canyon (BC). Water masses are abbreviated as follows: AW, Atlantic Water; MAW, Modified Atlantic Water; LIW, Levantine Intermediate Water; WIW, Winter Intermediate Water; WDMW, Western Mediterranean Deep Water; EMDW, Eastern Mediterranean Deep Water; MOW, Mediterranean Outflow Water. A, area of formation of the WIW and WDMW; B, suspected area of formation of the LIW based on Hayes et al. (2019); C, areas of formation of the EMDW; D, Approximate geographical representation of the area represented on the vertical profile. The bathymetric metadata and Digital Terrain Model data products have been obtained and modified from the EMODnet Bathymetry portal – http://www.emodnet-bathymetry.eu.




DISCUSSION

In general terms, the sponge fauna associated with CWC Mediterranean communities did not differ much from their Atlantic counterparts, both being dominated by Demospongiae from the orders Poecilosclerida and Tetractinellida, as it has already been described by van Soest and De Voogd (2015). Hexactinellida, while not as numerous, are still common in most of the basin, specifically its western side as stated in previous studies (Boury-Esnault et al., 2015, 2017) whereas, on the contrary, Calcarea and Homoscleromorpha have been seldomly recorded, and their presence is currently testimonial.


Diversity Estimates, Sampling Effort and Identification Bias

Currently, over 172 potential poriferan species have been found to occur within Mediterranean CWC provinces (Table 1), well behind data published for CWC in the North Atlantic (ca. 260 potential species; van Soest and De Voogd, 2015), yet almost doubling those from the last review on Mediterranean CWC sponge fauna (ca. 90 species; Rueda et al., 2019). On the other hand, when considered individually, almost none of the CWC sites accounted for more than ca. 20% of the total sponge diversity observed for the basin (Table 7). Moreover, the species accumulation curve for the basin is far from asymptotic (Supplementary Material 5), altogether suggesting that the poriferan fauna associated with CWC in the Mediterranean is still underrepresented both, at a local (CWC sites) and global (whole Mediterranean basin) scale, despite the increasing effort to map it.

In this sense, sampling effort and taxonomic resolution seems like the most likely explanation for the current diversity values observed. Regarding sampling effort, CWC are known to be highly heterogeneous substrates (Buhl-Mortensen et al., 2010), thus sponge diversity and abundance widely varies between areas of the reef, with higher sponge abundance and diversity on dead coral frameworks or mixed substrates than living CWC (van Soest et al., 2007), which in turn means sampling effort heavily constraints the pool of species to be encountered. As an example, van Soest et al. (2007) identified over 150 sponge species from over 126 boxcores within three different CWC mount off the coast of Ireland, with sponges’ diversity per core ranging between 0 and 57 species. Yet, even so, total poriferan diversity was estimated to be underrepresented in the area (van Soest and Lavaleye, 2005; van Soest et al., 2007). Currently, while CWC sponge research in the Mediterranean has considerably increased during the past decade (Rueda et al., 2019), this still mostly comes from sparse, fragmentary CWC material, usually no more than a few pieces of coral per study (Longo et al., 2005; Calcinai et al., 2013; Bertolino et al., 2019; present study). Considering this in more detail, the East Alboran CWC province contains, amongst other CWC sites, the Cabliers Coral Mound, which extends for over 25 km, and has an average high between 70 and 140 m (Corbera et al., 2019). In contrast, our knowledge of its associated sponge fauna comes from just a few pieces of dead coral, less than 0.04 m2 (Costa et al., 2018; present study) and 5 megafaunal species observed by ROV (Boury-Esnault et al., 2015; Corbera et al., 2019), a trend that is extensive to all other CWC provinces of the Mediterranean.

Finally, while CWC research in the Mediterranean dates back to 1970s (Figure 11A), it is not until the first decade of the 21th century that biological and ecological studies flourish, thanks to the development and advances in deep-sea robotics and other deep-sea imaging techniques (Orejas and Jiménez, 2019). Nevertheless, while video footage has boosted our knowledge on deep-sea environments (Aguilar et al., 2011; Bo et al., 2012; D’Onghia et al., 2015; Taviani et al., 2017; Chimienti et al., 2019; Fabri et al., 2019), the taxonomic resolution of these techniques widely varies between phyla (Fabri et al., 2014, 2019). As an example, Bertolino et al. (2019) in their study of the sponges associated with CWC in the South of Sardinia CWC province, they could only identify three species by ROV [Poecillastra compressa (Bowerbank, 1866), Pachastrella monilifera Schmidt, 1868, Phakellia robusta (Bowerbank, 1866)], whereas a total of 28 could be identified from the collected CWC rubble studied. Yet, the analysis of collected material is not extent of taxonomic resolution hazards. Porifera is generally considered a rather difficult to identify phylum (Reveillaud et al., 2011; van Soest et al., 2012), whose proper identification usually requires of qualified experts (van Soest et al., 2012) and the combined used of morphological and molecular tools (Reveillaud et al., 2010, 2011) and, even so, sometimes species identification cannot be reached (van Soest, 2009). This is exacerbated with deep-sea samples, as the encrusting nature of most species, alongside the paucity of the material might compromise species identification. Furthermore, the cryptic nature of several encrusting sponges living in coral reefs ecosystems (van Soest, 2009), as well as poriferan groups with few distinctive morphological traits (e.g., Halichondrida or Haplosclerida; van Soest, 2009; van Soest, 2017), has led researchers to assign specimens to the closest available names, creating ‘complex species,’ which ultimately leads to the underestimation of their diversity until those are properly resolved (Reveillaud et al., 2010, 2011).



Sponge Diversity on Mediterranean CWC Provinces

As already mentioned, the current knowledge on the Mediterranean CWC sponge fauna is still fragmentary and underrepresented (Figure 11 and Table 7), but potentially as diverse as in the Atlantic region. Currently, estimates for sponge diversity in Atlantic CWC would be in range of that of other ecosystems on the same region (van Soest and De Voogd, 2015). Contrarily, while at a basin scale Mediterranean CWC appear to be hotspots of sponge diversity (Tables 1, 7 and Supplementary Materials 3, 4), at a local scale (CWC province), diversity values trail behind other deep and shallow Mediterranean habitats. In this sense, sponge grounds along the Mediterranean continental shelves and upper slopes (Sitjà and Maldonado, 2014; Bertolino et al., 2015; Santín et al., 2018b, 2019) or even shallow circalittoral environments (Pulitzer-Finali, 1983; Bibiloni, 1990; Maldonado, 1993; Bertolino et al., 2013) or caves (Gerovasileiou and Voultsiadou, 2012) show diversity values (50 – 100 species per article) exceeding those of the evaluated CWC provinces individually, yet this is likely to be a result of the higher sampling effort in shallower environments.

While at a basin scale CWC appear as sponge hotspots, there are still knowledge gaps regarding the main drivers for CWC sponges’ diversity (van Soest and De Voogd, 2015) as well as their ecology (Kazanidis and Witte, 2016; Rix et al., 2016; Kazanidis et al., 2018) and their role as biological structures (Buhl-Mortensen et al., 2010; Kazanidis et al., 2016). In this sense, it is known that depth is strongly linked with changes in the composition of sponge assemblages (Santín et al., 2018b, 2019), including CWC associated sponges (Longo et al., 2005; van Soest and De Voogd, 2015), yet it is suspected it might just be a proxy of other abiotic factors in play, such as temperature or food availability (van Soest and De Voogd, 2015). In fact, this concurs with previous observations of vertical sponge diversity, which showed low correlation with temperature and salinity values over a 500 m depth range (Maldonado and Young, 1996). Contrary to other areas of the world, the Mediterranean deep-sea benthic fauna, including sponges, is known to be mostly eurybathic (Bouchet and Taviani, 1992), with some species even occurring from the shallow littoral areas to over 1000 m depth (Santín et al., 2020b). In this sense, the Mediterranean Sea, contrary to the Atlantic, is known to be homothermic (ca. 13°C) below 200 m, where all CWC provinces occur, whereas in the Atlantic, water temperature decreases gradually until 3000 m (Bouchet and Taviani, 1992). As so, while temperature might play a major role in shaping sponge diversity in the Atlantic, this would not seem to be the case for Mediterranean CWC. On the contrary, other factors such as substrate availability (Maldonado and Young, 1996; Sitjà and Maldonado, 2014; Santín et al., 2018b), food supply (van Soest and De Voogd, 2015; Robertson et al., 2017), the presence of predators (Robertson et al., 2017) or historical factors and large-scale phenomena (Gage, 2004) might be or have been theorized to play a major role in shaping Mediterranean deep-sea sponge communities, including those in CWC.



Is There a Mediterranean Endemic CWC Fauna?

Cold-water coral reefs in the Mediterranean are typically known to occur in submarine canyons (Puig and Gili, 2019), where the topography of the area creates localized circulation patterns which might induce larvae retention within the reef, limit species’ dispersal, and potentially enhance rates of speciation within the reef (Roberts et al., 2006). Nevertheless, levels of endemism in CWC sponge fauna seems to be really low, with only 10% of all known species having been recorded exclusively from CWC ecosystems across their distribution (Tables 1, 7). In this sense, Porifera is a highly plastic phylum (van Soest et al., 2012), which might allow them to adapt to a wide myriad of environments, helping them expand their vertical distribution (Bertolino et al., 2019). Most sponge species found in Mediterranean CWC are also known to occur in other hard-substrate ecosystems (Bertolino et al., 2019), a trend that also occurs in the North Atlantic (van Soest and Lavaleye, 2005; van Soest et al., 2007). As so, Mediterranean CWC sponge fauna seems to support the view that sponges living on CWC are mostly facultative, and not settling preferentially on CWC over other hard substrates.

Yet, present results might suggest the existence, to a certain level, of a Mediterranean CWC sponge fauna, different from that on the Atlantic. In this sense, the Mediterranean Sea is characterized by low endemism and diversity values when compared to the fauna of the Northeast Atlantic, a fact mostly linked to the Messinian Salinity Crisis (Bouchet and Taviani, 1992; Emig and Geistdoerfer, 2004). During this crisis, it is thought that the Mediterranean was almost completely desiccated, leaving to a massive extinction of the basin’s fauna (Hsü et al., 1973). Nevertheless, the view of a completely desiccated Mediterranean has recently been challenged (Krijgsman et al., 2018), since there are evidences supporting that the connection with the Atlantic was not lost completely during the crisis (Gili et al., 1998; Krijgsman et al., 2018), as there is speculation on the existence of areas with almost normal salinity values during this period (Por, 1989). This seems to be supported by the existence of Mediterranean Tethyan relicts, which refers to species whose current distribution dates back to the closing of the Indo-Pacific-Mediterranean connection (Hou and Li, 2018). In this sense, several deep-sea Porifera have been proposed as possible Tethyan relicts (Boury-Esnault et al., 1992, 1994; Maldonado and Uriz, 1995; Pisera et al., 2018; Santín et al., 2020b), supporting the view that the component of Tethyan relicts on the deep-sea fauna of the Mediterranean Sea and neighboring Atlantic areas might be higher than originally thought. Thus, the current Mediterranean deep-sea fauna would be a mix between the survivors of the Messinian Salinity Crisis and the restocking fauna from the Atlantic (Emig and Geistdoerfer, 2004). This would concur with the current observed trend, with the larger fraction of sponges found in all sites also being present in the Atlantic (Table 7), yet with a consistent ca. 20% of sponge species in all sites being Mediterranean endemics (Table 7). As so, while endemic CWC Porifera appear to be very rare, it could be concluded that Mediterranean CWC sponge fauna is unique, and differing from that of other Atlantic regions.



Biogeography Amongst Mediterranean CWC Sponge Communities

As seen, the Mediterranean CWC provinces are a hotspot of sponge diversity, which composition is the result of a myriad of intertwined biotic and abiotic factors. Sponges have long been proven to be an excellent tool for a biogeography approach, as they are a major component of most benthic ecosystems (Maldonado and Uriz, 1995; Carballo et al., 1997; Xavier and Van Soest, 2012) with overall low dispersal capabilities (Mariani et al., 2006), which in turn translates into clear geographical diversity patters (Xavier and Van Soest, 2012; Roberts et al., 2021). Nevertheless, so far only shallow species had been considered for such type of approach, with deep-sea sponges rarely ever being considered until recently (Sitjà, 2020; Sitjà et al., 2020; Roberts et al., 2021).

Clustering of the evaluated sites supports the presence of at least three different CWC sponge clusters in the Mediterranean Sea (Figure 12), with a 4th one mostly likely being an artifact due to insufficient data (see Section “Diversity Estimates Amongst CWC Provinces”). In this sense, while there is a current sampling bias for all the considered areas (see Section “Diversity estimates, sampling effort and identification bias”), previous studies in CWC communities have highlighted that the sponge fauna dwelling on these reefs tends to be represented by a few, very abundant species, whilst all other occur in relatively low numbers (van Soest and Lavaleye, 2005; van Soest et al., 2007; van Soest and De Voogd, 2015), allowing for an exploratory comparison between sites, assuming that the most common sponges on each site have already been sampled.

From a biogeographical point of view, two main water masses might be suspected to be the drivers behind any possible pattern of sponge diversity within Mediterranean CWC: The Atlantic Water (AW) and the Levantine Intermediate Water (LIW) with, additionally, the Strait of Gibraltar and the Strait of Sicily being the most likely geographical barrier for dispersal (Sitjà, 2020). Assuming that sponge assemblage’s composition is dependent on larval supply (Reveillaud et al., 2010), and considering the main currents occurring in the Mediterranean Sea (Figures 13A,B), several explanations can be proposed to explain the current pattern observed in the basin.

First of all, it is known that the Strait of Gibraltar is both the door and the biggest barrier for benthic species dispersal between the Atlantic and Mediterranean populations, including sponges (Maldonado and Uriz, 1995; Carballo et al., 1997). Yet, the Strait is not a clear-cut barrier, but a rather complex buffer zone including the Gulf of Cadiz and the Alboran Sea (Carballo et al., 1997; Sitjà et al., 2020). As so, species with Mediterranean affinities can exist outside the basin in the Gulf of Cadiz waters under the Mediterranean Outflow Water (MOW) influence (Sitjà et al., 2020), whereas Atlantic species might find their limit of distribution at the Alboran Sea (Carballo et al., 1997). This could explain the grouping of both Alboran CWC sites, which would include the presence of Atlantic species which does not occur in the Mediterranean Sea far beyond the area of major influence of the AW, even if the exact limiting factors are not well-understood (e.g., Asconema setubalense Kent, 1870; Pardo et al., 2011; Sitjà and Maldonado, 2014; Boury-Esnault et al., 2015). The two remaining groups reflect a western-eastern pattern, separated by the Strait of Sicily (Figures 12, 13). Regarding the western Mediterranean cluster, the CM and the GoL are located at the area of influence of the Northern Current, which flows southwards from the Gulf of Liguria to the Catalan coast (Robinson et al., 2001). This surface current is influenced by the MAW, which in the Gulf of Lions is known to be subjected to up and downwelling processes, as well as being a major component of the deep-water formation (Millot, 1990; Palanques and Puig, 2018). As so, the sinking of the Northern Current might bring larvae down to the CWC occurring in the Gulf of Lions and nearby areas (Figure 13B), much like upwelling events have been hypothesized to maintain the connectivity and larval flux between deep-sea and cave environments in the zone (Vacelet et al., 1994). Finally, the sS site is located in the LIW flow toward the GoL and CM areas (Figures 13A,B), so a passive transport of larvae from one to the others seems feasible. This would be supported by the present finding of high abundances of H. (H.) quadridentata and P. tavianii in the CM area, which were recently described from the sS CWC province (Cardone et al., 2019) and haven’t been found anywhere else so far.

The third group would include all CWC sites east of the Strait of Sicily (SMdL, AL, and BC) except for the Maltese waters, which clusters with the Corsica Channel area due to a major lack of data in both compared to all other CWC sites. Santa Maria di Leuca is located on the near the entrance of the Adriatic Sea (Figure 13A), were the LIW enters the Adriatic to form the Eastern Mediterranean Deep Water (EMDW). In this sense, the Strait of Sicily (Figure 13B) would pose as a second geographical barrier for any Atlantic migrant (Pansini, 1987), further reducing the pool of species that might make it to the eastern section of the Mediterranean when compared to its western counterpart (Bouchet and Taviani, 1992). As so, it could be hypothesized that the sponge fauna from the AL and BC might come from the pool of species found at the SMdL, rather than directly from the Atlantic or any other CWC province in the Mediterranean (Taviani et al., 2011; Angeletti et al., 2014; Chimienti et al., 2019). In this sense, while genetic studies are still scarce, there are evidences than gene flow between Lopehlia and Madrepora reefs at both sides of the Strait of Gibraltar is currently relatively low (Boavida et al., 2019), which would also seem to be the case for its associated fauna (e.g., the polychaete Eunice norvegica; Boavida et al., 2019), and it would not be unreasonable to expect a similar pattern for species leaving at both sides of the strait of Sicily. Finally, this western-eastern pattern would be supported by the correlation between dissimilarity in species composition vs. geographical distance between sites (Supplementary Material 6), which suggests that the closer to CWC sites area, the more their sponge fauna is shared, thus supporting the view that closer CWC provinces are to have a higher connectivity and shared number of species than distant ones.

Thus, the connectivity between CWC Mediterranean sponge populations could be explained by passive larval dispersal enhanced by LIW and AW currents and limited by the existence of geographical barriers (Gary et al., 2020) and which would be facilitated by the existence of intermediate or stepping-stones populations, as theorized for other sponge species (Padua et al., 2018). In this sense, it is also worth noticing the importance of stochasticity and asexual reproduction might have for the configuration of CWC sponge assemblages. It is well documented that stochastic settlement of larvae plays a major role in the composition of benthic communities, both in term of abundance and diversity (Edwards and Stachowicz, 2011), most likely including those living in association with CWC. Given the aforementioned limitations for larval dispersal between CWC, it should be expected that, if reproductive, self-recruitment and asexual reproduction would be more important than external larval supply in sustaining the Mediterranean CWC sponges’ populations, especially considering that (i) water circulation around CWC favors a semi-enclosed dynamic (Roberts et al., 2006) and (ii) the generally poor-swimming capabilities of sponge larvae (Mariani et al., 2006) and (iv) the frequent occurrence of asexual reproduction in sponges populations (e.g., Teixidó et al., 2006). In this sense, P. taviani and A. schmidti [the first recently described by Cardone et al. (2019), the latter by Topsent (1904, 1928) a century ago, and just recently reencountered in the Cantabrian Sea, Heres et al. (2014)], were the most abundant species within the Catalan Margin CWC (Supplementary Material 1) whilst, prior to this finding, they were both considered rare species. While it could be argued that their abundance might indicate a higher degree of adaptation to their environmental setting than other sponges, it is hard to believe that they might be much better adapted than any of the other small encrusting sponges encountered, their abundance most likely being the result of stochastic reproductive events rather than favourability.

As so, much as their shallow counterparts (Jones et al., 2009 and references within), CWC could be theorized to be semi-enclosed ecosystems for sponges, with limited external larval input and mostly sustained by self-recruiting and asexual reproduction of its existing fauna, fueled by the larval retention caused by local hydrodynamics around the reefs (Roberts et al., 2006) and, thus, critically affected by stochastic events (e.g., first arrival, settlement success, mortality events) that have occurred during the reef’s history. Nevertheless, this remains speculative, as currently, no studies have evaluated the genetic connectivity between and within CWC reef sponges while, the same time, our current knowledge on the behavior, ecology and physiology of sponge remains scant (Mariani et al., 2006; Bo et al., 2012; Robertson et al., 2017; Santín et al., 2019), even more for those occurring in deep-sea ecosystems (Maldonado et al., 2020).



CONCLUSION

The present article provided the first insight on the associated sponge fauna of the recently discovered CWC communities on the Catalan Margin and, to a lesser extent, the Cabliers Coral Mound Province, with the description of several new or rare species. From a global point of view, the present article highlights, despite an overall lack of knowledge, the role of CWC in general, and of Mediterranean CWC in particular, as biodiversity hotspots for sponges, the major bullet points being:

– The observed poriferan diversity values on Mediterranean CWC currently represent a small fraction of its actual fauna rather than reflecting the real diversity on each area, which is suspected to be highly underrepresented.

– The existence of an endemic CWC sponge fauna is refuted, yet the Mediterranean CWC sponge fauna appears to be unique and different from that of other Atlantic regions, having being shaped by the basin’s geological and hydrological history, and consisting of a mixture of Atlantic migrants and pre-Messinian relict fauna.

– The sponge assemblage at a specific CWC province cannot be explained by a single or reduced group of factors, but it might be the result of a complex interaction between species’ evolutionary history, their life traits and both abiotic and biotic factors as well as the reef’s own long-term history.

– The current composition of the Mediterranean CWC sponge assemblages seems to be determined by the basin’s water circulation, specially the Levantine Intermediate Water and the Atlantic Water, with a western-eastern pattern from the Strait of Gibraltar to the Adriatic Sea.

– Cold-water corals might act as semi-enclosed ecosystems for sponges, which might be rather sustained by asexual reproduction and self-recruitment than external larval supply.

– Overall, sponge living in CWC appear as good candidates for biogeographical studies, and might help understand the connectivity between CWC sites, yet there is still a current major lack of knowledge on the topic.
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(IV) 30 - 50 x 2-3 pm

(1) 300 — 330 (470) x 5—6 um
() 70 =120 pm

Size range outliers are marked between brackets (). Numbers after Locality
indicate the reference for each sample; * indicates this is the holotype of the
species; (S) styles.

(1) Ferrer Hernandez (1923); (2) Picton and Goodwin (2007); (3) Stephens (1915);
(4) Bibiloni (1993); (5) Present study; (6) Topsent (1928); (7) Lundbeck (1902); (8)
Pulitzer-Finali (1983); (9) Uriz (1983).
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SUBERITIDA

Protosuberites rugosus (Topsent, 1893) 7 3

Pseudosubeites hyalius (Ricley and Dendy, 1877) £ 3

‘Spongosates spp. 18

‘Spongosortes cabliers sp. nov. *C Y

Stylocordyla pelita (Topsent, 1904) 3 1"

Suberites sp. 1 27

Suberites sp. 2 18

Suberites 5p.3 18

Topsentia pachastreliides (Topsent, 1892) 1

TETHYIDA

Timea sp. 20

Timea chondiloides (Topsert, 1904) 3 10,13

TETRACTINELLIDA

Aectona milari Carter, 1879 27

Annulastrela schmicti Maldonado, 2002 1

Annulastrela vemcolosa (Puitzer-Fina, 1983)" 3 3

Calthropell (Calthropela) pathologica (Schmidt, 1868) 3 10,13

Characela pachastreflides (Carter, 1876) 1

Dercitus (Stosba) plcatus (Schmic, 1868) 13

‘Discodermia polydiscus (Bowerbank, 1869) 3

Enylus papuifer PulizrFinall, 1983 10:13

Geodia sp. %

Geodia anceps (Vosmasr, 1894) 10:13

Geodia conchiega Schmict, 1862 3

Geodia nodastrella Carter, 1876 10:13 20

Jaspis incrustans (Topsent, 1890) 1 10:13 2 20
Jaspis johnstoni (Schmidt, 1862) 1 3

Leiodermatium cf. ynceus Schmict, 1870 10:13 20
Pachastrela spp. 20
Pachastrella monilfera Schmidk, 1868 7 3 43 2tz 7 1018 18:30
Poscillstra spp. 2720

Poecillastra compressa Bowerbank, 1866) 3,19,24,35 27,29 7 1013 18,90 16:18;20:28
Poecillastra tavianii Cardone et al., 2019"C 31:32

‘Siphonidium ramosum (Schmidt, 1870) 3 ) 1 10,13 30

Stelleta sp. £

Thrombus abyssi (Carter, 1873) 7 10:18

Vuleanela graciis (Solas, 1888) 7 2 3 43 23 AL 1018 30

Vulcanela horida (Schidt, 1870) 4

TRACHICLADIDA

Trachyclacus minax (Topsent, 1888) 3

VERONGIIDA

Hexadela cf. dediifera Topsen, 1918 2 39 2 10:13 0 18
Hexadella cf cripta Reveilaud et al., 2012 242535

Hexadel pruvoti Topsent, 1896 20
Hexadella racovitzai Topsent, 1896 22

HEXACTINELLIDAE

LYSSACINOSIDA

Rosselidae ind. %

Asconema setubalense Kent, 1870 15,21;33;37:39
Oopsacas minuta Topsent, 1927 1

Sympagella delauzei Boury-Esnault et al, 2015 n21
SCEPTRULOPHORA

Farmea bowerbanki Boury-Esnaul et al, 2017 2

Trotodictyum reiswigi Boury-Esnault et al, 2017 7 28,04 39 32425 17 10:13

Total 2 a a7 69 8 ] " 38 2 20
“Species endemic to the Mediterranean Sea, according to the World Porifera Database (van Soest et al., 2021).

Species marked with C, indicate species that, by the time being, have only been recorded from CWC environments. Each number indicates the reporting article for any
given species on each CWC site, as in: Sog-wA, Strait of Gibraltar-western Alboran; A, eastern Alboran; CM, Catalan Margin; Gol, Guif of Lions; CC, Corsica Channel;
sS, south of Sardinia; M, Maltese waters; SMdL, Santa Maria di Leuca; AL, Albanian subfossil reefs; BC, Bari Canyon.

The complete list of references are listed at table footnote. Accession numbers for the material from the eA and CM used for this study can be accessed in the
Supplementary Material 2.

(1) Topsent (1928); (2) Sara (1958); (3) Vacelet (1969); (4) Pulitzer-Finali (1983); (5) Uriz and Rosell (1990); (6) Boury-Esnault et al. (1992); (7) Boury-Esnault et al. (1994); (8)
Rosell and Uriz (2002); (9) Alvarez-Pérez et al. (2005); (10) Longo et al. (2005); (11) Zibrowius and Taviani (2005); (12) Beuck et al. (2010); (13) Mastrototaro et al. (2010);
(14) Aguilar et &l. (2011); (15) Pardo et al. (2011); (16) Bo et al. (2012); (17) Calcinai et al. (2013); (18) Angelett et al. (2014); (19) Fabri et al. (2014); (20) D'Onghia et al,
(2015); (21) Boury-Esnault et al, (2015); (22) Lastras et al. (2016); (23) Taviani et al., (2016); (24) Fabri et al. (2017); (25) Fabri et al. (2017) combined with Boury-Esnault
etal. (2017). Fabri et al. (2017) mentioned Farrea sp. associated with CWC in the Cassidaigne Canyon. Later on Boury-Esnault et al. (2017) described F. bowerbanki from
the same location, yet without any specific mention to its occurrence in CWC habitats. For the time being, this is the only accepted Mediterranean Farrea, so it is here
assumed both records referred to the same species.; (26) Fourt et al. (2017); (27) Taviani et al. (2017); (28) Costa et al. (2018); (29) Moccia et al. (2018); (30) Nasto et al,
(2018); (31) Bertolino et al. (2019); (32) Cardone et al. (2019); (33) Corbera et al. (2019); (34) This paper; based on unpublished data from Corbera et al. (2019); (35) Fabri
et al. (2019); (36) Angeletti et al. (2020); (37) de la Torriente et al, (2020); (38) Santin et al. (2020b); (39) This work.

16:18;20:23
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SoG-wA eA CM GoL sS CcC M SMdL AL BC

Species per area 27 [27] 37 [32] 48 [36] 69 [68] 38 [33] 8[7] 17[17] 38 [33] 23[19] 28 [26]
(15.3%) (19.8%) (26.2%) (39%) (22.1%) (4.7%) (9.9%) (22.7%) (13.4%) (26.3%)

Total species 172 (143 to species level)

Exclusive to each site 0 (0%) 0 (0%) 2(4.5%) 5 (7.5%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0 (0%)

Mediterranean endemics per area 3(11.1%) 4(12.5%) 6(16.7%) 16(23.5%) 6(18.2%) 0 (0%) 0(0%) 3(9.1%) 0 (0%) 5(19.2%)
Total Med. Endemics 33 (23.1%)
North Atlantic species per area 24 (88.9%) 28(87.5%) 30(83.3%) 52(76.5%) 27 (81.8%) 8(100%) 17 (100%) 30(90.9%) 19 (100%) 21 (80.8%)

Total N. A. species 110 (76.9%)
Papers per area 4 9 5 8 4 3 3 3 2 4
Total papers 37

Including: total number of species per area in regards to total sponge fauna associated with CWC in the basin (172 spp.); total number of sponge species identified from
Mediterranean CWC down to genus and species (between brackets) level; total number of sponge species exclusive to each CWC site (i.e., not recorded outside CWC
formations in said area); total number of Mediterranean endemic sponges and total number of North Atlantic sponges associated with each CWC province in regards
to total sponge fauna on each site; total number of Mediterranean sponge endemics and total number of North Atlantic in regards to the total CWC sponge fauna for
the basin down to species level (143 spp.); number of papers dealing with sponge fauna on each site; total number of papers dealing, or mentioning in part, sponge
associated with CWC in the Medliterranean Sea.

Sog-wA, Strait of Gibraltar-western Alboran; eA, eastern Alboran; CM, Catalan Margin; GoL, Gulf of Lions; CC, Corisca Channel; sS, south of Sardinia; M, Maltese waters;
SMadl, Santa Maria di Leuca; AL, Albanian subfossil reefs; BC, Bari Canyon.
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POLYMASTIIDA
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Polymastia spp.
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Acanthancora aenigma
(Lundbeck, 1910)

Acanthancora clavatancora

Topsent, 1927

Acanthancora schmidlti
(Topsent, 1898)

Loc./Depth

Denmark Strait': */566 m
Azores?/1331 m
Azores®/349 — 599 m

Blanes Canyon, Spain®/
ca. 700 m

Tornote

320-430 x 67 pm

(Sty) 205 -260 x 4 -5 pm

(Str) 200 - 220 x 3 um

(Str) 167.2-203.2 £ 10.1 -

240x25-29+08-
4.2 pm

Acanthostyle

130-340 x 14 -21 pm

130 -210 pm

112-260 x 715 pm

105-125.5+23.6 -
253 x 122-143+1.7-
15.1 pm

Chelae

28-35um

35 um

Present 17

31=8514+056=
35.9 pm

Other

(Ch) present

(Ch) 7-8pum

(Ch)5-6.3+0.7 -
7.4 pm

Superscript numbers after each locality indicate the reference from where the data is taken from; * indicates this is the holotype of the species. Styles (Sty), Storngyles
(Str), Chiastosigmas (Ch). Superscript numbers followed by two apostrophes indicate footnotes.
(1) Lundbeck (1910); (2) Topsent (1928); (3) Topsent (1904); (4) Present study.
(17) Topsent (1904) gave the internal aperture (12-14 wm) and the shaft’s width from a frontal (6 wm) and lateral (7 wm) views, but did not mention the total length of the
chelae. Said measurement have also been recorded for the analyzed material, and are in accordance with Topsent’s records.
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Species Loc./Depth
Hymedesmia north-east Sardinia'*
(Hymedesmia) */ca. 260 m
quadridentata Cardone
etal., 2019

Blanes?/ca. 700 m
Hymedesmia Azores® */880 m

(Hymedesmia) mucronata
(Topsent, 1904)
Hymedesmia
(Hymedesmia) zetlandica
Bowerbank, 1864

Shetland*: *,
United Kingdom

Tylostles

170-194 -
235 x 2.5 pm

188 -

1952+ 17.6-
215 x 2.4 —
3.94+17-6.7pum

360 - 375 x 4 um

225288 % 5~
8 um

Acanthostyles Isochelae

(I) 265 -390 - 550 x 10-15.3 -
20 um

() 55 -124.2-215 x 7.56-9.2-
12.5 pm

(I) 368.5-600.5 + 95.2 - (A)222-252+1.7-

7992 x 11.6-17.2+24-19.4 pm 28 um

() 124.3 -185.7 + 42.9 - (U 21.8-25.1+2.4—
318.2 x8.7=11.24+29~175um 30.8pum

() 55-74.3+£22.1-151.56 x 6.3 -

8+1.2-10.7 um

(A) 20 - 22 - 25 um
(U 17.5-22.3-25 um

(1) 300 - 500 x 4 pm (A) 26 um
(I) 120 um (U®) 26 um
80 — 145 x 10 20 pm (A) 20 - 30 um

(U?) 10-15 um

Sigmas

() 35 -55.5-82.5 um
(I 12.5-14.8-
17.5 pm

(1) 50-59.5 +5.6 -
75.5 um
(m73-125+38-
22.8 um

25-35pum

40-70 pm

Arcuate and unguliferous chelae are indicated as (A) and (U) respectively, while the upper number in the later indicates the number of teeth (U® or U*). Upper numbers
after each locality indicate the reference from where the data is taken from; * indicates this is the holotype of the species.
(1) Cardone et al. (2019); (2) Present study; (3) Topsent (1904); (4) Van Soest (2002).
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Haliclona (Flagellia) hiberniae
van Soest, 2017

Haliclona (Flagellia) porosa
(Fristedt, 1887)

Haliclona (Flagellia)
xenomorpha Dinn, 2020

Loc./Depth

Rockall Bank, Ireland: */
560 m

Blanes Canyon, Spain?/
ca. 700 m

Barents Sea'/ca. 250 m

Mauritania'/114 m
Northern Baffin®
Bay/333 m

Gulf of St.
Lawrence® */69 m

Oxea

288 - 367 - 419 x

6-11.17-14 pm

330-384 + 30.7 - 434.4 x
6-11.1-14 um

243 -271-297 x

8-9.7-12 pm

267 -807-333 x85-11.2-13 pm
250-282-314 x 11 - 14-16 um

(I) 250 - 272 - 298
x 12-13-17 pm
() 183 -219-245
x 3.7-6.7-9um

Flagelosigma

(1) 64 - 104 — 159 um

() 13- 29.5 - 55 um

(1) 86 -95.8 + 4.9 -105.2 um
() 27.5 - 53 £ 8.4 - 76.2 um
48-82-108 um

57 — 109 - 156 um
38-58-70 pm

(1) 56 - 68 — 108 um
()32 -57-95um

Numbers after Locality indicate the reference for each sample; * indicates this is the holotype of the species.
(1) van Soest (2017); (2) Present study; (3) Dinn (2020).

Sigma

() 53-76-92 um
(1) 28 - 33.5 - 39 um
()51-59.7 +2.7 - 64.4 um
(1) 20.6 - 32.9 + 6.9 - 41 um
45— 48 pm

40-51-61 um
60 - 63 um

39-58-82 um
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Species

Hamacantha (Hamcantha)
boomerang Hajdu and
Castello-Branco, 2014
Hamacantha (Hamacantha)
Jjohnsoni (Bowerbank, 1864)

Hamacantha (Hamacantha)
lundbecki Topsent, 1904
Hamacantha (Hamacantha)
schmidtii (Carter, 1882)

Hamacantha (Hamacantha)
hortae sp. nov.

Loc./Depth

Campos Basin, Brazil':

*/607 m

Cassidaigne Canyon,
France?/170 - 300 m

English Channel®/ca. —
450 - 1300 m
Blanes*/ca. 700 m

Cassidaigne Canyon,

France?/210 - 310 m
Bermuda'’ */227 m

Blanes®*/ca. 700 m

Oxea

271-462.3-630 x 7 -
12.1-18 um

340-530 x 7.5-10 um

450 - 500 - 600 pm

391 - 619727 x 5.1 —
7.9-10.2 um

150 - 245 x 5 - 10 um

390 - 416.3 - 495 x 9.4 —
10.8-12.8 pm

() 348.2-410.3 £ 55 -
5672 x49+11-63-
8.7 um

(I 91.9-17882 £ 49.9 -
2352 x29-37+06-
4.4 pm

Tylostyle

369.7 - 452 £+ 60 -
573.4 x 49-5.7 -

7.3 pm

Dianciaster

(1) 125 = 147.4 155 um
(1) 45 -57.9-69 pm
(Ill) 20 - 23.3 — 29 pm

(I) 100 — 140 pm

() 2223 um

(1) 145 - 160 um

(I1) 30 - 35 pm

(1) 158 — 181.3 = 199.2 pm
() 37.3 —47.5 - 44.8 pm
1) 130 - 170 um

() 10-27 um

(1) 109 118.7 =124 um
(Il) 44 — 50 — 54 pm

(1) 26 - 36.5 — 41 pm

) 123-139 £ 11.1 -
159.2 um

(I 33.8-358+1.9-
37.5 um

Sigmas (S)/Toxas (T)

(T) 58 - 68.6 — 82 pm

(S) 20-30 um

(S) 20-25 pm

(8) 20.5-30.3-38.9 pm

(8) 20-35 um

Upper numbers after each locality indicate the reference from where the data is taken from; * indicates this is the holotype of the species.
(1) Hajdu and Castello-Branco (2014); (2) Vacelet (1969); (3) Stephens (1921); (4) Present study.
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