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 Introduction

 The Uruguayan Exclusive Economic Zone (U-EEZ) is still lacking a technically sound and institutionally agreed system for classifying marine benthic ecosystems. This fact, added to the growing anthropic pressure marine ecosystems face in the U-EEZ, increases the vulnerability of these ecosystems and their associated biodiversity. Despite this, there is valuable and abundant disaggregated environmental and biological information for benthic systems.

 
  Methods

 In this work, we used ca. 4000 records of all major Phyla of benthic invertebrates to determine discrete benthic regions for the U-EEZ. We looked at the structuring forces of bathymetry, salinity, and water masses. First, we categorized the multivariate structure according to statistical significance to test a priori categories for univariate descriptors. Then, we mapped unique combinations of categories of structuring variables, which largely determine the structure and composition of benthic communities. Operationally, the variables to be analyzed were classified, and subsequently, group (cluster) and SIMPROF analyzes were performed.

 
  Results

 The results suggest seven bathymetric categories, two of water masses and two of salinity, significantly structuring the benthic communities. The combination of these categories suggests nine discrete benthic marine regions for the U-EEZ, with heterogeneous structural characteristics. Our results provide an initial model of distinct benthic ecological complexes in U-EEZ.

 
  Discussion

 However, caution should be exerted when using this model during decision-making. For example, implementing use restrictions of benthic areas should rely on further groundtruthing, including direct seafloor observations and collections. The latter is relevant since our system is based on the analysis of accumulated historical data that may or may not represent the current condition of habitats of interest.
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   1 Introduction

 Recognizing the current and potential threats affecting the provision of ecosystem services of the world oceans, and failing to comply with the Aichi Target 11 at a global scale (CBD, 2020), the UN Convention on Biological Diversity (CBD) released the first official draft of a new Global Biodiversity Framework to guide actions worldwide towards new goals to ensure more effectiveness in conservation. The framework includes 21 targets for 2030 that calls, among others, for at least 30% of sea areas (focusing on those of particular importance for biodiversity and its contributions to people) to be conserved through effective and equitable management (Nicholson et al., 2021). In this line, the Uruguayan Government has recently announced the intention of reaching the 10% target by the end of 2022. Thus, a favorable international and national context should join scientists and policy makers’ work, helping to protect ecologically representative and well-connected systems of particular importance for marine biodiversity integrated into the regional seascape.

 The Uruguayan Government is committed to increasing the protected marine area from 0.7% to 10% by 2022 and to reach the 30% goal by 2030, through a network of well connected and representative marine protected areas (MPAs). The recently created Ministry of the Environment (ME) will lead a comprehensive and participatory process of spatial prioritization, identifying and mapping focal conservation targets for the design and implementation of the network of MPAs based on the best available science, as part of an integral Marine Spatial Planning (MSP) process. In order to achieve support among stakeholders, this process will incorporate scientific and technical advice and explicitly consider other uses of the marine environment.

 The Uruguayan Exclusive Economic Zone (U-EEZ) is located in the subtropical region (i.e., between 33 S and 38 S) of the Southwestern Atlantic margin, positioned in a critical transitional region concerning global ocean circulation, and is part of the Patagonian Shelf Large Marine Ecosystem (Bisbal, 1995; Hempel & Sherman, 2003). Therefore, from a global perspective for marine conservation planning, this area is also classified as the Uruguay–Buenos Aires shelf ecoregion (Marine Ecoregions of the World, MEOW No183; Spalding et al., 2007) included in the Warm-Temperate Southwestern Atlantic. Likewise, according to the categorization of the Pelagic Provinces of the World scheme (PPOW), the Uruguayan EEZ is located in the Malvinas Current Province.

 The Uruguay-Buenos Aires Shelf received the highest score on conservation concerns and biological importance amongst Latin American Marine Ecoregions (see Table 2.10 in Sullivan and Bustamante, 1999). A wide array of human activities, including deep water fisheries, submarine cables and exploration for hydrocarbons, is performed in the region and in Uruguayan waters (Marin et al., 2021), also occurring at a hotspot of climate warming (Gianelli et al., 2019). Most fishery resources are vulnerable to climate change (Gianelli, under review), and climate velocities are faster in the deep oceans than in surface waters (Brito-Morales et al., 2020). This concerns fisheries that would shift to deeper water in search of new, unexploited stocks or following the habitat tracking of traditional fisheries species (Vilela et al., 2018). Thus, habitat mapping will be a step toward implementing a much-needed MPA network aiming at the conservation of Marine Ecosystems within the U- EEZ.

 However, as Stirling & Burgman (2021) pointed out, conservation science can be understood as a “crisis discipline”, and often relies on unavailable, incomplete, outdated, or biased data. These categories can be applied to some of the information needed to classify and map benthic environments within the U-EEZ. MPAs should be based on high quality data on habitat distribution, larval dispersal patterns, adult movement ranges, and oceanography (Botsford et al., 2001; Gaines et al., 2003; Gaines et al., 2010). However, in the absence of this information, developing coarse-grained classification systems based on what is currently known and available can be seen as the first step in a data-poor scenario, particularly concerning seabed assessments. In this vein, here we propose a preliminary bioregionalization of benthic environments within U-EEZ, which should be helpful to support prioritization process, decision making and the design of MPAs a future MPAs network. It will also highlight regions with high priority for scientific research programs to generate knowledge of the seafloor and their benthic communities (Harris and Baker, 2012).

 
  2 Material and methods

  2.1 Study area

 Located in the Southwestern Atlantic margin’s subtropical region, the U-EEZ is positioned in a critical transitional region regarding the global ocean circulation. It is characterized by the Río de la Plata (RdlP) contribution and the confluence of water masses with contrasting thermohaline features determining the formation of well-marked fronts (Ortega and Martínez, 2007). In the continental shelf, this characteristic is represented by the Subtropical Shelf Front (STSF), a shallow extension of the Brazil-Malvinas Confluence (BMC) that occurs in deep water off the shelf (Matano et al., 2010). Despite its small size compared to neighboring countries, the U-EEZ is considered one of the most productive areas of the southern hemisphere (Burone et al., 2021; de Mello et al., 2014), owing to regional oceanic circulation patterns and interactions with the RdlP freshwater discharge. Offshore, in the Brazil–Malvinas Confluence Zone, the southward-flowing subtropical Brazil Current (which transports: Tropical Water (TW) and South Atlantic Central Water (SACW)) meets the northward-flowing Malvinas/Falkland Current, displacing Subantarctic Water (SW) and Antarctic Intermediate Water (AAIW).

 The U-EEZ presents a wide continental shelf (ca. 142,000 km2), that widens towards the south. It has a gentle slope and the shelf break occurs on average water depth of 160 to 200m (Lantzsch et al., 2014; Urien and Ewing, 1974). The inner continental shelf is characterized by the paleo-valley (SW-NE direction) and located 40km from the Uruguayan coast (Lantzsch et al., 2014; Urien et al., 1980) which constitutes a mud depocenter (Lantzsch et al., 2014; Martins et al., 2003). The outer to mid shelf is characterized by a terrace-like shape and a smooth relief. Relict sand and/or shelly bottoms cover the shelf.

 Straddling the continental margins of Uruguay and Argentina, the RdlP submarine canyon system is present between 35°S and 38°S (Lonardi and Ewing, 1971), comprising six canyons on the middle and upper slope, including a mega slide canyon (Cabo Polonio Mega Slide; Franco-Fraguas et al., 2014; Hernández-Molina et al., 2016). A well-developed Contourite Depositional System (CDS) showing erosive and depositional features associated with the action of Antarctic water masses and their interface is present in the slope and rise (Hernández-Molina et al., 2016; Hernández-Molina et al., 2009).

 The lower slope and abyssal plain are dominated by mud deposits (Burone et al., 2021). This system must contribute to a high benthic species richness and emerging patterns of endemism at basin scales. For example, results from the 1971 cruise of the RV ATLANTIS II in the U-EEZ yielded several of the 112 bivalve species known between 200 m and 5,500 m depth, incorporating almost every known group occurring in other deep-ocean basins globally (Allen and Sanders, 1997; Allen, 2008). Of these, 38 species have only been recorded in the Argentine Basin, suggesting a potentially high degree of endemism, at least for deep-sea bivalves (Scarabino et al., 2015). Similarly, recent work synthesizing information on the known diversity of deep-water Ascidiacea (Scarabino et al., 2018), Pycnogonida (Scarabino et al., 2019), and Bryozoa (Ramalho et al., 2022) supports this general pattern.

 
  2.2 What are we mapping?

 Our broad-scale benthic mapping is aimed at delimiting preliminary large Benthic Regions (BRs) comprising a variety of benthic habitats, defined as physically distinct areas of the sea bottom associated with (and shaped by) benthic communities or assemblages (sensu Fauth et al., 1996). These communities consistently occur along the same key environmental or ecological variables. Thus, our BRs can be analogous to “Biotopes”, a commonly used term referring to the combination of both biotic and abiotic elements, and “Seascapes” (i.e., suites of habitats that consistently occur together). We used environmental surrogates and biological data to define large-scale regions within the U-EEZ. These large-scale BRs should represent “areas of relatively homogeneous species composition, clearly distinct from adjacent systems…”, and their “…species composition is likely to be determined by the predominance of a small number of ecosystems and/or a distinct suite of oceanographic or topographic features” (Spalding et al., 2007). Thus, the dominant forcing agents defining the benthic community structure of BRs are depth, salinity, and temperature, interplaying with the straddling geomorphological settings, surface sedimentation, and other processes. In this line, we combined biological data and the spatial distribution of environmental variables to define our BRs.

 
  2.3 Environmental data

 The following benthic environmental input data were selected: Bathymetry, Water Mass Structure, and Salinity. Ancillary variables used for interpretation at region scale include Geomorphology, Surface Sediments, Fine bathymetric position index (FBPI) and current velocity. The bathymetry of the study area was obtained from the General Bathymetric Map of the Oceans (GEBCO, 2021), which have a resolution of c.a. 450 m. Mean benthic salinity at mean depth for 2000-2014 period, at 5 x 5 arc min resolution, was obtained from Bio-ORACLE v2. Finally, the McQuaid et al. (In Press) criteria were used to interpret the effect of temperature and to produce a spatially explicit model of the distribution of bottom water masses at the Atlantic Ocean benthic scale.

 These Environmental variables were categorized a priori based on already established criteria. Regarding bathymetry, 11 depth range categories were used. For the continental shelf, up to 50 m depth, and following Scarabino (2006), bathymetric categories from 0 m to 10 m and 10 m to 50 m were defined. From 50 m deep, were used those isobaths commonly used as reference in the scientific literature of the area (Rodriguez et al., 2014; Burone et al., 2021) ( Figure 1 ). For salinity, average bottom salinity values were used, and three salinity categories were considered, from 27 to 31.5, from 31.5 to 33.5, and from 33.5 to 36, following Defeo et al. (2009). For dominant water masses, the McQuaid et al. (In Press) model of the distribution of bottom water masses, which considered 8 water masses categories in the study area was used. These water masses categories were interpreted according to Burone et al. (2021), based on Sverdrup et al. (1942), Stramma & England (1999) and Peterson & Stramma (1991), from which surface (0 m-500 m) and intermediate (500 m-1200 m) water masses are reported, corresponding to Tropical Water (TW), South Atlantic Central Water (SACW), and Antarctic Intermediate Water (AAIW) respectively. From 1,200 m to 4,000m, the seafloor is under the influence of Upper Circumpolar Deep Water (UCDW), North Atlantic Deep Water (NADW), and Lower Circumpolar Deep Water (LCDW), in descending order. Finally, Antarctic Bottom Water (AABW) dominates the seabed from 4,000 m deep and up.

  

 Figure 1 | (A) Original cluster (Group Average Link) using the Bray-Curtis Similarity Index, of categories of environmental variables according to the multivariate community structure based on Primary Biodiversity Records (PBRs); (B) SIMPROF routine highlights no remaining structure for some pairs of the original categories (no significant difference in community structure). New categories are constructed merging two or more original categories (C) Maps of the distribution of original depth categories and (D) recategorized according to their effects in community structure. This procedure was applied also for Salinity and Water Masses categories. Each of the uppercase letters in  Figure 1  represents a bathymetric category. 

 

 Ancillary variables were used a posteriori to aid in the description of BRs. For Geomorphological features, data from Harris et al. (2014) digital seafloor geomorphic features map (GSFM) of the global ocean were used. The GSFM includes 131,192 separate polygons in 29 geomorphic feature categories, used here to assess differences between passive and active continental margins as well as between 8 major ocean regions (the Arctic, Indian, North Atlantic, North Pacific, South Atlantic, South Pacific and the Southern Oceans and the Mediterranean and Black Seas).

 Shapefiles for surface sediments for the continental shelf and the upper part of the slope were obtained from the National Environmental Observatory (FREPLATA, 2004). At this stage, we were unable to use the sediment shapefiles for the definition of benthic regions due to the incomplete coverage of the EEZ, the coarse grain of the sediment categories, and the lack of correlations between mapped substrate type and species traits (e.g., hard-substrate vs. soft substrate species) at small spatial scales. Mean particulate organic carbon flux to the seafloor was used as a proxy of primary productivity. For the period 2006-2015 (mmol. C m-2 d-1; 5 x 5 arc min), output from the MEDUSA model (Yool et al., 2013) re-gridded from ORCA0083 to NEMO 5 arc min. Finally, the mean bottom current velocity at mean depth for the period 2000-2014 (m.s-1) at 5 x 5 arc min resolution was obtained from Bio-ORACLE v2.

 
  2.4 Biological data

 A database with Primary Biodiversity Data (PBD) for benthic invertebrates of the U-EEZ was collected. Specifically, only georeferenced records of benthic species, emphasizing those taxa/groups that are useful indicators of particular benthic environments were included. A primary database with 4,942 records was obtained. Of these, 44.5% were obtained from biodiversity information networks (OBIS and GBIF), while the remaining 55.5% were obtained from scientific literature and other databases, including fishery-related data. After quality checking, 3,585 records of benthic invertebrates remained. This database includes 2,065 records from the phylum Mollusca, followed in decreasing order by Arthropoda, Annelida, Echinodermata, Cnidaria, Porifera, Chordata, Bryozoa, Nematoda, Hemichordata, and Brachiopoda ( Table 1 ). The database includes 1,126 lower taxa (included in 753 genera) throughout the study area ( Figure 2A ).

  Table 1 | Number and percentage of records included in the curated biological database, according to phylum and class. 

 

  

 Figure 2 | (A) Spatial distributions of Primary Biodiversity Records (PBRs) representing 3,585 records from 1,126 “Taxa” across 11 metazoan Phyla; Significant bathymetric (B), Water masses (C) and salinity (D) regions according to the multivariate structure of the benthic community. 

 

 
  2.5 Benthic regions definition

 The structuring variables were analyzed using the PRIMER v7 software (Plymouth Routines in Multivariate Ecological Research) (Clarke et al., 2008) to assess the potential effect of the categories defined a priori on the multivariate structure of the benthic species assemblage. As defined above, each category in the environmental variables was treated as “samples” in a CLUSTER analysis. Operatively, a similarity matrix (from each Taxa by Category matrix) was created, and subsequently, the similarity between “samples” was calculated using the Bray-Curtis index (Clarke et al., 2006). This index is used in ecology to quantify the compositional dissimilarity between two sites. For cluster analysis, agglomerative hierarchical clustering was used. Then, the significance of the clusters was evaluated using the similarity profile (SIMPROF) routine to assess whether there is a natural structure in the subset of data corresponding to each branch of the dendrogram. The (SIMPROF) is a permutation procedure that orders the similarities in the composition of a group of samples and then orders these similarities based on their ranks (Clarke et al., 2008). The structure can be considered an objective basis for exploring those subgroups of each structuring variable. For each of the environmental variables (bathymetry, water mass structure, and salinity), 6 CLUSTER/SIMPROF analyzes were performed using the following datasets: 1) Raw data, species level 2) Presence/absence, species level 3) Raw data, genera level 4) Presence/absence, genera level 5) Raw data, without rare species (only species with more than one record) and 6) Presence/absence without rare species (only species with more than one record). Presence/absence analysis minimize biases in the database due to overrepresentation of certain species (e.g., over-represented species). After SIMPROF, only those groupings with statistical support (that is, at least supported by 60% of all the analysis, see  Supplementary Table 1 ) represented new categories and were robust against known sampling biases. Based on this criterion, the initial categories of bathymetry, salinity, and water masses were redefined ( Figure 2 ).

 Once the new categories were obtained, each biological record can be associated with a combination of different bathymetric, salinity and water mass categories. Each unique occurring combination was interpreted as a potential benthic region. Finally, the statistical significance of the different possible combinations was evaluated based on the clusters obtained through the non-parametric analysis of similarity (ANOSIM). The statistical significance of this coefficient was obtained through a randomization process, and a reference value of p < 0.05 was chosen ANOSIM (Somerfield et al., 2021).

 
  2.6 Approaches for defining boundaries and connection with existing ecological classification systems

 Several respected and widely utilized global and regional ecological classification systems exist, and the lack of agreement between such systems can be problematic. In developing a new system, we sought to minimize further divergence from existing systems yet still obtain a truly useful national bioregionalization. We did this by (a) defining boundaries utilizing the Nature Conservancy’s system (Lateral limits of the Uruguay Bs Aires Shelf Ecoregion) and McQuaid et al. (In Press) for Abyssal regions within the U-EEZ and Continental Shelf extension. In this vein, Spalding et al. (2007) commented on the heavy influence of data from nearshore and intertidal biotas, recognizing that deep sea biogeographic patterns may hide the patterns represented by MEOW. In this line, the deeper most section of our study area was explicitly correlated with the South Atlantic Benthic regionalization presented by McQuaid et al. (In Press), and several boundaries are based in layers also used there to increase correspondence between both systems. Further, our model can be nested within the MEOW scheme but also fits neatly within the Large Patagonia Marine Ecosystem.

 
 
  3 Results

 A system comprising 9 BRs, obtained by combining the 7 “significant” bathymetric categories with the two water masses and two salinity categories is here proposed ( Table 2  and  Figure 3 ). Previously, from the original 11 resultant BRs, 2 were merged with adjacent regions due to the small spatial extent and the very low number of biological records. The grouping obtained shows statistical significance regarding group similarity (ANOSIM; p < 0.05). The BR system, which covers the sea bottom within the Uruguay-Buenos Aires Shelf Ecoregion, limiting westwards with the Argentinean EEZ and extending 370 kilometers (200 nautical miles, nm) offshore. At this scale, this classification is thus exclusively based on the benthos and the spatial distribution of key structuring variables. Coastal areas and the outer region of the RdlP Ecoregion were included in the present classification. However, our system is intended to be used beyond the Exclusive jurisdiction strip in the RdlP (7 nm) and Territorial Sea (12 nm) in the Atlantic Ocean. This is due to both practical issues (e.g., different management regimes) and a stronger emphasis on collating Primary Biodiversity Data from the “offshore” areas. There is, however, a wealth of biological and environmental data for the RdlP, gathered by different institutions in Argentina and Uruguay and bilateral agencies. GIS-ready layers including biological and environmental data, as well as the Benthic Regions model, are provided as  Supplementary Data .

  Table 2 | Summary of Benthic Regions for the Uruguayan EEZ, according to Systems and Subsystems recognized in the Region. 

 

  

 Figure 3 | Benthic Regions (BRs) for the Uruguayan EEZ, with outlined boundaries. BRs are numbered and named in  Table 1 . 

 

 Some three bioregions (BR1 to BR3) are predominantly coastal and include areas within the RdlP. These were defined by the interplay between different bathymetric and salinity conditions, and included often intertidal or semi/terrestrial PBD. BR1 and BR2 are limited by the 10 m isobath and dominated by salinities less than 31.5. BR2 occupies part of the RdlP estuary and the Atlantic coast. BR3 (2,367.6 km2) is located between 10 m and 50 m deep, with salinities below 31.5. This BR is distributed in patches along the shallow sublittoral, presenting the largest patch towards the RdlP estuary, extending towards the shelf near the maritime limit with Argentina. The patchy nature of their distribution along the coast is related to local freshwater discharge from coastal lagoons and rivers. As stated above, we will not deal in detail with this set of Coastal and Estuarine BRs.

 The remaining portions of the inner, middle and outer Continental Shelf are included chiefly in two BR (BR4 and BR5). The shallowest region, BR4 (Oceanic Shallow Sublittoral) is found between 10m and 50m deep, with a predominance of “Surface” waters (TW and SASW) and salinities above 31.5 ppm (“Marine”). This BR encompasses 32,989.529 km2, equivalent to approximately 27% of the area of ​​the study zone. This BR is dominated by sand and muddy sediments. In the core of the region, the action of the STSF generates high-energy areas which favor the predominance of coarser sediments (Franco-Fraguas et al., 2014). Regarding the geomorphological characteristics of the region, 4 small basins occupy 375.4 km2 and scattered and poorly mapped patches of “hard” bottoms are also present. Unfortunately, due to limitations in our biological database, we could not explicitly correlate these different sedimentological and geomorphological features with benthic community structure.

 In deeper waters, the Deep Oceanic Sublittoral (BR5) is located between 50 m and 200 m deep, encompassing the inner shelf zone and the edge of shelf break and slope, with an extension of 27,332.12 km2, (22.3% of the study area). There is a predominance of “Surface” waters (TW, SACW, SASW, and Subtropical Shelf Water (STSW)), although there are also areas under the influence of Subantarctic Waters (SAW), but with salinities greater than 31.5 ppm. This BR is particularly heterogeneous, presenting a great diversity of species and different geomorphological processes. The BR5 is also dominated by soft bottoms, mainly sand, followed by silt. A large part of the continental discharge of the RdlP is deposited along clayey-silt facies known as “mud belts” (Piola et al., 2005; Campos et al., 2008). Two “mud belts” are identified. The largest constitute the RdlP Paleo-valley (Urien and Ewing, 1974), which occupies 7.9% of the BR. Further, 23 “basins” (as defined by Harris et al., 2014) of various sizes have been identified, ranging from 3.9 km2 to 342.5 km2, occupying 7.2% of the BR. Other relevant geomorphological features include the heads of 5 Submarine canyons (Including the Cabo Polonio Mega-Slide canyon), which are dominated by fine sands (Franco-Fraguas et al., 2014). Additionally, nine pockmarks, possibly associated with methane release or cold seeps (eg. Suess, 2020) were recently described for this BR (López-Orrego et al., 2011). Regarding the benthic composition, 370 taxa representing 9 phyla were registered in the database. Some biogeographic patterns in gastropod assemblages are also observed within BR4. Adelomelon beckii, Tonna galea, and Z. dufresnei are distributed in the shallower and eastern portion, whereas species of Subantarctic or Magellanic origin (Odontocymbiola magellanica, Adelomelon ancilla, Fusitriton magellanicus) are distributed in deeper and southern regions (e.g., Carranza et al., 2008). This can be correlated with the interplay between different water masses, in particular, TW, which dominate the East of the shelf and the SACW, flowing north and occupying mainly the southern area of the shelf ( Figure 4 ).

  

 Figure 4 | Detail of Benthic Region 5 (BR5, Deep Oceanic Sublittoral) for the Uruguayan EEZ, highlighting the existence of two different benthic assemblages associated with contrasting water masses. 

 

 The remaining benthic regions (BR6 to BR9) include the continental margin, from the shelf break and slope to the abyssal plain. BR6 (Inner Upper Bathyal) covers an area of 1,475.70 km2, equivalent to 1.2% of the study area. It is found between 200 m and 1000 m deep, bathed by “Deep” water masses, possibly associated with the STSF and AAIW, and salinities above 31.5 ppm. It occupies the area of the continental shelf break and the beginning of the slope; despite its small size, this is one of the BR with the greatest heterogeneity of biological records per area unit, as well as geomorphological and hydrological processes. The high energy associated with the STSF and AAIW water masses, mainly to the northeast of the U-EEZ, promotes erosion in the shelf break and the head of the canyons to the northeast (Franco-Fraguas et al., 2014). Biological records from this BR included species of economic interest such as Chaceon notialis (red crab) and Zygochlamys patagonica (scallop), and several Vulnerable Marine Ecosystems (VME) indicator species, such as the Scleractinian reef-forming coral Desmophylum pertusum (Carranza et al., 2012), associated with mounds and areas with high current velocities (Hebbeln et al., 2016;  Figure 5 ). Additionally, the presence of 24 pockmarks is worth noting. The sedimentological composition is predominantly sandy, mainly towards the south of the BR (Franco-Fraguas et al., 2014). The shelf break and shallow slope are high-energy zones associated with strong hydrological processes (Franco-Fraguas et al., 2014; Bender et al., 2013). In this context, BR6 experience the highest bottom current speed, probably associated with SACW and TW water masses (Ortega and Martínez, 2007; Franco-Fraguas et al., 2014).

  

 Figure 5 | Benthic Region 6 (BR6, Inner Upper Bathyal) for the Uruguayan EEZ, showing the association of cold-water corals with high bottom current velocities. IM = Isolated Mound; IMwS= Isolated mound with scarpment; IMnoS= Isolated mound whithout scarpment and PM= Pockmarks. 

 

 The Outer Upper Bathyal region (BR7) is found between 200 m and 1000 m deep, and has an extension of 5,278.04 km2, which corresponds to 4.3% of the study area. There is a predominance of “Deep” water masses (same as in BR6) and salinities above 31.5 ppm. BR7 includes submarine canyons, which occupy 21.5% of the surface area and the steepest area of the shelf break. As in BR6, this BR has areas with high current speeds, where some VME indicator species are found, such as the sea pen Umbellula indet. (Penatulacea), the Scleractinian corals Flabellum spp. and Bathelia candida, as well as a single record of the chemosynthetic polychaete Lamellibrachia victori (Mañé-Garzón and Montero, 1986), which is associated with chemosynthetic environments such as cold seeps or methane releases (Gardiner and Hourdez, 2003; Cowart et al., 2014).

 The Inner Lower Bathyal, BR8 covers an area of 11,745.45 km2, which is equivalent to 9.6% of the study area, in depths ranging from 1000 m to 2000 m, under the influence of “Deep” water masses associated with UCDW, NCAW and LCDW and salinities greater than 31.5 ppm. Submarine canyons occupy 26.7% of the BR, and geomorphological layers pointed to the existence of a seamount. A total of 111 taxa were recorded, represented by 7 phyla. Within this BR are several records of VME indicator species associated with reducing and/or chemosynthetic environments and species of economic interest such as the Red Crab Chaceon notialis.

 Outer Bathyal and Abyssal areas are represented in BR9. This BR occupies part of the lower slope and abyssal bottom, with an extension of 49,240.6 km2, (40.3% of the study area). The oceanographic system is governed by the BMC, with a predominance of UCDW (2000 m to 2500 m deep), NADW (2500 m to 3500 m), LCDW (3500 m to 4000 m), and AABW (4000 m to 5000 m). From the geomorphological point of view, submarine canyons occupy 22% of the BR, and large extensions of submarine terraces are noteworthy (6.6% of surface area). The region is influenced by a large contour depositional system (CDS), with erosive characteristics from the south and progradation to the north (Franco-Fraguas et al., 2014; Burone et al., 2021). Surprisingly, 326 taxa are reported for this BR, represented by 9 phyla, mainly Mollusca and Arthropoda.

 
  4 Discussion and perspectives

 Uruguay has recently decided to advance towards the goal of 30% of marine protected areas by 2030 in a marine spatial planning process named Uruguay Azul 2030. It is of utmost importance that, during the process, the government has access to (and participates in generating) the best information and technical solutions available to prevent the implementation of ill-designed and poorly supported MPAs. Thus, aside from the research community, the most important end-users of our results will be the national agencies National Directorate of Biodiversity and Ecosystem Services (DINABISE, ME) and the National Directorate of Aquatic Resources (DINARA) of the Ministry of Livestock, Agriculture, and Fisheries (MGAP). In addition, ongoing collaborative activities related with the design and implementation of novel MPAs are being undertaken with technical staff from the National Museum of Natural History (MEC -MNHN), the Uruguayan Navy, and University of the Republic.

 In this process, the access to Primary Biodiversity Data of certain benthic organisms may be particularly relevant, and several Regional Fisheries Management Organizations (RFMOs) are currently using an agreed list of VME indicator species, and relationships can also be identified between those species and listed habitat types and biotopes. For example, the EUNIS (Moss, 2008) habitat classification scheme comprises over a thousand biotope-based habitats nested over multiple scales. It provides full benthic habitat coverage for the marine environment. Although our study area is not included under RFMOs schemes, the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) area or the Southwestern Atlantic has developed some basic guidance on VME indicator species. Thus, we based our VME indicator species and putative habitat types on the recommendations made by EUNIS (ICES, 2016) and CCAMLR.

 Our results provide an initial model of distinct ecological complexes in U-EEZ. However, caution should be exerted when using this model during the decision-making process. For example, implementing use restrictions of benthic areas should rely on further ground-truthing, including direct seafloor observations and collections. It is of utmost importance since our system analyzes accumulated historical data that may or may not represent the current condition of habitats of interest. In this line, an interesting feature of our study area is the relative wealth of PBD in deeper areas since data availability tends to be commonly reduced with distance from coastal habitats. However, the northern portion of the shell break and the upper slope has been more thoroughly mapped, and high-resolution bottom topography is only available for this area.

 Finally, protecting representative samples of all habitat types, ideally including areas with high density, biomass, significant three-dimensional structures, and chemosynthetic discrete environments, should be the priority target of a National MPA system, also taking into consideration other features of the areas such as the development of human activities (e.g. fisheries) and the links with ecosystem processes and demersal or non-benthic biota (Cordes et al., 2016). This tool and other measures must be urgently developed to avoid or minimize adverse impacts of current and potential impacts of anthropic activities within the U- EEZ.
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