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High Resolution Spatial Distribution for the Hexactinellid Sponges Asconema setubalense and Pheronema carpenteri in the Central Cantabrian Sea
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In the present work we focus on the distribution of two species of sponges. One of these is Asconema setubalense, a sponge found in rocky substrate that was sampled with a photogrammetric vehicle through georeferenced images. The other is Pheronema carpenteri, which inhabits soft bottoms and was sampled by beam trawl. For the spatial distribution modeling of both sponges, the geomorphological variables of depth, slope, broad and fine scale bathymetric position index (BPI), aspect, and types of bottoms were used, all with a resolution of 32 m. Additionally, layers of silicates and currents near the bottom were extracted from Copernicus Marine Environment Monitoring Service (CMEMS), with a resolution of ∼4 and ∼9 km, respectively. Due to the low resolution of the layers, it was considered necessary to validate their use by model comparison, where those that included these variables turned out to be more explanatory than the others. The models were developed in a complex continental break of the Central Cantabrian Sea, which comprises several submarine canyons and a seamount (Le Danois Bank). On the one hand, a very high resolution (32 m) spatial distribution model based on A. setubalense presence was developed using the MaxEnt maximum entropy model. On the other, depending on the availability of density data, generalized additive models (GAMs) were developed for P. carpenteri distribution, although in this case the sampler only allowed a maximum resolution of almost 1 Km. For the A. setubalense, the variables that best explained their distribution were ground types and depth, and for P. carpenteri, silicates, slope, northness, and eastward seawater velocity. The final model scores obtained were an AUC of 0.98 for the MaxEnt model, and an R squared of 0.87 for the GAM model.
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INTRODUCTION

The great majority of sponges are sessile filter feeders whose importance lies in that, along with corals, they are essential for characterizing a multitude of specific deep-sea habitats. In many deep-sea areas, sponges may be the dominant organism, forming structurally complex and often highly diverse ecosystems known as sponge grounds (Hogg et al., 2010; Beazley et al., 2013; Maldonado et al., 2017). Further, due to their vulnerability, mainly to trawl fisheries, their need for protection has been the object of great concern since the beginning of the present century. Thus, the designation of vulnerable marine ecosystems (VME) has relied to a great extent on the presence of sponges and sponge grounds, as remarked in the United Nations General Assembly Resolution 61/105 (UN General Assembly, 2007; Rogers and Gianni, 2010). Therefore, the need to create a coherent network of marine protected areas (MPAs) that preserves the most vulnerable benthic habitats has, in many cases, consumed a great deal of time and resources, which have served to increase knowledge of the biology and distribution of the large structuring species that support these benthic habitats.

Hence, given that the preservation of VMEs will be the first step toward achieving a good environmental status (GES) of the marine environment, and that the preservation of sponges will be one of the main contributions to establish the necessary environmental objectives and associated indicators, their protection will be a good starting point for developing the maritime spatial planning (MSP) required in the Marine Strategy Framework Directive (MSFD) as it relates to MSP Community action (European Union, 2014).

The aforementioned objectives can be carried out as long as we draw from a good knowledge of the deep bottoms, or at least good enough to be able to delimit the area occupied by the habitat-forming sponges in the most reliable way possible. Thus, given the difficulties generated by the study of deep-sea, both due to inaccessibility and the high economic cost, this scarce knowledge should be optimized with the most reliable possible species distribution models (SDMs). This modeling approach has been used widely to map vulnerable habitats and species on a broad scale, especially in corals and sponges (Knudby et al., 2013), but the number of fine scale studies are scarce.

In this study we have worked in two well-defined areas of the central Cantabrian Sea. The first area is one of the first MPAs declared in Spain, El Cachucho (Le Danois Bank and its intraslope basin), which in December 2008 received preventive protection measures and was proposed as a site of community importance (SCI), mainly due to the presence of sponges and other habitat forming species, such as black corals and gorgonians, the main representation of the 1170 reef habitat. In 2009 it was included in the OSPAR network of MPAs and finally declared a special area of conservation (SAC) in the Natura 2000 network in November 2011. Throughout this process, numerous studies were carried out, beginning with the necessary knowledge of its morphology (Van Rooij et al., 2010; Gómez-Ballesteros et al., 2015) and water dynamics (González-Pola et al., 2012), going through others focused on benthos and demersal species (Cartes et al., 2007; Cristobo et al., 2009; Preciado et al., 2009; Sánchez et al., 2009a; García-Alegre et al., 2014), analyses of the influence of seamounts on pelagic species fisheries (Rodríguez-Cabello et al., 2009), and ending with the necessary studies of vulnerable habitats (Sánchez et al., 2008, 2009b, 2017). Further, the need to protect the area was highlighted by constituting an integrated trophodynamic system (Sánchez et al., 2010) and its management plan has been recently reviewed after the development of new surveys (Rodríguez-Basalo et al., 2019).

The other area under study, located west of Le Danois Bank, called Avilés Canyon System (ACS), is a very complex geomorphologic zone made up of three different canyons, Avilés, El Corbiro, and La Gaviera, and is currently an SCI of Natura 2000 network. It is characterized by a high hydrodynamic activity that produces strong sediment transport from the head of the canyons to the abyssal plain (Gómez-Ballesteros et al., 2014). Besides, enhanced near-bed currents are believed to cause high sediment re-suspension, providing an increased food supply for benthic filter feeder species (Sánchez et al., 2014), which, together with the presence of rocky outcrops, make it home to numerous vulnerable species and habitats (Sánchez et al., 2014; Ríos et al., 2017, 2019).

When a particular area is of interest to form part of the Natura 2000 network, knowledge of the status and distribution of the characteristic species of benthic habitats is key to providing the necessary tools that the different actors will need in the decision-making process, and one of the most direct tools are the maps of vulnerable habitats and species that are supplied by SDMs. Consequently, given the impossibility of direct knowledge of the deep-sea, SDMs have become an indispensable tool for the declaration of protected natural areas and the review of their monitoring plans. However, for a good development of the SDM, there are a series of concepts that will be key for the subsequent development of the modeling, such as the selection of the resolution at which the works will be developed, the choice of algorithm or algorithms and thresholds, or the variables to be used in the process (Guisan and Thuiller, 2005; Benito et al., 2013).

In the present study, spatial distribution modeling of two very different hexactinellid species, Asconema setubalense and Pheronema carpenteri, was carried out. A. setubalense is a large sponge with a big osculum and an everted marginal part when it reaches a large size (Tabachnick and Menshenina, 2007), while P. carpenteri, the nest sponge, is a spherical sponge with spicules that fix it to the ground, and is usually covered with mud (Figure 1). Since A. setubalense lives on rocky bottoms with more or less sedimentary cover and P. carpenteri needs bottoms of fine sediment or mud, the methods used to sample these species are different, as the resolution of the models, which complicates the selection of the environmental variables available and studies on the adequacy of their inclusion in the models. Therefore, in this study we focused on:
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FIGURE 1. Sponges images and their samplers: (A) Pheronema carpenteri specimen, and (B) beam trawl, the sampler used for its quantification; (C) Asconema setubalense specimen, and (D) ROTV, the sampler used for its study.


• A comparative analysis of the samplers used for each of the sponge species from the point of view of their implications in the different processes developed in the SDM.

• Obtaining and calibrating a layer that accurately reproduces the different ground types by combining sampling based on ground truthing, box corer, and multibeam echosounder backscatter.

• Assessing the convenience of combining variables of very different resolutions in a single model.

• Analyzing the contribution of the most important variables available to characterize the distribution of these species from a geomorphological and physicochemical approach.

• Studying the need for high resolution spatial models and their importance for the analysis of the interactions between VMEs and the uses and activities carried out in Natura 2000 areas.



MATERIALS AND METHODS


Study Area

The central Cantabrian Sea is an area of complex morpho-structural characteristics dominated by an intricate canyon system and a seamount partially isolated from the continental shelf. This complexity led to the study and characterization of two important areas with different protection figures. One of these is the SCI ACS, which is a complex, structurally controlled canyon and valley system consisting of three different canyons, Avilés, El Corbiro, and La Gaviera, each with specific morpho-structural characteristics (Figure 2). This system starts from the continental shelf, at 140 m depth, and ends in the Biscay Abyssal Plain, at 4,700 m depth. Strong continental margin water dynamics in the ACS avoids thicker sediment deposition, with the littoral sedimentary dynamics being responsible for transport to the canyons’ heads and finally conducting sediments to the Biscay Abyssal Plain (Gómez-Ballesteros et al., 2014).
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FIGURE 2. Map of the study area comprising the Avilés Canyon System and the El Cachucho MPA.


The second one is El Cachucho marine protected area. This MPA comprises a seamount, the Le Danois Bank, and its intraslope basin, and is separated from the continental shelf by the Lastres Canyon (Figure 2). The Le Danois Bank has an elongated convex southward shape of about 72 km long and 15 km wide. Its top is flat, representing a large W-E platform between 425 and 600 m water depth, with rocky bottoms and scarce sedimentary coverage (Van Rooij et al., 2010). The presence of Le Danois Bank creates the W-E intraslope basin, which is 17–25 km wide and approximately 50 km long. This sedimentary basin is the so-called Le Danois contourite depositional system (CDS) and is characterized by high-thickness muddy bottoms. This geological complexity, along with current circulation patterns and anticyclonic flow at the seamount summit (González-Pola et al., 2012), make these areas a very important diversity hotspot (Sánchez et al., 2008).



Samplers and Species Data Acquisition

Due to the different characteristics of the two species studied, which are especially relevant given the substrates they inhabit, two different types of samplers were used, one based on images and the other on beam trawl collection and classification (Figure 1). Sampling effort is shown in Figure 3. For the identification and localization of the species requiring bedrock, A. setubalense, we used the in situ analysis of the video images captured during three different surveys: ECOMARG 0717, ECOMARG 0719, and SponGES 0617. These images come from the photogrammetric ROTV (Remote Operated Towed Vehicle) Politolana (Sánchez and Rodríguez, 2013). During transects, Ocean Floor Observation Protocol (OFOP) software (Huetten and Greinert, 2008) was used to capture the position of each specimen through the transponder located in the towed vehicle. In total, 85 transects were accomplished in the whole area to obtain the species data. Total recording time was almost 50 h during which an area of around 16 ha was covered. Visual transects were divided into 30-m sections, which became the sample unit, since this is the resolution of our digital elevation model (DEM).
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FIGURE 3. Sampling effort in the study area for beam trawl and ROTV.


In the case of P. carpenteri, the surveys were carried out during seven bottom trawl surveys: INDEMARES-AVILES (2010 and 2011), ECOMARG (2003, 2004, 2008, and 2009), and SponGES 0617. There were also images captured by the photogrammetric towed vehicle, but these were finally decided not to be combined with the ones obtained with the beam trawl and were discarded because of the difficulties that merging different resolution samples generates to the SDM process. During the surveys, several trawls were carried out, each covering a length of almost 1 km, wherefore, for this model, the resolution of the DEM and its derivatives had to be increased. The sampling unit in this case was the 15′ haul at a speed of 2.0 knots transect, which covers an area of about 0.35 ha or 0.18 ha, depending on the survey, so throughout the 23 hauls, a surface of 6 ha was covered.



Obtaining Geomorphological Layers

The original resolution of the DEM for the entire area was 32 m (Figure 2) and was carried out by joining three bathymetries of different resolutions taken with a multibeam echo sounder: the top of Le Danois bank (32 m resolution), the ACS, and the rest of El Cachucho MPA (75 m resolution). Before joining the layers, they were previously interpolated to a resolution of 32 m to avoid loss of information. Afterward, a set of bathymetric derivatives were extracted from the complete DEM: slope in degrees, broad and fine scale bathymetric position index (BPI), and aspect, which is a two-dimensional vector representing the orientation that a slope faces (0–360° from north). In order to avoid problems derived from dealing with circular data, it was divided into two components: northness, obtained as the sin(aspect), and eastness, obtained as the cos(aspect) (Figure 4). Slope and aspect were selected due to the influence they have on both sediment transport and exposure to dominant currents. Regarding the BPI, the relative position of an area with respect to the surrounding zone, was previously revealed to be decisive in benthos studies at both broad and fine resolution (Sánchez et al., 2017).
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FIGURE 4. DEM of the study area and layers used for the models: the geomorphological predictors depth (A), slope (B), BPI broad (C) and fine (D) scale, eastness (E) and northness (F), and two of the physicochemical layers: silicates range (G), and eastwards bottom current component (H).


To obtain the hardness of the bottom, the reflectivity of the two areas was used. Unfortunately, the reflectivity of the ACS could not be used directly since, due to problems with the multibeam calibration and filtering, it was not suitable for high resolution modeling. In addition, the reflectivity of the compacted mud, and that of canyon bottoms and steep slopes can be misleading, so it was preferred to use a categorized layer of bottom types. Thus, with the analysis of the sediment samples (from box corer stations) and review of the images (ground truthing), the reflectivity values were calibrated, turning them into a layer of the entire area with 7 different categories (Figure 5).
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FIGURE 5. Backscatter of ACS (A) and El Cachucho MPA (B), and Ground types layer (C) extracted by backscatter values validated by images ground truthing and sediment studies.




Physicochemical Layers

Additionally, a biogeochemical and physical approach was used. As siliceous species of hexactinellid need Si (dissolved silica) to form spicules, which provides support to the sponge, a layer containing silicate in depth was processed with the highest possible resolution. To assess dissolved silicate concentration in bottom waters (i.e., seafloor), a forecast raster product from CMEMS (Copernicus Marine Environment Monitoring Service) was downloaded. This product covers the IBI region (Iberia-Biscay-Ireland region) with a resolution of 4 km × 4 km. An application of the biogeochemical model PISCES (Aumont et al., 2015), running simultaneously with the NEMO ocean model, was used to generate the IBI ocean forecasts in order to obtain the main biogeochemical variables. Thus, the mole concentration of silicate (mmol m–3) in sea water next to the bottom was obtained by extracting the deepest valid value on each pixel for every month of a complete year. With these data, four layers were obtained with the range, maximum, minimum, and average values.

Finally, to take into account deep-sea dynamics, high energy dynamics also based on CMEMS were used. The original layer was downloaded from the IBI Ocean Reanalysis system (Sotillo et al., 2015), providing information on oceanic hydrodynamic variables at 50 different depth levels at a resolution of 9 km × 9 km. In this study we selected, for each pixel of the area, the bottom values in ms–1 of the eastward sea water velocity (uo) and the northward sea water velocity (vo). The same four layers of each sea water current component were obtained.



Asconema setubalense Spatial Distribution Models

In order to avoid the redundancy of information in the variables, a correlation analysis was carried out between them using Spearman’s rank correlation coefficient, eliminating variables with a redundancy greater than 70%. In the case of silicates and currents, and according to similar studies (Knudby et al., 2013), we started by eliminating the range and mean variables, leaving the maximum and minimum values for the end, since they are the ones that can mark the tolerance limits of the species. The variables used are those shown in Table 1. Roughness was also eliminated due to it being highly correlated with slope.


TABLE 1. MaxEnt univariate models AUC and contribution of each variable for two models: Model 1, constructed only with geomorphological variables; and Model 2, which includes the physicochemical variables of currents and silicates.

[image: Table 1]In the model carried out for A. setubalense, we did not have sufficient data on absences in sedimentary substrate because sampling with the photogrammetric ROTV was directed to the rocky substrate. To counter this shortcoming, the MaxEnt model, based on a machine-learning technique called maximum entropy modeling (Phillips et al., 2006), was run. This model is based on pseudo-absences and distributes the absences randomly, so those types of substrate which were not sampled because they hardly had the possibility of harboring hard bottom habitats, would also be represented. Thus, a total of 10 replicates were reproduced, selecting the average of all of them for the final model. Validation of the model was accomplished by randomly reserving a total of 30% of the presences to be used for test data. Finally, in order to compare the importance of physicochemical predictors with geomorphological ones, two different models were developed, one with only ground types and bathymetry derivatives (Model 1) and another adding the silicates and currents (Model 2) (Table 1).

As for the use of physicochemical variables, it was considered necessary to check whether they provided relevant information to the study, as long as they had a resolution of at least 30 times coarser than the geomorphological layers. Therefore, since this species has three very localized populations, three different scenarios were considered: the presences of each population was removed to develop three different models, using the presences removed as test data for their validation. The models were run without (Model 1) and with physicochemical variables (Model 2) for the model comparison of each scenario. It has been done this way because using random presences as test data would not have given much reliability because they are localized in these three populations and the test data would greatly coincide with the rest of the presences. The AUC (Area Under the Curve) was used to compare models. The AUC is the area under the ROC curve (Receiver Operating Characteristics), which is a graphical representation of sensitivity versus specificity (Table 2). It is very reliable for model comparison and provided information as to whether these coarse layers could improve the model or not.


TABLE 2. Comparative study of the AUC test data of two different models, one taking into account only the geomorphological variables (Model 1), and the other that also includes the physicochemical variables of currents and silicates (Model 2).

[image: Table 2]


Pheronema carpenteri Spatial Distribution Models

The model developed for P. carpenteri, based on densities and physicochemical variables, was also tested. For the layer preparation, the resolution of the geomorphological predictors was reduced, and that of the silicate and current layers was increased to a pixel size of 960 m × 960 m. This resolution of almost 1 km was based on the average distance traveled by the beam trawl. Given that it is not possible to know the exact point where the sample was collected, it was the finest resolution that could be reached. The model developed for the distribution of this species was the Generalized Additive Model (GAM), which enabled us to work with densities. The first step was the development of univariate models in order to obtain the most important predictors for the distribution of each species. Then, the most important variables were selected according to the variance explained, without losing the significance (p-value < 0.05) of those chosen in the final model. As in the case of A. setubalense, two different models were developed, one with only geomorphological predictors (Model 1) and another adding the physicochemical ones (Model 2) (Table 3).


TABLE 3. Variance, R2, and significance for GAM univariate models.

[image: Table 3]


RESULTS

For the full model (Model 2) developed for A. setubalense, the predictor that contributed the most to the final model was ground types (68.4%), followed by depth (20.8%) and maximum northward sea current velocity (3.6%). The remaining 7% was distributed among the rest of the variables, whose contribution in explaining the distribution of the species was very low. In total, 500 iterations were reproduced, giving a final AUC value of 0.98 for the test data (Table 1). As for the univariate models, ground types, depth, and broad BPI were the most important variables with AUC values above 0.85. Physicochemical predictors also had high AUC univariate values, but their contribution to the final model was scarce. Otherwise, for P. carpenteri, the univariate GAM models (Table 3) showed that the most important predictors are silicates, eastness, slope and seawater current velocity. In the trend curves of the final model (Figure 6), the variables with the clearest trend were eastness, with a negative trend, and the minimum value of silicates, with a clearly positive trend for the range considered.
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FIGURE 6. Generalized additive models response curves for eastness (A), bottom current u component (B), minimum value of silicates during 1 year (C), and slope (D).


The results of the different scenarios developed for A. setubalense by excluding the presence of the different populations and using them in the validation, are shown in Table 2. Test 1 was validated with the population located in ST01 (Figure 7A), and it shows a value of 0.56 for the model constructed with only geomorphological variables, which means that it has no discrimination capacity to distinguish between positive and negative class. The value increased to 0.8 after including physicochemical variables. For the models validated using the presences located in ST02 and ST03, west and east of the seamount, values were similar for both models although Model 2 was still quite a lot better in Test 2.
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FIGURE 7. Habitat suitability (HS) predictive maps for each of the species: part labels (A,B) corresponds to A. setubalense models 1 and 2, and (C,D) to the P. carpenteri Models 1 and 2 respectively. Model 1 has been constructed only with geomorphologic predictors, and model 2 includes physicochemical predictors for both species.


Species distribution maps are shown in Figure 7. Figures 7A,B are the A. setubalense habitat suitability (HS) for Models 1 and 2, respectively. Four areas were marked according to the populations displayed by the model. The westernmost one (ST01) is the so-called “Mar de mares” fishing ground, which is characterized by a high concentration of longline fisheries. In fact, several specimens are surrounded and damaged by longlines in our images (Figure 8). ST02 and ST03 are located at the top of the Le Danois Bank and are protected from deep-sea fisheries by the MPA management plan, although with no remarkable bottom fisheries during the last decades. In ST04, a fishing ground called “El Agudo de Fuera” by fishermen, also had many longlines hooked to the floor, but no specimens were found in the three transects made. According to Model 1, which takes into account only the geomorphological variables, there was a high likelihood of finding this species, but this probability disappeared as physicochemical variables were included (Model 2), with wider ranges of silicates and higher rates of eastward current velocity (Figure 4).
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FIGURE 8. Fishing effort of longliners (A) and some of the specimens of A. setubalense damaged by longlines and gillnets in the area ST01 (B–G).


Regarding P. carpenteri, Figures 7C,D display the predictive maps of Models 1 and 2. The predictors that finally best fitted Model 1 were ground types, depth, and both BPIs; whereas for Model 2 they were minimum silicate value, maximum value of eastward sea current velocity, slope, and eastness. The distribution map of Model 1 was more irregular than the one originated by Model 2, which showed clearer suitability areas, due to the complicated orography of the terrain and because the variations in the layers of currents and silicates are more uniform. Both models were consistent, with R2 values of 0.77 and 0.87 for Models 1 and 2, respectively. Otherwise, this species reflected a much wider distribution area, since samples were collected in areas of mud and very fine sand, which occupy a wide portion of the study area. Thus, the area covered by mud and very fine sand is 13,770 ha, while the area occupied by rock is less than 2,500 ha.



DISCUSSION

The need of comprehensive knowledge of the seabed is increasingly urgent, especially in regard to VMEs. Besides, this is particularly difficult in the deep-sea, where, due to its remoteness, the sampling is too often very scarce, or focused on a particular aspect, or does not have the quality of data that would be desirable. This is why it is so necessary to optimize the data yield while achieving consistent spatial resolution that is in accordance with the objectives of the study. Therefore, it is highly recommended to gather accurate data on nutrients and oceanic dynamics near the bottom and highlight the information they can provide, as these variables are important limiting factors for vulnerable species such as sponges and corals. This will supply more accurate data when providing relevant information on VME to the discussion forums of the declaration processes of MPAs, as well as those included in the more global framework of marine spatial planning.

The morpho-structural characteristics of our study area are very complex, since it encompasses an intricate system of canyons and a seamount, as well as an extensive circalittoral rocky platform at the head of the Avilés canyon and an internal mud basin that separates the Seamount from the continental shelf. This great complexity means that the need of a complete picture of oceanographic dynamics, which has been shown to greatly affect the VME of canyons and seamounts, cannot be ignored. Thus, numerous studies of spatial modeling in seamounts have demonstrated the great importance of currents near the bottom in the spatial distribution of various hexactinellid sponges (Howell et al., 2016; Roberts et al., 2018; Ramiro-Sánchez et al., 2019), while others have focused on the continental shelf, highlighting that near-bed currents at the shelf canyons can increase particle residency times, thereby favoring the presence of hexactinellid sponges (Whitney et al., 2005). On the other hand, some studies on silicic acid have revealed that this can be a strong limiting factor for some siliceous sponges (Maldonado et al., 2011), which can play an important role in the benthopelagic coupling of the silicon cycle (Maldonado et al., 2005); thus, in our opinion, an accurate layer of silicates should be taken into account in studies on the spatial distribution of siliceous sponges.


Spatial Resolution of the Layers and Data Availability

One of the most important issues when conducting a study of SDMs is the choice of appropriate spatial resolution (Vierod et al., 2014; Lecours et al., 2015; Ross et al., 2015). If the optimum in any work is the possibility of choosing spatial resolution depending on the species or habitat to be studied and the work area, too often there is no such possibility, since there are multiple factors influencing the approach of the SDM (Braunisch and Suchant, 2010). The use of multibeam results together with box corer stations for mapping substratum types in the study of the distribution of benthic species is already well recognized, but its accuracy in structurally complex deep-sea sites is limited. On the other hand, visual transects provide high resolution of spatial presence of long-lived and large benthic organisms (Sánchez et al., 2009a; Davies et al., 2014; Buhl-Mortensen et al., 2015). Modeling approaches combining both methods have the potential to contribute significantly to spatial management of deep-sea ecosystems, particularly for sponge grounds (Kostylev et al., 2001; Conway et al., 2005; Harris and Baker, 2012; Neves et al., 2014).

In our case, two factors influenced the spatial resolution of the models. The first was the type of sampler. In the case of P. carpenteri it was carried out with the beam trawl in 15′ hauls of almost 1 km long, so it does not make sense to use a lower resolution. The second factor was multibeam resolution, which enabled a very high resolution for the large study area that we had. This advises maintaining the maximum possible resolution when using a high-resolution sampler, as is the case of the georeferenced images from ROTV, which has been proved to be a very useful tool for microhabitat characterization in the circalittoral area of the ACS (Prado et al., 2020).

Understanding what occurs in the Benthic Boundary Layer (BBL), both at the level of oceanographic dynamics and physicochemical properties, is essential for the knowledge of the biology and distribution of benthic species (Lecours et al., 2015). Thus, it is important to consider bottom currents and limiting nutrients as key factors for the distribution of these species, as is reflected in the increasingly growing number of SDM works (Howell et al., 2016; Beazley et al., 2018; Ramiro-Sánchez et al., 2019). However, there are two important limitations to the application of SDMs to benthic species or habitats: spatial resolution, and the specific characteristics of the BBL, because the information available refers to water column models. Consequently, the role of the layers of physicochemical variables used should be interpreted with great caution as they do not take into account topographical effects on currents or sediment re-suspension on the availability of silicates (Sánchez et al., 2014).



Asconema setubalense Spatial Distribution

The vase-shaped A. setubalense has been found on seamounts and bathyal depths of several areas of the North Atlantic. Details of its extension, biomass, and densities have not been obtained, but clumps of up to 5 individuals m–2 have been recorded (Maldonado et al., 2017). In our study area, the densities found are well below this, with maximum values close to 0.013 individuals m–2, which could mean either that the environmental characteristics are not so suitable for the development of its populations, or that fishing pressure has seriously endangered its resilience. Besides, relatively close regions, such as the Alboran Sea (Mediterranean) and around the Canary Islands, have much denser sponge grounds of this species (González-Porto et al., 2014; de la Torriente et al., 2019).

In the MaxEnt model generated for A. setubalense, an excellent AUC score cross-validation result was obtained, with values of training and test data located between the range 0.9–1, very close to 1. This may be due to various factors; one of them seems to be that this sponge, although scarce and not forming aggregations, is well represented within the scanty rock coverage, in contrast to the sedimentary zone. Another is because the random selection chosen by the model for its validation selects presences from within the same populations, which makes it inconsistent. That is why a more accurate study was conducted by removing entire populations (Table 2), revealing an average AUC of 0.81 and 0.9 for Models 1 and 2, respectively, which still seems good enough, especially including silicates and currents. However, the inclusion of physicochemical variables shows two different scenarios in area ST04, as can be seen in Figures 7A,B. This area was sampled in three different transects using the photogrammetric vehicle but no presence of A. setubalense was found. Rather than a sign of this species, a large number of longlines and fishing gears appeared. This leads us to think that either the presence of A. setubalense was affected by fishing pressure, or the physicochemical conditions have not allowed its settlement. Additional studies must be carried out if we want to gain more comprehensive knowledge of the role of these predictors.

Further, station ST01 is located in an important fishing ground for gillnetters and longliners (Punzón et al., 2016) and this can be verified in the transects carried out in the area. ST01 study images had many sponges that were damaged or had longlines tangled around them (Figure 8), so it would be advisable to take this into account for future management plans.

Finally, if seabed substrate types are important, depth is also decisive, probably due to its correlation to many different environmental factors, such as general currents. Thus, the shallowest current in the area is found in Eastern North Atlantic Central Water (ENACW), which exerts its influence to a depth of 650 m; from 650 m deep to 1,300, Mediterranean Water (MW) prevails; ending where Labrador Sea Water (LSW) begins (González-Pola et al., 2012). Taking into account the depth range of the species, which in station ST01 is 327–333 m while in ST02 and ST03 it is 540–730 m, this indicates that the lower limit of the species on the seamount is MW, although in the Avilés canyon it is ENACW, suggesting that the A. setubalense distribution cannot have been driven by either of them, with it probably being more affected by tidal-controlled currents shaped by the characteristic geomorphology of submarine canyons and seamounts.



Pheronema carpenteri Spatial Distribution

The hexactinellid nest sponge P. carpenteri probably forms the most extensive sponge aggregation at temperate latitudes. These appear in the East Atlantic from southern Iceland to Morocco at 800–1,350 m depth. It fixes to the muddy substrate through a large number of spicules often forming mats. The peak abundances are up to 6 individuals m–2 (Maldonado et al., 2017), although in our study area the densities found are well below this data, with highs close to 0.072 individuals m–2.

The use of physicochemical layers is highly recommendable in the case of P. carpenteri, as long as the sampling method does not allow the resolution that geographical variables would. The good results of the model seem to confirm the great influence that the layer of the minimum value of silicates has for the distribution of the sponge, achieving very highly explained variance and R squared. It also reveals that this could be a valid approach in order to obtain the influence that the processes in the BBL may have in the spatial distribution of species. Thus, although information on the demand for dissolved silicon by sponge populations is extremely scarce because of the technical complexity of the approaches for its quantification, different studies have shown the great importance for sponges of silicate buried in the marine sediments from the rain of diatoms, largely concentrated on continental margins (Maldonado et al., 2011, 2012). In the Porcupine Seabight, Rice et al. (1990) suggested that P. carpenteri aggregations occur close to, but not within regions of the upper continental slope where the bottom topography enhances the near-bottom current velocities, but may nevertheless be dependent upon the re-suspended or undeposited organic matter carried there from these regions. The results of our studies show a strong spatial correlation between the availability of silicates (Figure 4G) and the presence of P. carpenteri (Figure 7D), as they generally appear on the muddy bottoms of the continental margin on 400–1,200 m depth. In the Cantabrian Sea, the importance of near-bottom currents at each tidal cycle has been described on the break shelf and canyons (Sánchez et al., 2014). Enhanced near-bed currents are believed to cause high re-suspension, providing an increased food supply and silicate availability for sponges.

The results obtained in this study area are consistent with the one carried out for this species in the El Cachucho MPA by García-Alegre et al. (2014), where the importance of the BPI was revealed by showing similarities to the low positive values of broad-scale BPI and values close to 0 for the fine-scale BPI of our Model 1. Furthermore, in that work, the presence of this species was related to that of the MOW current and its speed (between 0.02 and 0.03 ms–1). This influence has been corroborated in our study, as can be seen in Figure 6, where it is observed that the probability of occurrence of the species reaches its maximum when the eastward current velocity value is slightly above 0.02 ms–1, values that agree with the study developed by Ramiro-Sánchez et al. (2019). Above this value, it decreases uniformly, although from 0.03 ms–1, the uncertainty is greater.



Implications for MPA Monitoring

This study indicates the locations with the highest probabilities of the two main vulnerable sponge grounds in the Cantabrian Sea, which may guide future management in the Natura 2000 network. In the case of El Cachucho MPA, the most likely zones to find both species are already protected from the most impactful anthropic activities (bottom fisheries and gas extraction) by the new management plan governing the area (Rodríguez-Basalo et al., 2019). These results highlight the need to keep MPA protection active, and to continue monitoring the effects of management measures on the distribution range of the two species as well as their health status.

Numerous studies are being carried out in El Cachucho MPA with the aim of monitoring the populations of A. setubalense at the top of the bank in order to trace its evolution in an area of exclusion of bottom fisheries (Prado et al., 2021), as well as conducting connectivity studies, and others that analyze the presence of species associated with these populations (Manjón-Cabeza et al., 2021). The results obtained here, along with the spatial distribution of these sponges in the ACS, may influence decision-making on the limitations imposed over particular fishing techniques affecting each species. The known spatial distribution of certain artisanal fisheries (Punzón et al., 2016), such as gillnets and longlines, has significant overlaps with the suitable habitat of A. setubalense. This will involve designing management measures that somehow limit the use of these fishing techniques or mitigate the impact that fishing gears can have on VME in the areas identified as ST01 and ST02.

Trawling, mainly targeting blue whiting with pair trawls (Punzón et al., 2016), is likely to limit the potential spatial distribution of P. carpenteri when its suitable habitat is considered. This overlap of vulnerable habitat and anthropic socio-economic activities will require collaborative study with stakeholders in order to find an agreement on the necessary management measures that reach the participation and acceptance of the main sectors affected. One of the main objectives of the LIFE + INTEMARES project is to train Natura 2000 network managers and other relevant stakeholders and create networks to promote cooperation and information exchange, and to improve the required knowledge for protected areas management. In this sense, the type of approaches presented in this study is necessary in order to be able to make the right decisions and create a coherent network of MPAs in the context of the Natura 2000 network.
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Model 1 (A. setubalense)

Model 2 (A. setubalense)

Resolution AUC (Univariant) Contribution (%) AUC (Univariant) Contribution (%)

Depth 32m 0.88 23.3 0.88 20.8
BPI fine 0.69 1 0.69 0.72
BPI broad 0.89 1.3 0.89 0.52
Slope (°) 0.72 0.1 0.72 0.08
North 0.63 1.4 0.63 1.27
East 0.59 0.9 0.59 0.42
Ground types 0.92 72 0.92 68.4
Si Range 4,000 m N/A 0.88 1.94
Simin N/A 0.91 0
uo max 9,000 m N/A 0.88 1.65
uo min N/A 0.81 0.63
VO max N/A 0.9 3.69
Vo min N/A 0.89 0.02
Full model 0.97 0.98
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AUC test 1 AUC test 2 AUC test 3 AUC average

Model 1 0.56 0.93 0.94 0.81
Model 2 0.8 0.97 0.93 0.9

Each case is validated with a set of presences that corresponds to each of the
populations of A. setubalense: Avilés (Test 1), west Cachucho (Test 2), and East

Cachucho (Test 3).
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Univariate GAM (P. carpenteri) Predictors selected

Variance R? p-value Model 1 Model 2
(%) (p-value) (p-value)

Depth 4.88 0 0.4
Fine BPI 0.9 0.04 0.67 0.0003***
Broad BPI 19.3 0.12 0.2 0.0003***
Slope (°) 62.7 0.46 0.04* 0.09.
North 2.7 0.03 0.8
East 315 0.28 0.006** 0.006** 0.002**
Ground types 1.2 0.03 0.08. 0.09.
Sirange 53.2 0.49 0.001*** N/A
Si min 414 0.32 0.03* N/A 0.006***
uo max 35.1 0.26 0.09. N/A 0.048**
uo min 0.7 0.04 0.7 N/A
VO max 19 0.02 0.5 N/A
Vo min 31.8 0.28 0.006** N/A
Model 1 87 0.77
Model 2 94.3 0.87

For the full models, Models 1 and 2 represent the comparative study that
was developed taking into account only geomorphologic variables (Model 1),
or including the physicochemical variables of currents and silicates (Model 2).
(P <0.1,P<0.05, P<0.01* P < 0.007™.
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