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RESUMEN - ABSTRACT 
Como consecuencia del elevado solapamiento de actividades en el ecosistema marino, surgen 

una serie de marcos de actuación para la protección de este medio, entre los cuales destaca la 

Directiva Marco de Estrategias Marinas (DMEM). En el presente trabajo se busca caracterizar 

las presiones que tienen una afección sobre el Descriptor 6 (D6), integridad del fondo marino, 

así como establecer una primera aproximación sobre las áreas de acumulación de estas. Para 

ello se ha realizado una recopilación de las actividades humanas que ocurren en el Mar 

Cantábrico central, las presiones que pueden ejercer, su zona de influencia y los hábitats 

bentónicos con los que solapan. Los resultados muestran que el Mar Cantábrico se encuentra 

altamente afectado, el 10% presenta pérdida física (1617,18 km2) y el 42% del área estudiada 

está perturbada (6556,13 km2). De hecho, 14 de los 21 hábitats estudiados mostraron más del 

50% de su superficie afectada por la presión humana. La pesca es la actividad con mayor 

relevancia que afecta a la integridad de los fondos marinos (7415,19 km2), ocurriendo esta 

actividad mayoritariamente sobre los fondos sedimentarios. La acumulación de las presiones 

se da en mayor medida en los hábitats litorales, donde los hábitats rocosos presentan un alto 

porcentaje de afección, siendo la fuente de esta acumulación la interacción entre diferentes 

artes de pesca (palangre y enmalle) en zonas de la plataforma y el talud (entre los 113-644 m) 

y la interacción de diferentes actividades en la costa. El resultado, son amplias zonas con 

presencia de presiones acumuladas, destacando la gran afección sobre el Lugar de Interés 

Comunitario (LIC) del sistema de cañones de Avilés, donde se acumulan hasta 3-4 presiones 

mayormente proveniente de la pesca. El estudio de la serie espaciotemporal de la pesca 

muestra un aumento general del esfuerzo de las artes fijas (35/40%) y una disminución 

general de las artes móviles (36/53%). El elevado solapamiento encontrado, así como el 

creciente uso de los espacios marinos, hace necesario el análisis minucioso de estas presiones 

para una correcta gestión de los ecosistemas y espacios protegidos. 

The high overlap of activities in the marine ecosystem has driven the development of several 

frameworks for the protection of the marine ecosystem, among them, the Marine Strategies 

Framework Directive (MSFD) stands out. The present work aims to characterize the pressures 

that affect Descriptor 6 (D6), seabed integrity, and to establish the first approximation of the 

pressure accumulation analysis. To do it, a detailed compilation of the spatial distribution of 

the human activities that occur in the Central Cantabrian Sea, the pressures they may exert, 

the area of influence, and the overlapped benthic habitats have been conducted. The results 

showed that Central Cantabrian Sea is highly affected, the 10% of the seabed is physically 

lost (1617.18 km2) and 42% of the surveyed area was disturbed (6556.13 km2), in fact, 14 of 

the 21 studied habitats showed more than the 50% of their area affected by human pressures. 

Fishing is the activity exerting the greatest pressure on seabed integrity (7415.19 km2) mostly 

occurring along sedimentary habitats. The results also showed that the pressures accumulation 

occurred mostly along coastal habitats, where rocky habitats present a high percentage of 

affection, being the source of this accumulation the interaction between different fishing gears 

(longline and gillnet) in deeper continental shelf and slopes (between 113 -644 m depth) and 

the interaction of different activities on the coast. The Site of Community Importance (SCI) 

Avilés Canyon System area also showed a high accumulation of pressures where up to 3-4 

pressures were found, mostly fishing activities. The time series of fishing analyzed showed a 

general increasing trend of static gears (35/40%) while a general decrease trend of mobile 

gears (36/53%) was found. The high overlap found between pressures, as well as the 

increasing use of marine areas, makes it necessary to conduct a more detailed analysis of 

these pressures for the correct management of ecosystems and protected areas. 

Palabras clave: Estrategias Marinas, hábitats, integridad de los fondos marinos, presiones 

acumuladas. | Keywords: Cumulative pressures, habitats, Marine Strategies, seabed integrity. 
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1. INTRODUCTION 

The oceans are a very important resources for human beings, providing large number of 

services, both material and immaterial. Water bodies are affected by large number of human 

activities, from recreation to large-scale commercial activities such as fishing, oil exploitation 

or aquaculture. These activities and the pressures associated with them can therefore cause 

damage to ecosystems and their associated services (Andersen et al., 2013; Ban & Alder, 

2007; Foley et al., 2010; Holon et al., 2015). 

The human activities and pressures affecting ecosystems can occur simultaneously in time 

and space, causing the accumulation of these human-generated impacts. These activities can 

modify the environment in many different ways, such as polluted, increasing the turbidity, 

changing the salinity and water properties, destroying ecosystems, or altering ecosystem 

dynamics, among many others (Andersen et al., 2013; Ban et al., 2010; Foley et al., 2010). As 

a result, seas are affected in terms of their stability, from the local to the continental scale. In 

order to mitigate the negative effects of human practices on marine ecosystem dynamics, 

ecosystem-based management is beginning to be implemented. To achieve this, it is necessary 

to better understand the complex interaction between human activities, pressures and 

ecosystems components (Piet et al., 2021). The aim is to maintain a balance between all these 

components without putting biodiversity and ecosystems at risk (Andersen et al., 2020; Ban et 

al., 2010; Borgwardt et al., 2019).  

With this objective in mind, the European Union’s Marine Strategy Framework Directive 

(MSFD Directive 2008/56/EC) was created with the aim to achieve Good Environmental 

Status (GES) along European waters. This Directive establishes a framework for action for all 

the countries of the European Union, with a total of 11 qualitative descriptors of GES that 

must be analyzed (Figure 1) in order to achieve the objectives established, and that are 

defined in Annex I of the directive (European Commission (EC), 2008). 
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Figure 1. Descriptors defined in the MSFD, based on descriptor’s type, either natural elements or human 

pressures. Resource: Ministerio para la Transición Ecológica y el Reto Demográfico (MITERD), 2022. 

In the Marine Strategy Framework Directive, Descriptor 6 (D6) is defined as: “Sea-floor 

integrity is at a level that ensures that the structure and functions of the ecosystems are 

safeguarded and benthic ecosystems, in particular, are not adversely affected” (EC, 2008). 

Rice et al. in their 2012 report, set out different criteria and indicators for determining GES 

for seabed integrity. 

The steps to determine good environmental status are listed below (MITERD, 2012): 

1. Identification of the most important or vulnerable habitats. 

2. Identification of the pressures that may affect these. 

3. Establish the status according to the percentage of habitat affected by the pressures or 

indicators derived from the most relevant habitats (richness or diversity). 

Each descriptor is affected by different pressures, in the case of D6, the main pressures that 

are altering the integrity of the seabed are those ones generating seabed disturbance and 

seabed loss. Both lead to seabed disturbance, the difference between them being the ability of 

the seabed to recover after the pressure is applied to it. Thus, loss implies permanent changes 



Spatial distribution of human pressures and the interaction with Benthic Broad Habitats; The case study of Central 

Cantabrian Sea 

3 

to the seabed, whereas disturbance allows for a possible recovery of the altered biota over a 

12-year period (International Council for the Exploration of the Sea (ICES), 2018; MITERD, 

2019a; Raicevich et al., 2022). To assist in the management of this descriptor, the assessment 

of several criteria has been developed (EC, 2017b; ICES, 2019a): 

- D6C1: Characterization of the location of physical loss (pressure). 

- D6C2: Characterization of the location of physical disturbance (pressure). 

- D6C3: Adverse effects of physical disturbance on habitats (impact). 

- D6C4: Extent of habitats affected by physical loss (state). 

- D6C5: Extent of adverse effects of anthropogenic pressures on the conditions of each 

habitat type (state). 

In accordance with this descriptor, the MSFD, in the 2017 Directive (EC, 2017a, b), calls for 

the compilation of the activities that are causing different types of pressures (i.e. anchoring, 

aquaculture or fisheries) in the different countries, as well as establishing the level of 

affectation by accumulated pressures and determining the GES. In order to work on these 

aspects, Spain has created a spatial planning instrument for the marine environment, the 

Marine Strategies of Spain (EsMarEs), which establishes a framework for action at state level 

(MITERD, 2022). The first results were included in the report of the first implementation 

cycle (2012-2018) of the Marine Strategy Framework Directive in 2019.  

One of the most pressing challenges of MSFD implementation is how to address the impacts 

of multiple activities, and their various associated pressures. For the assessment, a detailed 

characterization of the distribution of habitats and anthropogenic pressures, as well as the 

correlation between these and the ecosystem is needed. It is the basis of numerous other 

studies such as the development of ecological indicators or the design of marine reserves and 

conservation plans (Fernandes et al., 2018; Frazão-Santos et al., 2021; Holon et al., 2015; 

Judd et al., 2015; Kannen, 2014; Katsanevakis et al., 2011; Stelzenmüller et al., 2008). Some 

analyses of anthropogenic factors and their cumulative impacts on the ecosystem have been 

developed, globally and regionally (Andersen et al., 2013; Ban et al., 2010; Batista et al., 

2014; Bevilacqua et al., 2018; Fernandes et al., 2017 & 2020; Halpern et al., 2008, 2009 & 

2015; Knights et al., 2013; Korpinen et al., 2013; Selkoe et al., 2009). These consist of the 

characterization of activities and their associated impacts, using different criteria for their 

evaluation, such as duration, spatial extent, intensity, etc., with a semi-quantitative approach. 

(Andersen et al., 2013; Halpern et al., 2009; Holon et al., 2015; Willsteed et al., 2017). 
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The pressure accumulation analysis is even more necessary in areas included in the Natura 

2000 network that are likely to be subject to significant impacts, as is the case of the Site of 

Community Importance (SCI) ESZZ12003 of the Avilés Canyon System, as well as other 

Special Areas of Conservation (SAC) or Special Protection Areas for Birds (SPA) that may be 

included in this network. The Natura 2000 network is a European ecological network of sites 

(both terrestrial and marine) for the conservation of natural habitats and their associated 

biodiversity included in the Habitats and Birds Directive (Directive 92/43/CEE & Directive 

2009/147/CE), with the aim of protecting Europe’s heritage, which together with the MSFD 

constitute the pillars for the Integrated Marine Policy (IMP) (Fernandes et al., 2020; Möckel, 

2017). 

To support the objectives of the MSFD, this work has created a collection of spatial data on 

the main human activities taking place in the Central Cantabrian Sea, as well as their 

interaction with the Broad Benthic Habitats Types’ (BHT) established by the European 

Commission for Descriptors 1 (Biodiversity) and 6 (Seabed Integrity) (EC, 2008; Evans et al., 

2016). These analyses are intended to conduct a complete analysis of the main human 

pressures affecting the Cantabrian seafloor, as well as respond to Criteria 1, 2 and 4 associated 

with Descriptor 6, and to contribute to the development of the Descriptors 3 and 5 (see an 

example of data flow in Figure 2).  

 

Figure 2. Example of dataflow for the collection of data for the Descriptor 6. Resource: ICES, 2019b 
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In addition, a methodological framework is created to analyze and mapping the cumulative 

human impacts pressures and the spatiotemporal analysis of the most relevant pressures, 

considering the requirements of the MSFD, in the Spanish territory. 

2. OBJECTIVES 

The main objective of this study is to identify and select the main pressures resulting from the 

human activities and characterize the cumulative pressure areas along Central Cantabrian Sea. 

Additionally, the pressures interaction with seafloor habitats is analyzed in the framework of 

MSFD in Spain. The specific objectives being: 

• To identified, collect and describe the main anthropogenic activities and the pressure 

caused on the seafloor in the Central Cantabrian Sea. 

• To analyze the spatial extent and distribution of the different human activities that 

cause physical disturbance or loss in the Central Cantabrian Sea. 

• To calculate the broad benthic habitat types’ (BHT) area affected by each human 

activity related to the MSFD D6C1, C2 and C4 assessment. 

• Explore quantitative methodology for the analysis of cumulative pressures. 

• Analyze the spatiotemporal trends of the main pressures along the study area. 
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3. MATERIAL AND METHODS 

3.1.  Study zone 

According to the MSFD, Spain has 3 oceanic sub-regions: the Atlantic sub-region, the 

Mediterranean sub-region and the Macaronesian sub-region, including five official 

demarcations (Figure 3). This paper focuses on the Atlantic region, more specifically the 

study collected the human activities and pressures for the entire North Atlantic Demarcation, 

whereas for the analytical processes those ones causing seafloor disturbance and loss (seafloor 

contact) were selected. 

 

Figure 3. The five marine demarcations of the Spanish jurisdictional waters for implementation of the 

Marine Strategy Framework Directive. (MSFD DIRECTIVE 2008/56/EC). Resource: Elaborated by the 

author with data from MITERD. 

For this project a central area of the Cantabrian Sea, located off the Asturian coast, has been 

selected. This area includes the Site of Community Importance (SCI) of the Avilés canyon 

system (SCI ESZZ12003), the Special Area of Conservation (SAC) of El Cachucho and the 

Special Protection Area for Birds (SPA) of Cabo de Peñas (Figure 4). These areas are of 

greater relevance, as their steep topography allows for a constant supply of nutrients and the 

settlement of habitat-forming species such as deep-sea corals and sponges, thus hosting a 
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great diversity of species (García-Alegre et al., 2014; Ríos et al., 2022; Rodríguez-Basalo et 

al., 2021). 

Figure 4 showed the study area and the location of the mentioned components, as well as the 

bathymetric lines drawing the topography of the seabed. 

 

Figure 4. Map of the study area (Central Cantabrian Sea) including the SCI Avilés Canyon System and 

MPAs founds in the area; SAC El Cachucho and SPA Cabo de Peñas. The isobaths are represented every 

100 meters. 

3.2.  Data collection 

Information of the different activities in the study area has been collected from different 

sources based on the set of activities that are currently exerting pressure in the North Atlantic 

Demarcation according to the Marine Strategy Group (MITERD, 2019a). 

The sources used in this study are some of those proposed by the International Council for the 

Exploitation of the Sea (ICES) in its reports focused on the different GES descriptors where 

they recommend the data flow process that must be followed to create pressure databases 

(ICES, 2018; ICES, 2019a). From all of them, the European Marine Observation and Data 

Network (EMODnet) platform is one of the most powerful data resources, which together 

with national sources such as the Centre for Studies an Experimentation in Public Works 
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(CEDEX), the National Institute of Statistics (INE) and the Spanish Institute of Oceanography 

(IEO) have been used to build the database used for the present study (Table 1). Furthermore, 

Table 1 showed the type of information that has been collected for each of the activities. 

Table 1. List of the activities occurring in the study area, layer and data type and resource where they 

were obtained. ACe: Aquaculture Sites. ACf: Future Aquaculture. ACm: Molusc Aquaculture. MA: Military 

Areas. AR: Artificial Reef. C: Cables. DP: Population Density. D: Dredge Points. RE: Renewable Energies. Co: 

Collapse. OG: Oil & Gas. F: Anchoring Probability. P: Ports. DD: Dredge Disposal. VD: Vessel Density. OTB: 

Bottom Otter Trawls. LLS: Set Longlines. GNS: Set gillnets (anchored). PTB: Bottom Pair Trawls. CEDEX: 

Centre for Studies and Experimentation in Public Works. EMODnet: European Marine Observation and Data 

Network. INE: National Institute of Statistics. IEO: Spanish Institute of Oceanography. 

Activity Layer type Data type Resource 

ACe Polygon Area of aquaculture sites (km2) CEDEX 

ACf Polygon Area of possible use for aquaculture in the future (km2) CEDEX 

ACm Polygon Area of mollusc production sites (km2) CEDEX 

MA Polygon Area of military activities (km2) EMODnet 

AR Polygon Area occupied by artificial reefs (km2) CEDEX 

C Polylines Position of the cable route (km) 
CEDEX  

EMODnet 

DP Polygon Inhabitants per csquare kilometer (population/km2) 
CEDEX  

INE 

D Point Location of dredge points (location by coordinates) EMODnet 

RE Point 
Area of possible renewable energies location (location 

by coordinates) 
EMODnet 

Co Point 
Location of collapses such as boats (location by 

coordinates) 
CEDEX 

OG Point /Polygon 
Location and area of oil and gas extraction (location by 

coordinates) 
EMODnet 

F Polygon 
Location of commercial anchoring probability 

calculated by AIS (km2) 
CEDEX 

P Points Location of ports (location by coordinates) EMODnet 

DD Points 
Location of dredge disposal points (location by 

coordinates or km2) 

CEDEX  

EMODnet 

VD Raster Hours per square kilometer per month (hour/km2/month) EMODnet 

Fishery 

OTB* 

Polygon Average working hours 2019 (hour/km2) 
CEDEX 

IEO 

LLS* 

GNS* 

PTB* 

*Nomenclature based on Coordinating Working Party on Fishery Statistics (CWP), 2016. 

The information of the activities has been compiled in shapefile (.shp) format in most cases, 

and these files can be of different types: polygon, polyline or point. The maritime traffic 

density was obtained in raster format. After all layers were compiled, the representation of all 

the activities occurring on the study area was carried out. 
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Once the activities that take place in the selected area had been compiled, a bibliographic 

review by manual search in key journals and grey literature was carried out to find out the 

pressures exerted by each of the activities, as well as to determine whether the pressures 

generated by these activities had a zone of affection beyond the local impact, and thus be able 

to include it in the analysis. At this point it is necessary to comment the difference between 

activity and pressure: 

- Activity: These are the human activities which are needed to meet the requirements of 

our society. An activity can cause different pressures with different scales of impact 

(ICES, 2019b). 

- Pressure: It is described as the mechanism by which an activity has an effect on the 

ecosystem, actual or potential. One pressure can be caused by different activities 

(ICES, 2019b). 

With all this information, it was possible to draw up an activity-pressure interaction matrix 

with the area of influence of each activity, having into account the pressures that can be 

caused. 

Similarly, information of the benthic habitats present in the area was compiled according to 

the classification of habitat types made by the European Commission in 2017, for descriptors 

1 and 6 (EC, 2017a; Evans et al., 2016). This information was collected from EMODnet, 

which produced the map based on the 2021 EUSeaMap, multi-resolution full coverage of all 

European seas including bathymetry, geology and habitats which is a predictive map with a 

resolution of approximately 250 meters (Vasquez et al., 2021). Figure 5 showed the habitat 

distribution in the study area, and the area and depth range distribution of each of the habitat 

used is listed in Table 2:  

1. Infralittoral: 

- Infralittoral mud 

- Infralittoral sand 

- Infralittoral coarse sediment 

- Infralittoral rock and biogenic reef 

2. Circalittoral: 

- Circalittoral mud 

- Circalittoral sand 

- Circalittoral mixed sediment 

- Circalittoral coarse sediment 

- Circalittoral rock and biogenic reef 

3. Offshore circalittoral: 

- Offshore circalittoral mud 

- Offshore circalittoral sand 

- Offshore circalittoral mixed 

sediment 

- Offshore circalittoral coarse 

sediment 
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- Offshore circalittoral rock and 

biogenic reef 

4. Upper bathyal: 

- Upper bathyal sediment 

- Upper bathyal sediment or Upper 

bathyal rock and biogenic reef 

- Upper rock and biogenic reef 

5. Lower bathyal: 

- Lower bathyal sediment 

- Lower bathyal sediment or Lower 

bathyal rock and biogenic reef 

- Lower bathyal rock and biogenic 

reef 

6. Abyssal 

 

Figure 5. Habitats of the study area according to MSFD. The figure includes the SCI Avilés Canyon 

System and SAC El Cachucho. The isobaths are represented every 100 meters. Resource: Own elaboration 

with EMODnet (2021) data. 

Table 2. List of the MSFD broad habitats in the study area showing for each habitat the number of 

csquare (Csq) and total area (km2) covered, mean and standard error (se) depth, and depth range (min 

and max). 

BHT 
BHT Csq Area Depth (m) 

(acron) (n) (km2) mean se max min 

Abyssal Abyss 3680 3264,82 4441.7 7.3 5365 2152 

Circalittoral coarse sediment CirCs 118 105,66 58.7 3.5 77 30 

Circalittoral mixed sediment CirMs 4 3,58 34.3 7.8 76 11 

Circalittoral mud CirMu 12 10,75 48.9 5.9 95 19 

Circalittoral rock and biogenic reef CirRo 674 603,82 49.3 1.7 95 6 

Circalittoral sand CirSa 458 410,34 48.1 2.2 97 3 

Infralittoral coarse sediment InfCs 1 0,90 7.0 NA 7 7 
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BHT 
BHT Csq Area Depth (m) 

(acron) (n) (km2) mean se max min 

Infralittoral mud InfMu 4 3,59 0.3 8.6 11 26 

Infralittoral rock and biogenic reef InfRo 183 164,10 3.3 4.7 29 64 

Infralittoral sand InfSa 92 82,49 15.7 1.5 23 3 

Lower bathyal rock and biogenic 

reef 
LBatRo 220 195,93 1663.5 50.2 2214 1219 

Lower bathyal sediment LBatSed 1079 960,79 1595.2 24.9 2370 988 

Lower bathyal sediment or Lower 

bathyal rock and biogenic reef 
LBatSed/Ro 1090 968,95 1822.0 9.2 2475 1192 

Unidentified Unidentified 2 1,79 132.5 24.6 177 68 

Offshore circalittoral coarse 

sediment 
OfCirCs 410 366,59 112.8 3.0 164 57 

Offshore circalittoral mixed 

sediment 
OfCirMs 151 134,74 146.8 5.3 200 81 

Offshore circalittoral mud OfCirMu 366 327,10 140.7 2.1 200 60 

Offshore circalittoral rock and 

biogenic reef 
OfCirRo 1262 1128,77 119.2 2.5 191 74 

Offshore circalittoral sand OfCirSa 2167 1936,76 141.7 1.7 202 62 

Upper bathyal rock and biogenic reef UBatRo 659 586,39 644.4 33.1 1246 164 

Upper bathyal sediment UBatSed 4099 3653,33 603.1 12.6 1292 156 

Upper bathyal sediment or Upper 

bathyal rock and biogenic reef 
UBatSed/Ro 260 231,24 1026.5 13.3 1336 465 

On this study, for this first approximation, only the pressures having contact with the seafloor 

have been analyzed (D6C1 y C2), because these are the main impacting drivers and are 

directly related with the seafloor impact (ICES, 2019b). 

3.3. Data analysis 

Once the information of each selected activity and pressure was collected, they were 

processed and selected, leaving only the activities that were present in the study area. For the 

preparation of each spatial layer different tools were used including clipping of layers, 

merging between several layers, generating buffers or vectorization of raster layers, among 

others. 

The whole process was carried out with the free geographic information software QGIS 

v3.22. The geographic data were loaded into this software, and with the layers already 

processed, map compositions were made. 

For the data analysis and management, the R v.4.2.0 software was used, for which the raster, 

sf, sp, dplyr, classInt, rgdal, vmstools, tidyverse and lwgeom packages were used, as well as a 

modified script of the Csquare function of the VMSTOOLS package. Some of the most used 

scripts are included as supplementary materials. 
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For the spatial analysis, all the information was included in a grid built called Csquare, based 

on the methodology developed by the Marine and Atmospheric Research in Australia 

(CSIRO). It is a system for storage, querying, display and exchange of “spatial data” locations 

and extends in a simple way so that everyone can use it. It consists of the generation of a 

georeferenced grid, measured in degrees of latitude and longitude, in which each csquare has 

a unique code (Rees, 2003). 

This spatial grid is used by MSDF to represent and share data globally, and a 5x5 km2 grid is 

generally used for GES descriptor 6 because of data collection limitations (ICES, 2018; ICES, 

2019a). However, in the present work, due to the small working area, a 1x1 km2 grid has been 

chosen in order to include a more detailed result. 

With the data already prepared and the grid created, all the activities were joined together in a 

dataframe. The following results were obtained from this dataframe, including the number of 

csquares affected and the area in km2 affected. The following parameters were calculated: 

- Total seafloor area (km2) lost and perturbed. 

- Total area affected (km2) by total and each activity, respectively. 

- Total area (km2) affected by two different activities overlapped at the same time. 

- Total area (km2) affected by accumulated pressures (1, 2, 3-4 and ≥5 pressures). 

- Total number of Csquares, total area (km2) and the total percentage (number of 

csquares affected/total habitat number of csquares) affected by broad habitat type 

(BHT). 

- Number of habitats affected by percentage of pressure affection. 

In the habitat analysis, those csquares identified as Unidentified have not been taken into 

account. 

In order to adopt precautionary measures, all the areas’ calculations and spatial 

representations were conducted considering the area where the activity exert the pressure and 

the buffer area obtained from the literature. Human activities exert pressures that have effects 

that may lead to impacts on receptors, following Elliott et al. (2020) this effect may be 

additive, synergistic, antagonistic (compensatory), or masking, however, in this study we only 

consider addition, also when we calculated the activities generating habitat loss.  

The spatial distribution maps resulting from the analysis were produced with the QGIS v3.22 

geographic information system again. 
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Finally, an example of how the spatiotemporal variability of pressures accumulation could be 

analyzed is presented. For this purpose, the pressure of fishing was selected, because of the 

relevance of this human activity in the study area (both in terms of distribution and intensity) 

and because we had access to a large time series data (2009-2021). The temporal trend of 

fishing intensity (hour/km2) for the four different fishing gears (Set Longlines (LLS), Bottom 

Otter Trawls (OTB), Set gillnets (GNS) and Bottom Pair Trawls (PTB)) was analyzed, for the 

period 2009-2021. To do that we conducted a nested Generalized Linear Model (GLM) (1) 

using a script in R v.4.2.0 software (2; see supplementary material for more information) 

obtaining the temporal trend of fishing intensity (hour/ km2) by csquare. 

𝑦 =  𝛼 +  𝛽1 𝑥1 +  𝛽2 𝑥2 +  𝛽3 𝑥3 + ⋯ +  𝜀    (1) 

glm (formula = hour ~ year + gear, data = dbhora2)    (2) 

The year was nested to the study zone, obtaining a specific coefficient and a p value for every 

csquare, describing the positive or negative relationship (by means of the coefficient) between 

the intensity and time over the study zone. Csquares with three or less years of data were 

deleted for the analysis. The matrix resulting from the analysis will be provided as digital 

supplementary material. With these results, the correlation tendency (positive or negative) and 

significance were represented using QGIS v3.22. 
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4. RESULTS 

4.1. Human activities distribution 

In total 17 activities were identified and described for the entire North Atlantic Demarcation, 

from these, 15 were also located in the study area (the Central Cantabrian Sea). Figure 6, 

shows the spatial distribution of the activities in the whole North Atlantic Demarcation, where 

two groups of activities can be identified, those with a more specific location, such as port 

infrastructures or artificial reefs, and another with a wider distribution (density of maritime 

traffic, fishing or military areas). 

The results showed that most of those activities occurred along the coastal area, while fishing 

is the most widespread pressure along the deeper continental shelf and slope areas. The results 

also showed that a large area of the SCI Avilés Canyon System was affected, where 5 

activities are found inside the protected area (cables, prospections, vessel density, military 

area and fishery). In contrast the number of activities exerting pressures inside the SAC area 

of El Cachucho is lower (military area and fishery). 

Each activity will give rise to many pressures, for this reason, in this study, for each of these 

activities, the pressures that they can generate have been identified, as well as the area of 

influence (Table 3). According to previous studies, all the activities are found to generate 

more than one pressure in space and time, but it is the extraction of dredged material and 

aquaculture those activities that generate higher number of pressures on the environment 

(Table 3). 

The area of influence varies greatly depending on the type of activity and pressure. Biological 

pressures or those ones introducing substances into the system affect the greatest distances (up 

to 100 km) (i.e. aquaculture and maritime transport), while the potential impact of activities 

generating physical pressures are limited to a local impact or to a few kilometers (1-5 km) 

(i.e. Cables and collapses). 
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Figure 6. Compilation of activities exerting pressures in the North Atlantic Demarcation. 
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It is needed to comment, with regard to Table 3, that other resources such as Bevilacqua et al., 

(2018), Holon et al., (2015) or Andersen et al., (2020) give a generalized influence distance, 

associating only one value for all the pressures related to an activity. 

From all the activities analyzed, 11 of them exert a direct physical pressure on the seabed 

causing either loss or disturbance. These human activities are shown in Figure 7, and 

described in Table 3. Most of the physical pressures exert local or 1 kilometer effect around 

their point of occurrence. 

 

Figure 7. Human activities causing physical damage occurring in the study area. 
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Table 3. Interaction matrix of activity-pressure and their influence distance on the study area. Green: those activities-pressures which interact. 
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Physics 

Habitat disturbance  Local Local 1 km 1 km Local 1 km 1 km 5 km Local 5 km 1 km Local Local Local a, c, d, e, f, g, h, i 

Habitat loss Local Local Local 1 km 1 km Local  Local Local Local Local  Local   a, c, d, e, g, h 

Increase of turbidity 1 km 1 km Local 1 km 1 km Local   5 km  5 km 1 km Local Local Local d, e, f, g, h 

Changes to 

hydrological conditions 
1 km 1 km 1 km 1 km 1 km 1 km  1 km      Local  b, c, d, e, f, g 

Organic and inorganic substances 

Nutrient/Organic 

enrichment 
   1 km 1 km    1 km 5 km 1 km   24 km 1 km b, c, d, e, f, g, i 

Contamination 5 km 5 km   10 km 1 km Local 1 km 3 km 1 km 3 km 20 km  5 km  c, d, e, f, g, h, i 

Input of litter      20 km  20 km 
20 

km 
20 km 20 km 100 km 1 km Local Local b, c, d, e, f, g, i 

Energy 
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Antropogenic sound 5 km 20 km 20 km  20 km 20 km 10 km 20 km 
20 

km 
20 km 20 km 14 km   1 km b, c, d, e, f, g, h, i 

Other energetic forms   Local   Local  Local        c, d, e, g, h 

Biological 

Patogens      50 km   75 

km 
20 km 75 km     b, c, d, e, f, g, i 

Input or spread of non-

indigenous species 
5 km 50 km       50 

km 
100 km 50 km 50 km    b, c, d, e, f, g 

Species perturbation  10 km 10 km   10 km   10 

km 
10 km 10 km    Local c, d, e, f, g, h, i 

Community 

perturbation 
        50 

km 
50 km 50 km     c, d, e, f, g, i 

Resource 3, 4 2, 3 1, 2, 3, 6 3, 4 1, 2, 3 1, 2, 3 3 2, 3 
1, 2, 

3, 4 
1, 2, 3, 4 1, 2, 3, 4 3, 4 3 3, 4, 5 3  

Interacction activity-pressure: 

a) ICES, 2019a 

b) EC, 2008 

c) MITERD, 2019a 

d) Oosterbaan et al., 2009 

e) Anderson et al., 2013 

f) Ban et al., 2010 

g) Fernandes et al., 2020 

h) Hammar et al., 2020 

i) Babosa et al., 2018 

Influence distance: 

1. Hammar et al., 2020 

2. Fernandes et al., 2020 

3. Anderson et al., 2013 

4. Ban et al., 2010 

5. Batista et al., 2014 

6. Fernandes et al., 2021 

Italic letters: Personal approach 
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4.2.  Distribution of activities causing seafloor loss and/or disturbance and their 

overlap with habitats (BHT) 

From 15735,3 km2 extension of the study area, a total of 6557 km2 are affected by the 11 

different human activities. Of this area, a total of 1617 km2 were loss pressured (10% of total 

area), while over 6556 km2 were disturbed (42% of total area) (Figure 8 and Figure 9). The 

seabed loss actions were mainly concentrated in the infralittoral area (below ≈30 m depth), 

caused by all the activities except fisheries (i.e. prospections, cables, artificial reefs or 

aquaculture), while seabed disturbed areas were widely distributed from infralittoral to large 

areas of continental shelf and slope (between 30 and 400 m depth). The results also showed 

that the SCI of Avilés Canyon System was affected, being the 29% of the total area disturbed.  

 

Figure 8. Extend and distribution of the loss area (km2) over the study area. 
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Figure 9. Extend and distribution of the disturbance area (km2) over the study area. 

The results showed that the human activities that are affecting larger surface area are those 

related to fisheries (Bottom pair trawl, Set longlines, Set gillnets and Bottom otter trawl), with 

values between 1222,98 km2 and 3129,75 km2, followed by artificial reefs (678,56 km2) and 

oil & gas prospections (521,84 km2). Aquaculture activities showed the smallest distribution 

surface area, with only 5,39 km2 (Figure 10).  
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Figure 10. Affected area (km2) by activities. ACe: Aquaculture establishment. P: Ports. Co: Collapse. F: 

Anchoring probability. D: Dredge points. DD: Dredging disposal. ACm: Mollusc aquaculture. OG: Oil & Gas 

extraction points. AR: Artificial reefs. PTB: Bottom pair trawl. LLS: Set longlines. GNS: Set gillnets. OTB: 

Bottom otter trawl. 

The total percentage of area affected (disturbed and lost) per broad habitat type (BHT) is 

shown in Table 4. The results showed that the Infralittoral habitats (InfMu, InfSa and InfCs) 

have the most affected areas, with practically 100% of their habitats affected by a pressure. 

Circalittoral mud (CirMu) also showed the 100% of their seafloor area affected. After those 

habitats, soft sedimentary bottoms are the most affected ones showing the Offshore 

circalittoral mud (OfCirMu) and Circalittoral coarse sediment (CirCS) the 83,88% and 77,9% 

of area affected, respectively. Note that hard substrate habitats, such as Infralittoral rock and 

biogenic reef (InfRo), Circalittoral rock and biogenic reef (CirRo) and Offshore Circalittoral 

rock and biogenic reef (OfCirRo), showed more than 70 % of their total area affected (Table 

4). The deepest seabed areas (below 600 m depth) showed the lowest area affected, ranging 

from 18 to 48 % along the upper bathyal and from 2 to 7 % along the lower bathyal habitats.  

Table 4. Table showing the number of csquares affected by broad habitat type (BHT), as well as the 

affected area (km2 and %). For the % of habitat area affected a color scale has been set up; from red to green to 

show grading from most affected to lowest affected. The BHT are organized by distance from the coast, from 

closest to furthest, and by community sensitivity, from lower to higher. 

BHT 
Number of affected 

squares 

Affected area 

(km2) 

% 

Affected 

Infralittoral mud 4 3,59 100,00% 

Infralittoral sand 91 80,70 98,91% 

Infralittoral coarse sediment 1 0,90 100,00% 

Infralittoral rock and biogenic reef 158 138,97 86,34% 

5,39

16,14

60,89

71,65

92,34

129,95

274,32

390,92

521,84

678,56

1.222,98

1.251,31

1.811,15

3.129,75

0,00 500,00 1.000,00 1.500,00 2.000,00 2.500,00 3.000,00 3.500,00

ACe

P

Co

F

D

DD

C

ACm

OG

AR

PTB

LLS

GNS

OTB

Area (km2)

Affected area (km2)
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BHT 
Number of affected 

squares 

Affected area 

(km2) 

% 

Affected 

Circalittoral mud 12 10,75 100,00% 

Circalittoral sand 342 303,77 74,67% 

Circalittoral mixed sediment 3 2,68 75,00% 

Circalittoral coarse sediment 92 80,60 77,97% 

Circalittoral rock and biogenic reef 478 420,18 70,92% 

Offshore circalittoral mud 307 269,03 83,88% 

Offshore circalittoral sand 1529 1323,61 70,56% 

Offshore circalittoral mixed sediment 108 96,38 71,52% 

Offshore circalittoral coarse sediment 302 267,35 73,66% 

Offshore circalittoral rock and biogenic reef 903 779,87 71,55% 

Upper bathyal sediment 2004 1699,06 48,89% 

Upper bathyal sediment or Upper bathyal rock and 

biogenic reef 
47 41,84 18,08% 

Upper bathyal rock and biogenic reef  219 189,95 33,23% 

Lower bathyal sediment 75 66,83 6,95% 

Lower bathyal sediment or Lower bathyal rock and 

biogenic reef 
55 47,99 5,05% 

Lower bathyal rock and biogenic reef 6 5,35 2,73% 

Abyssal 72 62,97 1,96% 

The number of habitats disturbed by different percentage of affection was also analyzed. As 

shown in Figure 11, 14 of the studied habitats showed more than the 50% of their area 

affected by human pressures, while 7 habitats have less than 50% of their area affected. 5 of 

these habitats showed less than 25% of their area affected, while only two have between 25 

and 50% of their distribution area disturbed. 

 

Figure 11. Number of habitats depending on the percentage of their area affected by some pressure. 0-

25% of their area affected, 25-50% of their area affected, 50-75% of their area affected and 75-100% of their 

area affected. 

5

2

7

7

Nº habitats affected

0-25 % 25-50 % 50-75 % 75-100 %
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Similarly, the total number of affected csquares has been represented depending on the 

percentage of affected habitat. Thus, those with more than 75% affected constitute a total of 

561 csquares, which together with the 3665 csquares occupied by those habitats with 50-75% 

affected, represent more than half of the area. 

 

Figure 12. Csquares affected by percentage of affection of the total area occupied by the different habitats. 

0-25% of their area affected, 25-50% of their area affected, 50-75% of their area affected and 75-100% of their 

area affected. 

A detailed analysis of the different activities and the extent of their affection per habitats type, 

of the habitats that are under most pressure (50-100%), is described below (Figure 13). It can 

be observed that a different distribution of activity occurred depending on the habitats, thus 

mollusc aquaculture, dredging points, ports and prospections exert pressures mainly in 

infralittoral (97%, 90%, 100% and 74% respectively), meanwhile cables, set gillnets, set 

longlines, bottom pair trawls and bottom otter trawls appear mostly in offshore circalittoral 

(70%, 55%, 56%, 78% and 58% respectively) and collapse and anchoring probability in 

circalittoral (90% and 70% respectively). It is noteworthy that artificial reefs and dredging 

disposal sites area similarly distributed either in infralittoral (44% and 50%) or in circalittoral 

(50% and 50%). 

Furthermore, Figure 13 shows the percentage of habitat that is affected by each activity 

(percentage detailed inside graphics). InfSa and InfRo, showed most of the area affected by 

mollusc aquaculture (ACm) activity (57% and 66% respectively), followed by artificial reefs 

(22% and 19%) and oil and gas prospections (15% and 22%). Oil and gas (OG) and artificial 

reef (AR) activities also showed wide extend along the infralittoral habitats, respectively 

255

2223

3665

561

Csquares affected

0-25% 25-50% 50-75 % 75-100%
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occupying the 21% and 20% of these habitats. Dredge points (D) and dredge disposal (DD) 

also showed relevant area of disturbance on InfSa and InfRo areas. 
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Figure 13. Percentage (%) of habitat type affected by activity. Percentage (%) inside graphics show the 

percentage of each habitat affected by that activity. ACm: Mollusc Aquaculture. AR: Artificial reef. C: 

Cables. Co: Collapse. D: Dredging points. DD: Dredging disposal. F: Anchoring probability. P: Ports. OG: Oil & 

Gas. GNS: Anchoring set gillnets. LLS: Set longlines. PTB: Pair trawls. OTB: otter trawls. 

The circalittoral area (between 35 and 60 m depth), similar to infralittoral area, CirSa, CirRo, 

together with CirCs, are the habitats with the highest overlap of activities (Figure 13). The 

circalittoral area is mostly affected by the artificial reefs (AR) and different types of fisheries. 

AR is affecting between 12% and 50%, OTB between 7% and 25%, GNS between 14% and 

42% and LLS between 10% and 19%. The extension of oil and gas (OG) activities also 

overlaps with CirSa and CirRo habitats, with 12% and 15% respectively. Also dredging 

disposal (DD) is present in CirCs habitats. 

For the offshore circalittoral habitats the number of activities affecting each type of habitat is 

also high (Figure 13). At these depths (112-645 m depth) fishing is the most represented 

activity, being always the most relevant activity, affecting the largest seabed area, specifically 

OTB is the fishing activity affecting the largest area, between 31% and 75%. After this, in 

most habitats it is GNS the fishing gear affecting the second largest area (8% to 36%), while 

LLS and PTB affects the smallest areas. 

4.3.  Cumulative pressures analysis  

In order to analyze the pressures in more detail, Table 5 shows the matrix of interaction 

between activities, showing which activities have a greater area of overlapping. The results 

showed that the four different bottom fisheries analyzed (i.e. GNS, PTB, OTB and LLS) have 

the greatest overlap between them, with values between 173,92 km2 and 920,58 km2. 

Attending to the other activities, it should be highlighted the moderate overlapping between 

oil and gas prospections and mollusc aquaculture (81,59 km2). For fishing activity taking 

place in the same space as other activities, bottom otter trawls interact with cables 99,07 km2, 

while set gillnets overlaps with artificial reefs and oil and gas prospections in 61,84 km2 and 

65,41 km2, respectively. 
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Even though fishing has the largest area of affection within the study area, it does not showed 

overlap with most of the activities exerting pressures. In addition, aquaculture, one of the 

activities with a lower occupancy, only coincide in space with mollusc aquaculture and 

dredging sites. 

 



Spatial distribution of human pressures and the interaction with Benthic Broad Habitats; The case study of Central Cantabrian Sea 

27 

Table 5. Interaction matrix between activities by surface area (km2). From green to red to represent from lower to higher area of interaction. 

 Aquaculture 

Sites (ACe) 

Molusc 

Aquaculture 

(ACm) 

Artificial 

Reef 

(AR) 

Cables 

(C) 

Dredge 

Points 

(D) 

Collapse 

(Co) 

Oil & 

Gas 

(OG) 

Anchoring 

Probability 

(F) 

Ports 

(P) 

Dredge 

Disposal 

(DD) 

Bottom 

Otter 

Trawls 

(OTB) 

Set 

Longlines 

(LLS) 

Set gillnets 

(anchored) 

(GNS) 

Bottom 

Pair 

Trawls 

(PTB) 

Aquaculture 

Sites (ACe) 
              

Molusc 

Aquaculture 

(ACm) 

5,39              

Artificial Reef 

(AR) 
0 79,80             

Cables (C) 0 4,48 0            

Dredge Points 

(D) 
2,69 59,17 12,54 0           

Collapse (Co) 0 15,23 42,99 0 7,17          

Oil & Gas 

(OG) 
0 81,59 0 11,65 8,07 0         

Anchoring 

Probability (F) 
0 24,19 3,58 0 14,34 5,38 7,17        

Ports (P) 0 13,44 1,79 0 8,07 0,90 1,79 1,79       

Dredge 

Disposal (DD) 
0 40,34 34,95 3,58 29,59 0 15,24 15,23 3,59      
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 Aquaculture 

Sites (ACe) 

Molusc 

Aquaculture 

(ACm) 

Artificial 

Reef 

(AR) 

Cables 

(C) 

Dredge 

Points 

(D) 

Collapse 

(Co) 

Oil & 

Gas 

(OG) 

Anchoring 

Probability 

(F) 

Ports 

(P) 

Dredge 

Disposal 

(DD) 

Bottom 

Otter 

Trawls 

(OTB) 

Set 

Longlines 

(LLS) 

Set gillnets 

(anchored) 

(GNS) 

Bottom 

Pair 

Trawls 

(PTB) 

Bottom Otter 

Trawls (OTB) 
0 0,90 19,74 99,07 0 0 18,81 8,95 0 4,48     

Set Longlines 

(LLS) 
0 0 78,88 8,03 0 6,26 39,42 4,48 0 4,48 419,95    

Set gillnets 

(anchored) 

(GNS) 

0 1,79 98,56 14,32 0 1,79 65,41 5,37 0 3,58 498,51 427,39   

Bottom Pair 

Trawls (PTB) 
0 0,90 0 32,99 0,90 0 0 4,48 0 4,48 920,58 173,92 175,74  
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The results of cumulative pressure analysis showed that most of the total study area is affected 

by only one pressure exerted by activities (either loss or disturbance), specifically 3031,5 km2 

(20% of the total study area), while 2567,3 km2 are affected by 2 pressures (17%), whereas 

872,2 km2 (6%) are affected by 3 or 4 pressures (Figure 14). Finally, a total of 86 km2 (1%) 

are affected by 5 or more pressures, with up to 10 pressures accumulating in one csquare. 

 

Figure 14. Area (km2) affected depending on the number of accumulated pressures. The accumulated 

pressures can be loss or disturbance from different activities occurring in the same csquare. Green: those 

csquares where one pressure is occurring. Yellow: those csquares where two pressures are occurring. Orange: 

those csquares where three or four pressures are occurring. Red: those csquares where five or more pressures are 

occurring. 

Figure 15 shows the distribution of the analyzed accumulated pressures in space. The highest 

accumulation of pressures occurs in coastal areas, where highest number of csquares with 2, 

3-4 and ≥5 pressures were found. The results also showed the presences of 2 and 3-4 

accumulated pressures along the continental slope (200-400 m depth), while along the 

continental shelf (50-200 m depth) most of the csquares were occupied by 1 pressure. It is 

important to mention that the Site of Community Importance (SCI) of Avilés Canyon System 

is highly pressured with up to a total of 4 pressures overlapping in the space, while inside the 

El Cachucho Special Area of Conservation, pressures were limited to a small area, being 

affected only by a pressure at time at its southern limit. 
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Figure 15. Accumulated pressures map. The accumulated pressures can be loss or disturbance from different 

activities occurring in the same csquare. Green: those csquares where one pressure is occurring. Yellow: those 

csquares where two pressures are occurring. Orange: those csquares where three or four pressures are occurring. 

Red: those csquares where five or more pressures are occurring. 

The accumulated pressures were also analyzed by the habitats affected (Figure 16). As in the 

previous section, the infralittoral, circalittoral and offshore circalittoral habitats were 

analyzed, of which all the habitat types were affected.  

We found different accumulative pressures patterns depending on the habitats. Attending to 

the infralittoral habitats (0 to 15 m depth), they showed the largest affected area having 2 

pressures at the same time (0,9 to 58,29 km2), followed by those csquares where there were 3-

4 (0,9 to 60,07 km2) pressures accumulated. InfSa and InfRo have the greatest pressure 

accumulation, with 15% and 10% of the habitat area affected by 5 or more pressures (Figure 

16). Whereas offshore circalittoral habitat (between 113 and 644 m depth) has a large area 

affected (2814,9 km2) but by fewer pressures. Here, the greatest accumulation occurs again in 

the OfCirSa and OfCirRo, with 4,48 and 2,69 km2 respectively affected by 5 or more 

pressures. 

Between the two previous habitats described it is the circalittoral, which showed an 

intermediate dynamic (Figure 16). The greatest area is affected by 2-4 pressures, occupying 
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543,87 km2 of 830,52 km2 (65%), followed by the affection of one pressure (32%) and barely 

affected by 5 or more (3%). 

It is important to notice the large accumulation of pressures on rock habitats throughout the 

analyzed depth range (26,89 km2), specifically 59% of the total area affected by 5 or more 

pressures, both in shallow (0-15 m depth) and deep (up to 644 m depth) areas. Similarly sandy 

habitats have 27,79 km2 affected by 5 or more pressures (61%).  
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Figure 16. Percentage (%) of affected BHT by different number of accumulated pressures. Percentage has 

been calculated with respect to the total area of each habitat. Green: those csquares where one pressure is 

occurring. Yellow: those csquares where two pressures are occurring. Orange: those csquares where three or four 

pressures are occurring. Red: those csquares where five or more pressures are occurring. 

4.4. Spatiotemporal variation of cumulative fisheries pressures 

Finally, the spatiotemporal analysis of fishing intensity by gear type was carried out. For this 

purpose, the tendency of coefficient value resulting from the multiple linear regression models 

for fishing intensity (hour/ km2), by cell grid and over the years (2009-2021) were mapped 

and are shown in Figure 17 and Figure 18. 

The resulting maps showed a different trend depending on the fishing gear in the Central 

Cantabrian Sea. Thus, static fishing gears, such as LLS and GNS showed a positive trend in 

most areas, while mobile bottom fishing gears (OTB and PTB) showed a negative trend along 

the study area. The negative trend of mobile gears was higher for OTB, where 53% of the 

csquares showed a negative coefficient value (13% of these significant), while in the case of 

PTB the negative values were observed in 36% of the csquares, of which 5% show a 

significant negative trend. On the other hand, although static gears showed a higher 

percentage of positive trends, the observed difference was not very large, with 35% positive 
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versus 32% negative observed for LLS and 40% versus 35% for GNS. Furthermore, it should 

be noted that only 3% (LLS) and 4% (GNS) of the csquares showed a significant positive 

trend. 

Special attention should be given to the area of the Avilés Canyon System, since while the 

mobile gears showed wide areas with a significant negative trend (Figure 17), the static gears 

showed a positive trend, even significant in certain locations, especially for LLS (Figure 18). 

 



Spatial distribution of human pressures and the interaction with Benthic Broad Habitats; The case study of Central Cantabrian Sea 

34 

   

Figure 17. Spatial correlation tendency by mobile bottom gears. Left: Bottom Pair Trawls (PTB), computer graphics retrieved from: Grieve et al., 2014. Right: Bottom 

Otter Trawl (OTB), computer graphics retrieved from: Ravasio, 2022. Significant when p<0,1. 
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Figure 18. Spatial correlation tendency of static bottom gears. Left: Set Longlines (LLS), computer graphics modified from: Fisheries Research and Development 

Corporation (FRDC), s.f. Right: Set Gillnets (GNS), computer graphics modified from: Office of Protected Resources, 2021. Significant when p<0,1. 
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5. DISCUSSION 

5.1. Human activities distribution and cumulative pressures analysis 

This study analyzed the extent and distribution of the different human activities affecting the 

North Atlantic Demarcation, giving a particular emphasis to the sea floor integrity along the 

Central Cantabrian Sea, and all developed within the framework of Marine Strategy 

Framework Directive (MSFD) (EC, 2008). We analyzed 17 human activities for the North 

Atlantic Demarcation, which exert different types of pressures in the seabed, with those of a 

biological nature and those that introduce substances into the environment having the largest 

areas of influence. In this study, we have selected the activities that exert a direct physical 

impact in the seabed, either habitat loss or disturbance, which have a much smaller area of 

influence (1-5 km), although they usually have a local influence (Fernandes et al. 2020). 

Our results showed that the Central Cantabrian Sea is highly impacted. The Central 

Cantabrian Sea have 6556,13 km2 of the area disturbed and 1617,18 km2 of the area lost, 

respectively representing the 42% and 10% of the total area studied, being almost half of the 

study area affected by 1 pressure. Similarly, studies conducted in other areas, such as England 

or Canada, showed around half of the area impacted (Ban et al., 2010; Foden et al., 2010). 

The habitat loss, those areas that imply permanent changes to the seabed, was found 

predominantly in the coastal zone, while the disturbed areas were also present in waters with 

higher bathymetries ranges (100 to 1000 m depth). Foden et al. (2011) similarly showed for 

UK waters that the area affected by seabed disturbance is larger than that where seabed loss 

occurs.  

The characterization of activities in the North Atlantic Demarcation conducted by the 

EsMarEs group in 2019 establishes commercial anchoring, the installation of infrastructures, 

sediment extraction and the creation of artificial beaches as the activities with the largest 

surface area affected (MITERD, 2019a). From all the activities analyzed in this study, bottom 

fishing was the most prevalent activity that exert habitat disturbance in the study area with a 

total of 7415,19 km2 affected, with bottom otter trawl (OTB) occupying the largest area 

(3129,75 km2), followed by set gillnet (GNS) area (1811,19 km2). There are many studies 

focused on the study of fishing as the main human impact activities around the world (Eigaard 

et al., 2017; Hintzen et al., 2021). Among others, Ferrà et al. (2017), Foden et al. (2011), 

Hammar et al. (2020) and Link et al. (2002) highlight the importance of trawling as a source 

of pressure on the ecosystem, such as abrasion, smothering or extraction. This activity is 
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widely distributed, leading to disturbance of the seabed, so it would be expected to be the 

activity that contributes most to the impact on the marine areas assessment (ICES, 2016). 

Additionally, we found high overlap between different fishing activities, which occurs mainly 

over sedimentary habitats. Already Andersen et al. (2020) showed the importance of fisheries 

in North Sea and the Baltic Sea, where a large part of its bottom fisheries contributed to the 

seabed impact compared to other factors affecting the seabed (around 10%). In the 

Mediterranean Sea fishing is also the most impacting pressure, as well as along the 

Portuguese coast where it is one of the most significant pressures, with extend area values 

from 10% to 64% of area affected by fisheries (Batista et al., 2014; Micheli et al., 2013). 

Bottom pair trawls (PTB) and bottom otter trawls (OTB) are those activities with the highest 

overlapped area affected (920,58 km2), these results being in agreement with previous studies 

conducted in the Cantabrian Sea (Punzón et al., 2016). Static gears such as gillnet and 

longlines, also showed high overlap in their working areas, sharing fishing grounds, such as 

those located inside the SCI of Avilés Canyon. Punzón et al. (2016) also identifies for the SCI 

of Avilés Canyon System a lesser overlap between mobile and static gears than between them. 

This type of analysis is of great relevance taking into account the implementation of the future 

management plan. The management of these resources must be done in a sustainable way to 

ensure the maintenance of good environmental status including an equilibrium between 

human economic health well-being and environment well-being.  

Despite the overlap between activities and the physical pressures they exert, especially fishing 

gears, the results shows that the largest area in the Central Cantabrian Sea is affected by only 

1 pressure (3031,5 km2; 20%), but closely followed by the accumulation of 2 pressures, with 

2567,3 km2 (17%) of the area affected. Foden et al. (2011) in England show that of the total 

area affected by pressures, a small fraction (< 0,1%) is pressured by 2 to 4 at the same time, in 

contrast to the dynamics of the present work. The observed accumulation of pressures may be 

due to the spatial overlapping of the different fisheries gears in the deeper areas, while in the 

coastal areas the overlapping might be caused by a diversity of activities affecting the seabed 

(i.e. anchoring, aquaculture, ports, dredging sites, etc.). Then, as the bathymetry increases, 

there is a succession of impact-generating activities, from a greater presence of activities with 

a more limited distribution, such as aquaculture, dredging points, oil & gas prospection or 

artificial reefs, to the different fisheries gears. Similarly, Kenny et al. (2018) showed this 

distribution for activities and their associated pressures for the North Sea. 
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The highest accumulation of pressures is found in the coastal zone, where a large number of 

activities converge in a smaller area (7% for more than 3 overlapping pressures), similarly to 

the trend observed in other European areas (Micheli et al., 2013), or even in the world (Ban et 

al., 2010; Halpern et al., 2009). Bevilacqua et al. (2018) also obtained a great presence of 

more than 4 cumulative pressures in the Italian coastline. Although, these authors include also 

other type of pressures such as contamination and ocean acidification. The accumulation of 

pressures reflects that littoral and shelf habitat, such as infralittoral, circalittoral and offshore 

circalittoral habitats, are affected to a greater extent. Despite this, a large spatial variation in 

cumulative pressures can be found (Hammar et al., 2020), with waters as the English ones 

with a greater overlap between bottom loss and disturbance (Eastwood et al., 2007), making 

this type of analysis very necessary for marine spatial planning, in order to determine the most 

affected areas. 

It is necessary to mention that for the present work the pressures that generate loss of seabed 

have been accumulated in order to know the number of activities introducing pressures in the 

system and thus be able to conduct a complete overview of the state of the ecosystems. 

However, for the future analysis on the state of seabed habitats, the presence of a single 

pressures generating seabed loss should be enough, since one activity exerting loss introduces 

the greatest degree of impact associated with the pressure, therefore adding more than one 

pressure generating loss, would not increase the impact (ICES, 2019a). 

Of the 21 broad habitat types (BHT) present in the study area, 14 are affected in more than 

50% (4226 km2). As above stated, of these habitats, the infralittoral, the circalittoral and the 

offshore circalittoral ones, located between 0-644 m depth, were the habitats with the highest 

percentages of affection. These habitats showed more than 70% of the total affected habitat 

occupied by, at least, one pressure, with the percentage of affection of the infralittoral being 

close to 100%. This trend has been observed by many other authors, such as Ban et al. (2010), 

Batista et al. (2014), Halpern et al. (2008) or Stelzenmüller et al. (2010). In this way, the 

coastal area showed the highest accumulation of pressures, with the 86% of the infralittoral 

habitats being found to be disturbed and 91% lost. These values decrease with depth, 

occurring a 10% of loss and 71% of disturbance in offshore circalittoral. Although the number 

of pressures overlapping decrease, we found that the distribution and extend of the pressures 

increases, what is mainly due to the high presences of fishing below the 50 m depths. Helsinki 

Commission (HELCOM) (2010a) establishes for Baltic Sea Waters the loss of seabed in 

coastal areas, while disturbance appears more dispersed on the wide seabed, as verified by 
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Korpinen et al. (2013), and the same trend is observed for the English waters (Eastwood et al., 

2007). 

Despite the different distribution of activities, soft bottoms are the most affected habitats 

along the entire bathymetric range, with values of 99% for the Infralittoral sand, 74% for the 

Circalittoral sand and 71% for the Offshore circalittoral sand. This has not only been observed 

in activities that cause physical damage to the seabed (Forden et al., 2011; Kenny et al., 

2018), but by many others such as agriculture, population or industrial effluents (Holon et al., 

2020). Specifically, in the present work, all types of activities have been found on soft 

bottoms (i.e. dredging points, artificial reefs or otter trawls), according to the described 

differentiation by bathymetry.  

The habitats where high pressure accumulation occurs are not limited to soft bottoms, as 

presented by Foden et al. (2011). In addition to sand and mud, hard substrate habitats such as 

coarse sediment and rock and biogenic reef are found to be affected by a high number of 

accumulated pressures (applied by different number of activities), highlighting the high 

number of pressures found on the Infralitttoral rock and biogenic reef habitats, with up to 9 

accumulated pressures. As described by Halpern et al. (2009), for soft ecosystems, due to the 

potential low sensitivity, a large accumulation of pressures may not be correlated with a high 

degree of impact. However, for more sensible habitats such as rocky habitats, the 

accumulation of pressures easily results in a high degree of impact (Halpern et al., 2009). 

Benthic habitats are the main components of seabed ecosystems, being the most relevant in 

terms of sensibility the biogenic habitats (De la Torriente et al., 2020). These habitat-forming 

species are widely distributed and are extremely variable throughout Spanish waters, which 

allows a great richness and diversity to develop in them (Templado et al., 2009; Victorero et 

al., 2018). The introduction on the ecosystem of human pressures produces changes on the 

composition and function of these sensible habitats (González-Irusta et al., 2018; Serrano et 

al., 2022). As reflected by De la Torriente et al. (2022), since these biogenic habitats are not 

subject to natural disturbances, their resilience is lower than those that are naturally disturbed, 

and the same is valid for degraded habitats. Studies such as the one carried out by Giménez-

Casalduero et al. (2018), reflected the large number of threats to which they are subjected, as 

well as their conservation status. In the present study, rocky areas are 43% affected, mostly 

associated with aquaculture, artificial reefs and prospection in most coastal areas and fishing 

activities at higher bathymetric heights. Bevilacqua et al. (2018) found that increasing 
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pressure levels generate a clear shift from habitat-forming ecosystems to assemblages 

dominated by turf-forming algae, leading to a decrease in diversity. Given the relevance of 

these habitats, determining the sensitivity of these habitats to each pressure and the extent of 

the habitats affected by a pressure and pressure accumulation is very important, so that 

adversely and non-adversely affected areas should be modelled and mapped in the near future. 

5.2. Spatiotemporal series of fisheries 

Finally, due to the high relevance of fishing distribution and the potential impact of this 

activity in the area (Punzón et al., 2016), we also analyzed the spatiotemporal trend of these 

activities along the Central Cantabrian Sea. For this study, the spatiotemporal analysis could 

only be conducted for fishing pressure due to the lack of intensity time series data for the 

other human activities analyzed. However, for the rest of the activities, work is ongoing to 

collect this type of data, such as the volume (m3) for dredging and dumping point, in order to 

provide the temporality of these impacts (Elliott et al., 2020; MITERD, 2019b). 

Our analysis showed different temporal tendency depending on the fishery gear. The static 

gears, such as LLS and GNS, showed a general increase intensity along time, with 35% and 

42% of the area showing positive trend for LLS and GNS, respectively. Mobile fishing gears 

in contrast, showed a general negative trend, with 53% (OTB) and 36% (PTB) of the area 

showing a decreasing trend of the fishing intensity over time. Halpern et al. (2015) described 

a negative significant trend in many European countries, however, studies conducted at a 

more local level show a large variability over the years, although with a low spatial variation 

(Bellman et al., 2005; Larcombe et al., 2001; Stelzenmüller et al., 2008). The fact that the 

distribution pattern of fishing activities does not vary over time in other areas (Foden et al., 

2010), reinforces the urgency of carrying out analyses of the degree of impact to which 

seabed habitats are subjected, especially in protected areas. Besides that, due to the more 

limited distribution of most activities, it can be expected that in areas where fishing is not so 

important, the temporal variation will not be as relevant (Foden et al., 2011).  

In relation to fishing, special attention should be paid to the marine protected areas in the 

study area. While the Special Area of Conservation (SAC) El Cachucho does not shows any 

pressure on the seabed (1%), the Site of Community Importance (SCI) of Avilés Canyons 

System is highly impacted (29% of the total area was disturbed and 2% of it was lost), 

disturbance being almost exclusively produced by fishing activity.  
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The strong fishing pressured areas need spatial management of activities, so that they are 

distributed throughout the space and thus avoid, as much as possible, the accumulation of 

these activities (Punzón et al., 2016). To address this in Spain, the LIFE + INDEMARES 

Project, created in 2014 with the aim of contributing to the protection and sustainable use of 

Spain seas, is developing a management plan to reduce the impact on ecosystems (Sánchez et 

al., 2014). 

5.3. Limitations and possible solutions 

Despite the usefulness of characterizing activities and pressures and their interaction with 

seabed habitats for marine spatial planning (Ban et al., 2010), there are several assumptions 

that have been made in this study due to the lack of knowledge and data limitations that need 

to be discussed and improved in the future. Here we cited the most relevant points: 

(a) The total area that generates the potential impact of each activity was calculated based on 

the entire area established for the activity and its zone of influence. 

In the present work, according to the georeferenced method developed by Rees (2013), a grid 

with csquare 0.01 (1 km2) has been generated. For the analyses, although the location of the 

activities did not occupy the entire csquare, the pressure was associated with the entire square 

kilometer. Thus, as reflected by Halpern & Fujita (2013), establishing a uniform distribution 

of pressure in the csquare can lead to under or overestimation of impact. This assumption is 

difficult to resolve, since, as in any region of the world (Ban et al., 2010), there are many gaps 

in the information collected (Holon et al., 2015), as well as a lack of studies to establish more 

concretely the degree of impact (Halpern at al., 2008; Holon et al., 2015; Micheli et al., 2013). 

According to Giakoumi et al. (2013), detailed spatial data collection is necessary to establish 

threats and actions to control them, as the location of activities is often approximate (Gobert 

et al., 2009; Deter et al., 2012). However, most of the data collected for the North-East 

Atlantic region are located in the North Sea and Celtic Seas, with very little collected for the 

waters of the North Atlantic region (Dailianis et al., 2018). While some authors, such as 

Kellon & Arvai (2011), argue that those analyses should not be conducted when key 

information is missing, they can identify these gaps and redirect governmental efforts towards 

them (Halpern & Fujita, 2013). It is the case of the analyses carried out at the present work, 

which intends to provide information on the distribution of pressures and may serve to set 

overall priorities. 
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For future analysis it would be necessary to analyses the pressures exerting impacts on the 

seabed in more detail, specifying the area of the csquare that the activity is occupying and the 

weight of the pressure depending on the distance from the point of origin, as has been done in 

other papers, such as the ones recently conducted by Hammar et al. (2020) or Holon et al. 

(2020). 

(b) The intensity of the pressure has only been analyzed for fishing. Thus, we have assumed 

that the potential impact has the same degree over the entire area where the activity occurs 

and its zone of influence. 

In order to make this approach more accurate, we intend to quantify the pressure associated 

with the different activities by collecting intensity data such as those collected for fishing 

(hour/km2), similar to the methodology applied in the paper of Bevilacqua et al. (2018). In 

this way, it will be possible to standardize the intensity for the pressures carried out by 

different activities and to establish the cumulative impact on seabed habitats. Furthermore, the 

temporal analyses of pressures will contribute to improving knowledge about trends in the 

accumulation of pressures, which is why future analyses including habitats and other activities 

will be necessary in order to model future uses and impacts of different pressures in the 

seabed. 

To address these limitations, Judd et al. (2015) propose a series of procedures to establish the 

cumulative effects of pressures, for which a comprehensive inventory of potential pressures is 

essential. 

5.4. Future assessment 

The objective of MSFD for the Descriptor 6 (D6) is to establish the degree of impact 

produced by the different pressures. In this sense, pressures are the mechanisms through 

which an activity can have an effect on ecosystems, while impact is the adverse change to the 

ecosystem (ICES, 2019b; Serrano et al., 2022). To establish the degree of habitats impact it is 

necessary to establish the degree of sensitivity to each pressure, which has been determined to 

date by qualitative scoring, according to expert opinion (Halpern et al., 2009; Hammar et al., 

2020; Korpinen et al., 2013) and by the developing of quantitative indicators for some 

pressures (Serrano et al., 2022). 



Spatial distribution of human pressures and the interaction with Benthic Broad Habitats; The case study of Central 

Cantabrian Sea 

43 

The analysis of the potential impact of pressures on seabed habitats presented in this paper is 

a step forward to contribute to achieve criteria 4, 5 and 6 of D6 of the MSFD (EC, 2017b). 

From the basis presented here, efforts to determine the pressure index in the study area, and at 

a larger scale in the North Atlantic Demarcation, can be directed towards those pressures that 

are most relevant, by compiling finer scale cartography of those activities which cause a 

grater affection. A clear example is artificial reefs, since according to the literature, their 

presence causes a disturbance and loss of the seabed (Andersen et al., 2013; Fernandes et al., 

2020; Hammar et al., 2020), which is highly relevant in the coastal areas of the study area. 

However, studies such as those carried out by Pipitone et al. (2000) or Serrano et al. (2011) 

found a positive effect of the establishment of these structures on biodiversity in the long 

term, making it necessary to characterize these infrastructures and their effects in detail. Once 

this information has been compiled, it is necessary to establish the degree of sensitivity of 

habitats to different pressures for the waters of the North Atlantic area, using expert judgment, 

as has been done for waters of the HELCOM area (HELCOM, 2010a, b) or the Californian 

current (Neslo et al., 2008; Teck et al., 2010), or in a better way developing quantitative index 

based on the pressure intensity and habitat sensitivity (Elliott et al., 2018; Serrano et al., 

2022). 

By determining the most affected areas and calculating the pressure index to which the 

ecosystems are subjected, marine spatial planning based on ecosystems can be carried out 

more accurately. This analysis will support the correct conservation of protected areas such as 

the SCI Avilés Canyons Systems, allowing the conservation of marine areas and the 

sustainable exploitation of current and future resources, such as those proposed in the Spanish 

maritime spatial plans, which present a potential future use for offshore wind and aquaculture 

in the study area (Centro de Estudios de Puertos y Costas (CEPYC) & Centro de Estudios y 

Experimentación de Obras Públicas (CEDEX), 2021). 

Cumulative impact maps, as well as the determination of the level of impact to which seabed 

habitats are subjected, is essential to provide a basis for maritime spatial planning, with the 

aim of reducing human-generated pressures and achieve the GES (Bevilacqua et al., 2018; 

Depellegrin et al., 2017). 
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6. CONCLUSIONS 

- Central Cantabrian Sea is highly impacted by human activities. In total the 10% of the 

area is lost and 42% disturbed. Habitat loss is being practically limited to the coast, 

while disturbance is the most prevalent impact in the whole study area. 

- 14 of the 21 studied habitats showed more than the 50% of their area affected by 

human pressures. The infralittoral, circalittoral and offshore circalittoral habitats are 

the most affected habitats, with the highest accumulated pressures occurring in the 

infralittoral sand and infralittoral rock and biogenic reef habitats  

- There is a differentiation between the human activities accumulating in the coastal 

areas and offshore areas; infralittoral is occupied by high diversity of local human 

activities such as ports, dredging point and mollusc aquaculture among others, while 

continental slopes are mostly impacted by bottom fishing. 

- Bottom otter trawling is the activity that exerts most pressure on the seabed, especially 

on sedimentary seabed. 

- Along the most affected habitats, the rocky seabed showed 87%, 71% and 72% of 

their area affected (138,97 km2, 420,18 km2 and 779,87 km2). Due to the potential 

high sensitivity of these habitats, it should be characterized by habitat-building 

sensible species, and urgent management measurements are needed. 

- The SCI of Avilés Canyon System showed 29% of the area impacted by at least one 

pressure. These results are relevant for the future management plans that are now in 

construction in the framework of INDEMARES project. In contrast, in the SAC El 

Cachucho, located in offshore areas, fishing activities are the unique ones exerting 

little pressure on the area. 

- There are different temporal trends between the fishing gears analyzed. Static gear 

(LLS and GNS) showed a general increase, while mobile gears (PTB and OTB) 

showed general decrease trend over time. 

- The present work serves as a basis for establishing the pressure index in the North 

Atlantic Demarcation, adapted from Halpern et al. (2008; 2009) and following the 

footsteps of others such as Anderson et al. (2013). 

- Determining the extend, distribution and accumulation of pressures in the study area 

will helps to develop future ecosystem-based management plans. In the future, 

analyses including the intensity and temporality of pressures will have to be developed 

in order to address the criteria set out in the MSFD and achievement of GES 
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- In this sense, it is necessary to establish the degree of ecosystem affections in order to 

establish better management of activities, especially in areas such as the one under 

study, which include SCIs and SACs. Furthermore, in the future this analysis will 

become even more relevant, due to the desire to exploit marine resources such as wind 

and aquaculture. 
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SUPPLEMENTARY MATERIAL 

MATERIAL AND METHODS 

I. Relevant scripts used 

Modified Csquare script from VMSTOOLS (Rees, T., 2003). 

csquare.mod <- function(lon, lat, degrees){ 

  if (length(lon) != length(lat))  

    stop("length of longitude not equal to length of latitude") 

  if (!degrees %in% c(10, 5, 1, 0.5, 0.1, 0.05, 0.01,0.005,0.001))  

    stop("degrees specified not in range: c(10,5,1,0.5,0.1,0.05,0.01,0.005,0.001)") 

  dims <- length(lon) 

  quadrants <- array(NA, dim = c(5, 6, dims), dimnames = list(c("globalQuadrant","intmQuadrant1", 

"intmQuadrant2", "intmQuadrant3","intmQuadrant4"),c("quadrantDigit", "latDigit", "lonDigit","latRemain", 

"lonRemain", "code"),seq(1, dims, 1))) 

  quadrants["globalQuadrant", "quadrantDigit",] <- 4 - (((2 * floor(1 + (lon/200))) - 1) * ((2 * floor(1 + 

(lat/200))) + 1)) 

  quadrants["globalQuadrant", "latDigit", ] <- floor(abs(lat)/10) 

  quadrants["globalQuadrant", "lonDigit", ] <- floor(abs(lon)/10) 

  quadrants["globalQuadrant", "latRemain", ] <- round(abs(lat) - (quadrants["globalQuadrant", "latDigit", ] * 10), 

7) 

  quadrants["globalQuadrant", "lonRemain", ] <- round(abs(lon) - (quadrants["globalQuadrant", "lonDigit", ] * 

10), 7) 

  quadrants["globalQuadrant", "code", ] <- quadrants["globalQuadrant", "quadrantDigit", ] * 1000 + 

quadrants["globalQuadrant", "latDigit", ] * 100 + quadrants["globalQuadrant", "lonDigit", ] 

  quadrants["intmQuadrant1", "quadrantDigit", ] <- (2 * floor(quadrants["globalQuadrant", "latRemain", ] * 0.2)) 

+ floor(quadrants["globalQuadrant", "lonRemain", ] * 0.2) + 1 

  quadrants["intmQuadrant1", "latDigit", ] <- floor(quadrants["globalQuadrant", "latRemain", ]) 

  quadrants["intmQuadrant1", "lonDigit", ] <- floor(quadrants["globalQuadrant", "lonRemain", ]) 

  quadrants["intmQuadrant1", "latRemain", ] <- round((quadrants["globalQuadrant","latRemain", ] - 

quadrants["intmQuadrant1", "latDigit", ]) * 10, 7) 

  quadrants["intmQuadrant1", "lonRemain", ] <- round((quadrants["globalQuadrant", "lonRemain", ] - 

quadrants["intmQuadrant1", "lonDigit", ]) * 10, 7) 

  quadrants["intmQuadrant1", "code", ] <- quadrants["intmQuadrant1", "quadrantDigit", ] * 100 + 

quadrants["intmQuadrant1", "latDigit", ] * 10 + quadrants["intmQuadrant1", "lonDigit", ] 

  quadrants["intmQuadrant2", "quadrantDigit", ] <- (2 * floor(quadrants["intmQuadrant1", "latRemain", ] * 0.2)) 

+ floor(quadrants["intmQuadrant1", "lonRemain", ] * 0.2) + 1 

  quadrants["intmQuadrant2", "latDigit", ] <- floor(quadrants["intmQuadrant1", "latRemain", ]) 

  quadrants["intmQuadrant2", "lonDigit", ] <- floor(quadrants["intmQuadrant1", "lonRemain", ]) 

  quadrants["intmQuadrant2", "latRemain", ] <- round((quadrants["intmQuadrant1", "latRemain", ] - 

quadrants["intmQuadrant2", "latDigit", ]) * 10, 7) 

  quadrants["intmQuadrant2", "lonRemain", ] <- round((quadrants["intmQuadrant1", "lonRemain", ] - 

quadrants["intmQuadrant2", "lonDigit", ]) * 10, 7) 

  quadrants["intmQuadrant2", "code", ] <- quadrants["intmQuadrant2", "quadrantDigit", ] * 100 + 

quadrants["intmQuadrant2", "latDigit", ] * 10 + quadrants["intmQuadrant2", "lonDigit", ] 

  quadrants["intmQuadrant3", "quadrantDigit", ] <- (2 * floor(quadrants["intmQuadrant2", "latRemain", ] * 0.2)) 

+ floor(quadrants["intmQuadrant2", "lonRemain", ] * 0.2) + 1 

  quadrants["intmQuadrant3", "latDigit", ] <- floor(quadrants["intmQuadrant2", "latRemain", ]) 

  quadrants["intmQuadrant3", "lonDigit", ] <- floor(quadrants["intmQuadrant2", "lonRemain", ]) 

  quadrants["intmQuadrant3", "latRemain", ] <- round((quadrants["intmQuadrant2","latRemain", ] - 

quadrants["intmQuadrant3", "latDigit", ]) * 10, 7) 

  quadrants["intmQuadrant3", "lonRemain", ] <- round((quadrants["intmQuadrant2", "lonRemain", ] - 

quadrants["intmQuadrant3", "lonDigit", ]) * 10, 7) 

  quadrants["intmQuadrant3", "code", ] <- quadrants["intmQuadrant3", "quadrantDigit", ] * 100 + 

quadrants["intmQuadrant3", "latDigit", ] * 10 + quadrants["intmQuadrant3", "lonDigit", ] 
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  quadrants["intmQuadrant4", "quadrantDigit", ] <- (2 * floor(quadrants["intmQuadrant3", "latRemain", ] * 0.2)) 

+ floor(quadrants["intmQuadrant3", "lonRemain", ] * 0.2) + 1 

  quadrants["intmQuadrant4", "latDigit", ] <- floor(quadrants["intmQuadrant3", "latRemain", ]) 

  quadrants["intmQuadrant4", "lonDigit", ] <- floor(quadrants["intmQuadrant3", "lonRemain", ]) 

  quadrants["intmQuadrant4", "latRemain", ] <- round((quadrants["intmQuadrant3","latRemain", ] - 

quadrants["intmQuadrant4", "latDigit", ]) * 10, 7) 

  quadrants["intmQuadrant4", "lonRemain", ] <- round((quadrants["intmQuadrant3", "lonRemain", ] - 

quadrants["intmQuadrant4", "lonDigit", ]) * 10, 7) 

  quadrants["intmQuadrant4", "code", ] <- quadrants["intmQuadrant4","quadrantDigit", ] * 100 + 

quadrants["intmQuadrant4","latDigit", ] * 10 + quadrants["intmQuadrant4", "lonDigit", ] 

  if (degrees == 10)  

    CSquareCodes <- quadrants["globalQuadrant", "code",] 

  if (degrees == 5)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", 

"quadrantDigit", ], sep = "") 

  if (degrees == 1)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], sep 

= "") 

  if (degrees == 0.5)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], ":", 

quadrants["intmQuadrant2", "quadrantDigit", ], sep = "") 

  if (degrees == 0.1)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], ":", 

quadrants["intmQuadrant2", "code", ], sep = "") 

  if (degrees == 0.05)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], ":", 

quadrants["intmQuadrant2", "code", ], ":", quadrants["intmQuadrant3", "quadrantDigit", ], sep = "") 

  if (degrees == 0.01)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], ":", 

quadrants["intmQuadrant2", "code", ], ":", quadrants["intmQuadrant3", "code", ], sep = "") 

  if (degrees == 0.005)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], ":", 

quadrants["intmQuadrant2", "code", ], ":", quadrants["intmQuadrant3", "code", ], ":", 

quadrants["intmQuadrant4", "quadrantDigit", ], sep = "") 

  if (degrees == 0.001)  

    CSquareCodes <- paste(quadrants["globalQuadrant", "code", ], ":", quadrants["intmQuadrant1", "code", ], ":", 

quadrants["intmQuadrant2", "code", ], ":", quadrants["intmQuadrant3", "code", ], ":", 

quadrants["intmQuadrant4", "code", ], sep = "") 

   

  return(CSquareCodes) 

} 

Join data to csquare (once modified Csquare has been applied) 

resolution <- 0.01 

dat$csq<-csquare.mod(dat$long,dat$lat,resolution) 

puntos<-aggregate(ID_new~csq,data=dat,FUN=sum) 

gr_dat<-merge(gr,puntos,all.x=T) 

Join habitat to data with csquare 

puntos<-as.data.frame(gr_ef)[,c("csq","LONG_CENT","LAT_CENT")] 

puntos_sf <- st_as_sf(puntos, coords = c("LONG_CENT", "LAT_CENT"), crs = 4326, agr = "constant", 

stringsAsFactors = FALSE,remove = TRUE) 

ID<-over(as(puntos_sf, "Spatial"), as(hab[,c("MSFD_BH17","geometry")], "Spatial")) 

hab_c<-as.character(ID$MSFD_BH17) 
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str(hab_c) 

table (hab_c) 

hab_c[-which(is.na(hab_c))] 

gr_ef$hab<-hab_c 

table (gr_ef$hab) 

head(gr_ef[-which(is.na(gr_ef$hab)),]) 

Join all data and creation of dynamic table 

all_data<-merge (data1, data2, all.x=T) 

tab<-tapply(all_data$presencia, list(all_data$csq), sum) #create dynamic table 

all_data.hab<-aggregate(presencia~csq+hab,data=all_data,FUN=sum) 

Nested General Linear Model  

MtotalH <- dbhora2 %>%  

  group_by (Csquare, gear) %>% 

  glm (hour ~ year + gear, data = .) 
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