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Applying the China’s marine
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capacity and spatial
development suitability
approach to the Bay of Biscay
(North-East Atlantic)
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Eleonora Manca®, Mickaél Vasquez®*, Wenhai Lu®,
Lu Yang® and Ainhize Uriarte*

tAZTI, Marine Research, Basque Research and Technology Alliance (BRTA), Pasaia, Spain, ?Faculty of
Marine Sciences, King Abdulaziz University, Jeddah, Saudi Arabia, *Joint Nature Conservation
Committee (INCC), Peterborough, United Kingdom, “Ifremer, ZI de la Pointe du Diable - CS 10070,
Plouzané, France, *Department of Marine Ecological Environment, National Marine Data and
Information Service, Tianjin, China

The EMOD-PACE project, funded by the European Commission, aimed to
promote international ocean governance between EU and China. One of the
objectives of EMOD-PACE is to compare European and Chinese modelling
approaches for ecosystem vulnerability assessment. In particular, our objective
was to test the applicability of the Chinese evaluation approach of resource-
environment carrying capacity (MRECC) and spatial development suitability
(abbreviated as “double evaluation”) to a European sea (the Bay of Biscay), in
the context of marine spatial planning. The methodology involves three different
steps: (i) an evaluation of areas of ecological importance, which includes species
and habitats (i.e., biodiversity protection) and coastal characteristics; (ii)
assessment of current marine development and utilization; and (iii) an
ecological risk identification and the evaluation of the MRECC, by intersecting
results from (i) and (ii). After collating information for 31 species of interest (fish,
reptiles, mammals and birds), seven habitats (seagrass, seaweeds, saltmarshes,
fish spawning areas, tidal flats, estuaries and unique habitats), marine protected
areas and eight current human activities performed at sea (aquaculture, ports,
ocean energy facilities, shipping, aggregate extraction and dredging, fisheries,
military areas and tourism and recreation), they were aggregated and
intersected (ecological data vs. human activities), and the ecological risk was
determined. Since the total area covered by Marine Protected Areas and areas of
high ecological importance is 135,372 km?, the available carrying capacity for
development of marine activities within the Bay of Biscay is 229,266 km?. When
we apply weighting to the calculation of the ecological importance and human
activities, the high importance areas increase and the available carrying capacity
decreases by 0.2%, to 228,637 km?. In this work we demonstrate that the
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Chinese double evaluation approach can be adapted and applied to a European
sea, but to obtain more accurate results, and more extensive application to
different areas are needed. Also, we have identified essential improvements,
including better information for a number of species and habitats; more robust
methods to identify biodiversity priorities; additional fish life-story traits; include
future human activities; risks posed by multiple activities; and use appropriate
weights through a stakeholder consultation.

KEYWORDS

carrying capacity, vulnerability, human activities, marine protection, marine spatial
planning, cumulative effects

Introduction

Historically, activities at sea have been diverse, including
fishing, shipping, or leisure, among many others (Kleingirtner,
2018). Nowadays, both historical and new human activities at
sea (the so-called ‘blue economy’;s EUMOFA, 2020; UNESCO-
IOC/European Commission, 2021; European Commission et al.,
2022) are rapidly increasing, resulting in cumulative pressures
on marine ecosystems (Borja et al, 2020). After different
assessments (Halpern et al,, 2015; Jouffray et al., 2020; United
Nations, 2021a; United Nations, 2021b), those human pressures
are impacting coastal ecosystems (e.g. seagrasses, mangroves and
coral reefs), land- and sea-based activities are introducing
pollutants to the sea (e.g. nutrients, metals, pesticides,
pharmaceuticals, litter, microplastics or noise), overfishing has
a pervasive effect on the trophic web, and on top of those, the
gases released into the atmosphere are driving warming,
acidification and sea-level rise, which are threatening
biodiversity, ecosystem services delivery and even human
health (Portner et al., 2021). Hence, although the ocean is the
life-support system of our planet, it seems to be near its carrying
capacity (United Nations, 2021b; United Nations, 2021a), which
should be understood as the ability of the ocean to support a
given amount of activity without damage for the environment.

To fight against these problems, different management
responses have been implemented at global, supranational, or
national scales. Hence, the United Nations Sustainable
Development Goals (United Nations, 2016), try to find an
equilibrium between growth and sustainability of human
activities. In the case of marine systems, these can be achieved
through marine spatial planning (MSP) of human activities,
under an ecosystem-based management approach, in which the
activities are undertaken in a sustainable way (Ehler and
Douvere, 2009). In this context, many countries around the
world have implemented MSP (Fraziao Santos et al., 2019;
Chalastani et al., 2021), based on specific legislation. For
example, in the European Union (EU), the Maritime Spatial
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Planning Directive (MSPD; European Union, 2014) drives the
future development of activities at sea, while at the same time
good environmental status must be achieved in all regional seas,
under the Marine Strategy Framework Directive (MSFD;
European Commission, 2008). Other countries, such as China,
have followed other spatial planning approaches, such as the
Major Marine Functional Zoning Plan and Marine Functional
Zoning (Tang et al., 2020), or the “multi-plan integration”, in
which various types of spatial plans are integrated into one
framework (Feng et al., 2016). The evaluation of resource-
environment carrying capacity (MRECC) and spatial
development suitability (abbreviated as “double evaluation”) is
proposed along with these approaches, providing a scientific
basis for spatial planning (Yue et al, 2020). By considering
natural resources, environment and ecology, double evaluation
provides an insight into ecological conservation and economic
development trade-off (i.e., activities sustainability), as well as
maximum carrying capacity estimation for each economic
activity (Yue et al., 2020).

The relationships between economic growth and
environmental status, as well as the link between economic
activities and the carrying capacity and resilience of the
environment, have been extensively discussed for decades
(Arrow et al, 1995). The methodologies to determine the
carrying capacity have been applied to several human activities
at sea, including aquaculture (Duarte et al., 2003; Cai and Sun,
2007; Byron et al, 2011; Filgueira et al., 2015), beach uses
(Epelde et al.,, 2021), tourism (Pearce and Kirk, 1986; Hughes
and Furley, 1996; Han, 2018; Sha, 2020), harbors (Li et al,
2018a), land-uses (Li et al., 2018b), recreation (Shokri and
Mohammadi, 2021), and multiple other coastal activities (Di
et al., 2007; Fuju et al.,, 2011; Liu et al., 2020).

Historically, areas of cooperation between Europe and China
have been diverse, ranging from science and technology,
economy, and space occupancy, to environment and
ecosystem health and protection. In recent years, the
cooperation between Europe and China on ocean issues has
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increased considerably. Following high-level conferences and
forums during the EU-China Blue Year 2017, the EU and China
signed a Blue Partnership for the Ocean on 16" June 2018,
which marked the beginning of a new phase of strategic EU-
China ocean relations. The shared objective of this partnership is
to ensure effective ocean governance for the conservation and
sustainable use of the oceans and their resources. In this context,
the EMOD-PACE project' (“International Ocean Governance:
Strengthening international ocean data through the EU’s ocean
diplomacy with China”) was financed by the European
Commission, with the aim of promoting international ocean
governance between EU and China, and support the
implementation of global commitments, by making marine
data and data products more easily accessible and by
providing better data and data products. One of the objectives
of EMOD-PACE is to compare European and Chinese
modelling approaches for ecosystem vulnerability assessment.
Hence, applying the Chinese double evaluation approach to a
European sea and looking for potential comparison with the
MSP approach in Europe, is the main objective of this research.

Methodology
Case study: The Bay of Biscay

As case study, the Bay of Biscay was selected, due to the
abundance of data available, as well as the availability of previous
transboundary management information on the application of
the MSFD (Cavallo et al., 2018) and the MSPD (Pinarbasi et al.,
2020). The Bay of Biscay is in the north-East Atlantic Ocean,
between North-West France (Brittany) and North-West Spain
(Galicia) (Figure 1). The boundaries of the Bay of Biscay are
Cape Finisterre, at 43°N, in Galicia (NW Spain), and 48°N, in
Brittany (NW France) (Lavin et al., 2006). In total, the Bay of
Biscay occupies around 175,000 km? (Borja et al., 2019a).

The Bay of Biscay is a well-differentiated geomorphological
unit prone to a long fetch and high oceanographic dynamics, in
terms of winds, currents and waves (Borja et al., 2019a). The
abyssal basin represents 50% of the total surface, with a mean
depth of 4,800 m (Lavin et al., 2006). The continental shelf in the
southern part of the bay is narrow (12-30 km), and it widens
towards the French coast reaching a width of over 150 km in the
northernmost part. The continental slope is very pronounced
(slope of 10%-12%). This slope is cut by numerous canyons,
which have generally narrow, steep-sided, linear, and sinuous
channels, the most conspicuous being the Capbreton Canyon,
where the 1,000 m isobath is found only 3 km from the coast
(Lavin et al., 2006; Galparsoro et al., 2020).

1 https://emodnet.ec.europa.eu/en/emod-pace
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To establish the geographical boundaries of the case study,
different sources of information have been considered (Figure 1):

+ Offshore boundaries in the south-west of the study area:
the area corresponding to Food and Agriculture
Organization (FAO) fishing areas 27.8.c and 27.8.d.2°
and located inside the MSFD subregion “Bay of Biscay

»3 coincident with the International

and Iberian Coast
Council for the Exploration of the Sea (ICES) ecoregion
(“Bay of Biscay and the Iberian Coast”)*.

» Offshore boundaries in the north of the study area: FAO
fishing areas 27.8.a and 27.8.d.2.

* Terrestrial boundaries in the south and east of the study
area: MSFD subregion “Bay of Biscay and Iberian Coast”
and coastal and transitional waters according to the
Water Framework Directive (WFD) (European
Commission, 2000)°. These bounding lines have been
adjusted using both sources to achieve maximum
coverage.

Additionally, a buffer was established along the coast to
cover the marine-terrestrial interface, more precisely: five
kilometers buffer around the coast and one kilometer buffer
around the transitional water bodies (Figure 1).

In total, the Bay of Biscay study area covers 369,762 km?,
much larger than the extent of the bay abovementioned, since it
has been extended offshore, to accommodate FAO and ICES
regions, and inshore, to include the transitional areas and the
coastal buffer zone. Only 3% of the study area is terrestrial, and
corresponds to the buffer area, while 97% is marine or coastal
(including transitional waters).

To analyze the information in a standardized way, the study
area polygon has been intersected with the European
Environmental Agency (EEA) reference grid (Ix1 km)®. All
the cells that are, either totally or partially, inside the study
area, were selected. It is important to note that an area in the
north-west corner of the study area polygon was excluded from
analysis as it is not covered by the EEA grid, because is out of the
Exclusive Economic Zone (Supplementary Material -SM-,
Figure SM1). A total of 364,638 cells have been selected:
349,703 are marine (including estuaries, lagoons, coastal and

2 https://data.apps.fac.org/map/catalog/srv/eng/catalog.search#/
metadata/ac02a460-da52-11dc-9d70-0017f293bd28

3 https://www.eea.europa.eu/data-and-maps/data/europe-seas-1

4 http://gis.ices.dk/geonetwork/srv/eng/catalog.search#/metadata/
4745e824-a612-4alf-bc56-b540772166eb

5 https://www.eea.europa.eu/data-and-maps/data/wise-wfd-spatial-3

6 https://www.eea.europa.eu/data-and-maps/data/eea-reference-

grids-2
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FIGURE 1
Location and geographic extension of the case study (Bay of Biscay), in the European context and other boundaries: Marine Strategy Framework
Directive (MSFD), Food and Agriculture Organization (FAO) fishing areas, and Water Framework Directive (WFD).

offshore waters), 6,865 terrestrial and the remaining 8,070 are
partially terrestrial and marine.

Adapting the double evaluation
methodology to Europe

Research has been carried out for many years related to
carrying capacity in China and applied to several areas, such as
in Liaoning Province (Di et al.,, 2007), Xiamen Bay (Liao et al.,
2013), Dongtou Islands (Ma et al., 2017), the offshore Yangtse
River area (Song and Du, 2019), or Fujian Province (Zhao et al,,
2021), among others. Recently, in 2020, an official methodology
of double evaluation was developed and was applied for MSP in
coastal and marine areas. Technical text provided by the
National Marine Data and Information Service (NMDIS), and
translated from Chinese to English, is available as
Supplementary Material (SM1). There, the MRECC refers to
“the maximum and feasible volume of marine human activities
which can be supported by marine resources and environment in
a given sea area, which is associated with (based on) levels of
development, economy and technology, production and lifestyle
and goals for ecological protection.”

The terminology and the elements used in the Chinese
version were adapted to the European context, in terms of the
MSFD and the MSPD, resulting in the document included in
Supplementary Material (SM2), which describes the approach
that has been used in the application to the Bay of Biscay. The
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methodology involves three steps: (i) evaluation of areas of
ecological importance; (ii) assessment of current marine
development and utilization; and (iii) aggregation of the
results (Figure 2), to identify the ecological risk and evaluate
the MRECC, by intersecting results from (i) and (ii) as
described below.

Evaluation of areas of ecological importance

The first step of the double evaluation methodology requires
the evaluation of the areas of ecological importance, which
includes: (i) identifying areas of importance for biodiversity;
(ii) assessing the coastal protection importance; and (iii)
assessing the coastal vulnerability based on coastal erosion and
sand loss.

Following their assessment, the three components (i.e.,
importance for biodiversity, coastal vulnerability, coastal
protection) are integrated to identify the relevant ecological
functional areas.

Importance for biodiversity

The method identifies the areas of importance for marine
biodiversity at three different levels: species, habitats, and
genes (Table 1).

At the species level, the approach requires the identification
of the “species distribution areas” by means of two indicators:
population size and importance of distribution area. The
adaptation of the methodology to the European context and
the data availability assessment were based on two sources of
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Areas of Ecological Importance
Importance for Coastal Coastal
biodiversity vulnerability protection

Coastal marsh
(2 indicators)

FIGURE 2

10.3389/fmars.2022.972448

Marine Utilization

Marine aquaculture Aggregate extractions and dredging
(3 indicators) (2 indicators)
Existing ports
(1 indicator)
Ocean energy facilities
(2 indicators)

Fisheries
(1 indicator)
Military areas
(1 indicator)

Tourism and recreation
(3indicators)

Shipping
(7 indicators)

Aggregation scheme of the information layers to estimate (A) the areas of ecological importance and (B) the current marine development and

utilization.

information: (i) a list of species of interest, and (ii) their spatial
distribution within the Bay of Biscay.

To create the list of species of interest, the ‘OSPAR List of
Threatened and/or Declining species” within OSPAR Region IV
(OSPAR Agreement 2008-06)%, and the ‘Reference List for the
Marine Atlantic Region” of the Habitats Directive’ were used. Data
on the spatial distribution of those species were obtained from the
International Union for Conservation of Nature ([UCN) Red Lists'®,
and the bird species distribution data from Birdlife International''.
Spatial data were obtained for 31 (19 fish, 2 reptiles, 6 mammals, 4
birds) out of the 33 species of interest (Table SM1).

The IUCN global species distribution maps are limited in
their spatial resolution and a precautionary approach was
necessary to classify grid cells into mid or high importance
areas (Table SM2).

At the habitat level, from the eight habitat categories
included in the method (i.e. seagrass bed, seaweed habitat,
coastal marsh, tidal flats and shallow waters, estuary, island,
fish spawning area, other unique habitats), a total of seven were
included in the case study analysis. The “island” category was
removed due to its low representativity. The MEP method

7 Only the species included in the OSPAR Agreement 2008/06 as under

threat and/or declining in Region IV.
8 https://www.ospar.org/work-areas/bdc/species-habitats

9 Only the species included in the reference list as present in Spain and/
or France: https://www.eionet.europa.eu/etcs/etc-bd/activities/marine-

atlantic-region.pdf
10  https://www.iucnredlist.org/resources/spatial-data-download

11  http://datazone.birdlife.org/species/requestdis
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requires that, independently of the number of specific
indicators for each habitat category, all of them need to be
aggregated into a single value in each cell, as explained below.
For seagrass beds, the method includes a single specific indicator,
“Habitat area and coverage” (Table 1). Although a seagrass layer is
available from the EMODnet Seabed Habitats data portallz, the
information is not complete for the Bay of Biscay. Therefore, it was
decided to use the angiosperm ecological status in coastal waters from
the WFD 2016 Report". The WFD classifies the status into five
categories: high, good, moderate, poor, and bad. When the status
cannot be assessed, the database contains information on unknown,
unpopulated or no data. This information was transformed into three
categories: high, when ecological status was high or good; mid, when
angiosperm status was moderate; and low, when angiosperm status
was any of the other categories, including those for which no data
exist. This way, each cell in the case study grid was classified in one of
those three categories for the seagrass beds habitat type (Table SM2).
The method includes three specific indicators for seaweed
habitats: “habitat area”, “primary productivity or chlorophyll” and
“biodiversity” (Table 1). For the first indicator, a macroalgal canopy
extent data layer is available in EMODnet Seabed Habitats data
portal'*, However, as it is incomplete in the Bay of Biscay, the proxy
“infralittoral rocks” was used (extracted from ‘EUSeaMap’

12 https://www.emodnet-seabedhabitats.eu/access-data/download-

data/

13 https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-

wfd-database-1/wise-wfd-database

14 https://www.emodnet-seabedhabitats.eu/access-data/download-

data/?linkid=eov_macroalgae
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TABLE 1 Evaluation of areas of ecological importance at species and habitats levels, as described in the Marine Resource-Environment Carrying
Capacity (MRECC) methodology.

Level Area

Species
Level

Species
distribution
area

Habitat
Level

Seagrass
bed

Seaweed
habitats

Coastal
marsh

Tidal flats
and shallow
waters

Estuary

Fish
spawning
area

Specific
indicators

Population size

Importance of
distribution area

Habitat area and
coverage

Habitat area

Primary
productivity or
chlorophyll

Biodiversity
Habitat area

Life history (i.e.
migration and
habitat of birds)

Vegetation coverage

Habitat area

Diversity of
benthos

Life history (i.e.
migration and
habitat of birds)

Primary
productivity or
Chlorophyll

Diversity
(swimming species)
Life history
(migration and
nesting for birds,
spawning and
migration for fish)
Location of
transitional water
bodies

Life history
(spawning for
fishery resources)

Sources

OSPAR Agreement
2008/06 & Reference
List for the Marine
Atlantic Region
(Habitats Directive)

TUCN spatial
information & Birdlife
International

WED Report (2016)

EMODnet Seabed
Habitats

no data

WED Report (2016)

WCMC

Ramsar Convention

no data

WCMC

WED Report (2016)

Ramsar Convention

WED Report (2016)

WED Report (2016)

Ramsar Convention

WISE-WED spatial
datasets

AZTI data

no data

Description

Identification of species
of interest

Spatial distribution of
species of interest

Angiosperm status in
coastal water bodies

Location of infralittoral
rock, extracted from the
broad-scale seabed
habitats map EUSeaMap
(2019)

no data

Macroalgae status in
coastal water bodies

Global distribution of
Saltmarshes

Location of Ramsar Sites

no data
Global distribution of
Tidal Flat Ecosystems

Status of
macroinvertebrates in
coastal and transitional
water bodies

Location of Ramsar Sites

Status of phytoplankton
in transitional water
bodies

Status of fish in
transitional water bodies

Location of Ramsar Sites

Location of transitional
water bodies

Eggs abundance for five
commercial species

no data

Link

https://www.ospar.org/work-areas/bdc/species-habitats
https://www.eionet.europa.eu/etcs/etc-bd/activities/marine-atlantic-
region.pdf

https://www.iucnredlist.org/
http://datazone.birdlife.org/species/requestdis

https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-
wfd-database-1/wise-wfd-database

https://www.emodnet-seabedhabitats.eu/access-data/download-
data/?linkid=eusm_2021_atlantoarctic,eusm_2021_baltic,eusm_
2021_blacksea,eusm_2021_mediterranean

no data

https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-
wfd-database-1/wise-wfd-database

https://data.unep-wcmc.org/datasets/43

(France) https://rsis.ramsar.org/ris-search/?f%5B0%5D=
regionCountry_en_ss%3AEurope&f%5B1%5D=regionCountry_en_
ss%3AFrance(Spain) https://www.miteco.gob.es/es/biodiversidad/
servicios/banco-datos-naturaleza/informacion-disponible/ramsar_
descargas.aspx

no data

https://data.unep-wemc.org/datasets/47

https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-
wfd-database-1/wise-wfd-database

(France) https://rsis.ramsar.org/ris-search/?f%5B0%5D=
regionCountry_en_ss%3AEurope&f%5B1%5D=regionCountry_en_
$s%3AFrance(Spain) https://www.miteco.gob.es/es/biodiversidad/
servicios/banco-datos-naturaleza/informacion-disponible/ramsar_
descargas.aspx
https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-
wfd-database-1/wise-wfd-database

https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-
wfd-database-1/wise-wfd-database

(France) https://rsis.ramsar.org/ris-search/?f%5B0%5D=
regionCountry_en_ss%3AEurope&f%5B1%5D=regionCountry_en_
ss%3AFrance(Spain) https://www.miteco.gob.es/es/biodiversidad/
servicios/banco-datos-naturaleza/informacion-disponible/ramsar_
descargas.aspx

https://www.eea.europa.eu/data-and-maps/data/wise-wfd-spatial-3

AZTT data. Available upon request

no data
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TABLE 1 Continued

10.3389/fmars.2022.972448

Level Area Specific Sources Description Link
indicators

Population

importance
Other Unique OSPAR (2015) Threatened and/or https://odims.ospar.org/en/submissions/ospar_habitats_polygons_
unique declining habitats in the ~ 2015_01/
habitats NE Atlantic

Diversity no data no data no data

“Level”, “Area” and “Specific Indicator” columns were extracted from Table 1 of the MRECC Method (Supplementary Material SM2). “Sources”, “Description” and “Link” columns describe

the information sources used to adapt the MRECC methodology to the Bay of Biscay case study. IUCN, International Union for Conservation of Nature; OSPAR, Oslo-Paris Convention;
BD, Birds Directive; HD, Habitats Directive; WFD, Water Framework Directive; WCMC, World Conservation Monitoring Centre; WISE, Water Information Centre for Europe.

EMODnet broad-scale seabed habitat map 201915), since this
habitat in the study area is mostly covered by macroalgae. The
second indicator was discarded due to the lack of information.
For the third indicator, the ecological status of macroalgae in
coastal waters was used, as reported in the WED Report 2016'°,
using the same approach as for seagrasses. The two specific
indicators for this habitat have been integrated into a single value
per grid cell (Table SM2).

Coastal marshes assessment is based on three specific
indicators (Table 1): “habitat area”, “life history” and
“vegetation coverage”. Two sources of information have been
used: (i) the global distribution of saltmarshes, from UNEP-
WCMC'” Ocean Viewer portal; and (ii) the areas included as
Ramsar sites (according to the Ramsar Convention or
Convention on Wetlands)'®'. The two specific indicators
were aggregated into a single value per grid cell (Table SM2).

Tidal flats and shallow waters are analyzed according to
diversity of benthos”
and “life history”. The first indicator has been adapted using the
data layer “Global distribution of tidal flats”, from UNEP-
WCMC?’.
macroinvertebrates reported under the WED in 2016, both in

» o«

three specific indicators: “habitat area”,

For the second, the ecological status of

coastal and transitional waters?’. Finally, for “life history”, the

15 https://www.emodnet-seabedhabitats.eu/access-data/download-

data/?linkid=eusm_2019_atlantoarctic

16 https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/

wise-wfd-database-1/wise-wfd-database
17  https://data.unep-wcmc.org/datasets/43

18 Spain:https://www.miteco.gob.es/es/biodiversidad/servicios/

banco-datos-naturaleza/informacion-disponible/ramsar_descargas.aspx

19 France: https://rsis.ramsar.org/ris-search/?f%5B0%5D=regionCountry_
en_ss%3AEurope&f%5B1%5D=regionCountry_en_ss%3AFrance

20 https://data.unep-wcmc.org/datasets/47

21 https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/wise-

wfd-database-1/wise-wfd-database
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designated Ramsar sites have been used'® (i.e. ‘Yes’ for cells with
designated sites, and ‘No’ without sites). The three indicators
were aggregated into a single value, as shown in Table SM2.
Estuarine habitats are characterized using three specific
indicators: “primary productivity or chlorophyll”, “diversity of
swimming species”, and “life history” (Table 1). The method has
been adapted by aggregating four sources of information. First, for
the location of these habitats, the “transitional water bodies”, as
included in the WISE WED reference spatial data sets?%, have been
used. As proxies of the specific indicators “primary productivity or

»

chlorophyll” and “diversity of swimming species”, the ecological
status of phytoplankton and fish in transitional waters, reported
under the WED, have been used, respectively'B. Finally, for the “life
history” indicator, the location of designated Ramsar sites has been
used'®. The aggregation of the information was done as described in
Table SM2. Within the same grid cell, the ecological status of
phytoplankton and fish could be different. In those cases, for
aggregating the indicators, a precautionary approach was adopted,
taking the highest of the two values as the value for the cell.
Information of five commercial fish species has been used to
assess the fish spawning areas. More precisely, egg abundance
data for anchovy (Engraulis encrasicolus), sardine (Sardina
pilchardus), hake (Merluccius merluccius), Atlantic horse
mackerel (Trachurus trachurus) and Atlantic mackerel
(Scomber scombrus) were gathered. These species were selected
because four of them are within the five most caught in the Bay
of Biscay (>40% of the total landings in 2016 and 2017%%), and at
the same time, they are within the 10 species of highest landing

22 https://www.eea.europa.eu/data-and-maps/data/wise-wfd-spatial-3

23  https://www.eea.europa.eu/data-and-maps/data/wise-wfd-4/

wise-wfd-database-1/wise-wfd-database

24 Aggregated values were estimated with reported landings in 2016 and
2017 in the sub-regions 27.8.a, 27.8.b, 27.8.c and 27.8.d (STEFC Report
2019: https://stecf jrc.ec.europa.eu/reports/economic/-/asset_publisher/
d7le/document/id/2571760?inheritRedirect=false&redirect=https%3A%2F
%2Fstecf jrc.ec.europa.eu%2Freports%2Feconomic%3Fp_p_id%3D101_
INSTANCE_d7le%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_).
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value (30% of the total in 2016 and 2017%°). The historical data
of egg distribution and abundance (egg km™), for the five
species, was used to spatially delimit the spawning grounds.
The data available per species are: (i) for anchovy, annual data
from 1989 to 2020 (32 campaigns); (ii) for sardine, annual data
from 1998 to 2020 (23 campaigns); (iii) for hake, data every three
years, from 1995 to 2016 (8 campaigns); and (iv) for Atlantic
horse mackerel and Atlantic mackerel, data every three years,
from 1992 to 2019 (10 campaigns).

To transform the original point data into a layer covering the
whole case study area, a geostatistical interpolation was
performed in QGIS version 3.16.11-Hannover (QGIS.org,
2022) using the Ordinary Kriging technique. The data were
split by species and year, obtaining between 8 and 32 raster
layers per species. For each raster file, the pixel values were then
aggregated to fit the case study grid using the zonal statistics tool
in QGIS. Using these layers, the mean value of egg abundance
per grid cell was estimated for each species. This value was then
used to discretise data, following the work done previously to
detect areas of high-density of marine organisms (Canadas and
Vazquez, 2014; Garcia-Baron et al., 2019a): the mean abundance
of eggs was ordered from highest to lowest values. The cells with
the highest abundance values and comprising a cumulative
abundance of 30%, were considered as “presence” (i.e., high)
abundance cells, while the rest of the cells were considered as
“absence” (i.e., low) importance cells. The threshold of 30% was
chosen after exploring the options of 40%, 30%, 20% of
cumulative abundance of eggs, since it includes most of the
important areas for spawning of the five species, without being
too large for a feasible protection and cost-effective monitoring.

For the last category of habitats, the Other unique habitats,
the “OSPAR threatened and/or declining habitats in the
northeast Atlantic” data layer has been used®®. A total of three
types of threatened and/or declining habitats can be found in the
area: Deep-sea sponge aggregations, Lophelia pertusa reefs and
Zostera spp. beds. To avoid double-counting with the
information already collected for “seagrass habitats”, Zostera
beds were removed from the database. Therefore, the other two
habitats were included in “Other unique habitats”. The
aggregation was done using a simple rule: if any of the two

25 Aggregated values were estimated with value of landings in 2016 and
2017 in the sub-regions 27.8.a, 27.8.b, 27.8.c and 27.8.d (STEFC Report
2019: https://stecf.jrc.ec.europa.eu/reports/economic/-/asset_
publisher/d7le/document/id/2571760?inheritRedirect=false&redirect=
https%3A%2F%2Fstecf jrc.ec.europa.eu%2Freports%2Feconomic%3Fp_
p_id%3D101_INSTANCE_d7le%26p_p_lifecycle%3D0%26p_p_state%
3Dnormal%26p_).

26 https://odims.ospar.org/en/maps/map-threatened-or-declining-

habitats/
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habitats was present in the cell, the cell was classified as high, and
as low otherwise.

Finally, the areas of importance for biodiversity at genes level
was not assessed due to the lack of accessible information for the
case study, despite the recent advances in this topic in the area
(Fraija-Fernandez et al., 2020).

Importance of coastal protection function

The method assesses the importance of the coastal
protection function by identifying biological and physical
protection areas. Regarding the biological protection, the
method considers areas with habitats such as coastal marshes
or mangroves with indicators of habitat area, coverage and/or
vegetation width. Regarding the physical protection importance
(i.e. high, low), the method depends on whether the coast is
rocky or sandy shore, and indicators of shoreline length, coast
width and slope are adopted.

Instead of developing a new metric for the coastal protection
function it was decided to use the Coastal Protection Capacity
(CP.p) indicator, designed by Liquete et al. (2013). This
indicator is described as “the natural potential that coastal
ecosystems possess to protect the coast against inundation or
erosion, based on geological and ecological characteristics”. The
indicator, which requires input variables such as slope,
geomorphology, submarine habitats and emerged habitats, has
already been estimated for the whole European coast and the
data are available on request. Based on the indicator description
and the variables considered in its estimation, it was considered
as a good proxy for the coastal protection function of the double
evaluation method.

Liquete et al. (2013) calculated the CP.,, indicator for the
coastal zone (i.e., the area potentially affected by extreme
hydrodynamic conditions), and delimited it by the 50 m depth
isobath and the 50 m height contour line, with a minimum width
of 1 nm offshore and 1 km inland from the coastline. Also, these
authors established a maximum extent of 50 km landwards from
the shoreline to avoid identifying far inland habitats as ‘coastal’.
The CP,;, values were normalized from 0 to 1 and presented as
irregular polygons in the data layer. To include CP,, values to
the case study grid and to the MRECC method, first, for each
grid cell the CP_,,, was re-calculated as the mean of all the values
contained within the cell. Second, considering the range and
distribution of CP,, values, the percentiles 334 and 67 (1/3
and 2/3) were used to discretize them in a three-category
indicator: high, mid, and low importance.

Assessment of coastal vulnerability

In the method, the assessment of coastal vulnerability is
done considering coastal erosion and sand loss, via parameters
such as coastal sediment types, storm surge and erosion rate
(Supplementary Material SM1).
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For this assessment, it was decided to use the Coastal
Protection Exposure (CP.,) indicator, designed by Liquete
et al. (2013). This indicator is described as “The predicted need
of CP based on the climatic and oceanographic conditions of each
area”. The indicator integrates information on wave regime,
tidal range, relative sea level and storm surge. As for CPy, has
also been estimated for the whole European ‘coastal zone” and
the data are available on request. The adaptation of CP, values
to the case study grid and the method has been done as for CP,y,.

Current marine development and utilization

Chinese methodology evaluates suitable areas for marine
activities (e.g., port construction, aquaculture, oil and gas
facilities), naming this as ‘Suitable Marine Development and
Utilization’ (Supplementary Material SM1). However, due to the
lack of information, it was decided to study the current
utilization of the marine environment, selecting 8 out of the
11 activity themes included in the MSFD (European
Commission, 2017a) i.e., physical restructuring (ports),
production of energy, cultivation of living resources, extraction
of non-living resources (aggregate extraction, dredging and
disposal), extraction of living resources (fisheries), security-
defense (military areas), tourism and leisure, and transport
(shipping). We have included a ninth activity (Marine
Protected Areas), which, although is a management activity,
could be assimilable to ‘education and research’ under the
European Commission (2017a) list, and can be related to the
statutory European Union targets, under the Biodiversity
Strategy 2030 (European Commission, 2020b). Hence, the
main human activities within the Bay of Biscay, as defined by
the MSFD, have been considered in the analysis.

Each of these was individually assessed. When an activity
takes place in a cell, the area was considered as of high
importance for the activity, irrespective of the intensity, except
in the cases of fisheries, shipping and tourism and recreation. In
these three cases the data available allow to classify the
importance of the area according to the intensity of the
activity (i.e., high, mid, low) (see Table SM4).

To delimit the Marine Protected Areas, three sources of
information were used: OSPAR protected areas®’, Natura 2000
areas”® and Nationally Designated areas®. The protected areas
were transferred to the grid attending to possible overlaps. The
cells where any of the protection figure abovementioned was

27  https://carto.mpa.ospar.org/fr/1/ospar.map
28 https://www.eea.europa.eu/data-and-maps/data/natura-11

29 https://www.eea.europa.eu/data-and-maps/data/nationally-

designated-areas-national-cdda-15
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present were classified as high importance areas, while the rest
were classified as “not present”.

To characterize the marine aquaculture activity, the current
location of marine aquaculture facilities for marine fish®®,
shellfish®' and algae®®, from EMODnet Human Activities was
used. The original data were point data, and those points were
translated to the case study 1x1 km grid directly. The cells where
any marine aquaculture activity was present were classified as
high importance areas, while the rest were classified as
“not present”.

Information on the location of main ports within the case
study was obtained from the Word Port Index of the Maritime
Safety Information web?. This webpage includes spatial location
of the main ports of the world. The cells where a port was located
were classified as high importance areas, while the rest were
classified as “not present”.

Location of wind farms® and ocean energy tests sites>
facilities were obtained from EMODnet Human Activities. The
cells where any of these facilities was present were classified as
high importance areas, while the rest were classified as
“not present”.

The location of aggregate extraction areas and dredging
activities were obtained from EMODnet Human Activities***”.
The aggregate extraction database includes active and non-active
extraction areas, in polygon format. Within the case study area,
this activity is only allowed in France. The dredging activities
database includes points where dredging operations have
occurred, including dredged sediment disposal in coastal areas.
For the two activities, the cells where the activity is present, were
classified as high importance areas, while the rest were classified

as not present .

30 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Finfish+Production

31 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Shellfish+Production
32 https://www.emodnet-humanactivities.eu/search.php
33 https://msi.nga.mil/Publications/WPI

34 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Wind+Farms+%28Polygons%29

35 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Test+Sites

36 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Aggregate+Extraction+Areas

37 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Dredging
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To characterize the fishing activity, ‘fishing intensity’
extracted from EMODnet Human activities®® was used. More
precisely, the average annual fishing effort (mW fishing hours)
per gear type were used. In the Bay of Biscay, these values were
estimated with 2018-2021 VMS (Vessel Monitoring System) and
logbook data. It is important to note that only fishing vessels >15
m long are obliged to install a VMS. The original data was
presented aggregated in a 0.05x0.05 degrees grid per gear type
(beam trawls, bottom otter trawls, bottom seines, dredges,
pelagic trawls and seines, and static gears). To adapt these data
to the MRECC method, first, the summatory of all gear types was
estimated per case study grid cell (1 x 1 km?). Next, the numeric
values were transformed into categorical values using 70% and
90% quantiles: <0.7 as low’, 0.7-0.9 as mid, and >0.9 as high.

The location of military areas was obtained from EMODnet
Human Activities®. Military areas are usually defined as
exclusion areas for other human activities. Therefore, it was
considered interesting to include them in the analysis.
Unfortunately, within the case study area, only information for
Spain was available. To codify the activity in categorical format,
the cells where the activity was present were classified as high
importance areas, while the rest were classified as “not present”.

Two indicators were used to characterize the tourism and
recreation activities: (i) location of bathing waters®’, as reported
by EU Member States to the EEA (Reference year: 2019), and (ii)

41,42 and

vessel density of different type of recreational vessels
available from the EMODnet Human Activities portal. To
translate bathing waters information to the case study, the cells
that included bathing water were classified as high importance
areas, while the rest were classified as “not present” importance
areas. For vessel density, the subtypes ‘Sailing’ and ‘Pleasure
Crafts’ were considered (monthly average measured in ‘hours per
km? per month’). Data for other type of recreational vessels was
not available, as for such vessels holding an AIS (Automatic
Identification System) is not mandatory. Although information is
available for 2017-2020 years, it was decided to download 2019
data, as the outbreak of the COVID-19 pandemic in 2020 could
have altered the activity (Pita et al., 2021; Ryan et al., 2021). The

38 https://www.emodnet-humanactivities.eu/search-results.php?

dataname=Fishing+Intensity

39 https://www.emodnet-humanactivities.eu/search- results.php?

dataname=Military+Areas+%28Polygons%29

40 https://www.eea.europa.eu/data-and-maps/data/bathing-water-

directive-status-of-bathing-water-12

41 Route density: https://www.emodnet-humanactivities.eu/search-

results.php?dataname=Route+density+%28source%3A+EMSA%29

42  Vessel density https://www.emodnet-humanactivities.eu/search-

results.php?dataname=Vessel+Density
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original information is in raster format and was transferred to the
case study grid using the zonal statistics tool in QGIS. With this
tool, the mean value for each vessel subtype and per grid cell
was estimated. Then, the vessel density of the two vessel
sub-types was summed. To adapt this numerical value to the
requirements of the MRECC method (categorical value), the 70%
and 90% quantiles were used: <0.7 as low, 0.7-0.9 as mid, and >0.9
as high.

Two sources of information were used to characterize the
shipping activity: (i) vessel density of different types of vessels
(monthly average measured in ‘hours per km” per month’), and
(ii) vessel route density of different types of vessels (unit: routes
per km?). Both data were downloaded from the EMODnet
Human Activities portal. For vessel density, information on
cargo, tanker, passenger, and high-speed crafts was used, while
for vessel route density, data on cargo, tanker and passenger
vessels was used. The original information, available in raster
format, was transformed using the methodology already
explained for tourism and recreation.

Data aggregation

To estimate a single value per grid cell of ecological
importance, the values of importance for biodiversity (species
and habitats), coastal vulnerability and coastal protection
function values have been considered (Figure 2A).

In each cell, the highest value reported for any of the
components is considered as the overall value or the ecological
importance value. Each component has also subcomponents
with a different number of indicators, which are all integrated.
By giving to all the elements the same weight (or importance) we
followed a conservative approach, since having a single
component classified as high is enough to classify the cell as
high for its ecological importance.

To obtain a single value of current ‘human activity
importance’ in each cell, all the activities except Marine
Protected Areas were aggregated considering, as the overall
value, the highest importance reported for any of the human
activity indicators (Figure 2B). Marine Protected Areas were
excluded from the analysis, since they are not activities causing
pressures to the marine system, and only those resulting in harm
to the ecosystem components have been considered in
the aggregation.

The ‘Human activity importance’ and ‘areas of ecological
importance’ data products were combined to estimate an
indicator of the “Ecological Risk” in the cell. These Risk’
values were estimated following the rules indicated in Table 2.

Considering that fishing could be one of the most extensive
and pervasive human activity at sea, impacting different
ecosystem components (Lewinson et al., 2014; Halpern et al,
2019; Pitcher et al., 2022), in addition to the above-mentioned
overall ecological risk assessment the areas of ecological
importance were separately intersected with the fishing
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TABLE 2 Rules adopted to determine the ecological risks according to the ecological importance and human activities.

High

Areas of ecological importance High High
Mid Mid
Low Low

Human activity importance

Mid Low No current use
High Mid Low
Mid Low Low
Low Low Low

activity. Two analyses were performed: first, in areas of high
ecological importance, the intensity of fishing activity was
estimated with the two indicators: fishing vessel density and
fishing vessel route density. Secondly, the areas of high fishing
activity intensity were filtered to check the values of ecological
importance within the area.

The ecological importance was also separately intersected
with the current protected areas, by analyzing the values of
ecological importance within the Marine Protected Areas. This
intersection can provide interesting information on the level of
match between already set protected areas and the ecological
importance of the areas. Finally, the original methodology was
slightly adapted to calculate the MRECC within the study area,
estimating it as the area in which neither high ecological
importance nor Marine Protected Areas (i.e., areas not suitable
for marine development and utilization) exist.

Results

Evaluation of areas of
ecological importance

The species included in the lists of interest in the case study
grid ranged between 1 and 27 spp. km™ and its aggregated
importance is presented in Figure SM2. In total, 20,115 km? were
classified as high importance (6% of the case study) and 104,502
km? as mid importance (29%) due to their species-level
relevance. There are three main high importance areas: two on
the Spanish continental shelf and one on the French continental
shelf. Other smaller areas of high importance are in estuarine
(e.g. Gironde and Loire) and coastal zones. Mid importance
areas are on the whole continental shelf of the Bay of Biscay,
down to the slope, while most of the deep-sea areas have low
importance (Figure SM2).

The maps of the individual assessments per habitat types are
included in Figures SM3-SM9, and its aggregated importance for
biodiversity in Figure SM10. The distribution is sparser than in
the case of species, but again most of the high importance areas
are located within the continental shelf and estuaries, with small
areas in the deep-sea corresponding to unique habitats and/or
fish spawning areas.
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However, not all the high importance areas have the same
number of habitats classified as high. From the potential seven
habitats, up to five habitats of high importance overlap in the
same cell. These 5-habitats cells are in the northern part of the
Bay of Biscay, close to the coast (Figure SM11). In most cases,
only one habitat of high importance occurs in a cell.
Intermediate values (2-4 overlaps) are close to the coast or on
the continental shelf slope. In the case of coastal areas, the
overlaps are mainly due to the presence of seaweed and seagrass
habitats in the north of the Bay of Biscay (Brittany), and fish
spawning areas, whilst on the slope the overlaps come from fish
spawning areas and unique habitats.

The area covered by each habitat category, classified by
importance level, is summarized in Table SM3. Over the
364,638 km” of the case study, the most extensive habitat of
high importance is fish spawning areas, which covers 16% of the
surface. The remainder habitats have much lower values,
representing only between 0.2% (other habitats) and 4%
(seagrass beds) of the total surface.

The highest coastal protection function areas correspond to a
narrow strip along the whole northern coast of Spain and most part
of the south of France, whilst the northern part of the Bay has mainly
low or mid importance (Figure SM12). The coastal vulnerability is a
near mirror image of the previous one, with low coastal vulnerability
in northern Spain and south of France, and higher vulnerability in
part of Galicia and the north of France (Figure SM13).

The assessment of areas of ecological importance in the Bay
of Biscay, which is the result of aggregating areas of importance
for biodiversity at species and habitat level, coastal protection
and coastal vulnerability, is presented in Figure 3. The estuaries,
coastal area and continental shelf concentrate most of the high
importance areas, whilst mid importance areas are restricted to
the continental shelf and part of the deep-sea and low
importance areas are mainly offshore.

A total of 81,759 km? (22% of case study) were classified as
areas of high ecological importance, 61,838 km? as mid (17%)
and 221,041 km? as low (61%). It can be relevant to know, for the
cells classified as high, for how many components the value is
high per cell (Figure SM14). The case study had between zero
and seven components ranked as high per km? from the ten
possible components (one for species, seven for habitats, one for
coastal protection and one for coastal vulnerability).
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FIGURE 3

Areas of ecological importance in the Bay of Biscay, calculated by aggregating importance for marine biodiversity for species and habitats,

coastal protection and coastal vulnerability.

Current marine development
and utilization

After accounting for duplicates between Natura2000 sites
(Special Protection Areas and Special Areas of Conservation,
both under the Habitats Directive), OSPAR Marine Protected
Areas and Nationally Designated Areas, a total area of 88,698
km? (24%) was covered with one or various figures of protection
and classified as of high importance (Figure SM15). Again, most
of these areas are coastal, including estuaries, but also the slope
of the continental shelf, with very few covering deep-sea areas.

In the Bay of Biscay, a total of 19 algae production facilities,
119 shellfish aquaculture and 8 finfish aquaculture facilities were
found, most of them located in the French coast (Figure SM16).

Seventeen main commercial ports were identified within the
case study, nine in France and eight in Spain (Figure SM17).
Many other small ports (fishing ports, recreational ports) can be
found in the case study but were not considered in this analysis.

Four wind farms (one in Spain and three in France) and four
ocean energy test sites are located within the case study (Figure
SM18). Currently, the three wind farms in France are planned
but not operational, while the one in Spain is operational. These
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facilities occupied a total area of 283 km® (0.1% of the case study
area). Regarding the test sites, two are in Spain (one for waves
and one for waves and wind) and two in France (one for waves
and one for tidal energy). These facilities occupied a total area of
24 km? in the case study grid.

A total of 31 aggregate extraction areas are located within the
study area. All of them are in France, covering a total area of 1,283
km? in the case study grid (Figure SM19). A total of 191 dredging
points and sediment disposal areas are made available by EMODnet,
77 in France and 114 in Spain. Most of them are harbor
maintenance and the associated sediment disposal areas at sea.

The fishing activity mostly occurs in the French continental
shelf (see ‘High’ importance areas in Figure SM20). There is also
a high and mid fishing activity parallel to the 500 m isobath, in
the slope of the continental shelf. Some mid importance areas
appear in the Spanish coast, between the 500 m and 4,000
m isobaths.

The information on military areas was only available for six
areas in Spain (Figure SM21): four were associated with air force
exercises and two with underwater exercise. Following checks for
overlaps between areas, we calculated the total area covered by
military use within the case study to be 23,890 km” (6.6%).
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For tourism and recreation, a total of 909 bathing waters are
located within the case study (Figure SM22), 328 in Spain and
581 in France. Some of them occur in the same grid cell.
Therefore, a total of 791 km* contain bathing waters. For
recreational vessel density, a total of 18,918 km?> were
characterized as high importance areas, 37,835 km” as mid
importance areas and 132,423 km® as low importance areas
(Figure SM23). The remaining 175,462 km* were considered
equal to zero, in terms of recreational vessel occurrence.

For shipping activity, the two indicators show a similar
pattern, with two high intensity areas in the coastal waters of
Spain, and an area crossing the Bay of Biscay from the southwest
boundary (i.e., Portugal) to the northern boundary (Figures
SM24-25). The 9% of the case study was classified as of high
importance for vessel density, and for the route density.

The aggregation of the ‘importance’ indicators of the eight
activities (without including protected areas) shows that the Bay
of Biscay is an area with a high concentration of human activities
(Figure 4), with 26% of the area classified as high, 27% as mid
and 45% as low importance area. In the remaining 3% of cells no
human activity was detected.

When activities were analyzed individually (Table SM4),
shipping, fishing and tourism were the activities occupying the
largest areas (95%, 66% and 52%, respectively, when adding high,
mid and low activity). However, these activities were analyzed
with dynamic indicators (e.g., vessel density and vessel route
density), meaning that the occupation is not constant and has not
the same intensity throughout the year in all the cells. Indeed,
when those activities were analyzed considering only the cells
classified as high and mid importance, the percentages were
reduced to 34% for shipping, 20% for fishing and 16% for tourism.

10.3389/fmars.2022.972448

The number of human activities per km” ranged from 0 to 5
(Figure SM26). In most of the cells, the number of activities was
3 (34% of the case study) or 4 (37% of the case study). The two
large areas in the Spanish coast with ~5 activities correspond
with the two military areas.

Risk identification and evaluation of
carrying capacity

When intersecting the human activities with the areas of
ecological importance, the larger areas are found for protected
areas (high importance for Marine Protected Areas and areas of
high ecological importance), with 9.6% of the Bay of Biscay
(Table 3). However, some activities harmful for the
environment, such as fishing, with high or mid importance,
are occurring in areas of high ecological importance (also 9.6%).
When aggregating all the activities except Marine Protected
Areas, 74,857 km? (20.5%) include activities undertaken in
areas of high ecological importance, and 60,594 (16.6%) in
areas of mid ecological importance (Table 3).

After intersecting human activities with the areas of
ecological importance, it is possible to determine the risk
caused by these eight marine activities on the areas of
ecological importance. Most of the high and mid risk areas are
located relatively close to the coast, on the continental
shelf (Figure 5).

Results show that 17.8% of the case study was at high risk
and 17% at mid risk (Table SM5). A total of 238,176 km® (65.3%)
were classified as low risk areas, either because (i) the ecological
importance was low (for any category of ‘Human Activity
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Aggregated assessment of the spatial distribution of important areas for human activities based on eight activities within the Bay of Biscay.
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TABLE 3 Area (in km? and percentage) used by each human activity within the Bay of Biscay according to the areas of ecological importance.

Marine activity

Areas of ecological importance

Type Importance
Protected areas High
Aquaculture High
Ports High
Energy High
Aggregate extraction and dredging High
Fishing High
Mid
Low
Military area High
Tourism High
Mid
Low
Shipping High
Mid
Low
Human Activities - Aggregated* High
Mid
Low

Total area with human activities (without marine protected areas)

*Aggregated values include all human activities except marine protected areas.

Importance’); (ii) the ecological importance was mid, and the
importance of human activities was low; or (iii) no human
activity was detected in the cell.

The number of human activities occurring within areas at
high risk is represented in Figure SM27. From the 64,859 km?
classified as areas at high risk (17.8%), 98.4% have 2, 3 or 4
human activities (11,663, 45,321, and 6,807 km?, respectively)
(Table SM6).

Considering that fishing is the most extensive human
activity in the Bay of Biscay, a comparison with areas of
ecological importance was undertaken. First, the level of
fishing activity within the 81,759 km? classified as of high
ecological importance was analyzed (Figure 6), resulting in
more than 66% classified as high or mid importance for
fishing activity.

Secondly, the ecological importance values within high or mid
importance areas for fishing activity were analyzed (Figure SM28).
In this case, results suggest that from the 105,712 km* important
for fishing, most of them (52%) are classified as high according to
ecological importance, while 32% and 17% are classified as areas
of mid and low ecological importance, respectively.

On the other hand, Marine Protected Areas occupied a total
of 88,698 km?2. Of them, 40% were classified as high ecological
importance, 17% as mid importance and 43% as low importance
(Figure SM29). The highest extent of Marine Protected Areas
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High Mid Low

km® % km’ % km® %
35,085 9.6 15,342 42 38,271 10.5
137 <0.1 7 <0.1 2 <0.1
16 <0.1 0 0.0 1 <0.1
306 0.1 0 0.0 1 <0.1
1,346 04 84 0.0 3 <0.1
14,400 3.9 8,474 2.3 1,345 0.4
20,657 5.7 17,160 47 10,619 2.9
37,932 10.4 30,855 8.5 100,767 27.6
5,193 14 10,73 2.9 7,967 22
14,610 4.0 4,755 13 42 0.0
22,841 6.3 11,986 33 2,887 0.8
25,186 6.9 30,257 8.3 76,821 211
14,118 39 11,395 3.1 17,322 48
20,575 5.6 18,183 5.0 40,541 111
31,347 8.6 29,821 8.2 161,614 443
39,764 11.1 28,108 7.7 25972 7.1
25,095 6.9 23,497 6.4 48,693 134
9,998 2.7 8,989 25 145,004 39.8
74,857 20.5 60,594 16.6 219,669 60.2

classified as of low ecological importance are within two
Natura2000 SPA in French waters, more precisely the SPA
sites “Mers Celtiques- Talus du Golfe de Gascogne”
(Natura2000 site code: FR5212016) and ‘Téte de Canyon du
Cap Ferret’ (Natura2000 site code: FR7212019).

Finally, the MRECC was calculated as the area in which
neither Marine Protected Areas nor areas of high ecological
importance exist (both in red color in Figure 7). Since the total
area covered by both is 135,372 km?, the available MRECC within
the Bay of Biscay is 229,266 km? (in blue color in Figure 7).

Discussion

Adapting the Chinese double evaluation approach to a
European sea was challenging. Although environmental
carrying capacity methods have been used in Europe for cities
(Swi:}der et al., 2020), the circumstances are different for marine
ecosystems. The terminology used in China sometimes does
have not a similar meaning in Europe (e.g., ‘importance of life
history’), in other cases the philosophy behind the method is
different, even though the name might be the same (e.g., ‘areas of
ecological importance’), or sometimes the habitats (e.g.,
mangroves) or threats (e.g., ‘marine disasters’) are inexistent
or totally different in a European context. For these reasons this
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Ecological risk assessment based on the comparison of areas of ecological importance and human activities, within the Bay of Biscay.

work required an adaptation of the methodology to European
context, for which the MSED (European Commission, 2008) and
the MSPD (European Union, 2014), seem to be the closest
references. This is because both directives aim at protecting
the ocean, by making sustainable use of the marine resources
(within the MSFD), and at the same time promoting the blue
economy (within the MSPD) (Elliott et al., 2018; European
Commission, 2020a; Stelzenmiiller et al., 2020).

Despite the extensive related experience in applying the
double evaluation in Chinese seas being of great support (e.g.,
Di et al.,, 2007; Fuju et al., 2011; Liao et al., 2013; Liu et al., 2020),
we were able to adapt the approach only in part. The application
of the double evaluation methodology to the Bay of Biscay has
shown some limitations, but also interesting results, which are
discussed below, considering the main components of
the method.
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Marine Resource-Environment Carrying Capacity (in blue) within the Bay of Biscay. Areas where Marine Protected Areas are present and/or
areas with high ecological importance are considered “areas of ecological value) (in red).

Areas of ecological importance

The collation of information from different ecosystem
components is essential for taking decisions on the future
human activities that can be carried out at sea, as well as for
their planning and management (Issaris et al., 2012). However,
some methodological problems have been faced during the
analysis process of the areas of ecological importance:

-Lack of data: for some topics, there was a total absence of
data (e.g., aquatic genetic resources).

-Incompleteness of the available information: the method is
based on a spatial analysis using a 1x1 km grid. Some
datasets were found unfit for that purpose due to
limitations with respect to spatial resolution or scale
(e.g., grid size of several kilometers for some species with
an ample distribution, such as mammals) or spatial
coverage (e.g., lack of knowledge on the spatial
distribution for some unique habitats, especially in
deep-sea areas).

-In some cases, datasets provided qualitative information
(e.g. presence/absence), making it difficult to evaluate
the required information in a quantitative and accurate
way.

-Specific indicators used in the analysis: despite the
adaptation of the indicators used in Europe, in some
cases it was difficult to translate them in the case study
with the available information and, thus, expert
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judgment needed to be used (e.g., how to determine
the importance of the distribution area of a species).

Sometimes, there were specific issues, associated to one of
the methodological problems abovementioned. At the species
level, the IUCN and Birdlife International spatial datasets were
used to extract the spatial distribution of species of interest to
determine the importance of distribution area for megafauna.
However, the IUCN layers have low specificity, showing
presence-absence of species within the Red List, with large
distributions (Jefferson et al., 2021), which could result in a
flawed approach, since taking a species richness approach to
prioritization (ranking), does not take species representation
into account. More accurate estimations for mammals and
seabirds’ distribution exist (e.g., Waggitt et al.,, 2020).
However, the number of species and the low correspondence
with species of interest for conservation (e.g., after Oslo-Paris
Convention, or Birds and Habitats Directives), make it difficult
to use that dataset. Hence, it would be necessary to improve this
part of the assessment in the future, when better information
becomes available, also making the method more robust
identifying biodiversity priorities by taking representation of
all features into account (e.g. undertaking a systematic spatial
prioritization using software like Marxan or Zonation), but
studying the way in which these methods can match the
original MRECC method.

In the case of habitats, the fish spawning areas were selected
based on five of the most important commercial species in the

frontiersin.org


https://doi.org/10.3389/fmars.2022.972448
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Borja et al.

Bay of Biscay, in terms of landings and economical value,
representing more than 40% of total weight of landings and
30% of the total value of landings (STECF, 2019). Even if the
approach implemented is robust enough, several areas for
improvement have been identified. First only egg abundance
data have been considered, but the inclusion of data on juvenile
recruitment areas would be also of high interest (Irigoien et al.,
2008). Second, the present approach considers the most
captured species with the highest economic relevance, and this
choice results in most species being pelagic. Future
improvements would include other demersal and benthic
species, helping also to cover the Descriptor 4 (food webs),
under the MSFD. The inclusion of a higher number of species
representative of different life-story traits, in the context of other
human activities, would be of high relevance towards an
ecosystem approach to fisheries (Garcia et al.,, 2003).

In addition, not all habitats are represented in the analyses.
Although we have included many, still some are largely absent
(e.g., canyons, steep slopes, abyssal, etc.), which are likely to
support species that are not represented elsewhere, and their
needs should be also considered. However, although habitat
maps of the Bay of Biscay exist (e.g., Galparsoro et al., 2014), the
level of detail is insufficient to include the indicators needed to
apply the method.

Data from Liquete et al. (2013) have been used for the
assessment of coastal protection function and vulnerability. The
objective of Liquete et al. (2013) was to estimate the coastal
protection as an ecosystem service in Europe. They defined three
indicators: ‘capacity’, ‘natural exposure’, and ‘human demand’ of
coastal protection. The definition and approach followed to
determine the coastal protection ‘capacity’ for coastal
protection by Liquete et al. (2013) can be considered
equivalent to the ‘coastal protection’ in the Chinese method.
Regarding ‘coastal vulnerability’ as defined by the Chinese
method, it could be considered like ‘natural exposure’ in
Liquete et al. (2013); however, coastal vulnerability considers
the erosion rate, and ‘natural exposure’ in Liquete et al. (2013)
did not. Despite this difference, the natural exposure values as
defined in Liquete et al. (2013) were used to estimate coastal
vulnerability because the objective of both indicators is similar,
and the information is accurate and useful in this context.

Finally, the aggregation method used to integrate the
different indicators (“One high importance, all high
importance”) is quite stringent, with no discrimination
between areas of higher importance, due to the absence of
good maps of abundance in the case of species or habitats
status. To solve this issue, weighting factors can be applied to
give more importance to certain indicators, as it is done when
assessing the status in an integrative way (e.g. Levin et al., 2009;
Langhans et al., 2014; Uusitalo et al., 2016), or to assign a higher
biodiversity importance to areas where more than one
component appears (e.g., a single cell where both a unique
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habitat such as deep-sea sponge aggregations and spawning
ground of a commercial species can be found).

Despite the limitations of the methodology raised above, the
aggregated assessment allowed to identify some of the most
important ecological areas in the coastal zone, the continental
shelf and the continental slope, in agreement with some of the
assessments and recommendations undertaken in the Bay of
Biscay (Lavin et al., 2006; Garcia-Baron et al., 2020; Galparsoro
and Borja, 2021). However, omitting from this study species not
included in the OSPAR List of Threatened and/or Declining
Species and Habitats, or listed in the Annex II of Habitats
Directive, may have relevant implications. As an example, the
fin whale (Balaenoptera physalus), is a non -listed species whose
main critical area of distribution is in the deep waters of the
south-eastern part of the Bay of Biscay, and which could be
protected by the implementation of a transboundary MPA
(Garcia-Baron et al., 2019a). In fact, this species can be
considered of conservation interest as it is identified as
indicator, within the functional group “marine mammals”, for
achieving good environmental status under the MSFD, in the
North-East Atlantic Ocean. On the other hand, it is difficult to
properly assess the ecological importance of the extensive
bathyal and abyssal area within the Bay of Biscay, because
sufficient data are lacking and the available data are old
(Laubier and Monnot, 1985; Elizalde et al., 1993; van
Denderen et al., 2021; Watling and Lapointe, 2022).

Current marine development
and utilization

In the analysis of activities at sea, we have included a total of
8 out of the 11 activity themes included in the MSFD (European
Commission, 2017a), plus Marine Protected Areas. The
methodological problems when collating information for
human activities (or current marine development and
utilization) were like those in the previous section (e.g., data
availability, data completeness, layers creation, aggregation
methodology, etc.). An example of issue with data
completeness is the fact that some activities (e.g., aquaculture,
ports, dredging sites, bathing waters) are represented by point
data within the grid, when it is known that this does not
represent the total extent of the activity, representing an
underestimation of the total area covered by the activity and
their footprints (Elliott et al., 2020; Solaun et al., 2021). Another
example is, in the case of ports, that only main commercial ports
have been included, when it is well-known the high number of
small ports and marinas present within the Bay of Biscay.

Other problem refers to the activity itself and how to
disentangle the activity from secondary data. For example, in
the case of fisheries, the data used from EMODnet human
activities come from the VMS (Marshall and Robert, 1998), in
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which disentangling the real fishing grounds from route data
could be difficult, although its use has yielded good results in
different studies (e.g., Campbell et al., 2014; Fernandes et al,
2019). Furthermore, not all the fishing activity can be
characterized with VMS data, as not all the vessels are obliged
to install them, e.g., small-scale fishing vessels fleet (<15 m long).
This is an important gap due to the relevance of small-scale
fishing vessels in the area (STECF, 2020), which can produce
important pressures (Pascual et al., 2013). Similarly, for the
characterization of tourism and recreation, vessel density has
been used. This indicator is estimated using AIS data from
sailing and pleasure crafts, but information is lacking for other
recreational and sports vessels that are not obliged to install an
AIS. Therefore, our method has underestimated the tourism and
recreation activity.

As commented above, the designation of Marine Protected
Areas, and associated management measures, are intended to
reduce pressures produced by human activities; however, as this
activity also requires space to be implemented, it has been
included here as a type of marine space utilization but has
been analyzed separately. Regarding Natura2000 areas, Special
Protection Areas (under the Birds Directive) and Special Areas
of Conservation (under the Habitats Directive) have been
included, but no Sites of Community Importance were, since
these are proposals but not already established protected areas
(Pinarbasi et al., 2020). Regarding the terminology, using the
term ‘low importance’ for marine protected areas, could produce
undesirable results in an MSP context, where decision-makers
are looking to zone the marine space to build blue economies,
since those areas could be considered as candidates for a
reduction in its protection. Hence, this fact should be
considered also in future improvements of the method.

This fact leads to another limitation when applying the
double evaluation methodology: in China, this method
includes suitable spatial development areas, and not only
current ones (although some authors have used them, e.g., Ma
et al,, 2017). However, in the Bay of Biscay (both in France and
Spain), the lack of information prevented the application of the
original methodology and only current use was included. Also,
this factor does not allow to make comparisons with areas in
which the method has been applied in China. Hence, extraction
activities (e.g. mining, oil/gas exploitation) and aquaculture, are
very different in volume in China and the Bay of Biscay, and can
be seen as a weakness when compared with the original
Chinese model.

Despite these limitations, the aggregation of human activities
shows a gradient of use, from intense use in coastal areas, to
moderate use on the continental shelf and low level of use of the
open sea (excepting the main shipping lanes and some areas
used by fisheries). A similar gradient can be seen in the pressures
produced by human activities, both at European level and in the
Bay of Biscay, in a recent study by Korpinen et al. (2021). Marine
Protected Areas occupy the largest area, which should serve to
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prevent the effects from pressures. The activities producing
pressures and covering the largest areas are shipping, fishing,
military and tourism, in that order, being the remaining
anecdotic. These activities coincide with the most important
pressures at sea, at European scale after climate change which are
noise (coming from all the activities mentioned above), fish
catches (from fishing) and introduction of alien species (from
shipping, tourism, etc.) (Korpinen et al, 2021). In this way,
clearer links between activities, pressures and their effects in the
ecosystem components (and their specific targets), should be
determined, for a more adequate evaluation of the
carrying capacity.

Risk identification and evaluation of
carrying capacity

In the MRECC, the risk assessment method has no
mechanism for the risk posed to ecological features by the
activities, i.e., the compatibility or lack thereof between
activities and ecological features is not built into the risk
assessment. Areas ranked as of ‘high’ ecological importance
(because of high species richness, presence or high importance
for certain habitats, high coastal protection or high coastal
vulnerability) that overlap with areas of high human use (e.g.
presence of coastal bathing, wind farms, or areas used highly for
sailing) are then deemed ‘high risk’, with no mechanism by
which those activities could or do impact the ecological features.
Hence, to undertake this kind of risk assessment, there would
need to be a clear, evidence-based rational for the possible
impact an activity (or multiple activities) may have on an
ecological feature, and this should be addressed in future
improvements of the method.

Results from the combination of areas of ecological
importance and human activities indicate that most of the
importance come from presence of spawning areas for the
most important commercial fish (Ibaibarriaga et al, 2007).
However, the ecological importance of these areas tends to be
seasonal, and not necessarily incompatible with all human
activities, e.g., anchovy spawning takes place from March to
August, peaking in May (Erauskin-Extramiana et al, 2019).
Hence, an activity such as sediment disposal in September will
not affect it, or other activities, such as shipping, could be hardly
assessed in relation to anchovy spawning. Hence, determining
the real ecological risk posed by human activities is problematic,
and, for more accurate assessments, both the timing of the
human activities throughout the year, and the potential
overlap with areas of high ecological importance should
be considered.

Also, although there are areas at high risk, with different
number of human activities, it seems that, the higher the number
of activities in a cell, the higher the risk, with a peak of five
human activities. However, not all these activities produce the
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same type and intensity of pressure. Usually, methods for the
calculation of the cumulative pressure effects integrate pressures
without weighting the pressure effect (Ban et al., 2014; Korpinen
et al, 2021). In other cases, weightings are applied to the
sensitivity of the ecosystem components at risk (Halpern et al.,
2015; Stelzenmiiller et al., 2018; Galparsoro et al., 2021), but very
few, if any, consider the additive, synergistic or antagonistic
effects of multiple pressures in biodiversity importance risk
(Piggott et al., 2015; Teichert et al., 2016), which are also not
included in the double evaluation methodology. In this sense, the
method in the Bay of Biscay could be adapted to provide a
weighting factor for each human activity, based on its potential
to impact the environment, as well as its temporal incidence
(e.g., constant, punctual, concentrated in certain season, etc.).
Of the human activities studied, fishing could be considered
one of the most extensive and pervasive human activities at sea,
impacting different ecosystem components: overexploiting fish,
damaging benthic communities by trawling, increasing
mortality in mammals or seabirds due to bycatch, altering the
food webs or introducing noise and litter into the system
(Lewinson et al., 2014; Halpern et al., 2019; Pitcher et al,
2022). Significant overlaps occur between fishing and high
ecological importance areas (until 52% of fishing important
areas are placed in them). In some cases, it is because the
fishing activity takes place in areas where fish concentrate for
spawning [e.g., anchovy can only be fished during March-June,
because the rest of the time is dispersed (Motos et al., 1996)].
However, in other cases, fishing grounds compete with
migratory routes or feeding areas for mammals or seabirds,
producing different threats to these faunistic groups in some
periods of the year (Lewison et al, 2014; Garcia-Baron et al.,
2019b). The capacity of fishing activity to impact ecosystem
component will differ depending on the fishing technique used,
e.g., physical disturbance generated at benthic ecosystems is the
main pressure produced by trawling vessels (Sciberras et al.,
2016), while bycatch and lost gears are the main environmental
problems generated by gillnet fleets (Shester and Micheli, 2011).
Hence, marine protection should be considered carefully
when studying the human activities currently undertaken or
likely to be developed. Currently, areas identified with this
methodology as of high and moderate ecological importance
represent 57% of the total surface protected within the Bay of
Biscay. In turn, 43% of the protected areas are of low
ecological importance and placed mostly on the continental
shelf slope in French waters. However, this area is known to
be important for some megafauna in some periods of the year,
e.g., for several species of dolphins or fin and pilot whales
(Laran et al., 2017; Garcia-Baron et al., 2019a; Waggitt et al.,
2020). This indicates that the methodology for delimiting
areas of ecological importance probably is underestimating
the importance of some areas, just because some species are
not included in the ‘OSPAR List of Threatened and/or
Declining species’ (within OSPAR Region IV) or in the
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‘Reference List for the Marine Atlantic Region’ (Habitats
Directive), or because there are not enough data. Perhaps, a
regional approach to sustainable management of human
activities in the Bay of Biscay should be established (van
Denderen et al., 2021), like those approved by Member States
within the MSFD (Cavallo et al., 2018).

The concept of carrying capacity can be diverse from
different perspectives (e.g. pollutant management, ecosystem
health, sustainable development), and can be categorized as
environmental, ecological, resource-environmental, or social,
among others (Arrow et al., 1995; Cai and Sun 2007; Byron
etal., 2011; Epelde et al., 2021). In China, much research has also
been undertaken, such as Resource-Environment Carrying
Capacity (Di et al, 2007; Liu et al,, 2020; Zhao et al, 2021;
Zhang and Niu, 2021), Environmental Carrying Capacity (Liao
etal, 2013; Song and Du, 2019; Wang et al., 2021), or Ecological
Carrying Capacity (Xie et al., 2011; Ma et al,, 2017; Sun et al,,
2022; Tang et al., 2022). Here, we used the methods described in
the China official technical guidelines in the context of spatial
planning, which define MRECC as the maximum volume of
human activities considering resources, ecological and
environmental elements. Yet, in the case of Bay of Biscay, due
to the lack of some data, only the ecological part was carried out,
and the suitability approach in terms of resources and
environment was not taken. So, there exists some limitation
about the carrying capacity, which only refers to potential space
for all human activities with the constraints of ecological
protection requirements. The result seems to be a broad and
hard to subdivide into specific activities.

On the other hand, evaluating the available carrying capacity
for development of marine activities, as the extent of the study
area minus the areas highlighted as of ecological importance,
could be problematic in the context of marine spatial planning.
As such, the focus of MSP should be on sustainable
development, which should take into account things like the
intensity of activities and the compatibility of those activities
with the biodiversity features in the area (e.g., areas outside of
formal protection should still have some management measures
to ensure sustainability). Hence, very intensive use outside
Marine Protected Areas could have spill-over impacts inside
Marine Protected Areas. Given the way the ecological priorities
are identified, and how carrying capacity is measured, studies
would need to be done to determine how multiple activities that
are taking place in the area, can result in cumulative impacts
compromising the carrying capacity.

Besides, the application of double evaluation is a little
different in China and Europe. In China, strict protection
targets are set, and high ecological importance areas are
applied in MSP as a basis to delimit Marine Ecological Red
Line areas (excluding some of current or potential development
areas through ecological impact assessment) (Lu et al., 2015).
The double evaluation shares similarities with MSP (Ehler and
Douvere, 2009) and its implementation in Europe (MSPD;
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European Union, 2014). MSPD required Member States to
complete marine plans by 2021 within their administrative
boundaries (see an initial analysis performed by Pinarbasi
et al. (2020) which compares background data and strategic
objectives defined by France and Spain). Once national plans are
approved, they could be compared with the results obtained
from the implementation of the double evaluation approach. It is
expected that some of the differences could be linked to
availability to national authorities of detailed data, as well as to
the public consultation process conducted during the
implementation process and used to reach a consensus
between interests of different sectors. Thus, the approved plans
will serve to predict future scenarios of MRECC, especially
considering activities that are more likely to increase in the
region, such as renewable energies (Jay, 2010; Pinarbas: et al,
2019; Galparsoro et al.,, 2021; Maldonado et al., 2022) or the
designation of new Marine Protected Areas, or for potential
future exploitations able to produce significant harm to the
seabed, such as deep-sea mining (Levin et al., 2016; Tunnicliffe
et al., 2020). The MRECC approach provides additional
information towards the adoption of an ecosystem approach
to MSP, especially used together with other tools, either used in
the MSPD (UNESCO-IOC/European Commission, 2021) or in
the MSFD (European Commission, 2017b), ensuring the
sustainability of human activities at sea. In particular, the
larger number of ecological features considered for the analysis
(i.e., a detailed set of biodiversity-related data, not only related to
habitats and species for conservation), information on land-sea
interactions, and the transboundary region in which it has been
implemented that goes beyond national jurisdiction.

Weighting the ecological elements and
human activities

As discussed above, the methodology used here does not
include the possibility of weighting either the elements for
determining the ecological importance or the human activities,
when calculating the risk and MRECC, representing a limitation
of the method. Weighting factors, depending on the importance
or sensitivity of certain indicators can be considered (e.g., Levin
et al., 2009; Langhans et al., 2014; Uusitalo et al., 2016). Here, we
have used the sensitivity scores of 30 marine habitats and species
against 15 anthropogenic pressures in Europe’s seas, determined
by Korpinen et al. (2021), to determine the differences in the
method, when weighting or not. The scores range between 0 (not
sensitive) and 5 (highly sensitive) for each single pressure. From
the individual values provided by the authors mentioned above,
we have calculated the mean values of the 15 pressures for: (i)
species of interest (including fish, birds, reptiles and mammals),
with a score of 2.498; (ii) seagrasses, with 2.873; (iii) seaweeds,
with 2.8; (iv) coastal marshes, with 2.57; (v) tidal flats-shallow
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waters, with 2.807; (v) estuaries, with 2.553; (vi) fish spawning
areas, with 3.273; and (vii) unique habitats, with 2.931.

These scores have been multiplied by the numeric
importance of each component in each grid cell (see Figure
SM2 and Table SM3), transforming the high importance to 3,
moderate importance to 2, and low importance to 1. The
numeric values obtained for each component have been
summed up, obtaining a unique value that comprises
information on species and habitats, i.e., the value of
importance for biodiversity in each grid cell. The numeric
value has been categorized using the percentiles 33" and 67
(1/3 and 2/3) as high importance (>2/3), mid importance (>1/3
and <2/3) and low importance (<1/3).

In each grid cell, the ecological importance value with
weighting factors was calculated as the highest value reported
for any of the three components: the new-weighted importance
for biodiversity values, and the previous values for coastal
protection and coastal vulnerability (Figure 8A).

On the other hand, weights can be applied also to human
activities, giving more weight to those able to increase the risk for the
ecosystem components, due to pressures (Halpern et al, 2015;
Stelzenmiiller et al.,, 2018). In this case, ICES (2016) identified for
the Bay of Biscay the pressures produced by the activities investigated
in our study. We extracted the number of pressures by activity, as
well as their intensity (value 1 for low intensity, 2 for mid and 3 for
high) from the ICES report. Then, for each activity, we multiplied the
number of pressures by its intensity, and we obtained the ‘pressure
vs. intensity’ score: 6 for fishing, 5 for aquaculture, 4 for tourism, 3
for ports and shipping, and 2 for dredging, energy and military
activities. Marine Protected Areas were not weighted, since we are
looking here for risk coming from activities producing pressures.

To estimate the value of each weighted human activity per
grid cell, the ‘pressure vs. intensity’ scores have been multiplied
by the activity’s numeric importance (3 for high importance, 2
for mid importance and 1 for low importance), as obtained
previously. A single value of weighted human activity
importance was obtained by summing up weighted
importance of each human activity. This numeric value has
been categorized using the percentiles 33 and 67" (1/3 and 2/3)
as high importance (>2/3), mid importance (>1/3 and <2/3) and
low importance (<1/3) (Figure 8B).

The weighted values for ecological importance and human
activities were combined to obtain risk values (Figure 8C),
following the same methodology applied to not-weighted
values. A total of 71,490 km? resulted as areas at high risk,
which implies an increase of 6,631 km?, compared to the original
non-weighted risk values (Table 4).

Applying weighted values to estimate ecological importance
and human activities’ importance translates into changes for
MRECC values (Figure 8D). Indeed, even if the weighting factors
were not applied to the protected areas (i.e., Marine Protected
Areas), the weighting approach increased the areas classified as high
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FIGURE 8

Results of the weighting approach: (A) Areas of Ecological Importance, (B) Aggregated assessment of the spatial distribution of important areas
for human activities; (C) Ecological risk assessment; and (D) Marine Resource-Environment Carrying Capacity.

ecological importance, from 81,759 km® to 84,557 km?, which
means that the MRECC is slightly reduced from the 229,266 km>
(62.9% of case study) to 228,637 km? (62.7%) (Table 4).

Hence, weighting ecological importance and human
activities resulted in an increase of areas at high risk (19.6% of
the Bay of Biscay) and a decrease in the MRECC. Although the
changes are not very important, it seems that weighting could be
more adequate to determine the risk and MRECC, since it
represents a precautionary principle (O’Riordan and Jordan,
1995). In fact, this is in line with other methods to assess and
manage the marine systems, in which weighting factors produce
more accurate results when assessing the environmental status of
marine ecosystems, and the results can change depending on the
weightings used (Borja et al., 2019b). More appropriate weights
(e.g. applying them differently on cells where there are multiple
overlaps of data) could be chosen through a stakeholders’
consultation (Laurila-Pant et al, 2019), which in this initial
application has not been taken into consideration.

Conclusions

The double evaluation methodology developed in China
could not be applied directly to the European reality without
some modifications. However, an adapted version of the
approach was successfully applied to the Bay of Biscay. It was
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necessary to adapt the terminology used in the Chinese approach
to better align with the current European policy needs (e.g.,
MSPD and MSED), as well as to modify the list of human
activities and ecosystem components (species, habitats, etc.) to
be relevant to the European study area.

A number of limitations have been identified, including the
lack of detailed data for certain ecosystem elements (e.g.,
distribution of some species and inclusion of more habitats of
interest) and the availability of information regarding resource-
environmental characteristics of certain human activities (e.g.,
aquaculture, port development, renewable energies, etc.). Thus,
best available publicly accessible information was used, and
human activities distribution was limited to current activities.
The collation of all necessary information resulted to be the most
time-consuming activity in the application of the methodology;
whilst the subsequent integration and intersection of the
information layers (human activities vs. areas of ecological
importance) was straightforward. The future use of this
methodology should include some essential improvements, for
example: (i) improve the information for species distributions,
probably using future data from MSFD or Regional Seas
Conventions; (ii) more robust methods to identify biodiversity
priorities (e.g., using Marxan); (iii) include spawning and
nursery areas for fish, as well as more species representative of
different life-story traits; (iv) habitats largely absent now (e.g.,
canyons, steep slopes, abyssal, etc.), which are likely to support
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TABLE 4 Comparison of original non-weighted values vs. weighted values for areas of ecological importance, aggregated human activities
(excluding marine protected areas), risk and environmental carrying capacity (in km? and percentage of case study).

Non-weighted Weighted
Type Importance km® % km® %
Areas of ecological importance High 81,759 224 84,557 232
Mid 61,838 17.0 59,177 16.2
Low 221,041 60.6 220,904 60.6
Human Activities — Aggregated High 93,844 257 110,062 30.2
Mid 97,285 26.7 99,309 27.2
Low 163,991 45.0 145,749 40.0
Not present 9,518 2.6 9,518 2.6
Risk High 64,859 17.8 71,490 19.6
Mid 61,603 16.9 60,569 16.6
Low 238,176 65.3 232,579 63.8
Environmental Carrying Capacity - 229,266 62.9 228,637 62.7

In grey color those cells with higher values when weighting.

species that are not represented elsewhere, should be included
when information was available; (v) current and future activity
plans should be considered for an accurate marine spatial
planning, in the case of fishing including also vessels <15 m;
(vi) the inclusion of the risks posed to ecological features by
multiple activities, as well as clear evidence of links between
multiple pressures and ecosystem components, will benefit and
improve the application of this methodology; and (vii) the result
of the approach strongly depends on the weightings applied to
both sets of information, and it would be preferable to select
appropriate weights through a stakeholder consultation,
applying them differently on cells with multiple overlaps of data.

Applying this methodology to other areas in Europe, with
different levels of data availability, could facilitate the
intercomparison and assessment of the applicability of the
approach. However, assumptions adopted for this approach
are different to those made under the MSPD and thus, its
application can be limited or will need further adaptations by
Member States to accomplish with this Directive.
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