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ABSTRACT

Benthic habitats on the Basque continental shelf were mapped based on multibeam
echosounder surveys, grab sampling, video surveys and oceanographic monitoring. A
total area of 2,302 km? was classified according to the European Nature Information
System (EUNIS) hierarchical classification. Almost 50% of the area corresponded to
rock and other hard substrata and the other 50% corresponded to soft bottoms. The
biotic composition of several areas was significantly different from the EUNIS habitat
classes described previously; therefore, we propose a total of 13 new classes. The
habitat mapping has contributed to improving the knowledge and application of several

criteria and indicators used to assess environmental status in the European Marine
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Strategy Framework Directive in relation to the biological diversity descriptors, such as
non-indigenous species and seafloor integrity. It is also useful for other descriptors and

for developing the sampling design.
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HIGHLIGHTS

Benthic habitat map of 2,300 km? of the Basque continental shelf was produced.

Benthic habitats were classified according to the European Nature Information System
(EUNIS).

Thirteen new EUNIS types are proposed and described.

Seafloor mapping is relevant information within the European Marine Strategy

Framework Directive.
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1.- INTRODUCTION

Benthic habitats play an important role in some of the key ecosystem processes (i.e.,
primary production, food webs, recycling, etc.), but they are subjected to many human
pressures which put in risk their functionality (Claudet & Fraschetti, 2010). The
European Marine Strategy Framework Directive (MSFD; Directive 2008/56/EC)
requires European Member States to achieve a Good Environmental Status (GEnS) by
2020 (for more details, see e.g., Borja (2006), Borja et al. (2011) and Borja et al.
(2013)). Achieving a GENS requires knowing about the marine ecosystems, of which
seabed habitats are an integral part (Cogan et al., 2009). Hence, the descriptors
considered within the MSFD to assess the environmental status may be directly or
indirectly related to habitat distribution, structure and functioning. It is therefore
imperative to have good scientific knowledge on seabed habitats in order to carry out
the environmental status assessment and be able to propose management plans to ensure
the structure and functioning of the seafloor, and thus protect the diversity (see e.g.,
Borja (2012); Galparsoro et al. (2013); Rice et al. (2012); and Zampouskas et al.
(2013). In addition, information on habitat distribution is useful for the identification
and protection of ecologically important and representative areas (Baker & Harris,
2012) and can be also used for designing cost-effective monitoring programmes (De
Jonge et al., 2006). The characterization of seabed habitats by European Member States
has improved greatly over recent years mainly due to the legislative requirements and
for conservation purposes (e.g., the European Habitats Directive (92/43/EEC), approved
in 1992). Furthermore, important technological developments in methodologies related
to acoustic and optical techniques have significantly contributed to this improvement

(e.g., Brown et al., (2011)).
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The European Union Nature Information System (EUNIS) habitat classification aims to
provide a common European reference set of habitat types, within a hierarchical
classification to allow the reporting of habitat data in a comparable manner for use in
nature conservation (e.g., inventories, monitoring and assessments) (Davies & Moss,
2002). Within EUNIS, habitat classes are ranked into six hierarchical levels for the
marine environment. In the first levels (2, 3 and to some extent 4), EUNIS describes the

physical (or abiotic) factors of the habitat.

In the Basque coast (SE Bay of Biscay), a first attempt of using EUNIS (Davies et al.,
2004) was undertaken within a habitat mapping programme to produce cartographic

information for management purposes (Galparsoro et al., 2010)..

That work resulted in a habitat map based on the higher levels of the classification. The
classification and mapping of habitats at Level 3 was mainly based on wave energy for
hard substrata and sediment types for soft substrata (abiotic habitat map), while
classification at Level 4 was based on major epifaunal taxa for rocky habitats and
physical and zonal attributes for soft substrata. Due to in situ data availability
limitations and the difficulties raised when applying the EUNIS habitat classification, it

was not possible to reach to lower levels of the classification.

In this context the objectives of this study were: (i) to improve the knowledge regarding
to benthic habitats for which there was little information (i.e., rocky habitats and
habitats deeper than 100 m); (ii) to improve the EUNIS habitat classification by
proposing new habitats of ecological importance to be included if necessary; and (iii) to

analyse and evaluate the relevance of benthic habitat maps within the MSFD.
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2.- MATERIAL AND METHODS
Study area

The Basque continental shelf is located in the southeastern part of the Bay of Biscay
(Figure 1). It is very narrow, ranging from 7 to 20 km, and the total length of the
coastline is c.a. 150 km (Galparsoro et al., 2010). In relation to its location and
orientation, this part of the coast is exposed to large storms from the NW, produced by
evolution of the North Atlantic low pressure systems. NW swell waves dominate and
are the most common sea state within the study area (Liria et al., 2009; Valencia et al.,
2004). Tides are semidiurnal and make a modest contribution to the generation of
currents (Fontan et al., 2009). The area shows high geomorphologic diversity from
which rocky reefs, sedimentary habitats, and mixed rock and sediment seascapes are
dominant. Rocky bottoms are dominant along the shore and they reach the outer part of
the continental shelf; meanwhile, sandbanks are distributed from beaches and river
mouths down to muddy depths (Galparsoro et al., 2010). Marine habitats along the
Basque coast are related to geomorphology and hydrography. The analysis of biological
and environmental data shows that wave energy, in the near-bottom, and sedimentary
characteristics are the main environmental factors explaining the composition and

spatial distribution of sedimentary benthic communities (Galparsoro et al., 2012a).
Bathymetric data

Seafloor mapping was based mainly on two multibeam echosounder (MBES) surveys.
The first phase was carried out between 2005 and 2008 down to 100 m water depth,
using high-resolution SeaBat 8125 and SeaBat 7125 MBESs (for more details, see
Galparsoro et al., (2010)). The second survey was conducted in 2010 and 2011 with an

EM3002D MBES to map the seafloor down to 200 m water depth. In both cases MBES
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records were filtered and a 5 m horizontal resolution Digital Elevation Model (DEM)

was produced.

Superficial sediments and oceanographic data

A total of 2,523 grab samples were collected for ground-truthing and sediment
characterization (Figure 1). Particle size distribution analyses were undertaken using the
dry sieving method and a laser diffraction particle size analyser (for more details, see

Rodriguez & Uriarte (2009)).

In terms of wave climatology, the significant wave height, exceeding 12 h per year
(Hs12), and period (Tp) were derived from the oceanographic buoy Bilbao-Vizcaya
records (period 1996-2006) (Puertos del Estado, 2007). Numerical modelling was used
to predict the sediment remobilisation produce by wave action (Harris & Coleman,
1998). The MBES-derived DEM was and wave climatology were used as an input
(Gonzalez et al., 2007; SMC, 2002). The spatial resolution of the resulting grid was 20
m. Wave-induced near-bottom maximum orbital velocities were then derived using
linear wave theory and Hs, period (Tp) and mean water depth, for each point of the

computational grids (for more details, see Galparsoro et al. (2013)).
Biological sampling

The soft-bottom macrobenthos was sampled using Van Veen or Smith-Mcintyre grabs at
461 sampling sites (up to c.a. 200 m water depth) and sieved using a 1 mm mesh-sized
sieve. Besides, the hard-bottom macrobenthos was sampled by divers at 50 locations
using 50x50 cm quadrats (up to 25 m depth). The macrobenthos was conserved in 4%

buffered formaldehyde and identified to the lowest possible taxonomic level.
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Underwater image acquisition

Two techniques were used: (i) a still video camera (Konsberg OE14 model) at 83
locations within a range of 10 to 100 m water depth, in two phases during 2010 and
2011; and (ii) a Remotely Operated Vehicle (ROV) (SeaEye Falcon) at 9 different
locations in a depth range from 60 to 260 m water depth recording 1 km length tracks at

each site, in 2012 (Figure 1).

Sampling locations were selected according to previous information on seafloor features

extracted from MBES records.

Data integration, analysis and mapping

A mixed top-down and bottom-up approach was undertaken (Shumchenia & King,
2010). The bottom-up approach considered the analysis of in situ biological samples
and environmental data for habitat characterisation. For sedimentary habitats, for which
sediment characteristic information and detailed species composition list for each
sample was available, sample stations were classified based on BIOENV, SIMPROF
and LINKTREE analyses carried out with PRIMER software (Clarke, 1993; Clarke et
al., 2008). Hence, most relevant environmental parameters conditioning the species
compositions and the determination of the statistically significant threshold values of
environmental parameters defining different species compositions were determined.
Besides, rocky substratum habitats were classified by taxonomists mainly by
interpreting underwater video recordings. Information on physical characteristics and

species lists was extracted and linked to the geographic location of the video records.

The top-down approach was then used for map production. Due to the limited number
of locations with biological information, maps at physical levels of the marine section

of EUNIS; i.e., at Levels 3 or 4, was possible to produce. Thus, the classification was
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based on the biological zonation (or vertical zonation), the type of seafloor substrate,
and the level of exposure to hydrodynamics on rock habitats. High resolution
information on bathymetry and topographic features derived from the digital elevation
model produced from MBES records was used for the preliminary physiographic and
seascapes classification (Roff & Taylor, 2000; Roff et al., 2003). Then, information on
the sedimentological and wave energy on the seafloor was included to produce a Level

3 for rock substratum and Level 4 for sedimentary substratum EUNIS habitat map.

Therefore, layers with information on subtratum type distribution, biological zonation,
energy levels, were combined within a GIS environment (using ArcGIS 9.3.1), to
produce a EUNIS habitat distribution map at physical level (indicating which level for
hard and sedimentary habitats). The overall process was carried out in raster mode. The
pixel size for the analysis was defined at 5 m, based on the resolution of the previously
cited environmental layers (see Vasquez et al., (Accepted) in this Special Issue for an

equivalent methodological approach).

3.- RESULTS AND DISCUSSION
Habitat classification

A habitat map covering 2,302 km? was produced (Figure 2). According to Level 1 of the
EUNIS hierarchical classification, 99.1% of the studied area was classified as “Marine
habitats” (A-class) and the remaining 0.9% was classified as “Constructed, industrial
and other artificial habitats” (J-class). The J-class area included waste deposits (mainly
from dredging activities and old blast furnace slag disposal areas (Borja et al., 2008)
and outfall infrastructures (Galparsoro et al., 2010). The J-class area was not possible to

classify at higher EUNIS levels because disposal areas of mixed origin are not described
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for the marine environment (see e.g., Galparsoro et al. (2012b)). Since human induced
artificial habitats occurs throughout European seabeds, and characterizing and
monitoring them is of interest for management purposes (including assessment within

the MSFD), further development of this section of the classification is suggested.

Within the A-class, three habitat classes at EUNIS Level 2 where classified: A3
“Infralittoral rock and other hard substrata™; A4 “Circalittoral rock and other hard
substrata”; and A5 “Sublittoral sediment”, which represented 2.4%, 48% and 49.6% of
the studied area, respectively. The relatively small area of infralittoral rock and other
hard substrata is due to the steepness of the shallower section of the continental shelf
and the limited light penetration in this region (ca. 25 m, depth at which most structural
algae disappear on the Basque coast (Borja, 1987). This is translated into a highly
exposed narrow belt of this habitat along the coastline, which is only interrupted by the

main sandbanks at the mouths of estuaries (Galparsoro et al., 2010).

The A3 “Infralittoral rock and other hard substrata” and A4 “Circalittoral rock and other
hard substrata” habitats were classified at EUNIS Level 3 according to the wave energy
(percentages of each habitat class relative to the total area are given in brackets): A3.1
(high energy; 0.1%); A.3.2 (mid-energy; 1.5%); and A3.3 (low energy; 0.7%); and A4.1
(high energy; <0.1%); A4.2 (mid-energy; 13.9%); and A4.3 (low energy; 33.7%).
Higher EUNIS levels were only described when in situ biological data from surveys
was available (see Supplementary Material 1, for detailed description of habitats). Due
to the limited spatial coverage of biological samples, habitats distribution was not
mapped. These included the following habitat classes: A3.12 (“Sediment-affected or
disturbed kelp and seaweed communities”); A3.13 (“Mediterranean and Pontic
communities of infralittoral algae very exposed to wave action”); A3.15 (“Frondose

algal communities (other than kelp)”); A3.22 (“Kelp and seaweed communities in tide-
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swept sheltered conditions™); A4.12 (“Sponge communities on deep circalittoral rock™);
A4.13 (“Mixed faunal turf communities on circalittoral rock™); A4.121 (“Phakellia
ventilabrum and axinellid sponges on deep, wave-exposed circalittoral rock™); A4.212
(Caryophyllia smithii, sponges and crustose communities on wave-exposed circalittoral
rock”); A4.214 (“Faunal and algal crusts on moderately wave-exposed circalittoral
rock”); and A4.22 (“Sabellaria reefs on circalittoral rock). Some of the habitats
identified could not be assigned to the EUNIS habitat classes; therefore, proposals for
new habitat classes have been made here due to their ecological relevance (see
Supplementary Material 1 for detailed descriptions of habitats). Sedimentary habitats
(Ab-class at EUNIS Level 3) were classified according to their morpho-sedimentary
characteristics and water depth. Identified habitats and their corresponding percentage
of area were: AS5.13 (“Infralittoral coarse sediment”; <0.1%); AS5.14 (“Circalittoral
coarse sediment”; 2.7%); A5.23 (“Infralittoral fine sand”; 0.2%); AS5.25 (“Circalittoral
fine sand”; 1.8%); AS5.33 (“Infralittoral sandy mud”; 0.9%); and A5.35 (“Circalittoral
sandy mud”; 43.5%). In this case also, higher EUNIS Levels were only assigned in
those areas where biological information was available. Moreover, sedimentary habitats
that were different from the ones included in the EUNIS classification were described

(see Supplementary Material 1).

Identification and description of habitats not included in the EUNIS classification
On the Basque coastal platform, the biotic composition of several areas was
significantly different from those described in EUNIS. According to the results, a total
of 13 potential new classes (or modifications to existing habitat descriptions) were

identified.

Four relevant habitat classes were identified for the hard substratum. The following are

the proposed names: (i) under the A3.15 class, “Gelidium corneum on very exposed
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infralittoral bedrock and boulders™; (ii) under the A4.12 class, “Phakellia ventilabrum
and brachiopods on circalittoral rock™; (iii) under the A4.2 class, “Neopycnodonte
cochlear and other embedded communities on deep circalittoral rock™; and (iv) under

the A4.31 class, “Megerlia truncata and other communities on circalittoral rock™.

Nine new classes were identified for the soft bottom substratum: (i) under the A5.14
class, “Grania sp., Sphaerosyllis bulbosa, Polygordius appendiculatus, Pisione remota
and Nemertina in circalittoral coarse sediment”; (ii) under the AS5.25 class, “Mactra
stultorum, Echinocardium cordatum, Magelona johnstoni, Mediomastus fragilis,
Owenia fusiformis and Spiophanes bombyx in circalittoral fine sand”; (iii) under the
A5.26 class, “Galathowenia oculata, Chaetozone gibber, Spiophanes bombyx,
Pectinaria koreni, Spiophanes kroyeri and Prionospio fallax in circalittoral muddy
sand”; (iv) under the AS5.35 class, “Galathowenia oculata, Ampelisca tenuicornis,
Terebellides stroemii, Monticellina dorsobranchialis, Thyasira flexuosa and Ampharete
finmarchica in circalittoral sandy mud”; (v) under the A5.35 class, “Circalittoral fine
sediments with Epizoanthus incrustatus”; (vi) also under the A5.35 class, “Circalittoral
sandy mud with Callianassa subterranea and other digger megafauna”; (vii) under the
AS5.4 class, “Facies with Leptometra celtica on sublittoral mixed sediments”; (viii)
under the A5.63 class, “Dendrophyllia cornigera on deep circalittoral rock™; and (ix)
under the A6.53 class, “Funiculina quadrangularis and Ceranthus membranaceus with
other digger megafauna on deep sea mud”. A detailed description of the proposed new

classes is given as the Supplementary Material 1.

According to our knowledge, most of the habitat classes cited above exist at other
locations of the Bay of Biscay, Iberian Atlantic coasts and northern Africa (OSPAR
Commission, 2000; Templado et al., 2012). They are considered to be representative

and of ecological relevance habitats of the southern Atlantic region and an analysis for
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their inclusion as new habitats in the EUNIS classification is suggested. Before they are
included in EUNIS, scientific consensus should be reached between different research
groups and institutions of the region and the European Environment Agency

(Galparsoro et al., 2012b).
Benthic habitat mapping within the Marine Strategy Framework Directive

The EU MSFD requires European Member States to manage their seas to achieve or
maintain the GEnS by 2020. It contains a number of criteria and associated indicators
for assessing GENS, which are grouped into 11 descriptors (Table 1). For each
descriptor, different criteria have been established, which include a set of indicators

(Commission Decision 2010/477/EU, see Table in Supplementary Material 2).

Table 1. Qualitative descriptors needed to assess the environmental status, within the Marine
Strategy Framework Directive. The references indicate the reports published by each descriptor
Task Group (Borja et al., 2011).

Descriptor Key reference
1. Biological diversity Cochrane et al., (2010)
2. Non-indigenous species Olenin et al., (2010)
3. Commercial fish/shell fish Piet et al., (2010)
4. Elements of marine food webs Rogers et al., (2010)
5. Human induced eutrophication Ferreira et al., (2010)
6. Seafloor integrity Rice et al., (2010)
7. Hydrological alteration e.g., OSPAR Commission (2012)
8. Contaminants Law et al., (2010)
9. Contaminants in food Swartenbroux et al., (2010)
10. Marine litter Galgani et al., (2010)
11. Energy/noise Tasker et al., (2010)

The research carried out on the Basque coast has been a big step towards obtaining the
knowledge for developing a methodological approach for the implementation of the
MSFD (Borja et al., 2011), and more specifically for obtaining the information required

for Descriptors 1 and 6 (and indirectly for other biological descriptors, such as 2, 3 and
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4). For Descriptor 1 (biological diversity), it is necessary to map different benthic
habitat components in criterion 4 (C4) “Habitat distribution” and (C5) “Habitat extent”.
Moreover, it is also relevant for C7 “Ecosystem structure” because this criterion
includes “composition and relative proportions of ecosystem components, habitats and
species”. In relation to this, within this research the area covered by benthic habitats has
been detailed and new habitats and species have been described. The high variability of
rocky habitats at a small scale is remarkable. As an example, based on previous grab
sample data, the area corresponding to the Atlantic and Mediterranean low energy
circalittoral rock habitat class (A4.3) located in the western part (670 km?) was expected
to be partly covered by a soft bottom habitat; however, the results of the present
research showed that although some small patches of sediment are found within this
area, they are very scarce. On the other hand, the diversity of macrobenthic and
demersal communities in the studied area is highly linked to the characteristics of the
substratum (Borja et al., 2011; Galparsoro et al., 2013). As an example, the variability
in demersal communities is highly related to the sediment grain size in the circalittoral

sandy mud (A5.35) area located in the western part (890 km?).

For Descriptor 2 (non-indigenous species) the criteria are related to “abundance and
state of non-indigenous species” (C1) and their “impact on native species, habitats and
ecosystems [...]” (C2). Therefore, habitat mapping is also useful, although it needs to be
done at higher EUNIS levels. The data obtained in the study area could be used as
baseline data for the indicator of “trends in abundance, temporal occurrence and spatial
distribution in the wild of non-indigenous species” (C1). Habitat maps, and background
information produced (i.e., bathymetry, seafloor types distribution), together with
species distribution modelling techniques have being demonstrated to be useful

approaches for this task.
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For Descriptor 3 (commercial fish/shell fish), the criteria are “level of pressure of the
fishing activity” (C1); “reproductive capacity of the stock™ (C2); and “population age
and size distribution” (C3). The research carried out in the present study does not
contribute directly to these criteria; however, the distribution of commercial fish is
determined to a large extent by the substratum characteristics, and habitat mapping data
have been used recently for designing the sampling surveys for evaluating this
descriptor (Quincoces et al., 2011). Cartographic information produced, facilitated the
sampling design in a more efficient way because (i) sampling different habitats and
mixing results could be avoided (e.g., trawling only at areas with similar sediment
characteristics); (ii) the data collected within each area was supposed to be more
representative; and (iii) sampling was safer as trawling in areas with rock outcrops were

avoided.

For Descriptor 4 (elements of marine food webs) the criteria are “productivity of key
species or trophic groups” (C1); “proportion of selected species at the top of food webs”
(C2); and ‘““abundance/distribution of key trophic groups/species” (C3). The research
carried out here does not contribute directly to these criteria, but it can be useful
indirectly, for sampling design and modelling (Reiss et al., 2014; Rombouts et al.,

2013).

For Descriptor 5 (human induced eutrophication) the criteria are “nutrient levels” (C1);
“direct effects of nutrient enrichment” (C2); and “indirect effects of nutrient
enrichment” (C3). The research carried out here does not contribute directly to these
criteria, but the information can be used within the criteria “abundance of opportunistic
macroalgae” (related to C2) and “abundance of perennial seaweeds and seagrasses

adversely impacted by decrease in water transparency’ (related to C3).
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For Descriptor 6 (i.e., seafloor integrity) mapping of different benthic habitat
components is mainly necessary in C1 “Physical damage, having regard to substrate
characteristics” for the two indicators (i.e., “type, abundance, biomass and areal extent
of relevant biogenic substrate” and “extent of the seabed significantly affected by
human activities for the different substrate types”). As an example, within the studied
area it was possible to identify and map the bottom trawling marks, which is considered
to be the main pressure on the soft bottoms located at depths greater than 100 m. This
information has been used (or is proposed to be used) for the development of different
methodological approaches for assessing the seafloor integrity (Galparsoro et al., 2013;
Korpinen et al., 2013; Van Hoey et al., 2013), which could contribute to C2 “Condition

of benthic community”.

The research carried out here does not contribute directly to the evaluation of the criteria
and indicators of the rest of the descriptors; however, it is useful for designing the
sampling surveys. For example, for Descriptor 11 (i.e., introduction of energy, including
underwater noise), information on bathymetry and seafloor class, as well as biological
composition, is valuable for the analysis of noise propagation patterns (i.e., backscatter).
Information on seafloor morphological characteristics and changes in them due to
human action can be useful for Descriptor 7 (Alteration of hydrographical conditions)
because changes in substrate (e.g., due to dredging activities) could imply significant

changes in hydrodynamic regimes, wave exposure and erosion regime.

Hence, the research carried out here contributed to the MSFD in 4 out of the 11
descriptors. However, some information gaps should be taken into account: while the
soft bottom habitats have been classified to higher EUNIS levels, for the rocky habitats,
it was not possible to obtain the same detail when producing the maps (except in those

areas covered by direct sampling or video surveys). This is related not only to sampling
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methodologies (i.e., video surveys for depths greater than 25 m, instead of direct
sampling) but also to the differences in the predictability/modelling of the biotic
component. Hence, in the studied area, variability in the biotic component of soft
bottom habitats can be predicted with acceptable reliability from abiotic characteristics
(Galparsoro et al., 2013), but not the biotic component of rocky habitats due to the high
variability found on a small scale in this kind of habitat in the studied area. Therefore,
the degree of knowledge is noticeable higher for soft bottom areas. Another weakness in
relation to the MSFD is related to the evaluation of the environmental status of the hard
bottom biota. While for several biological components there are methodologies
available for evaluating the environmental status (see e.g., Borja et al. (2011) and
Diesing et al. (2013), this is not the case for rocky habitats within the studied area at
sites without direct sampling. Therefore, since rocky habitats make up c.a. 50% of the

studied area, further research is required.

Moreover, information derived from habitat mapping and monitoring programmes could
significantly contribute to the DPSIR (Drivers-Pressures-Status-Impact-Response)
framework, among others, providing information regarding to the status of the benthic
habitats, but also giving insights to potential impacts produced by human pressures (i.e.

abrasion, habitat loss, etc.).

Apart from the value of different aspects of the information on benthic habitats for the
implementation of the MSFD, this information has different applications for
management purposes. The spatially explicit information on benthic habitats could be
baseline data for assessing and mapping marine ecosystem goods and services
(Galparsoro et al., 2014; Maes et al., 2013; Salomidi et al., 2012). Moreover, the
integration of information on habitat distribution, structure, resilience and connectivity,

together with the spatial and temporal distribution of human activities would be
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interesting information for estimating the cumulative pressures and the impact they
exert on the benthic environment (Korpinen et al., 2012), which in turn is very useful
for marine management purposes and especially for marine spatial planning (Ehler &

Douvere, 2009; Katsanevakis et al., 2011).

4.- CONCLUSIONS

Scientific knowledge regarding to benthic habitat maps on the SE Bay of Biscay has
been improved integrating multibeam echosounder information, grab sampling,
underwater video surveys and environmental information. Nevertheless, more survey
effort is still needed for a good characterisation of deep rocky seabed habitat
characterisation. According to the obtained results, EUNIS habitat classification has
been demonstrated to be useful for classifying habitats up to Level 3 for sedimentary
habitats and Level 4 for rocky because the main environmental characteristics used at
these two levels (i.e., the seafloor characteristics, depth, light penetration and wave
energy) fit well with the environmental variables that define the habitats and species
distributions of the area. Nevertheless, a more detailed analysis highlighted that the
biotic compositions of several areas were significantly different from the ones described
in EUNIS. A total of 13 potential new classes (or modifications to existing ones) were
identified from the results obtained in this research: four of them for sedimentary
habitats and nine of them for rocky habitats. These classes are ecologically
representative habitats for southern Europe and it is suggested that they are included in

EUNIS after a scientific consensus is reached.

Mapping of the different benthic habitat components is considered to be key

information for the implementation of the MSFD. According to our analysis, benthic
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habitat information can be used directly or indirectly for assessing the environmental
status for 4 out of the 11 qualitative descriptors and for designing and optimizing survey
procedures and monitoring the status. However, further research into hard-bottom
habitat components is required in order to develop methodologies for evaluating this

habitat's ecological status.
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FIGURE CAPTIONS

Figure 1: Study area location and spatial distribution of samples.
Figure 2: Habitat map based on EUNIS classification.
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