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Deep-sea ecosystems are highly diverse, and European countries seek to protect these environments by
identifying conservation targets. One of these is the Avilés Canyon, southern Bay of Biscay, NE Atlantic, Spain.
We present the first analysis of historical benthic communities (1987–1988) of this canyon ecosystem,
which is a valuable source of biodiversity baseline information. We found 810 taxa divided in five main
macrobenthic assemblages, showing a highly diverse benthic community. Bathymetry was the major
structuring agent of benthic community, separating shallow (assemblages I and II, 31 to 307 m depth) from
deep stations (assemblages III, IV and V, 198 to 1400 m depth). Especially diverse was assemblage IV, located
at the easternmost part of the continental slope (378–1100 m depth) where we found reef-forming corals
Lophelia pertusa and Madrepora oculata. These and other communities (sea-pens [Order Pennatulacea,
Phylum Cnidaria] and burrowing macrofauna) represent key habitats in NE Atlantic continental slopes,
which are currently threatened. The present dataset has produced the most comprehensive assessment of
diversity in this area to date, focusing on the taxonomic groups which may best reflect the health of the
marine ecosystem and supporting previous studies which indicate that the continental slope of the southern
Bay of Biscay hosts key benthic habitats.
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1. Introduction

Biological communities in coastal areas are highly sensitive to a
range of natural and anthropogenic impacts which operate at both
regional (e.g., fisheries overexploitation, introduced species, aquacul-
ture, coastal degradation and infrastructures) and global scales (e.g.,
sea level change, global warming). Management requires the
integration of previous baseline information with contemporary
ecological conditions to allow managers to develop effective tools
capable of predicting changes and impacts on particular species and
communities, as well as to preserve natural habitats (Carter, 1990).
Spatially explicit management practices are increasingly taking the
central stage of marine conservation strategies (Pikitch et al., 2004).
For example, networks of marine protected areas (hereafter MPAs)
are being used to manage fisheries, and to protect threatened species
and marine habitats around the globe. Within the EU, Spain has been
urged to protect 10% of its marine territory before year 2020, and 64
prospective MPAs have already been identified on the basis of the best
available knowledge (WWF/ADENA, 2005) due to their exceptional
geomorphological or biological characteristics (15 of high priority).
The Avilés Canyon (AC, southern Bay of Biscay in the North of
Iberian Peninsula) is one of such high priority areas. It is one of the
deepest canyons of the world, very large (32 km in length from the
1000 to the 200 m isobaths; 15 km inwidth at the 200 m isobath), and
very close to the coast (Fig. 1). The AC is of conservation concern due to
the presence of the giant squid Architeuthis dux (WWF/ADENA, 2005)
and supports populations of small pelagic fishes of commercial value
(e.g., sardine Sardina pilchardus; González-Quirós et al., 2003) and
marine top predators (e.g., seabirds, cetaceans; Ruano et al., 2007).
Interactions between hydrography and bottom topography at the AC
lead to enhanced biomass and primary production, and to marked
aggregation of organisms of different trophic levels (González-Quirós
et al., 2003). Thus, conservation plans for the AC are based mostly on
striking characteristics of water column or surface biota, butmuch less
on our scarce knowledge on benthic communities (but see Ocharan
et al., 1989; Vernet and Anadón, 1991; Anadón, 1993; Álvarez-Claudio,
1994; Anadón, 1994; Álvarez-Claudio, 1996; Cristobo et al., 2009).
No preliminary descriptions are available on the species composition
of the benthic assemblages, the environmental factors that affect their
patterns of distribution and abundance, or anthropogenic activities
influencing community structure such as fishing (Sánchez and Olaso,
2004).

Within this context, we present an analysis of benthic communi-
ties in the AC ecosystem using a uniquely available and spatially
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Fig. 1.Map of the study area showing the sampling stations of the COCACE dataset (alphanumerical labels such as A1, A2, A3, etc), as well as Avilés harbour and isobaths between 200
and 4000 m. The shaded area represents the prospective Avilés Canyon marine protected area. Macrobenthic assemblages are also represented, except four stations (see Results for
more details on the assemblages).
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extensive, unpublished historical dataset obtained during the COCACE
(Oceanographic Cruise of the Central Cantabria Sea) survey in 1987–
1988, which comprises a substantial portion of the proposed MPA
(Fig. 1; Ocharan et al. 1989). Historic survey datasets are invaluable,
inherent depositories of knowledge, that provide baseline or
reference conditions (e.g., low human impact) that help us under-
stand community changes that that can result from natural variability
and/or anthropogenic sources. Building such a scenario would require
information on historical and geographical trends and qualitative and
quantitative ecological knowledge (de Heer et al., 2005).

Within this framework, our main objective was to provide
historical, baseline data on benthic biodiversity for a prospective
MPA in the AC. Specifically, we identified and characterized macro-
benthic assemblages within this submarine canyon and adjacent
areas. We also analyzed the past presence of biodiversity hotspots and
key benthic habitats identified for Atlantic European waters.
2. Materials and methods

2.1. Macrofaunal sampling

Benthic samplingwas conducted fromApril 1987 to February 1988
at 42 stations ranging from 31 to 1400 m depth in the southern Bay
of Biscay, North of Iberian Peninsula (see Fig. 1). A shelf area of ca.
2.500 km2 extending 41 km offshore, from 44.03° to 43.59° N and
from 6.17° to 5.65° W, was covered.

Benthic communities were sampled using an anchor dredge and/
or an epibenthic sledge (Hessler and Sanders model), depending on
substrate characteristics and meteorological conditions. Specifically,
both gears were used in 32 stations, whereas the anchor dredge and
the epibenthic sledge were used only in 8 and 2 stations, respectively
(see Table S1 for more details). A time limit was set to 5 min per tow,
but this rendered quite variable results in terms of the amount of
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material obtained. This problemwas particularly marked in very deep
stationswhere, due to the very large curvature of the cable, it was very
difficult to ascertain whether the ship was actually towing the dredge,
or simply stretching the cable. Thus, we usually towed more than
5 min and the tow was repeated if enough material was not obtained.
Biological data for each station was pooled and converted to species
presence/absence for statistical analysis since sampling effort varied
among stations (i.e., 1 or 2 dredge samples per station), and a non-
quantitative epibenthic sledge was also used.

Collected material was washed with seawater through a Holme
serial sieving box (the finest mesh size was 2 mm). The largest
animals were collected manually and preserved in 70% alcohol or 4%
formaldehyde in seawater, buffered with borax. Polychaetes, Cnidar-
ians, Nemerteans, and Sipunculians were anaesthetized with 7%
Cl2Mg in distilled water and fixed in formol. Echinoderms, Molluscs,
Brachiopods, Bryozoans and Crustaceans were fixed in alcohol. Big
stones or corals with abundant epifauna were transferred without
fixation to the laboratory after examination on board the vessel.
Associated fauna was sorted among broad taxonomic categories and
identified using specialised literature for each taxonomic group (more
than 1.500 references were used and identified by N Anadón, J
Arrontes, C Álvarez-Claudio, DM Fuente, F Ocharan and A Anadón,
within 5 years after sampling). Although our identification was
particularly intense toward the identification of annelids, molluscs,
cnidarians, echnioderms, and sipunculids compared with arthropods,
studies on benthic assemblages in the Bay of Biscay have been focused
on crustaceans (e.g. Marquiegui and Sorbe, 1999; Sorbe, 1999; Cartes
et al., 2007; but see Serrano et al., 2006a,b; Sánchez et al., 2008). Thus,
this study complements our current knowledge on the sessile,
infaunal, non-arthropod macrobenthos, a faunal fraction that is more
likely to be affected by dredging or trawling activities and which may
probably serve as better sentinel organism for the detection of impacts
on the benthic ecosystem. The COCACE dataset has produced themost
comprehensive phylogenetic list of themacrobenthic taxa in theAvilés
Canyon and adjacent area to date, focused on the taxonomic groups
with may best reflect the health of the marine ecosystem.
2.2. Environmental variables

A Geographical Information System (GIS) was used to explore
spatial trends in biological and environmental data. We gathered
information on 15 environmental variables and examined their
relationship with the structure of benthic assemblages (Table S1).
We considered the distance from the sampling stations to the nearest
shoreline and the shelf-break (depth of 200 m) to account for
inshore–offshore gradients, as well as the distance to Avilés, the
main industrial harbour of the study area, to account for the effects of
human activity in the sediments (Ocharan et al., 1989). Distances
were calculated using the Nearest Features extension of ArcView 3.2
(Jenness, 2004). Additionally, we included water depth and slope (as
percentage; using the 3D Analyst extension of ArcGIS 9.1), as well as
geographic location (both latitude and longitude).

For sediment sampling, we used a Van Veen dredge (0.36 m2).
Alternatively, we used an anchor-like dredge (0.08 m2) when bottom
characteristics or meteorological conditions did not allow the use of
the Van Veen (Ocharan et al., 1989). Granulometric analysis of sand (2
to 0.063 mm in diameter), silt (0.063 to 0.0039 mm) and clay
(<0.0039 mm)were completed on 3/4 L samples following Buchanan
and Kain (1971) and Guitián and Carballas (1976), as described in
Ocharan et al. (1989). From weight percentages of each fraction, we
derived the median grain size (Md) and the grain coefficient of
selection (So) (Trask and Hammar, 1930). Additionally, two 100-mL
samples were frozen at −17 °C for later analysis of both carbon and
nitrogen organic content, following Guitián and Carballas (1976). All
sediment analysis integrated a depth of 25–50 cm.
2.3. Data analysis

2.3.1. Biodiversity measures
Species richness (number of taxa) was calculated for each station,

as well as aggregation files to facilitate the analysis of benthic
macrofauna using Average Taxonomic Distinctness (AvTD) and
Variation in Taxonomic Distinctness (VarTD) (Warwick and Clarke,
1995; Clarke and Warwick, 2001). Average Taxonomic Distinctness is
a measure of biodiversity based on taxonomic distance between
species using presence/absence information, which is defined as the
average taxonomic path length between any two randomly chosen
species, traced through a phylogenetic classification of the full set of
species involved (Clarke and Warwick, 1998). That is, the AvTD
measures the diversity by taking into account the phylogenetic
relatedness of the taxa of our benthic assemblage. An assemblage
comprised of a group of closely related species is considered less
diverse than one with the same species richness, but with more
distantly related species (Clarke andWarwick, 2001). Therefore, AvTD
can be thought of as measuring the taxonomic breadth of a sample.
The variation in taxonomic distinctness (VarTD) complements the
AvTD since it is the variance of these pair-wise path lengths and
reflects the unevenness of the taxonomic tree (Clarke and Warwick,
2001). AvTD is independent, on average, on the degree of sampling
effort involved in the data collection and can be used to compare
studies with differing and uncontrolled degrees of sampling effort
(Clarke and Warwick, 1999). We built our taxonomic classification
tree following the species directory of the World Register of Marine
Species (WoRMS, available at www.marinespecies.org).

2.3.2. Characterization of benthic assemblages
With the aim of setting the environmental context of the study

area, we performed a principal component analysis (PCA) in order to
explore the relationship between environmental variables by means
of the Euclidean distance. To approximate (multivariate) normality,
we excluded outliers in our data using the Draftsman Plot, applying
the log (x+1) transformation when needed (i.e., sand, clay, silt, both
organic carbon and nitrogen, C/N, and Md) and normalised environ-
mental variables prior to the PCA.

Faunal assemblages were compared among the 42 sampling
stations using the Bray–Curtis coefficient of similarity (Bray and
Curtis, 1957) prior to group average clustering of the data, and
multidimensional scaling ordination (MDS). Following clustering,
similarity profile permutation tests (SIMPROF) were used to look for
statistically significant evidence of clusters in the data. In order to
detect significant differences between assemblages identified by the
clustering we applied the analysis of similarities (ANOSIMs) (Clarke
and Warwick, 1994b). Once assemblages were identified, we
estimated the average ‘within-assemblage’ similarity and the repre-
sentative species for each assemblage based on the similarity
percentages method (SIMPER). The BIO-ENV routine was used to
identify the environmental variables which best explained the
observed biological patterns (Clarke and Ainsworth, 1993). Highly
collinear variables (rs>0.95) were removed since no clear further
explanation of the biotic data can be obtained by including variables
carrying the same information (Clarke and Warwick, 1994a). Thus,
distance to Avilés and latitude were excluded since they were highly
correlated with distance to the coast.

Finally, we tested the null hypothesis that each macrofaunal
assemblage has the same taxonomic distinctness structure than the
total species pool. We applied a randomisation test to compare the
observed value of AvTD and VarTD against an ‘expected’ value derived
from the total species pool (Clarke and Warwick, 1998). If the
procedure is repeated for different numbers of species, the expected
values can be plotted as a probability funnel, against which the
observed AvTD values from real samples may be plotted. Plotting a
‘significance level’ (formally a probability value) onto the funnel,

http://www.marinespecies.org
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Fig. 3. PCA ordination plot of environmental variables. Thefirst two principal components
(PC1 and PC2) account for the 66.8% explained variance.
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normally at the 5% level, addresses the question of whether a sample
has a ‘lower than expected’ taxonomic spread (Clarke and Warwick,
1998). Multivariate analysis were performed using PRIMER statistical
package (Clarke and Warwick, 1994a).

3. Results

3.1. Benthic diversity

A total of 810 macrofaunal taxa belonging to eleven Phyla were
identified (see Table S2 in the Appendix). The macrobenthos was
characterized by a great dominance of polychaetes (the only class of
Annelida) followed by molluscs, cnidarians, arthropods, and echino-
derms (representing the 28.8%, 19.9%, 14.7%, 14.1%, and 12.6%,
respectively). Our taxonomic resolution reached the species level in
608 cases, and only the genus, family, order, class or phylum level in
143, 57, 8, 1, and 1 of the cases, respectively.

Species richness ranged between 13 and 143 per station and
reached local maxima at stations F3, H1 and H5, along the slope
(Fig. 2a). A positive, statistically significant but moderate, correlation
between S and AvTD (rs=0.38, P<0.05) indicated some discrepancy
between species diversity and phylogenetic distinctness. A significant,
negative correlation between S and VarTD (rs=−0.43, P<0.05)
suggested that a high species diversity was related to a more uniform
distribution of species among the phylogenetic tree.

3.2. Environmental context

The bathymetric data showed a strong depth gradient across the
continental shelf-slope, particularly marked at the Avilés Canyon, and
a narrow continental shelf (Fig. 1). A PCA on the environmental
variables produced two principal components, PC1 and PC2, which
accounted for 45.3 and 21.5% of the total variance respectively.
Loading factors on PC1 (Fig. 3) indicated that the first axis was related
to depth, with deep stations showing higher clay, silt and carbon
content (variables with highly positive scores on PC1), and lower sand
content and mean particle diameter (negative scores). PC2 summa-
rized variance due to organic content, and its factor scores (Fig. 3)
indicated that stations situated to the east or far from the coast had
in general higher carbon and nitrogen contents, and higher C:N
ratios (Fig. 2). In summary, medium and fine sandy bottoms with low
organic content and C:N ratios alternating with rocky bottom
characterized shelf waters above 400 m depth, while muddy
sediments with high C and N contents and higher C:N ratios prevailed
below the 400 m isobath (Fig. 2). An exception to this pattern were
areas close to the Nalón River mouth and the eastern part of Cape
Peñes, where shallow waters exhibited fine and rich sediments
(Fig. 2).

3.3. Characterization of benthic assemblages

Cluster analysis performed on the species presence/absence by
station matrix indicated five main macrobenthic assemblages at the
22% similarity level (assemblages I to V, Fig. 4). This grouping was
consistent with the position of the samples in the MDS plot (Fig. 5).
ANOSIM dissimilarity analyses between groups were significant
either pair-wise (P<0.05 for all pairs) or globally (R=0.884,
P=0.001). Likewise, these assemblages was ranked along the
sequence III<I<V<II<IV from lower to higher species diversity
and III<V<I<II<IV from lower to higher taxonomic distinctness
(see Table 1). Station groupings differedmost markedly in their depth
Fig. 2. Environmental context of COCACE dataset showing (a) the number of species recorded
and (f) median grain size (Md) in each station.
and sand percentage (BIO-ENV correlation with depth, rs=0.572;
with sand percentage, rs=0.486; both variables, rs=0.611).

3.3.1. Assemblage I
These samples belonged to shallow, shelf and coastal stations (31

to 300 m depth, Fig. 1), with sandy and organically poor sediments
(mean sand content 82.0±13.2%, 0.29±0.24% C, 0.09±0.09% N, C:
N=4.03±1.47, Table 1 and Fig. 5). This group included 314 taxa, with
low species richness but intermediate taxonomic distinctness for
individual samples (S=64±18, AvTD=91.3±1.6, mean±SD,
Table 1). This group was mainly composed of polychaete annelids
(Nephtys hombergii) and bivalve molluscs (Timoclea ovata; SIMPER
analysis, Table 2).

3.3.2. Assemblage II
This group comprised samples collected at coastal and shelf

stations (117 to 307 m depth, Fig. 1), with sandy and organically poor
sediments (88.0±9.1% sand content, 0.25±0.18% C and 0.05±0.02 N
contents, 4.89±0.97 C:N, Table 1, Fig. 5). This group included 352
taxa, with high species richness and taxonomic distinctness within
the samples (S=75±23, AvTD=92.9±0.5, Table 1). It was repre-
sented by a diverse array of taxa belonging to the echinoderms (the
starfish Ophiocten affinis and the sea urchin Echinocyamus pusillus),
hydrozoan polyps (e.g. Modeeria rotunda and Clytia hemisphaerica),
corals (Cariophyllia smithii), bivalve molluscs (e. g. T. ovata) or
arthropods (e.g. Pandalina brevirostris) (Table 2).

3.3.3. Assemblage III
These samples typically belonged to stations at the upper slopes of

the Avilés Canyon, between 468 and 790 m depth (Fig. 1). These
stations had the lowest sand and the highest organic content (43.2±
21.6% sand content, 0.65±0.32% C and 0.13±0.07% N content, 5.01±
1.37 C:N, Table 1, Fig. 5). The group contained 119 taxa, had the lowest
sample diversity (S=41±16, AvTD=90.2±4.1, Table 1) and was
characterized by polychaetes (Lumbrineris latreilli and Nothria
hispanica, Table 2).

3.3.4. Assemblage IV
These samples were collected at deep stations (198 to 1100 m)

located at the easternmost part of the shelf-break (Fig. 1), and were
characterized by intermediate sand and organic contents (70.8±
16.0% sand content, 0.35±0.17% C and 0.07±0.04% N content, 4.84±
, (b) percentage of sand and (c) clay, (d) percentage of organic carbon and (e) nitrogen,



Fig. 4.Macrobenthic faunal assemblages represented bymeans of a dendogram (cluster analysis), resulting in five assemblages at the 22% similarity level. Shallow assemblages: I and
II, deep assemblages: III, IV and V.
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1.19 C:N, Table 1, Fig. 5). Although the group contained a moderate
total of 332 taxa, individual samples had the highest diversity (S=98±
34, AvTD=94.1±1.0, Table 1). The assemblage was characterized by a
Fig. 5. Macrobenthic faunal assemblages represented by means of MDS plots (at 22% simi
(n=35).
phylogenetically and functionally diverse group of polychaetes (genus
Harmothoe), bivalves (Limopsis aurita), scyphozoan and hydrozoan
polyps (genus Stephanoscyphus and Eudendrium ramosum), sipunculids
larity level) and superimposed with depth, sand percentage and distance to the coast



Table 1
Biodiversity indices and environmental characteristics (mean±s.d.) of 5 assemblages identified by cluster analysis.

Assemblages

I II III IV V Total

Stations (n) 13 10 4 6 5 42

Species richness 64.69±18.03 75.00±23.78 41.50±15.93 98.83±34.41 72.40±22.70 67.34±28.61
AvTD 91.33±1.61 92.92±0.55 90.92±4.11 94.07±0.96 91.09±2.00 92.12±2.05
VarTD 280.55±43.15 243.51±13.24 259.65±86.18 189.03±29.16 254.27±43.63 249.55±50.53
Depth (m) 151.92±88.07 166.4±60.25 603.75±134.79 624.33±313.01 1060.20±253.18 394.12±359.69
Slope (%) 358,659.24±568,702.03 154,353.21±110,214.26 435,481.35±248,029.43 942,174.62±327,530.77 1,671,945.37±455,136.78 614,906.87±675,606.11
Coast (km) 15.34±9.37 14.33±6.37 28.82±5.72 35.54±5.54 32.65±3.29 21.74±11.08
Shelf-break (km) 8.78±6.63 5.55±5.16 5.58±1.98 10.75±4.59 9.36±3.06 7.88±5.13
Avilés (km) 25.58±8.60 21.05±6.39 35.09±7.13 45.51±5.67 39.81±3.52 30.08±11.20

Stations (n) 11 8 4 5 5 35

Sand (%) 81.98±13.24 88.04±9.13 43.29±21.66 70.87±16.02 45.87±9.79 71.33±21.31
Silt (%) 9.30±9.08 4.65±3.88 29.22±11.35 14.00±8.05 27.51±7.62 14.26±11.77
Clay (%) 8.72±4.71 7.30±5.27 27.49±10.32 15.13±8.47 26.61±3.62 14.41±9.93
C (%) 0.29±0.24 0.25±0.18 0.65±0.32 0.35±0.17 0.49±0.15 0.38±0.24
N (%) 0.09±0.09 0.05±0.02 0.13±0.07 0.07±0.04 0.09±0.03 0.08±0.06
C/N 4.03±1.47 4.89±0.97 5.01±1.37 4.84±1.19 5.42±0.29 4.75±1.21
Md (mm) 0.15±0.05 0.32±0.18 0.04±0.04 0.11±0.06 0.05±0.04 0.15±0.14
So 1.87±0.84 2.41±1.79 3.96±1.89 3.11±1.54 6.11±2.29 3.08±2.04

AvTD: average taxonomic distinctness, VarTD: variation in taxonomic distinctness, Md: median grain size, So: grain coefficient of selection.
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(Aspidosiphon muelleri), isopods (family Arcturidae) and sea cucumbers
(Echinocucumis hispida).

3.3.5. Assemblage V
These samples belonged to the deepest stations (720 to 1400 m,

Fig. 1) and were characterized by low sand and high organic content
(45.8±9.7% sand content, 0.49±0.15% C and 0.09±0.03% N content,
5.42±0.29 C:N, Table 1, Fig. 5). They contained 233 taxa, had a
moderate sample diversity (S=72±22, AvTD=91.0±2.0, Table 1)
and were characterized by arthropods (orders Cumacea and Isopoda
and subclass Copepoda) and polychaetes (family Maldanidae and
Melinna cristata, Table 2).

Fig. 6 shows the 95% confidence levels for bootstrapped values of
AvTD and VarTD using the full species list as source for the bootstrap
sampling and with a sample size varying from 20 to nearly 400
species. Most of the samples fell within the limits of the confidence
funnel, although some of the samples of assemblages I and V failed
below the confidence funnel for AvTD (Fig. 6a), what indicated that
these samples had a lower phylogenetic diversity than expected from
the full species list. Similarly, samples from assemblages I and V failed
above the confidence funnel for VarTD (Fig. 6b), what indicated that
phylogenetic distances among these samples were less homoge-
neously distributed than expected.

4. Discussion

Despite the limitations of historic biological records for assessing
the current ecological and conservation status of the deep-sea
habitats, they provide valuable baseline information of biodiversity
patterns in order to set the ecological basis for further research in
benthic habitats. In fact, the COCACE dataset has produced the most
comprehensive assessment of biodiversity patterns in the Avilés
Canyon and adjacent area to date focusing on the taxonomic groups
with may best reflect the health of the marine ecosystem.

4.1. Macrobenthic community

We identified 810 taxa, 608 of them to the species level, which
indicates a highly historic diverse benthic community and supports
the perception of the Cantabrian Sea as more diverse than adjacent
areas (Olaso, 1990; Sánchez, 1993). Also, Sánchez et al. (2008) in a
more recent epibenthic-demersal survey (2003–2004) found 221
species (including 71 species of fishes, 65 crustaceans, 35molluscs, 29
echinoderms, 10 cnidarians and 5 sponges) in the nearby Le Danois
Bank, an important marginal shelf located in the Cantabrian Sea, using
both beam- and baca-trawls. Local diversity might have been affected
by regional scale processes, since local communities are integral
components of larger biogeographic regions (Witman et al., 2004). In
this regard, the Cantabrian Sea is locatedwithin the subtropical/boreal
transition zone of the Eastern Atlantic, where both south temperate
and cold boreal species co-occur, what may explain this high local
diversity (Sánchez and Olaso, 2004; Hemery et al., 2008).

Diversity indices indicated that benthic communities were not
distributed randomly, and multivariate analyses found that local
factors such as depth, sediment characteristics and topographical
effects also contributed to the high local diversity and distinct
community structure. In particular, the result of the BIO-ENV analysis
suggested that depth was a major structuring agent of the benthic
community, and CLUSTER analysis clearly separated shallow (assem-
blages I and II, 31 to 307 m depth) from deep stations (assemblages III,
IV and V, 198 to 1400 m depth), on the basis of characteristic species
for each assemblage. Bathymetric differentiation of benthic commu-
nities is a global pattern (Gage and Tyler, 1991; Flach and de Bruin,
1999) which has been repeatedly confirmed in the Cantabrian Sea
(e.g. Sorbe, 1999; Serrano et al., 2006a; Serrano et al., 2006b).
Sediment characteristics were also an important factor influencing
macrobenthic community structure. In general, grain size decreased
from the coast to the continental slope, except in areas close to the
Nalón River mouth and the eastern part of Cape Peñes (Ocharan et al.,
1989).

An alongshore trend was superimposed on the bathymetric
pattern, which divided shallow shelf stations among assemblage I to
the East , assemblage II to the West, and deep slope stations among
groups IV→V→ III, from East to West. This variation may have been
associated with a range of topographical effects. Cape Peñes is at the
fringe of an active summer coastal upwelling (Botas et al., 1990) and
the Avilés Canyon seems to play a role in enhancing the upwelling of
cold, nutrient-rich water West of Cape Peñes and close to the coast,
which leads to pulses of primary production based on large sized
phytoplankton cells (Botas et al., 1990). These large particles may sink
rapidly and fuel the benthic community, affecting its structure (Sorbe,
1999; Cartes et al., 2004). Another typical hydrographic feature in this
area is the Iberian Poleward Current, runs along the slope and which
may exert an influence on the across-shore distribution of plankton



Table 2
Contribution of representative species to each assemblage based on PRIMER analysis
(cut-off at 20%).

Species Phylum Class Sim (%) C.Sim (%)

Assemblage I Average similarity:
31.48

Nephtys hombergii Annelida Polychaeta 5.1 5.1
Timoclea ovataa Mollusca Bivalvia 5.1 10.2
Liocarcinus depurator Arthropoda Malacostraca 3.49 13.68
Anchialina agilis Arthropoda Malacostraca 3.38 17.06
Lophogaster typicus Arthropoda Malacostraca 3.02 20.08

Assemblage II Average similarity:
29.51

Ophiocten affinis Echinodermata Stelleroidea 3.83 3.83
Modeeria rotunda Cnidaria Hydroidomedusa 3.61 7.44
Pandalina brevirostris Arthropoda Malacostraca 3.61 11.05
Timoclea ovataa Mollusca Bivalvia 3.22 14.27
Clytia hemisphaerica Cnidaria Hydroidomedusa 2.86 17.14
Echinocyamus pusillus Echinodermata Echinoidea 2.84 19.98
Caryophyllia smithii Cnidaria Hexacorallia 2.8 22.78

Assemblage III Average similarity:
25.81

Lumbrineris latreilli Annelida Polychaeta 9.7 9.7
Nothria hispanica Annelida Polychaeta 9.7 19.4
Paradiopatra quadricuspis Annelida Polychaeta 5.73 25.13

Assemblage IV Average similarity:
28.64

Harmothoe Annelida Polychaeta 3.69 3.69
Limopsis aurita Mollusca Bivalvia 3.69 7.39
Stephanoscyphus Cnidaria Scyphozoa 3.69 11.08
Aspidosiphon muelleri Sipuncula Phascolosomatidea 2.49 13.58
Arcturidae Arthropoda Malacostraca 2.25 15.82
Echinocucumis hispida Echinodermata Holothuroidea 2.25 18.07
Eudendrium ramosum Cnidaria Hydroidomedusa 2.25 20.32

Assemblage V Average similarity:
26.86

Cumacea Arthropoda Malacostraca 5.31 5.31
Maldanidae Annelida Polychaeta 5.31 10.62
Melinna cristata Annelida Polychaeta 5.31 15.92
Copepoda Arthropoda Maxillopoda 3.39 19.31
Isopoda Arthropoda Malacostraca 3.39 22.7

Sim (%): percentage of similarity explained; C.Sim (%): cumulative percentage of similarity.
a Species present in assemblages I and II.

Fig. 6. (a) Average taxonomic distinctness (AvTD) and (b) variation in taxonomic
distinctness (VarTD) of the macrofaunal community. Note the significant negative
relationship between AvTD and VarTD (Spearman rank correlation=−0.93,
P<0.001).
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during the spring, when the most important production events take
place in the upper water column (e.g. Fernández et al., 1991). It is
unclear, however, how this might influence the spatial distribution of
export production to the benthos in an alongshore direction.
4.2. Implications for conservation

From a biological diversity point of view, deep-sea habitats are
considered exceptional ecosystems (Sánchez et al., 2008). In this
sense, a salient feature in our results is the high benthic diversity of
assemblage IV, which includes stations located in the easternmost
part of the continental slope, between 378 and 1100 m depth. This
high diversitymay be a result of more complex habitat structure, since
we found reef-forming corals Lophelia pertusa and Madrepora oculata
in 3 and 4 stations out of the 6 stations in the IV assemblage (Fig. 7),
first recorded by Alvarez-Claudio (1994) in the study area. These
species have been found in the northern slope of the nearby Le Danois
Bank, as well as in the whole Bay of Biscay, and are usually associated
to hard or slightly sandy substrates at depths between 150 and
2000 m (Sánchez et al., 2008). Deep coral L. pertusa reefs have been
included in the Initial OSPAR (Convention for the Protection of the
Marine Environment of the North-East Atlantic) List of Threatened
and/or Declining Species and Habitats for the NE Atlantic, where they
are reported as habitats at risk in all OSPAR regions, including the Bay
of Biscay (http://www.ospar.org/).

Moreover, the COCACE survey also identified another important
OSPAR habitat: sea-pen (Order Pennatulacea, Cnidaria) and burrow-
ing megafaunal communities. Eleven of the 42 stations contained
pennatulaceans, most of these stations were located at the continental
slope (Fig. 7). Pennatulaceans have also been reported at similar
depths at the northern slopes of the Le Danois Bank by Sanchez et al.
(2008), in association with deep coral reefs. They are reported as
endangered in regions II (the Greater North Sea) and III (the Celtic
Seas), but not in Spain, although OSPAR recognizes that no
distributional information exists for Spain, and map their southern-
most limit at the British Isles (http://www.ospar.org/). It would be an
interesting exercise to compare the coral and pennatulacean
distributional data gathered during COCACE 20 years ago with data
from future surveys, to establish whether these habitats are also
declining and if so, determine the rate and spatial pattern of their

http://www.ospar.org/
http://www.ospar.org/


Fig. 7. OSPAR habitats identified in the COCACE dataset: deep coral Lophelia pertusa reefs (Álvarez-Claudio, 1994), sea-pen (order Pennatulacea) and, burrowing megafauna's
communities. Another deep coral species,Madrepora oculata, was also plotted. Rich species hotspots are represented by dark grey areas. The grey area represents the current limits of
the prospective Avilés Canyon MPA, and the striped area represents the new proposed limits for the prospective Avilés Canyon in order to encompass keystone habitats, identified
under the OSPAR Convention.
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decline alone with possible reasons for it. In any case, data from
various sources, including COCACE, indicate that the continental slope
of the Cantabrian Sea hosts rich benthic communities that include
madreporic andpennatulaceanhabitats (Sánchezet al., 2008), andwhich
should be the target of conservation efforts. Interestingly, none of the 810
COCACE benthic taxa have been included in the European Habitats
Directive, the cornerstone of Europe's nature conservation policy (http://
ec.europa.eu/environment/nature/legislation/habitatsdirective/
index_en.htm).

With all its limitations, the COCACE dataset identified two areas of
high benthic diversity in the Central Cantabrian coast (Fig. 7). One of
these biodiversity hotspots might have contained key habitats such as
deep coral and pennatulacean at the continental slope in front of Cape
Peñes (between 161 and 1400 m depth) 20 years ago, an area that is
out of the limits of the prospective Avilés Canyon MPA, and should be
included. Thanks to historical datasets, we have delineated biodiver-
sity hotspots that deserve further research and need to be re-
examined. Whether these habitats and their associated high biodi-
versity are reconfirmed, we recommend that the proposed Avilés
Canyon MPA includes the Cape Peñes area within its limits. In
summary, the historical COCACE survey, despite some limitations,
involved a great sampling and taxonomic effort which is exemplified
by its relatively large spatial coverage and remarkable number of taxa
identified. Thus, it provides us with rare and valuable baseline
information of biodiversity patterns for this important area with
which we can contrast contemporary benthic community structure
and use to focus future benthic research and conservation efforts.
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