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Abstract

The North Cotentin Peninsula (Normandy, France) presents a
mosaic of substrates (from gravel to fine sand) favorable to the
development of diversified marine benthic communities, so far,
never described outside the Rade of Cherbourg. A total of 28
stations was sampled in winter 2017 and 2018, along a North
Cotentin coasts, to complete the 30 stations already studied into
the Rade de Cherbourg from 2012 to 2015 for a total number of 61
stations. Hierarchical Ascendant Classification and Multidimensional
Scaling ordination on the 61 stations allows the identification of
eight benthic assemblages corresponding to six EUNIS habitats:
1) Amphipholis squamata and Apseudopsis latreilli in mixed
sediment; 2) Spio decorata with or without Apseudopsis latreillii
in fine sand; 3) Melinna palmata in muddy sand; 4) Ampelisca
spp., Photis longicaudata and other amphipods and tubicolous
polychaetes in muddy sand; 5) Crepidula fornicata in coarse
mixed sediment, and 6) Mediomastus fragilis, Lumbrineris spp.
and venerid bivalves in circalittoral coarse sand or gravel. The
area shows a high taxonomic diversity and remarkable benthic
habitats with high natural heritage value, including the new Spio
decorata fine sand habitat not previously identified in the EUNIS
classification. Moreover, very high abundances of the tanaidacean
crustacean Apseudopsis latreillii (>1,000 ind. 0.1 m?) are recorded
in mixed sediment, whereas the species is absent in sand.
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Introduction

The study of benthic habitats began at the end of the 19" century in
the English Channel (EC). After a long period of qualitative sampling
mainly by grab surveys at the scale of the whole EC sea [1-4],
quantitative studies were subsequently carried out often at a local or
regional scale [5-8]. Most of these more recent studies were designed
to investigate the effects of human activities on benthic communities,
in relation to the implementation of Nuclear Power Stations, aggregate
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extraction or the dredging and deposition of spoil sediment [8,9].
Even more recently, a new activity is being developed in the EC with
the implementation of Offshore Wind Farms which requires the
assessment of the state of benthic habitats before the deployment of

wind turbines [10].

Therefore, the EC is now known as one of the more anthropized
coastal seas of the Worldwide Ocean [11], the eastern part of the EC
showing more intense human activities than the western part [9,12-16].
The shallow coastal zones of the EC have been more often investigated
than the offshore (deeper) zones along the English and French coasts
[7,8] especially in the eastern Bay of Seine where numerous benthic
studies have been carried out [8,17-20]. By contrast, the distribution
and characteristics of shallow benthic communities from coastal areas
of the North Cotentin (NC) appear poorly known probably due to
the very limited coverage of sediments in an area dominated by hard
subtidal bottoms, and the absence of human coastal projects in the
Normand-Breton Gulf [21] and in the Bay of Seine [2].

Mapping benthic habitats appear to be an essential tool not only for
managing Marine Protected Areas, mainly the Natura 2000 sites, but
also for a wide range of continental shelf habitats [22-24]. Thus, there
is a current increase in studies of the distribution of marine habitats
in European waters [25-28]. Nevertheless, most of the existing maps
of the subtidal benthic communities of the EC were established in the
1970s [29] digitalized in the years 2000 and then classified under the
EUNIS (European Nature Information Service) code [7,25,30]. Maps
using the EUNIS classification at levels 3 or 4 were available for the
whole EC [7] and for the Normand-Breton Gulf [30]. Only a few maps
are established at levels 5 or 6, as in the case of the Bay of Seine [24]
or in the RAC (Rade de Cherbourg) [31]. For the intertidal zone of
the French Opal Coast (eastern part of the EC and southern part of
the North Sea),[32] have mapped the soft-bottom habitats following
the EUNIS habitat classification. Furthermore, some areas in the
EC such as the NC shallow subtidal zones remain poorly explored
and the benthic habitats are poorly known and described at precise
levels of the EUNIS classification. Mapping distribution of benthic
communities with the acquirement of baseline data are central to
the applications of European Habitat, Water Framework, and Marine
Strategy Framework Directives in the context of the management of
these high anthropized coastal marine zone with an increase of human
activities [27], including the future zones of implantation of the
Marine Renewable Energy such as in Normandy and in the NC [31].

Recent studies conducted in the NC were focused on the
description of benthic habitat in the semi-enclosed area [31] and on
macrofauna of the Raz Blanchard area [33]. These studies highlighted
the remarkable Natural Heritage in these areas and allow to map
five EUNIS habitats in the semi-enclosed bay (Rade de Cherbourg),
reflecting the high diversity of benthic communities. These two
studies encourage continuing the investigation of benthic macrofauna
communities to describe unexplored areas of the NC peninsula.

As the NC, remains an area with low knowledge on the structure
of the soft-bottom benthic habitats, the objectives of the present study
are to 1) to give an overview of marine benthic habitats from the NC
completing previous data obtained only in the semi-enclosed RAC and
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2) to characterize the marine benthic habitat of the NC according to
the EUNIS habitat classification.

Materials and Methods
Study site

The Cotentin Peninsula is located in Normandy, France, in the
central part of the EC, situated between the western and the eastern
basins of the EC. The coastal zone is shallow with water depths of
less than 30 m. The NC zone is characterized by semi-diurnal tides
linked to strong tidal currents, but the tidal range at Cherbourg does
not exceed 6.5 m. In this area with high energy hydrodynamics and
rocky substratum, the soft bottom is mainly distributed in enclaves
and covered by pebbles, gravels and coarse sand [34,35]. Moreover,
fine sediments are only located near the coast in shallow bays and
within the artificial semi-enclosed area of the RdC (Figure 1).

Sampling

The macrofauna data used here come from three studies, all on
the soft-bottom communities of the NC (Figure 2). All surveys were
conducted using the same methods and were carried out in winter
(December to early April).

The first study covers the Rade de Cherbourg, which pooled
together the results of three surveys: March 2012 (15 stations),
February 2014 (6 stations) and February 2015 (9 stations), making a
total of 30 stations denoted as R stations [31] (Figure 2). The second
study was focused on the benthic communities of the Bay of Becquet
located in the eastern part of the RAC with 17 stations sampled in
December 2016 (B stations) [27] (Table 1). The third study was carried

out in the western part of the NC (Figure 2), 11 stations sampled from
December 2017 to April 2018 (SM, HV and QU stations; Table 1)
plus three stations (R31 to R33; Table 1) located in the western part
of the RdC to provide supplementary information on this sector of
the RAC [36] (Figure 2). The total number of benthic stations was
61 (Appendix 1). The sampling depth varied between 0 for both
stations of the Bay of Saint Martin to 33-34 m in two offshore stations
of the Bay of Becquet and 35 m in one offshore station of the Bay
of Querqueville (Appendix 1). Most of the stations (31) had a depth
included between 11 m and 20 m.

During these three surveys, three replicates were collected using
a Van Veen grab (unit sampling surface area: 0.1 m?, for a total of 0.3
m?) at each station for macrofauna analysis plus one supplementary
sample for grain-size analysis.

The sampled faunal material was sieved on board on a 1-mm
circular mesh. Fauna was preserved in 10% buffered formaldehyde
prior to sorting, identified to species level and counted in the
laboratory. The taxonomic diversity (species richness) (SR, number of
taxa per 0.3 m”.), abundance (number of individuals per 0.1 m*) and
diversity indices per 0.3 m? are calculated for each station. Species (or
taxa) names were checked with the World Register of Marine Species
(http://www.marinespecies.org) on 1* July 2018.

The grain size distribution of a sediment sample was determined
firstly by the estimation of the fine fraction (<63 um) which was
obtained by wet sieving and rinsed with fresh water to remove the
salt. Then the coarser sediment fractions (>63 pm) were sieved on
a sieve shaker using an eight-sieve column (8, 4, 2,1, 0.5, 0.250,
0.125 and 0.063 mm). The sediment was then classified according
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Figure 1: Sediment habitats in the North Cotentin (central part of the English Channel) extracted from the SHOM map, 2012.
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Figure 2: Map of benthic habitats recognized in the North Cotentin zone a

ccording to macrobenthic sampling in 2012-2018, with location of the stations.

to Wentworths grain-size scale [37] <63 um, silt clay; (63 pm-
125 um), very fine sand; (125 pm-250 pm), fine sand; (250 pum-500
pm), medium sand; (500 um-1,000 um), coarse sand; (1,000 um-2,000
um), very coarse sand; (2,000 um-4,000 um), gravel; and >8,000 pm,
pebbles. The results are expressed in percentage relative to the total
dry weight sediment of the sample (Appendix 1). These grain-size
analyses allow us to determine the different sediment according to
Wentworth’s sedimentary nomenclature.

Data analysis

Data analyses were performed by non-metric Multidimensional
Scaling Ordination (MDS), and a Hierarchical Ascendant Classifica-
tion (HAC) was created by means of group-average linking using the
Bray-Curtis similarity measure using the PRIMER-6 software package
(Plymouth Routines In Multivariate Ecological Research. Log, (X+1)
transformed abundance data were used to down-weight the effect of
the highly abundant species. All the taxa were taken into account in
the analyses. To identify the taxa within different groups which ac-
count for the observed community differences, SIMPER (SIMilarity
PERcentage) and one-way ANOSIM (Analysis of Similarities) rou-
tines were also performed [38]. By considering the overall percent-
age contribution of each taxon to the average dissimilarity between
sample groups, species are listed in decreasing order of their effect
on discriminating the sets of samples. The main benthic assemblages
are reported on a map created using ArcGis 10.2.2, and their species
compositions are compared against the available EUNIS classification
[26]. The values of Shannon-Weaver H’ diversity expressed in bits.
ind! and Pielou’s evenness J” are also calculated and the abundance

distributions are compared between stations using the Kruskal-Wallis
test and Kruskalmc post-hoc (pgirmess package with R).

Results

General patterns of the macrofauna

The 61 samples analyzed yielded a taxonomic diversity of 336
taxa (Appendix 2). The station with the highest number of taxa was
localized within the RdC (82 taxa), while the lowest number of taxa
was found in the Bay of Saint Martin (19 taxa) (Figure 3). The stations
with the highest number of taxa were located in the Bay of Becquet
(BB), the western part of the RdC, and in the western part of the NC
(two stations) (Figure 3). The stations with the highest abundances
were located in the BB (five stations) and in the western part of the
RdC (three stations). Conversely, the highest values of Shannon-
Weaver H’ diversity and Pielou’s evenness J” were found in the central
and eastern parts of the RAC and at stations located in the western
part of the NC.

The malacostraceans dominated in terms of a number of taxa,
being represented by 134 taxa, followed by the polychaetes (115
taxa), molluscs (63 taxa) and other groups making up 24 taxa.
Abundances varied from 14 to 2,942 ind. 0.1m>2. According to their
mean abundances at the 61 stations, Polychaeta and Malacostraca
were the dominant groups, with Maldanidae (abundance + Standard
Deviation: 49 ind.0.1 m” + 57:) (Figure 4), Spio decorata (16 ind.0.1 m*
+ 42) (Figure 4), Notomastus latericeus (52 ind.0.1 m* + 67) (Figure 4),
Melinna palmata (14 ind.0.1 m> + 40) (Figure 4), Dipolydora spp.
(12 ind.0.1 m? + 29) and Chaetozone gibber (8 ind.0.1 m* + 13) among
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Table 1: Location and structural indices of the 31 sampling stations in the North Cotentin sampled in 2016-2018 (see Baux et al., 2017 for the data of the Rade de
Cherbourg stations).

Stations S A (Ind. 0,1m?) = SD H' J' Lat Long
SM1 21 134 + 32 22 0.49 -1.87586 49.70799
SM2 19 435 + 94 2.1 0.49 -1.87238 49.70856
HV1 33 26+ 14 4.6 0.9 -1.78033 49.7016
HV2 41 602 + 319 1.7 0.32 -1.77266 49.6919
HV3 63 1,223 + 228 22 0.37 -1.77083 49.68666
HV4 21 14+6 3.9 0.88 -1.76516 49.69763
HV5 58 806 + 754 2.2 0.38 -1.76233 49.68968
HV6 61 370 + 280 2.8 0.48 -1.81675 49.71076
QU1 35 71+38 4 0.79 -1.69763 49.679
Qu2 53 399 + 152 3.6 0.63 -1.69161 49.68118
Qu3 33 36+8 4.1 0.82 -1.68643 49.68325
R31 82 2,025 + 414 25 0.39 -1.64561 49.66485
R32 80 1,753 + 377 23 0.36 -1.66525 49.66493
R33 78 1,796 + 457 2.9 0.46 -1.6597 49.66767

B1 56 857 + 312 2.9 0.73 -1.54131 49.68143
B2 66 676 + 182 3.7 0.88 -1.53996 49.6852
B3 54 340+ 120 35 0.84 -1.57431 49.68077
B4 54 515+ 317 2.8 0.73 -1.55187 49.68451
B5 58 1,671 £ 537 1.8 0.44 -1.53528 49.6914
B6 55 2,726 + 212 1.2 0.3 -1.51905 49.69851
B7 45 862 + 523 1.4 0.35 -1.50349 49.70494
B8 69 967 + 756 27 0.68 -1.55699 49.67063
B9 56 332+22 4.1 0.9 -1.54121 49.67771
B10 51 1,772 £ 290 1.6 0.41 -1.52501 49.68425
B11 42 1,665 + 99 1.3 0.35 -1.5093 49.69102
B12 52 313+ 210 27 0.64 -1.49318 49.6979
B13 66 2,942 + 241 2.9 0.8 -1.49942 49.68415
B14 62 1,058 + 680 3 0.78 -1.51481 49.67727
B15 50 924 + 192 25 0.66 -1.53144 49.67075
B16 50 1,131 £ 871 1.1 0.28 -1.53873 49.713
B17 60 1,037 + 1,026 2 0.5 -1.55509 49.70663
S: Taxonomic richness per 0.3 m? A: mean abundance per 0.1 m? H’: Shannon Wiener diversity index (bits.ind"') and J’ Pielou evenness index; SD: Standard
Deviation
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Figure 3: Maps showing the total taxonomic diversity (ind/0.3 m?), mean abundances (ind/0.1 m?), Shannon-Wiever diversity index (bits.ind"") and Pielou's
evenness index for 61 stations in the North Cotentin.
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Figure 4: Maps showing abundances (ind/0.1 m?) of the six major taxa sampled at 61 stations in the North Cotentin.

the polychaetes, and Apseudopsis latreillii (343 ind.0.1 m* + 469)
(Figure 4), Ampelisca tenuicornis (38 ind.0.1 m? + 137) (Figure 4) and
Apseudes talpa (15 ind.0.1 m” + 38), among the Malacostraca.

Benthic assemblages

The HAC allowed us to identify eight assemblages (a to h) at a
level of 40% similarity (ANOSIM; R=0.87; p<0.001) (Figure 5).
Assemblage a grouped together two stations from the Bay of Saint
Martin, assemblage b was made up of a single station QU3 located in
the Bay of Querqueville and assemblage ¢ was found at two stations
in the Bay of Vouy, Among the five other assemblages, two main
assemblages could be identified: assemblage d with 28 stations (from
the Bay of Vouy to BB) and assemblage e with 16 stations (from the Bay
of Querqueville to RAC). The three remaining assemblages (f, g, and
h) accounted for six, four and two stations, respectively, which were
all situated in the RAC. Apseudopsis latreillii, Spio decorata, Scoloplos
armiger, Crepidula fornicata, Melinna palmata and Dipolydora spp., as
well as the polychaetes Maldanidae and Syllidae, were the main taxa
contributing to the similarities of the assemblages.

The abundances were not evenly distributed between the eight
assemblages (Kruskal-Wallis test: H=79; p-value<0.001). Assemblage
d showed higher abundances than assemblages b, ¢, e, and h, while
assemblage ¢ abundances were lower than in assemblages d, fand g

(Table 2). Mean taxonomic diversity varied from 13 + 5 (assemblage
b) to 60 + 4 (assemblage d) (Table 2). The highest mean values of H’
and ]’ were observed in assemblages b and ¢, where mean abundances
were the lowest (Table 2).

The four assemblages d, e, f, and g were dominated by Apseudopsis
latreillii (Table 3) with very high mean abundances observed in d: 630
+ 576 ind.0.1 m>. Apart from assemblage f, where the second most
abundant species was the amphipod Ampelisca tenuicornis, the three
other assemblages were dominated by polychaetes (Table 3). The
assemblage was dominated by the polychaetes Scoloplos armiger and
Spio decorata, assemblage b by the amphipod Orchomene humilis, ¢ by
the Syllidae (very low abundances) and h by the gastropod Crepidula
fornicata, an introduced species in European waters.

Sediment characteristics

The sediments of assemblages a and e (from 2 and 16 stations,
respectively) were both mainly composed of sand (99 + 1 and 87
+ 17%, respectively). Nevertheless, the five stations of assemblage
e (R1, R4, R5, R9, and R18) were all located in the RdC (Figure 6),
showing a noticeable percentage (>10%) of fine particles (<63 pm).
The assemblage b (found at a single station) was associated with
mixed sediment having a high proportion of biogenic fragments
(Figure 6). Assemblage ¢ was found at station HV4, composed of
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Table 2: Main characteristics of the eight assemblages (see Figure 5).

Assemblages S*SD AtSD H't SD J'tSD
a 201 285+ 176 2101 0.5+0.0
b 135 36+8 4.1 0.8
c 27+8 20 £ 12 42+0.5 0.9+0.0
d 60 +4 1,045 £ 776 25+09 04+0.1
e 39+4 368 + 219 3.1+06 0.6+0.1
f 52 +12 685 + 419 24+0.6 04+0.1
g 39+13 504 + 222 25+0.2 0.5+0.1
h 35+4 192 + 21 23+0.3 0.5+0.0

S: mean taxonomic richness per 0.1 m2; A: mean abundance per 0.1 m?; H': Shannon Wiener diversity index in bits.ind"; J': Pielou’s evenness index calculated from
the number of taxa and individuals counted per 0.3 m? at each station; SD: Standard deviation
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Figure 5: Dendrogram showing hierarchical clustering of data from 61 sites in the North Cotentin, using group average linking of Bray-Curtis similarities on
standardized log, (x+1)-transformed abundance data. The eight groups of samples are separated at 40% similarity.
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Figure 6: Granulometry of the eight groups of stations identified by hierarchical clustering analysis.
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Table 3: List of the five dominant species in the eight assemblages and their
mean abundances with SD (Standard Deviation).

Assemblages Taxons A (ind.0.1 m? = SD
Scoloplos armiger 86 + 85
Spio decorata 85+ 35
a Urothoe poseidonis 69 +79
Maldanidae 17 £ 15
Ampelisca brevicornis 110
Orchomene humilis 6+10
Syllidae 67
b Caulleriella alata 4+6
Spirobranchus sp. 4+6
Glycera lapidum 2+2
Syllidae 33
Apseudopsis latreillii 2+1
c Notomastus latericeus 2+4
Maldanidae 11
Nemertea 11
Apseudopsis latreillii 630 £ 576
Notomastus latericeus 85+ 84
d Maldanidae 53 + 58
Nucula hanleyi 39 +32
Ampelisca tenuicornis 38 + 167
Apseudopsis latreillii 96 + 179
Spio decoratus 54 + 64
e Maldanidae 45+ 33
Notomastus latericeus 30+ 38
Ampelisca tenuicornis 24 +48
Apseudopsis latreillii 225 + 240
Ampelisca tenuicornis 114 + 200
f Maldanidae 96 + 81
Melinna palmata 73+74
Apseudes talpa 37 +£65
Apseudopsis latreillii 257 £ 170
Dipolydora spp. 71+57
g Notomastus latericeus 57 + 39
Capitella minima 36 + 39
Chaetozone gibber 14 +18
Crepidula fornicata 1147
Maldanidae 21+13
h Cirriformia tentaculata 18+ 11
Chaetozone gibber 139
Notomastus latericeus 4+2

gravelly sand (62% sand and 38% gravel) and at station HV1 with
a higher proportion of gravel (95%) (Figure 6). The 28 stations
associated with assemblage d showed two main granulometric classes
(61 £ 20% sand and 33 + 22% gravel). The assemblage f (six stations)
was composed of 75 + 13% sand and 23 + 14% fine particles (<63
um), except for station R24 which was mainly composed of mud
(84%) with 15% sand (Figure 6). For assemblage g two stations were
composed of 93 + 3% of sand (R27 and R28) and two other (R25
and R26) contained a large proportion of gravel (27 + 11%). The last
assemblage h was composed of muddy sand (54 + 14% fine particles
(<63 um) and 37 + 12% sand) (Figure 6).

Distribution of main benthic species in the NC

The three taxa Apseudopsis latreillii, Notomastus latericeus, and
the Maldanidae were collected at a large number of sampling stations

from the Bay of Saint Martin in the western BB in the eastern part of
the studied area (Figure 4). While A. latreillii was the more abundant
species, it was dominant in the sandy gravel and gravelly sand in
three main patches of the Bay of Vouy, in the western part of the RdC
and in the BB. This species showed low abundance or was absent at
sandy stations. Both the polychaete taxa Notomastus latericeus and
Maldanidae were widely largely distributed across the sampling
stations without displaying any apparent patterns (Figure 4).

The amphipod Ampelisca tenuicornis was abundant only at
muddy sand stations of the RAC and BB, with three stations showing
abundances >1,000 ind.0.1 m®. It is rare or absent in the western part
of NC (Figure 4). The polychaete Spio decorata is present only at sandy
stations in the eastern part of the RAC and at both stations of the Bay
of Saint Martin (Figure 4). The polychaete Melinna palmata is only
present in abundance at muddy stations of the RAC (Figure 4).

Discussion

For the first time, in this study, we present an overview of the soft-
bottom benthic macrofauna identified in the NC up to the beginning
of 2012. The map so produced for the NC provides a tool for a
better understanding of the ecological status of soft-bottom benthic
macrofauna, in the context of the application of European Directives
involving the Natura 2000 Networks and the descriptors referring to
the Marine Strategy Framework. The habitat mapping proposed here
mainly concerns the descriptors 1 (Biodiversity is maintained), 2
(Non-Indigenous species do not adversely alter the ecosystem) and
6 (Sea-floor integrity ensures that the structure and functions of the
ecosystems are safeguarded) [22].

Taxonomic diversity

The macrobenthos of the NC was composed of 336 taxa collected
from 61 stations covering a total sampling area of 18.3 m* (Appendix
2). By comparison, a sampling campaign in the winter of 2016 in the
eastern Bay of Seine (72 stations with 0.5 m” per station for a total
sampling area of 36 m*; 1 mm circular mesh sieve) led to the recording
of only 191 taxa (unpublished data), yielding a 44% lower taxonomic
diversity for twice the sampling area.

The total abundances of macrofauna varied from 8 to 3,118
ind.0.1 m? These maximal winter abundances were among the highest
recorded on the coasts of the English Channel, with a high abundance
of the amphipod Ampelisca tenuicornis (757 ind.0.1 m? in the RdC; 21-
304 ind.0.1 m? in the Rance and 127 ind.0.1 m? in the Bay of Morlaix)
[31]. The mean abundances of macrofauna in the assemblages d, e,
and g (Table 3) were among the highest found anywhere in the EC
[31]. Only the amphipod Ampelisca from the Pierre Noire station on a
fine sand community in the Bay of Morlaix showed an abundance that
exceeded the highest values observed in the NC. High abundances
of the tanaidacean Apseudopsis latreillii were found in the BB (2,500
ind.0.1 m? in B6) [25].

EUNIS benthic habitats

The assignment of EUNIS benthic habitats was established on a
combination of the results obtained by multivariate analyses to identify
the benthic assemblages, (Figure 5), the sediment characteristics
(Figure 6) and the distribution of dominant taxa (Figure 4), combined
with the results from previous studies [25,31].

Habitats EUNIS A5.433 and A5.335: The sediment and faunal
characteristics of assemblage d (28 stations, ~ 50% of the number
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of stations) corresponded to the EUNIS code A5.433 Venerupis
senegalensis, Amphipholis squamata and Apseudopsis latreillii in
infralittoral mixed sediment. The sediments were composed of
gravelly sand and sand gravel, except for seven stations located in the
shallow part of the BB (B1, B9, B10, B11, B13, B14, and B15) which
consisted of sandy or muddy sand [25]. Apseudopsis latreillii showed
very high abundances in this habitat, where the ophiurid Amphipholis
squamata was also present at low abundance. This habitat was present
in the western part of the RdC, mainly in the Bay of Vouy, and in
the BB (Figure 2). Apseudopsis latreillii was highly dominant in this
habitat (Figure 7). Finally, the A5.433 habitat previously recognized in
the RAC [31], was composed of 21 stations of the NC.

Furthermore, in her study of benthic habitats, Martinez [25]
showed the existence of a particular habitat, corresponding to the
EUNIS habitat code A5.335, which was represented by the seven
shallowest stations of the BB associated with sand or muddy sand.
This habitat comprised Ampelisca spp., Photis longicaudata and other
tube-building amphipods and polychaetes in infralittoral sandy mud.
At certain stations, the amphipods Photis longicaudata (up to 464
ind.0.1m? at station B13) and Ampelisca tenuicornis (up 1,036 ind.
0.1m?, station B13) showed high abundances; while this habitat had
been maintained in the BB, it was not recognized elsewhere in the
NC. Photis longicaudata was representative of this habitat (Figure 7),
which could be distinguished from A5.433.

Finally, the A5.335 habitat was composed of seven stations. This
habitat was no described before along the French coast [39].

Fine sand habitat and habitat EUNIS A5.334: The sediment
characteristics of both stations sampled in the Bay of Saint Martin
(assemblage a) and those of assemblage e (16 stations, one in the
Bay of Querqueville and the other in the eastern part of the RdC)
corresponded to fine to very fine sand. Both assemblages were
characterized by the polychaete Spio decorata. Apseudopsis latreilli
was present in abundance only in some stations of the assemblage
e (Figure 7). This Spio decorata habitat was not recognized in the

EUNIS classification and its species composition was previously
discussed [31]. It consisted of a mixture between EUNIS A5.244
(Spisula subtruncata and Nephtys hombergii shallow muddy sand) and
the Abra alba community in muddy fine sand. As such, it was close to
the Abra alba-Hyalinoecia bilineata fine sand community in the Bay
of Morlaix (western English Channel [40], which itself corresponded
to a EUNIS habitat intermediate between A5.252 (Abra prismatica,
Bathyporeia elegans and polychaetes in circalittoral fine sand) and
A5.231 infralittoral mobile clean sand with sparse fauna [41].

Assemblage f (six stations in the RdC) was, in fact, a mixture of
habitats, with four stations R19, R20, R29 and R30 showing fine sand
sediment (53 + 14% of fine sand and 18 + 10% of fine particles <63
um) and high abundance of A. latreillii being attributed to the Spio
decorata habitat. The two last stations R2 and R24 were composed
of 47% and 10% of very fine sand and 43% and 83% fine particles
<63 pm, respectively. Samples from R2 and R24 showed a very low
abundance of A. latreillii (only one individual) and were dominated
by the polychaete Melinna palmata (20% of the total number of
individuals collected at both stations) and the bivalve Thyasira
flexuosa (10%). Both A. latreillii and M. palmata were characteristic of
the EUNIS code A5.334 habitat (Melinna palmata with Magelona spp.
and Thyasira spp. in infralittoral sandy mud).

In the case of assemblage g, the four stations were dominated by
tolerant species or which lived in zones enriched in organic matter
(opportunistic species) such as Dipolydora spp. (14%), Notomastus
latericeus (11%), Capitella minima (7%) and Chaetozone gibber (3%).
The presence of these species was associated with the proximity of
salmon fish cages in the north of the RdC [42,43] This assemblage
corresponded to the EUNIS code A5.334 (Melinna palmata with
Magelona spp. and Thyasira spp. in infralittoral sandy mud) with the
dominance of Maladanidae and Melinna palmata (Figure 7) [31].

Finally, 20 stations were recognized as belonging to the Spio
decorata habitat and six stations were attributed to A5. 334.

Apseudopsis latreillii T Photis longicaudata .. \ e Spio decorata p—d ) e
300 ' 100 : - 60 : '
/ :\ W f
1,000 ‘\ | ) 400 200
: O d .
2,000 W : 700 400 el
3,000 e T S ) 1,000 U 600 e
A i a) c a c | (ol
Melinna palmata B I Crepidula fornicata .. o Glycera lapidum L h w
50 N P ® 50 ! 10 g
200 200 40 N
d d d . '
350 350 170
500 ] e 500 e 100 e
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Figure 7: MDS ordination of the 61 stations, based on log, (x+1) transformed benthic abundances and Bray-Curtis similarities (61 stations sites x 344 taxa
matrix). Superimposed circles of increasing size represent the abundance levels of six representative species for each identified habitat.
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Two sub-habitats of the Spio decorata habitat were recognized
in the eastern part of the RdC, one consisting of fine sand without
abundant A. latreillii population and the other in fine sand and very
fine sand sediment with a high abundance of A. latreillii [31]. Analyses
at the scale of the soft-bottom enclaves in the NC (Figures 2 and 5)
failed to distinguish these two assemblages, and only one habitat was
finally described here (Figure 2). It was present in three localities, in
the Bay of Saint Martin, in the Bay of Querqueville and in the eastern
part of the RdC.

The EUNIS A5.334 habitat (Melinna palmata with Magelona
spp. and Thyasira spp. in infralittoral sandy mud) was present in the
Bay of Morlaix [43,44] and in the Rance estuary [21,47]. It had been
recently described in the eastern part of the Bay of Seine following the
establishment of Melinna palmata in this area at the beginning of the
years 2000 [24,45,46]. It was previously present near the fish cage in
the RAC since 1995 [48].

Habitat EUNIS A5. 431: Both stations of the assemblage h were
dominated by the introduced gastropod Crepidula fornicata, which
formed 60% of the total individuals sampled at these stations. Poly-
chaetes belonging to the Maldanidae (Cirriformia tentaculata, Chaeto-
zone gibber, and Notomastus latericeus) also showed high abundances.
This assemblage corresponded to the EUNIS benthic habitat A5.431
(Crepidula fornicata, with ascidians and anemones on infralittoral
coarse mixed sediment). It was recognized only in the central part of
the RAC where C. fornicata characterized this habitat (Figure 7). This
invasive species was present in most of the shallow habitats of the EC
[49], but the A5.431 habitat had only been described in the Bay of
Saint Brieuc.

Habitat EUNIS A5.142: Offshore stations in the Bay of
Querqueville (QU3, assemblage b) and the Bay of Vouy (HV1 and
HV4, assemblage c) corresponded to the EUNIS A5.142 habitat in
circalittoral coarse sand or gravel, and could be characterized by the
polychaete Glycera lapidum present in abundance only in one station
of the assemblage b (Figure 7); G. lapidum was associated with the
urchin Echinocyamus pusillus. This habitat extended widely over the
central part of the Bay of Seine [24]. Moreover, as suggested in the
EUNIS habitat classification, it was possible that A5.142 was not a true
biotope and might be quite variable over time. In fact, it might be
closer to a biotope complex within which a number of biotopes or
sub-biotopes remained to be defined [35].

This habitat neighbour the benthic habitat (A5.14) was found
in the Raz Blanchard offshore Cap de la Hague [33]. In this area
with strong tidal currents, habitat A5.142 corresponded to the very
mobile coarse infralittoral sediments with scattered fauna (Sédiments
grossiers trés mobiles infralittoraux a faune éparse) described in the
French Marine Benthic Habitats classification issued by the National
Museum of Natural History (Paris) by Michez et al. [50].

Originality of the NC benthic habitats

Mosaic of EUNIS habitats. The NC was an area lacking large
fluvial inputs, with high-energy hydrodynamics and delimited by two
zones with strong tidal currents in the west (Raz Blanchard) and east
(Raz de Barfleur). It was dominated by a hard bottom and pebbles,
while the soft-bottom habitats were distributed in enclaves covering
relatively small areas, apart from in the RdC and the BB. Two benthic
habitats dominated the seabed in the prospected zone: A5.433,
Venerupis senegalensis, Amphipholis squamata and Apseudopsis latreilli
in infralittoral mixed sediment, and a new habitat ‘Spio decorata in

fine sand’, neither described before in the EC. The four other habitats
covered small patches sampled at two to six of the stations. This
pattern was typical of shallow waters along the western part of the
EC, especially in Brittany, such as in the Bay of Morlaix [40], or in the
eastern Bay of Seine [24]. Moreover, the macrobenthic species and
communities found in the RAC were more closely similar to those
found in the western rather than the eastern part of the EC [31]. There
was little equivalence between the macrobenthos in neighbouring
parts of the Bay of Seine, such as between the Bay of Veys [5] and the
eastern part of the bay near the mouth of the Seine estuary [2,17,18].
Conversely, the muddy sand and sand habitats resembled those found
in the western part of the EC along the Brittany and English coasts
[31]. As suggested previously, the NC represented the eastern limit
of several macrobenthic species in response to the higher thermic
amplitude of the seawater in the eastern part of the EC, which was
not favorable for stenothermal species under such climatic conditions
[7,27] and natural heritage. The NC zone had been recognized for
its high natural-heritage value and several ZNIEFF-Marine (Natural
Areas of Ecological, Faunal and Floral Interest) had been delimited in
the NC [24]. The ZNIEFF inventory aimed to identify marine areas
based on remarkable habitats, integrating a notion of functionality
(food, reproduction) as well as the presence of species or combinations
of species (benthos, fish, birds and mammals) of high natural-heritage
value [48]. The fine sand communities in the eastern part of the RdC
and the Melinna palmata muddy fine sand in the RAC were accepted
as natural heritage habitats [31,51]. Two small patches of Zostera
marina eelgrass beds had also been recognized as a ZNIEFF in the
eastern part of the RAC [51]. The present study proposed to extend
the Spio decorata habitat (with or without Apseudopsis latreillii), even
though it not yet recognized in the EUNIS classification, to two new
areas: the western part of the RdC in the Bay of Querqueville, and the
Bay of Saint Martin (Figure 2) [50,51].

The high abundance of Apseudopsis latreillii was noteworthy.
This species was widely distributed in the coastal waters of NC and
showed very high abundances in the ‘Bay of Becquet’ in the eastern
part of the RAC and in some sand and gravel habitats in the western
part of the RAC (Figure 4). The abundances observed in the RAC and
BB (20,000 ind.m™2-23,000 ind.m?) were among the highest recorded
values; higher abundances were only observed in the Persian Gulf,
in the Dubai creek, with values of 43,000 ind.m™ under the impact
of organic pollution [52]. A. latreilli was a rare species in the benthic
communities of the EC, except in the Aber Wrach, in the western part
of the EC along the Brittany coast, where the abundance exceeded
3,000 ind.m™ in the subtidal zone or in the intertidal Zostera marina
beds [53,54]. It was very rarely recorded in the eastern part of the EC
and is never present as a dominant species or in dense populations
such as observed in the NC.

Characterized by high-energy hydrodynamics and a mainly rocky
bottom, the NC nevertheless contained soft-bottom areas within the
RdC and natural enclaves near the coast. Substratum and sediment
types were the main environmental factors influencing the macroben-
thic community distribution and their biodiversity [27,55,56].

Conclusion

Overall, the hierarchical classification of EUNIS (EUNIS, 2012)
was sufficient, allowing us to identify six out of the seven different
benthic habitats from the Bay of St-Martin to the BB. However, the
EUNIS typology needed to be revised and updated, in particular, to
include sub-littoral fine sand habitats missing from the descriptions.
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The two dominant habitats, A5.433 and the new habitat Spio decorata
in fine sand were described here for the first time in the EC. The
particularity of habitats on the NC coast, along with the presence of
ZNIEFF-marine areas, the high taxonomic diversity and the occur-
rence of remarkable species, all reflected the special interest of NC
and the importance of monitoring and preserving its natural heritage.
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