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The fauna inhabiting the brown seaweed Sargassum muticum was studied on a spatial scale along the Normandy
coast from the Normand-Breton Gulf to the Bay of Seine (English Channel) in both shallow sandy and rocky tidal
pools during the springs 2018 and 2019. In this paper, we test the following hypothesis: do the areas with dense
populations of S. muticum represent an appropriate habitat for dense motile fauna including other Non-
Indigenous Species (NIS)? The ALEX (ALien biotic indEX) is used to ascertain whether or not S. muticum fa-
vours the establishment of other NIS in this new habitat. Results show that the epifaunal assemblage associated
with S. muticum differs between the five sampling sites. However, the fauna at all five sites is dominated by
arthropoda, especially the amphipods and isopods. In addition, five non indigenous species are observed
inhabiting the brown seaweed (four amphipods: Aoroides longimerus, Aoroides semicurvatus, Monocorophium
acherusicum, Monocorophium sextonae and one decapod: Hemigrapsus sanguineus). In spite of the presence of Non-
Indigenous Species (NIS) associated with the invasive Sargassum, the ALEX yields a high Ecological Quality Status
for all the sites. Nevertheless, the results suggest that S. muticum is a suitable habitat for many invertebrates
especially amphipods and isopods, while also representing a potential source of food for several local fish and

cephalopod species.

1. Introduction

The macro-algae Sargassum muticum (Yendo) Fensholt, 1955
(Ochrophyta, Phaeophyceae), commonly known as Japanese wire weed,
is a large brown seaweed originating from the north-western Pacific in
Chinese and Japanese waters. It was accidentally introduced along the
north-American coasts in the 1940s and more recently in the north-east
Atlantic along the European coasts in the 1970s (Farnham et al., 1973).
It is known nowadays as a cosmopolitan species (Engelen et al., 2015).
For European waters, it was first recorded in 1973 along the coastline of
Southern England, then in 1975 at Saint-Vaast La Hougue, a site on the
eastern Cotentin peninsula along the French coast of the Channel
(Farnham et al., 1973; Cosson et al., 1977). Its introduction into Europe
is associated with the voluntary introduction of the Japanese oyster
Crassostrea gigas (Thunberg, 1793), following a disease that affected
populations of the Portuguese oyster Crassostrea angulata (Lamarck,
1819) cultivated along the European seabord (Loraine, 1989).

The inherent capacities of this macro-alga (high ecological valence,
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fragmentation reproduction, high growth rate, etc.) have led to a very
rapid expansion of its range, making it one of the most invasive species
among macro-algae attracting special concern (Boudouresque and Ver-
laque, 2002). It is known to occur along most of the western coasts of
Europe from the south of Spain to southern Norway (Belsher and Pom-
mellec, 1988).

Along the Normandy coast, on the French side of the English Chan-
nel, Sargassum muticum is present on all the coasts around the Cotentin
peninsula and eastwards along the coastline of the Calvados department,
especially in areas of shellfish farming (Baffreau et al., 2018). This
seaweed occupies the foreshore zone, particularly in tidal pools where
water remains at low tide and is also found along the coastal fringe to
depths of 10 m where it can form very dense populations from spring to
late summer (June to August). The fronds can attain lengths of up to 10
m. As primary producer of vegetal matter, S. muticum is in competition
for space, light and nutrients with other seaweeds and the sea grass
Zostera (Zostera) marina Linnaeus, 1753 (Tracheophyta, Monocots),
which are well established in the Mont St Michel Bay as well as in the
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Chausey and Channel Islands (Baffreau et al., 2018). In Normandy, the
dense growth of such seaweed has a major negative impact on tourism,
navigation and oyster cultivation as well as fishing with traps and pots.
This proliferation leads to the accumulation of large quantities of such
seaweed on the beach (Givernaud et al. 1991) and corresponds to a large
input of detritus as in other areas (Rossi et al., 2010). On the other side,
dense populations of S. muticum could also afford protection for many
motile species, such as certain fish, the shrimp Palaemon serratus
(Pennant, 1777), amphipods, isopods and cephalopods, in the same way
as with the Laminaria (Ochrophyta, Phaeophyceae) forests in other areas
where the species has been introduced (Norton and Benson, 1983;
Takeuchi et al., 1987; Britton-Simmons, 2004).

Several studies have shown that this introduced species had a posi-
tive effect on the diversity of motile fauna such as amphipods, isopods
and gastropods (Britton-Simmons, 2004; Norton and Benson, 1983;
Takeuchi et al., 1987; Viejo, 1997; 1999).

Other Sargassum species act also as refuges for invertebrates and
fishes, and are known as zones with high diversity in comparison with
other intertidal areas covered by other species of macro-algae or without
macro-algae (Wakabara et al., 1983; Buschmann, 1990; Duffy, 1990;
Metaxas and Scheibling, 1993; Jacobucci et al., 2002; Tanaka and Leite,
2003, 2004; Buschbaum et al., 2006; Leite et al., 2007; Jacobucci et al.,
2009; Cacabelos et al., 2010; Guerra-Garcia et al., 2010, 2014; Jaco-
bucci and Leite, 2014; Barreto de Oliveira Machado et al., 2015; Jaco-
bucci et al., 2019).

To evaluate the Ecological Quality Status of areas colonized by the
NIS S. muticum, various authors have calculated the diversity indices, the
Shannon-Wiener and Pielou evenness, as well as the biotic index AMBI
(AZTT’s Marine Biotic Index) (Borja et al., 2000, 2009; Dauvin, 2018).
However, these indices are not suited to assess the impacts of the NIS on
benthic communities, while the ALEX (ALien biotic indEX,) was devel-
oped to evaluate the impact of NIS on native assemblages (Cinar and
Bakir, 2014). This latter index is based on the abundance percentages of
different groups defined on the basis of species establishment and
invasiveness within samples (Cinar and Bakir, 2014).
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To our knowledge, no study has been yet been undertaken to char-
acterize the macrofauna associated with Sargassum muticum along the
English Channel coast. In the framework of an overview of the Non-
Indigenous Species (NIS) of algae and living invertebrates recorded in
marine and brackish waters along the Normandy coast in France, we
describe the macrofauna associated with the invasive seaweed
Sargassum muticum. Since this macro-alga is known to be a refuge for
motile fauna, we test the hypothesis of whether it could represent an
appropriate habitat for other Non-Indigenous Species (NIS) in areas with
dense populations of S. muticum. For this purpose, ALEX is used to assess
the invasive dynamics of S. muticum in Normandy and ascertain whether
or not it favours the establishment of other NIS in this new habitat.

2. Materials and methods
2.1. Sites and sampling design

The distribution of the macrofauna associated with the invasive
algae, Sargassum muticum (Yendo) Fensholt, 1955 (Fig. 1) was studied
between the 4th and 16th of April 2019 in five sites around the Cotentin
Peninsula, where dense populations of this NIS are found along the
Normandy coast (Baffreau et al. 2018; Pezy et al., submitted). In addi-
tion, the distribution of crustaceans associated with S. muticum was also
studied between the 5th and 28th of April 2018 in the same five sites
around the Cotentin Peninsula. Two sampling sites, Blainville-sur-mer
(BSM) and Dielette (DIE), are located on the west coast of the Coten-
tin peninsula, while two others, at Goury (GOU) and Gatteville-Phare
(GAT), are on the north Cotentin coast, and the fifth site at La Hougue
(HOU) is on the east coast of the Cotentin (Fig. 1). Two of the sites (BSM
and HOU) are located in areas with extensive cultivation of the intro-
duced oyster species Crassostrea gigas (Thunberg, 1793). The GOU and
GAT samples were collected in rocky tidal pools, while, at the three
other sites, the samples were taken in larger shallow pools on sandy
gravel (Fig. 1); all the sites are located in the mediolittoral zone.

The fauna was sampled using a suprabenthic sledge equipped with a
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Fig. 1. Map of Sargassum muticum sampling sites in Normandy, English Channel (A: Blainville-sur-mer; B: Dielette; C: Goury; D: Gatteville; E: La Hougue).
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single box (0.6 x 0.3 m; 0.18 m?) to filter the water at a height of
0.10-0.40 m above the sea bed. Sampling was carried out in pools at low
tide where dense S. muticum populations were present. The sampling box
was equipped with a WP2 zooplankton net (0.5 mm mesh size). The
sledge was operated using three transects of 5 m length, each corre-
sponding to a sampling surface of 3 m? and thus a total surface-area of 9
m? per site. The organisms collected in the zooplankton net were pre-
served in 10% formaldehyde solution, and sent to the laboratory for
identification. Specimens of the motile macrofauna were sorted, iden-
tified, and counted under a dissecting microscope and then stored in
alcohol.

2.2. Statistical analyses

Taxon Richness (TR) corresponds to the number of taxa found in the
sample of 3 m2 Data collected in 2019, were used to calculate the
abundance A (number of individuals per m?) and the most commonly
used biodiversity indices, i.e. species richness, Shannon-Wiener di-
versity index (H’) in logy and Pielou’s evenness (J), for each of the five
sites. Ecological Status (ES) was estimated from H’ values according to
the thresholds defined previously by Vincent et al. (2002): 0-1, bad; 1-2:
poor; 2-3: moderate; 3-4: good and >4: high. For J’, thresholds are set
as follows: <0.2: bad; 0.2-0.4: poor; 0.4-0.6: moderate; 0.6-0.8: good
and >0.8: high (Dauvin et al., 2017). Data analysis was performed using
the PRIMER® version 6 software package (Plymouth Routines in
Multivariate Ecological Research) (Clarke & Gorley, 2006). The biotic
index AMBI was also calculated to assess the ecological status of the
benthic macrofauna (Borja et al., 2000, 2009; Dauvin, 2018). For AMBI,
thresholds are set at <1.2: high; 1.2-3.3: good; 3.3-4.3: moderate;
4.3-6: poor; >5.5: bad.

AlLien Biotic IndEX (ALEX) was used to detect the impact of alien
species (non-indigenous species) on benthic communities (Cinar and
Bakir 2014). This index is based on abundance percentages of different
groups defined on the basis of species establishment and invasiveness
within each sample (Group I: native species, Group II: casual alien
species (NIS), Group III: established alien species (NIS), Group IV:
invasive alien species (NIS)). Species were assigned to ALEX groups
according to observations of their abundance in the area and the rele-
vant literature (Baffreau et al., 2018). ALEX may vary between 0 and 5,
with 0 meaning the complete absence of NIS, and 5 corresponding to an
assemblage composed solely of NIS. Therefore, the ecological status of a
benthic assemblage can be ranked in one of the following five categories
of quality: “high” (0-1), “good” (1-2), “moderate” (2-3), “poor” (3-4)
and “bad” (4-5) (Cinar and Bakir, 2014). ALEX was calculated using the
formula proposed by Cinar and Bakir (2014):

ALien Biotic IndEX (ALEX) = [(0x%GI) + 3% (%GII+%GIII)) + (5x%
GIV)]/100

Finally, the crustaceans taxa collected in 2018 and 2019 at the five
sites were classified into four trophic groups: filter feeder, grazers, sur-
face deposit feeders and scavengers (Fersi et al., 2018).

A two-way ANOVA was used to explore spatial structure in terms of
Taxon Richness, Abundance, H’, J’, AMBI and ALEX indices, between
sites for 2019. A Shapiro-Wilk normality test and a Bartlett test for ho-
mogeneity of variances were performed prior to each ANOVA. The
Tukey Honestly Significant Difference test was applied when ANOVA
showed significant differences.

Data analysis was performed using non-metric multidimensional
scaling ordination (MDS), and a Hierarchical Ascendant Classification
(HAC) was created by group average linking using the Bray-Curtis
similarity measure (Beals, 1984). In comparison with other similarity
measures, the Bray-Curtis is known to be one of the more efficient in-
dexes to highlight similarity between samples (Bloom, 1981).

Sorensen’s coefficient for Presence/Absence of taxa, and Logio(x +
1)-transformed abundances (ind. 9 m2) were used to down-weight the
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effect of very abundant species.

To identify the species within different groups, the typifying species
largely account for the observed assemblage differences, SIMPER
(SIMilarity PERcentage) routines were performed using a decomposition
of Bray-Curtis similarity on log-transformed abundance data (Clarke and
Warwick, 1994). One-way ANOSIM (Analysis Of SIMilarities) permu-
tation test was used to assess if the assemblage differences between sites
are statistically significant.

MDS, HAC, SIMPER and ANOSIM were investigated using a multi-
variate analysis approach with the PRIMER 7 software.

3. Results
3.1. General pattern of 2019 species abundance

Seventy-six taxa and a total of 4,480 individuals were recorded
during the 2019 spring survey for a total sampling area of 45 m. Among
these taxa, the macrofauna associated with Sargassum muticum is
dominated by the Arthropoda (55 species and 78.3% of abundance),
Mollusca (14 species and 15.7%), Chordata (five species and 5.5%) and
Echinodermata (two species and 0.5%). The major Phylum, Arthropoda,
is mainly composed of crustaceans: Amphipoda (38 species), Decapoda
(eight species), Pycnogonida (four species), Isopoda (three species),
Cumacea (one species) and Tanaidacea (one species). Amphipods with
2,025 ind. (45.2%) form the dominant group, and then the isopods with
1,735 ind. (38.7%), the gastropods 497 ind. (11.1%), the decapods 129
ind. (2.9%), while the other groups account for only 94 ind. (2.0%).

The dominant species comprise the isopod Dynamene bidentata
(Adams, 1800) with 1,695 individuals collected from the five stations,
then the amphipod Gammarus locusta (Linnaeus, 1758), with 697 ind.,
while the third most abundant species is the gastropod Rissoa guerinii
Récluz, 1843 (Table 1). Only five other species were recorded, with a
total number of individuals >100 and 19 species showing only one in-
dividual each.

Out of the 76 taxa, only three were present at the five sites: Barleeia
unifasciata (Montagu, 1803), Dynamene bidentata, and Rissoa guerinii.
Then, four species were sampled at four sites: Dexamine spinosa (Mon-
tagu, 1813), Ischyrocerus anguipes Kroyer, 1838, Littorina obtusata (Lin-
naeus, 1758), Palaemon elegans Rathke, 1837, and 41 (54%) were
present at only one site

Among the 76 taxa, five non-indigenous species was recorded during
the spring sampling period. Four species of amphipods Aoroides long-
imerus Ren & Zheng, 1996 (HOU), Aoroides semicurvatus Ariyama, 2004
(HOU); Monocorophium acherusicum (Costa, 1853) (HOU); Mono-
corophium sextonae (Crawford, 1937) (DIE, GAT and HOU) and one
species of decapod, Hemigrapsus sanguineus (De Haan, 1835) (GOU).
Four species were recorded at HOU, while only one non-indigenous
species was observed at DIE, GOU and GAT. No NIS was found at BSM.

Table 1

Structural indices for the five stations colonized by Sargassum muticum. TR
(Taxonemie Richness), total number of taxa recorded in 3 m2; Mean abundance
per 1 m2; mean H’: Shannon-Weaver diversity; J: Pielou’s evenness; AMBI;
ALEX. The colour coding corresponds to the Ecological Status of the Water
Framework Directive: blue, high status; green, good status, yellow, moderate
status; orange, low status.

TR  Abundance H J’ AMBI ALEX
Blainville- 16 38.78 + 2.07 + 0.59 + 1.05 + 0
sur-mer 13.82 0.24 0.10 0.14
Dielette 34 28.67+9.39 319+ 0.75 + 1.03 + 0.01 +
0.25 0.005 0.36 0.03
Goury 18 87.89 + 2.83 + 0.63 + 1.31 £ 0.01 +
27.92 0.15 0.08 0.02 0.01
Gatteville 37 127.33 + 1.07 + 0.30 + 0.98 + 0.09 +
88.87 0.13 0.03 0.08 0.08
La Hougue 38 215.22 + 3.32+ 0.70 + 0.78 + 0.23 +
32.60 0.13 0.02 0.03 0.07
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3.2. Composition of the 2019 fauna

The TR over 3 m? varies from a minimum of 16 taxa at BSM to a
maximum of 38 taxa at HOU (Table 1). Moreover, TR reaches a mini-
mum at BSM and GOU and a maximum at GAT and HOU (Fig. 2),
showing a significant difference (Table 2).

The mean abundance per m? varies from a minimum of 28.7 at
Dielette to 215.2 at La Hougue (Table 1). The mean abundance shows a
gradual increase from the south-west to the north-east (Fig. 3). A sig-
nificant spatial pattern is observed with minimal values along the West
Cotentin coast (BSM, DIE and GOU), an intermediate value at GAT in the
North Cotentin (Gatteville) and a maximum value at HOU on the East
Cotentin coast (Table 2). Moreover, the numbers of collected individuals
are low at both sites of the West Cotentin, moderate in the North and
high at the HOU site with 1959 (accounting for 43.32% of the total of
sampled individuals) (Table 1).

The Shannon-Wiener diversity index H’ shows relatively high values
(diversified to very diversified), except for GAT (<2) which corresponds
to a poorly diversified Ecological Quality Status (EcoQS) (Table 1). GAT
and BSM yield the lowest H’ diversity (Tables 1 and 2). Pielou’s evenness
J’ is minimal at GAT (Table 1), corresponding to a low EcoQS. BSM
corresponds to a moderate EcoQS, whereas the other sites show a good
EcoQS (Table 1). GAT yields significantly lower values than those
measured at the four other sites (Table2).

AMBI shows a high EcoQS at all sites except GOU (good) (Table 1),
without significant differences (Table 2).

Using ALEX, all the sites can be classified with high EcoQS, i.e. un-
affected by NIS (Table 1), with a significantly higher value at HOU than
at the other sites (Table 2).

3.3. Spatial pattern of the 2019 fauna

At a similarity value of 44% for diversity (presence-absence trans-
formation), we can observe a spatial pattern in the species assemblage
composition (Fig. 4A). The cluster dendrogram allows to separate the
sites into two isolated groups: BSM on the West Cotentin coast with HOU
on the East Cotentin coast, and a group made up of the three other sites
(Fig. 4A). A dissimilarity exists between the three groups, the Bray-
Curtis dissimilarity index = 74.07 between groups A and B, the Bray-
Curtis dissimilarity index = 63.29 between groups A and C and the
Bray-Curtis dissimilarity index = 61.85 between groups C and B.
ANOSIM test reveals that the three groups are significantly different
(ANOSIM test, R = 0.62; p < 0.1).

12 4
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Blainville-sur-mer Dielette Goury La Hougue

Fig. 2. Mean Taxon richness (number of species on 3 m?) at the five stations
(superscripts: Tukey Honestly Significant Difference test; different letters in the
same column indicate significant statistical difference between sites, with upper
whiskers indicating maximum standard deviation from mean).
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Table 2

One-way ANOVA for five sites on the taxon richness, abundance, H’, J’, AMBI
and ALEX, with results of Tukey tests. dF: degree of freedom; F: variance ratio
statistic; p: probability value.

Factors dF F P Tukey test
TR Site 4 9.04 <0.01 Goury; Blainville-sur-mer #
Gatteville; La Hougue
Abundance  Site 4 8.61 <0.01 LaHougue # Dielette;
Blainville-sur-mer; Goury
H’ Site 4 7499 < Gatteville # Blainville-sur-mer;

0.001 Goury; Dielette; La Hougue
Blainville-sur-mer # Goury;
Dielette; La Hougue
J’ Site 4 2584 < Gatteville # Blainville-sur-mer;
0.001 Goury; Dielette; La Hougue
AMBI Site 4 342 0.1
ALEX Site 4 11.99 < La Hougue # Dielette;
0.001 Blainville-sur-mer; Goury;
Gatteville

b 10
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j i
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Mean abundance (individuals.m?)

Dielette Goury Gatteville La Hougue

Fig. 3. Mean abundance (individuals per m?) with upper whisker indicating
maximum standard deviation from mean at the five stations (superscript: Tukey
test, different letters in the same column indicate significant statistical differ-
ence between sites).

At a similarity value of 43% for abundance [Log;o(abundance + 1)
transformation], the cluster dendrogram allows to separate HOU and
DIE from the three other sites which form a single cluster (Fig. 4B). Both
analyses show a clear separation of HOU from the other sites, as well as
the high similarity between the north Cotentin sites GOU and GAT, and
the separation of the other west Cotentin sites BSM and DIE according to
the analyses. A dissimilarity exists between the three groups, the Bray-
Curtis dissimilarity index = 67.66 between groups A and B, the Bray-
Curtis dissimilarity index = 69.02 between groups A and C and the
Bray-Curtis dissimilarity index = 61.13 between groups C and B.
ANOSIM test reveals that the three groups are significantly different
(ANOSIM test, R = 0.81 ; p < 0.1).

The TR is highest in the first cluster identified by similarity values on
abundance, followed by DIE and HOU, with the mean abundance being
highest at HOU and lowest at DIE, while it shows an intermediate value
in the third cluster (Table 3). The abundance of NIS is high only at HOU
(Table 3).

SIMPER analysis based on the abundance of the fauna leads us to
classify 12 species among the six dominant species in each group
(Table 3). The isopod Dynamene bidentata is the most abundant in two
groups, while Gammarus locusta is dominant in the third group (Table 3).
However, the gastropod Rissoa guerinii is the second most abundant
species in the three groups (Table 3). The third and following species
differ in terms of contribution and abundance in the three groups



A. Raoux et al. Ecological Indicators 126 (2021) 107624

A Transform: Presence/absence
Resemblance: S8 Sorensen
La Hougue-2019 [l
n—— 2019 A
w
2
o
£ Goury-2019 v
[
w
Dielette-2019 v
2019 v
! } | } ]
r T T T 1
100 80 60 40 20
Similarity (%)
ITransform: Log(X+1)
B | : 517 Bray Curtis similarity
La Hougue-2019 -
Dielette-2019 v
w
K]
o
2 2019 A
T
[
ille-2019 A\
Goury-2019 A
I | | | |
T T T T 1
100 80 60 40 20
Similarity (%)

Fig. 4. Cluster dendrogram showing distribution of the five sites according to the Sorensen similarity after Presence-Absence transformation (A) and according to the
Bray-Curtis similarity after Log(X + 1) transformation of the abundance.

Table 3
SIMPER analysis for 2019 with cumulative contribution (Cc in %) of the six top species with indication of their abundance (A): number of individuals per 1 m?. (TR:
Taxon Richness; NIS: Non-Indigenous Species).

Blainville-sur-mer; Gatteville; Goury Dielette La Hougue

Species Cc A Species Cc A Species Cc A
Dynamene bidentata 35.8 53.7 Dynamene bidentata 33.7 9.7 Gammarus locusta 29.6 63.7
Rissoa guerinii 50.4 3.1 Rissoa guerinii 51.2 5.0 Rissoa guerinii 43.6 30.1
Littorina obtusata 58.6 0.8 Ischyrocerus anguipes 58.1 2.0 Aora typica 53.7 21.8
Idotea granulosa 65.3 0.9 Idotea granulosa 62.4 1.2 Dexamine spinosa 63.4 20.9
Apherusa cirrus 71.8 4.6 Elasmopus rapaax 66.3 1.1 Caprella acanthifera 71.8 18.1
Steromphala umbilicalis 77.6 0.6 Apherusa cirrus 69.8 1.0 Dynamene bidentata 80.0 17.7
TR 45 TR 34 TR 38

Mean abundance 84.6 Mean abundance 28.7 Mean abundance 215.2

NIS number 2 NIS number 1 NIS number 4

NIS mean abundance 0.6 NIS mean abundance 0.1 NIS mean abundance 8.6
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(Table 3).

3.4. Spatio-temporal pattern of the 2018-2019 crustacean fauna

At a similarity value of 42% for abundance [Log;o(abundance + 1)
transformation], the cluster dendrogram allows to separate the samples
into three groups : A (Gatteville-2018; Gatteville-2019; La Hougue 2018;
La Hougue 2019); B (Goury 2019; Blainville 2019; Dielette 2018; Goury
2018) and C (Blainville 2018; Dielette 2019) (Fig. 5).

SIMPER analysis classifies crustacean taxa contribution for each
group (Table 4). The isopod Dynamene bidentata is the top taxa in two
groups (B and C) and second in the group A (Table 4). The other crus-
tacean taxa differ in terms of contributions in the three groups. The
group A is mainly composed of amphipods, in particular of Caprellidae
(absent in the two others groups). The group B is predominantly at 75%
by two isopod taxa (D. bidentata and Idotea spp.). A mix of amphipod and
isopod taxa (Table 4) composes the third group.

A dissimilarity exists between the three groups, the Bray-Curtis
dissimilarity index = 62.85 between groups A and B (ANOSIM test, R
= 0.74; p < 0.05), the Bray-Curtis dissimilarity index = 62.25 between
groups A and C (ANOSIM test, R = 0.93; p < 0.05) and the Bray-Curtis
dissimilarity index = 60.78 between groups C and B (ANOSIM test, R =
0.93; p < 0.05).

For the 2018-2019 crustacean community, the predator predomi-
nate the trophic groups with 24 taxa, then the deposit feeder (18 taxa),
the grazer (12 taxa) and the filter feeder (4 taxa). Grazer are the most
important group for 2018-2019, it represent 74.1% of the total abun-
dance, then deposit feeder (17.1%); predator (8.0%) and filter feeder
(0.8%). In 2018 at Blainville sur mer, the crustacean abundances were
divided into three main trophic groups: grazer (5 taxa), predator (9 taxa)
and deposit feeder (4 taxa) (Fig. 6). Whereas in 2019 at Blainville sur
mer and in 2018-2019 at the four others sites, grazer was the more
abundant trophic group (Fig. 6).

4. Discussion

The distribution and abundance patterns of motile epifauna on the
brown seaweed Sargassum muticum was studied at low tide in tidal pools
on a spatial scale along the Normandy coast from the Normano-Breton
Gulf to the Bay of Seine in shallow rocky pools in spring 2018 and 2019.
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Table 4
SIMPER analysis for the crustacean fauna of 2018 and 2019 with cumulative
contribution (Cc in %) of the three groups.

A B C
Taxa Cc Taxa Ce Taxa Cc
(%) (%) (%)
Gammarus spp 24.9 Dynamene 61.9 Dynamene 30.5
bidentata bidentata
Dynamene 42.2 Idotea spp. 75.1 Ischyrocerus 51.5
bidentata anguipes
Caprellidae 51.5 Palaemon 83.1 Idotea spp. 64.6
elegans
Monocorophium 60.8 Gammarus 88.6 Apherusa spp. 75.2
Spp- Spp-
Ischyrocerus 68.0 Apohyale 92.5 Hippolyte 82.7
anguipes prevostii varians
Idotea spp. 74.3 Apohyale 88.2
prevostii
Palaemon elegans 79.6 Nymphon gracile ~ 93.8

Apherusa spp. 83.9

In agreement with other studies, the motile fauna associated with
S. muticum is dominated by Arthropoda, especially amphipods and iso-
pods as observed at other Iberian sites (Viejo, 1999; Gestoso et al., 2010,
2012; Engelen et al.,, 2013). The most abundant species colonizing
S. muticum is the isopod Dynamene bidentata, which is found at all five
sampling stations. This result is in line with Viejo (1999) and Gestoso
et al. (2012), who found that D. bidentata clearly characterizes Sargassum
tidal pools in northern Spain. This enhanced abundance of amphipods
and isopods could be explained by the fact that the Sargassum can acts as
a habitat or as refuge from predators for several species. In addition,
some grazer’s species feed on Sargassum. Indeed, D. bidentata is known as
a grazer that commonly feeds on the macroalgae that it inhabits
(Arrontes, 1990; Viejo and Arrontes, 1992). Thus, in the present case,
the NIS S. muticum acts both as a source of food and represents an
additional habitat for several motile species. Nevertheless, Engelen et al.
(2011) have shown that mesograzers on the southwest coast of Portugal
do not show a specific preference for S. muticum and prefer mostly native
seaweeds over the invasive brown seaweed. Moreover, the epifauna
associated with brown seaweed form essential linkages with higher
trophic levels since these taxa are the prey of omnivorous fish and
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decapods (Brawley, 1992; Engelen, 2013), which could lead to an in-
crease in secondary production in the local benthic system (Viejo, 1999).

In addition, our study also allowed detecting for the first time in the
English Channel, two new Non Indigenous Species: Aoroides semicurvatus
and A. longimerus (Dauvin et al. 2020). These two species originating
from Japanese waters suggest that S. muticum offers a favourable habitat
for NIS. Dauvin et al. (2020) proposed that both these Aoroides species
were introduced involuntarily from the Atlantic into Normandy due to
transfers of the oyster Crassostrea gigas (Thunberg, 1793) from French
centres of production. La Hougue is an important hot spot in Normandy
oyster production, where transfers are permanent between the Bay of
Biscay and the English Channel. However, it is surprising that other
production centres along the west coast of Cotentin at Blainville-sur-mer
have not been not colonized by these amphipod NISs. Supplementary
sampling is required to observe these species and confirm oyster transfer
as the main transport pathway from Atlantic oyster centres such as
Arcachon Bay where these NIS were recorded for the first time in Europe
(Gouillieux et al., 2015).

Our results also highlight that the faunal assemblage differs between
the five sampling sites (BSM, DIE, GOU, GAT and HOU). In fact, only
three species are common to the five sites. This could be explained by the
fact that S. muticum is associated with a different epifaunal assemblage
depending on the tidal exposure of the foreshore zone where it grows
(Viejo, 1999). In addition, the differences in epifaunal assemblage could
also be linked to variations in salinity or temperature between the
intertidal pools (that could imply the size of the pool) (Metaxas and
Scheibling, 1993) as well as by the smaller size of S. muticum in rocky
pools (Schneider and Mann, 1991; Viejo, 1999). However, the La Hou-
gue (HOU) sampling site is stands out from the other sites as it yields the
highest taxa richness and the highest number of NIS inhabiting the
brown seaweed S. muticum. This result could be explained by the fact
that La Hougue (HOU) is an important hot spot in Normandy oyster
production with permanent transfer between production centres in the
Bay of Biscay and the English Channel. In fact, it is known that bivalve
aquaculture and transfer activities are important in controlling dispersal
and colonization of new zones by NNS species (Brenner et al., 2014).
Nevertheless, ALEX shows low values indicating a low percentage of NIS
and a High EcoQS for the fauna inhabiting tidal pools colonized by
S. muticum. But most of the NISs recorded here, including the Aoroides
spp., were recently introduced into Normandy and are probably in the
course of colonizing new habitats including S. muticum.

As pointed out by Engelen et al. (2013), previous studies have mainly
focused on the effect of S. muticum on the ecosystem and specifically its

interactions with native algae (Stzhr et al., 2000; Britton-Simmons,
2004; Sanchez et al., 2005; White and Shurin, 2011). In fact, NISs
represent a wide range of threats to native ecosystems, and can be
responsible for the decline of native species by competition and preda-
tion, and thus can lead to a loss of biodiversity (Boudouresque, 2002). In
addition, some NISs have the potential to affect communities over a
wide geographical range due to broad physiological tolerance.

However, apart from these negative effects, NIS may be integrated
harmlessly into ecosystems, and may even contribute to enriching the
biodiversity (Goulletquer, 2016). Recent studies have highlighted the
potential positive role of NIS in enhancing regional species richness (Sax
and Gaines, 2008). In fact, NISs provide both shelter (Wonham et al.,
2005; Severns and Warren, 2008) and new sources of food for native
species (Carlsson et al., 2009). The effects of the introduction of
S. muticum on the fauna may be different from site to site, depending on
the type of native macroalgae and their abundance. Nevertheless, pre-
vious studies have shown little or no difference between S. muticum
epibiota and that of native macroalgal communities (Viejo, 1999;
Engelen et al., 2013), thus suggesting that the effects of S. muticum in-
vasion on local fauna abundances and assemblages might be rather
limited. However, few studies have investigated the potential influence
of S. muticum on higher trophic levels. To conclude, our study suggests
that S. muticum is a suitable habitat for many invertebrates (especially
amphipods and isopods) and could represent a potential source of food
for several local species which could lead to a potential change in the
structure and functioning of the trophic web since invertebrates inhab-
iting S. muticum can be predated by omnivorous decapods and fish
(Engelen et al., 2013).

Apart from examining the stomach contents of fish occupying the
dense S. muticum seaweeds to assess the role of the motile fauna in their
regime, it will be interesting in the future to compare the motile fauna
living among native seaweeds such as Laminaria spp. as well as the sea
grass Zostera marina. These latter species are known to play an important
role as regards the protection of the fauna and the functioning of the
trophic web in the littoral zone of the English Channel coasts.
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