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Abstract
Marine ecosystems worldwide are affected by both natural variation and human
activities; to disentangle and understand their individual role in influencing the
macrobenthic community composition is challenging. The relationship between interannual variability in atmospheric circulation, dictated by the climatic oscillation
indices, and the benthic macrofauna composition was assessed at four sampling sites
located in the Bay of Banyuls‐sur‐Mer (NW Mediterranean Sea). Between 2004 and
2013, these sites were sampled annually during autumn/winter and analyzed for sediment grain‐size and benthic macrofauna composition (species richness, abundance,
and biomass). Temporal changes in these descriptors were correlated with two climatic indices (NAO and WeMO indices) and a set of environmental parameters integrated over three different time periods (i.e., whole year, springtime, and wintertime).
Our results confirm the occurrence of major temporal changes in the composition
of macrobenthic communities within the Gulf of Lions. More specifically, the results
indicate that (a) the WeMO appears to be more closely related to benthic macrofauna
composition in the Bay of Banyuls‐sur‐Mer than the NAO, (b) winter is a better integration period than spring or the whole year as a proxy for community composition
changes, and (c) Rhône River water flow is likely involved in the control of benthic
macrofauna composition in the whole Gulf of Lions. The present study highlights the
importance of WeMO as a regional proxy, which can be used to evaluate changes in
benthic macrofauna linked to climatic variability.
KEYWORDS

climate change, Gulf of Lions, North Atlantic Oscillation, Temporal changes, Western
Mediterranean Oscillation, Zoobenthos

1 | I NTRO D U C TI O N

& Hostens, 2014; MSFD, 2008; Vačkář, ten Brink, Loh, Baillie, &
Reyers, 2012; WFD, 2000). In order to assess the extent to which

As the impact of human activities on marine ecosystems is increasing,

human activities impact natural systems, it is essential to distin-

ecological assessment is becoming a central topic for the manage-

guish anthropogenic impacts from natural (e.g., climatic) variability

ment of European seas (De Backer, Van Hoey, Coates, Vanaverbeke,

(Hewitt, Ellis, & Thrush, 2016). The North Atlantic Oscillation (NAO)
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is the major source of interannual variability in the atmospheric cir-

run‐offs, which have a significant positive effect on sardine and

culation in the North Atlantic (Hurell, 1995). The NAO largely con-

anchovy landings per unit effort. Conversely, and based on a 45‐

trols local changes in a large set of meteorological parameters such

year time series, Keller, Valls, Hidalgo, and Quetglas, (2014) did

as water temperature, salinity, wind strength/direction, and storms.

not show any influence on the landings of Sepia officinalis in the

The NAO index provides a good summary of general weather pat-

western Mediterranean by either the NAO or the WeMO index,

terns influencing marine ecosystems and affecting the abundance,

but only by SST.

biomass, growth, and survival rates of marine organisms (Drinkwater

Most of the benthic macrofauna data available in the Gulf of Lions

et al., 2003; Fromentin & Planque, 1996; Kröncke, Dippner, Heyen, &

(Bonifácio et al., 2018; Grémare, Amouroux, & Vétion, 1998; Grémare,

Zeiss, 1998; Shojaei et al., 2016). Several studies have highlighted the

Sardá, et al., 1998; Labrune, Grémare, Amouroux, et al., 2007; Labrune,

consequences of changes in meteorological parameters and, thus, of

Grémare, Amouroux, et al., 2007; Labrune, Grémare, Guizien, &

NAO on (a) zooplankton communities in the western Mediterranean

Amouroux, 2007; Labrune et al., 2008; Massé, 2000; Salen‐Picard,

(Fernández de Puelles, Valencia, & Vincent, 2004); the North Atlantic

1981) have been collected over too narrow time scales to soundly

and the North Sea (Fromentin & Planque, 1996); (b) fisheries in the

assess their correlation with climatic oscillations whereas few studies

NW Mediterranean Sea (Lloret, Lleonart, Sole, & Fromentin, 2001); (c)

by achieving long‐term comparisons. In 1967/68, Guille (1970) first de-

recruitment of anchovy (Santojanni et al., 2006) in the Adriatic Sea; (d)

scribed the benthic macrofauna communities of soft‐bottom habitats

physical condition of migratory bullet tuna stock during pre‐ and post-

of the Catalan French coast. Grémare, Amouroux, and Vétion (1998)

reproductive movement (Muñoz‐Expósito et al., 2017) in the western

then demonstrated the occurrence of major changes in both sediment

Mediterranean; and (e) benthic macrofauna composition in the North

grain‐size and macrofauna composition between 1967/68 and 1994,

Sea (Hagberg & Tunberg, 2000; Kröncke et al., 1998, 2011; Kröncke,

and suggested that these changes were due to the decrease in fine

Zeiss, & Rensing, 2001; Rees et al., 2006; Shojaei et al., 2016; Tunberg

particles most likely caused by an increase in the frequency of easterly

& Nelson, 1998). Between 1978 and 1995, Kröncke et al. (1998) sea-

storms. By using a different procedure to assess resuspension events,

sonally sampled five sites located between 12 and 20 m depth off the

Labrune, Grémare, Guizien, et al. (2007) suggested that positive NAO

Island of Norderney. The study demonstrated that the abundance and

index periods were related to low frequency of strong resuspen-

species richness of benthic macrofauna sampled between April and

sion events and high abundance and biomass of benthic fauna. The

July were correlated significantly with the NAO index. The authors

underlying hypothesis put forward from this work was that the low

suggested that the mediator between NAO and benthic macrofauna

frequency of resuspension events, especially during springtime, con-

was sea surface temperature (SST) in late winter and early spring.

tributes to favorable conditions, thus resulting in a good recruitment

This SST‐driven hypothesis was supported by further observations by

of benthic macrofauna. Furthermore, they suggested that the positive

Beukema (1985) who reported the decrease in Echinocardium corda-

periods of NAO index would indirectly and positively affect the abun-

tum populations after severe winters.

dance of benthic macrofauna as observed for the polychaete Ditrupa

Lloret et al. (2001) were the first to correlate climatic oscilla-

arietina, one of the most abundant species found in sandy sampling

tions with biological parameters in the NW Mediterranean and

sites during 1994 and 2003. Later, Bonifácio et al. (2018) compiled and

studied the relationship between fish and invertebrate land-

compared D. arietina abundances along the Gulf of Lions recorded be-

ings, the Rhône and Ebre River water flow, and the NAO index.

tween 1989 and 2013 (N = 17) and NAO and WeMO indices. Results

Findings from the study included (a) a negative correlation be-

inferred that NAO may have more influence on the recruitment of

tween water flow of these two rivers and the NAO, and (b) a

D. arietina than WeMO in the Gulf; but, they highlighted the urgent

positive correlation between the landings of 13 species of fishes

need for a long‐term monitoring series in order to confirm their hy-

and invertebrates and water flow. The authors suggested a link

pothesis. In this context, the main objective of this study was (a) to

between recruitment and local environmental conditions such

assess changes in sediment grain‐size and benthic macrofauna com-

as river discharge, wind speed and direction, and global envi-

position based on data collected annually from 2004 to 2013 in the

ronmental conditions (i.e., NAO). However, recent studies in the

Bay of Banyuls‐sur‐Mer and (b) to evaluate the relationship between

NW Mediterranean have focused on the Western Mediterranean

these changes with NAO and WeMO indices, and the main environ-

Oscillation index (WeMO index) rather than the commonly used

mental parameters which are affecting the NW Mediterranean Sea. To

NAO index as a proxy of local climatic variability (Martín, Sabatés,

achieve these objectives, the present study focuses on benthic macro-

Lloret, & Martin‐Vide, 2012; Martin‐Vide & Lopez‐Bustins, 2006;

fauna composition at four sampling sites, which are representative of

Martin‐Vide et al., 2008). These two indices do not correlate sig-

the main benthic communities described by Guille (1970).

nificantly when standardized on an annual basis or in wintertime
(Martín et al., 2012; Martin‐Vide & Lopez‐Bustins, 2006). The
WeMO index has been shown to be more relevant than the NAO
index to account for monthly precipitation anomalies in the Iberian
Peninsula (Martin‐Vide & Lopez‐Bustins, 2006; Martin‐Vide et al.,

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Study area and sampling sites

2008). Further, Martín et al. (2012) showed that positive WeMO

The Bay of Banyuls‐sur‐Mer is located within the Gulf of Lions in

index values correlated significantly with low SST and high river

the northwestern Mediterranean Sea (Figure 1). Within this bay, four

|
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F I G U R E 1 Delimitation of the study area in the (a) Gulf of Lions and (b) location of the four sampling sites within the Bay of Banyuls‐sur‐
Mer. Symbols indicate sampling sites: 43 (circle), 31 (diamond), 26 (square), and 183 (triangle)
sites were sampled once a year between 2004 and 2013 (Table 1).

identified to the lowest possible taxonomic level (most often to spe-

Sites were chosen to represent the main benthic communities de-

cies level), and counted. Biomass was assessed by measuring the

scribed by Guille in 1968 (Guille, 1970; Labrune, Grémare, Guizien,

weight loss after combustion (450°C, 5 hr) of dried samples.

et al., 2007), whereby community names were maintained in accordance with those described by Guille (1970). Sites were sampled for
sediment grain‐size analysis and benthic macrofauna during the end
of autumn/beginning of winter (November–December) on board the
RV Nereis II.

2.4 | Climatic indices
2.4.1 | North Atlantic Oscillation
The North Atlantic Oscillation is responsible for changes in the
trajectories of surface westerlies across the North Atlantic toward

2.2 | Grain‐size analysis

Europe (Hurrell, 1995). Such changes can be described through sev-

At each sampling site, a 0.1 m2 van Veen grab was taken for sedi-

eral indices of NAO estimated using different approaches. During

ment grain‐size analysis. Sediment grain‐size analysis was performed

the present study, we used the classical NAO index developed by

on fresh sediment using a Malvern Mastersizer® 2000 laser micro-

Hurrell and Deser (2009) based on the principal component (PC)

granulometer and expressed as median grain diameter (D 0.5) and in

time series of the leading empirical orthogonal function (EOF) of

volume percentages of grain‐size fractions (<30, 30–63, 63–250,

Sea Level Pressure anomalies over the Atlantic area (20°–80°N,

250–500, 500–2,000 µm). Sediment grain‐size data are lacking for

90°W–40°E). This method presents better representations of the

sampling site 183 during 2005 and 2006.

full spatial patterns of the NAO. Positive values are typically associated with stronger‐than‐average westerlies and storms over northern Europe and milder weather with less‐than‐average storms over

2.3 | Benthic macrofauna

western Europe and the Mediterranean Sea. Corresponding data

Five replicate grab samples were taken per sites for faunal analy-

were provided by the Climate Analysis Section (NCAR, Boulder,

sis, immediately sieved on a 1 mm mesh, and fixed with 5% forma-

USA, https://climatedataguide.ucar.edu/climate-data/hurrell-north-

lin buffered in seawater. At the laboratory, macrofauna was sorted,

atlantic-oscillation-nao-index-pc-based).

TA B L E 1

Location (WGS84, degrees, and decimal minutes) and depth of the four sampling sites in each benthic community

Sampling site

Community

Latitude (N)

Longitude (E)

Depth (m)

Sediment

Spisula subtruncata

42°29.33′

03°08.32′

15

Well‐sorted fine sand

31

Nephtys hombergii

42°30.40′

03°08.59′

26

Muddy sand

26

Scoloplos armiger

42°29.92′

03°08.79′

31

Sandy mud

Venus ovata

42°30.50′

03°09.11′

43

Mud

43

183

Note: Sediment classification followed the original classification of Aloisi, Got, and Monaco (1973) which was revised by Labrune, Grémare, Guizien,
et al. (2007).
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2.4.2 | Western Mediterranean Oscillation

(http://somlit.epoc.u-borde
aux1.fr/fr). Criteria 2 (C2) proposed by
Labrune, Grémare, Guizien, et al. (2007) was used as a proxy for intense

The WeMO is a low‐frequency variability pattern of atmospheric cir-

resuspension events. In brief, C2 corresponds to an estimated number

culation that was first described by Martin‐Vide and Lopez‐Bustins

of resuspension events per year. An intense resuspension event was

(2006). Its index (hereafter, WeMO index) corresponds to the differ-

assumed to take place during each day featuring both a wind direction

ence in standardized surface atmospheric pressures in San Fernando

between 90° and 170° and a decrease in SLP higher than 5 hPa either

(Spain) and Padua (Italy; Figure 2). The north of Italy is subjected to

between (a) the day before and the day of measurement or (b) the day

relatively high barometric variability owing to the influence of the

of measurement and the day after. For all parameters, seasonal values

central European anticyclone and the Ligurian low‐pressure area,

were computed as described above for NAO and WeMO indices.

while southwestern Spain is frequently subjected to the influence of
the Azores anticyclone. The transect linking these two zones covers
the NW Mediterranean Sea. During the positive phase (Figure 2a),
the anticyclone over the Azores encloses the southwest of Spain and
the low pressures in the Ligurian Gulf result in winds blowing from
the NW. During the negative phase (Figure 2b), the central European

2.6 | Data analysis
2.6.1 | Grain‐size analysis
Hierarchical cluster analysis (normalized data, Euclidean distance, group

anticyclone located north of Italy and a low‐pressure center, in the

average linking) was performed on site grain‐size fractions (expressed

Iberian SW, results in winds blowing from the east. In the Bay of

as percentage: <30, 30–63, 63–250, 250–500, 500–2,000 µm).

Banyuls‐sur‐Mer, the negative phase is therefore associated with
easterlies, which lead to frequent resuspension events. We used
WeMO index data from http://www.ub.edu/gc/English/wemo.htm.

2.6.2 | Benthic macrofauna

For the NAO and WeMO indices, the winter value for year n cor-

To enable better community descriptions and allow comparison with

responds to an average from December year n‐1 to February year n.

previous studies in the area, data from replicate grabs per sampling

Annual and spring values corresponded to the average of monthly val-

site were pooled (Ellingsen, 2001). The results of data analyzed by

ues from January to December and from March to May, respectively.

averaging replicates per site are available in Supplementary material
(i.e., Tables S1–S4 corresponding to Tables 3‒6; and Figures S1–S3
corresponding to Figures 5‒7). When possible, taxa were identified to

2.5 | Environmental parameters

species level, but taken to a higher taxonomic level when confidence

Water flow of the Rhône River was provided by Banque Hydro (http://

was low, thereby allowing species data to be comparable across

www.hydro.eaufrance.fr). Air temperature, precipitation, wind speed,

datasets (i.e., from different years). Synonyms of scientific names of

and Sea Level Pressure (SLP) were measured daily at Cap Béar sta-

species were updated using the World Register of Marine Species

tion by Météo‐France (Figure 1b). We used the monthly averaged data

(WoRMS Editorial Board, 2018). Species richness (taxa.0.5 m−2), total

available at https://donneespubliques.meteofrance.fr. Suspended

abundance (ind.0.5 m−2), and biomass (mgAFDW.0.5 m−2; ash‐free

Particulate Matter concentrations (SPM) were measured weekly 5 m

dry weight) were used as global descriptors of benthic macrofauna

above the bottom of the SOLA station (Service d'Observation du

composition. Abundance‐based compositions were visualized using

Laboratoire Arago, Bay of Banyuls‐sur‐Mer, 27 m depth; Figure 1b)

nMDS and hierarchical cluster analysis (square root‐transformed

within the framework of the Service d'Observation en Milieu Littoral

data, Bray–Curtis similarity, group average linking). We tested

(a) Positive phase

(b) Negative phase

France

France
Padua, Italy

w
d
in
s

GoL

high
pressure

Padua, Italy

low
pressure

GoL

winds

O

O

eM
W

eM
W
High
pressure

San Fernando, Spain

Low
pressure

San Fernando, Spain

F I G U R E 2 Patterns of WeMO influence over the northwestern Mediterranean Sea during its (a) positive and (b) negative phases
(modified from http://www.ub.edu/gc/English/wemo.htm). GoL, Gulf of Lions
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TA B L E 2 Correlation coefficients of
Spearman (ρ) between climatic indices
and environmental parameters for each
integration period separately

Environmental
parameters

NAO index

5

WeMO index

Annual

Spring

Winter

Annual

Spring

Winter

Air temperature

0.37**
N = 94

0.29*
N = 54

0.25
N = 53

−0.40***
N = 54

−0.22
N = 54

0.04
N = 53

SLP

0.55***
N = 54

0.48 ***
N = 54

0.87***
N = 53

−0.09
N = 54

−0.10
N = 54

−0.18
N = 53

Wind speed

−0.13
N = 54

−0.04
N = 54

0.09
N = 53

0.02
N = 54

0.28*
N = 54

0.39**
N = 53

Precipitation

−0.06
N = 54

−0.22
N = 54

−0.28*
N = 53

−0.04
N = 54

−0.20
N = 54

−0.36**
N = 53

Rhône River
water flow

−0.37***
N = 94

−0.39***
N = 94

−0.34***
N = 93

0.47***
N = 94

0.54***
N = 94

0.40***
N = 93

SPM

−0.46
N = 12

0.01
N = 11

−0.28
N = 11

−0.10
N = 12

0.01
N = 11

0.44
N = 11

Criteria 2

0.16
N = 49

0.09
N = 48

−0.25
N = 47

0.20
N = 49

−0.03
N = 48

−0.03
N = 47

Abbreviations: NAO, North Atlantic Oscillation; SLP, Sea Level Pressure; SPM, Suspended
Particulate Matter; WeMO, Western Mediterranean Oscillation.
***p < .001, **p < .01, *p < .05.

whether multivariate within‐group dispersion was homogenous for

2.6.3 | Relationships linking climatic variability,
environmental parameters, and benthic macrofauna

sampling site groups using the PERMDISP procedure (Anderson,
2001, 2006). SIMilarity PERcentage (SIMPER) analysis (Clarke,
Somerfield, & Gorley, 2008) was performed to identify the species

All analyses relating climatic variability and environmental pa-

contributing most to dissimilarity between subclusters.

rameters were run using benthic macrofauna by site rather than

TA B L E 3 Global descriptors of sediment grain‐size (D 0.5 in µm and proportion of fine sediment in % <63 µm) and benthic macrofauna
composition (species richness in taxa.0.5 m−2, abundance in ind.0.5 m−2, and biomass in mgAFDW.0.5 m−2)
Sampling site
43

31

26

183

Descriptor

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

D 0.5

188.2

196.5

196.0

198.4

214.4

210.9

193.0

223.6

201.6

202.4

Fine sediment

2.1

2.2

0.5

2.2

0.0

0.0

0.0

0.0

0.0

0.8

Species richness

38

26

25

58

29

16

32

45

49

43

Abundance

208

613

113

251

73

41

70

97

141

355

Biomass

0.42

0.97

0.12

0.49

0.58

0.04

0.04

0.38

0.14

0.54

D 0.5

142.8

143.5

126.8

103.2

122.6

193.0

166.0

152.3

130.6

102.7

Fine sediment

23.4

21.4

22.2

29.5

24.2

14.1

17.7

16.5

27.3

30.8

Species richness

56

54

30

52

34

46

41

45

64

105

Abundance

437

222

153

378

132

516

401

529

500

796

Biomass

0.47

0.37

0.16

0.28

0.18

0.52

0.39

0.44

0.54

2.09

D 0.5

68.6

64.5

64.9

69.3

72.1

86.6

74.4

73.3

64.3

76.7

Fine sediment

46.2

49.0

48.6

45.5

43.7

34.8

42.2

43.0

49.1

40.6

Species richness

63

66

55

72

48

48

93

71

108

98

Abundance

512

443

363

396

171

235

509

658

998

837

Biomass

1.12

3.44

2.14

0.79

0.29

0.36

1.21

0.91

1.03

3.10

D 0.5

59.0

NA

NA

61.1

74.5

84.1

64.6

79.7

51.0

120.0

Fine sediment

51.7

NA

NA

50.8

45.3

43.3

49.3

43.4

55.3

39.0

Species richness

83

62

53

72

55

54

101

90

110

83

Abundance

455

425

186

387

275

208

602

576

723

446

Biomass

1.82

2.70

1.24

5.57

1.79

2.90

2.63

3.98

4.64

2.27

Abbreviation: D 0.5: median grain diameter.
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TA B L E 4 Abundance, contribution, and cumulative contributions to dissimilarities in benthic macrofauna composition for the five species
most responsible for dissimilarity between the subclusters identified in Figure 6b
Subclusters

Species

Ia and Ib

Ditrupa arietina

IIa and IIb

IIIa and IIIb

IIIa and IIIc

IIIb and IIIc

Average abundance

Average abundance

Ia

Ib

243.8

21.8

Contribution (%)

Cumulated (%)

55.6

55.6

Siphonoecetes neapolitanus

6.5

8.3

2.9

58.5

Apseudopsis spp.

7.3

0.3

2.4

60.9

Urothoe grimaldii

5.8

1.3

2.1

62.9

Urothoe hesperia

8.0

6.8

1.7

64.6

IIa

IIb

Aspidosiphon muelleri

43.0

160.2

28.2

28.2

Ditrupa arietina

15.3

117.0

23.9

52.1

Owenia fusiformis

8.0

19.8

3.7

55.8

Anapagurus breviaculeatus

17.0

7.5

3.2

59.1

Turritella communis

1.0

11.8

2.9

61.9

15.6

15.6

IIIa

IIIb

Aspidosiphon muelleri

29.2

119.6

Turritella communis

10.0

62.7

7.7

23.4

Galathowenia oculata

4.2

53.1

7.2

30.5

Nephtys kersivalensis

27.5

50.6

6.0

36.5

Apseudopsis spp.

35.9

15.4

5.4

41.9
13.7

IIIa

IIIc

Turritella communis

10.0

80.5

13.7

Apseudopsis spp.

35.9

43.5

8.2

21.9

Lumbrineris latreilli

29.2

18.5

5.0

26.9

Aspidosiphon muelleri

29.2

11.5

4.5

31.4

Nephtys kersivalensis

27.5

27.0

4.0

35.4

IIIb

IIIc

Aspidosiphon muelleri

119.5

11.5

14.1

14.1

Turritella communis

62.7

80.5

7.2

21.4

Galathowenia oculata

53.1

3.0

6.0

27.4

Apseudopsis spp.

15.4

43.5

4.9

32.3

Nephtys kersivalensis

50.6

27.0

4.6

36.9

the clusters identified by the hierarchical cluster analysis because

the abundances of benthic macrofauna. A BEST procedure (Clarke

it is likely that environmental forcing is different at each depth.

& Ainsworth, 1993) was performed (999 permutations) to iden-

Spearman correlation was first used to assess the relationships

tify the subset of variables that best described temporal changes

between (annual, spring, and winter) NAO and WeMO indices,

in benthic macrofauna composition at each sampling site. The

and the (a) main environmental parameters (see Section 2.5), (b)

global set of tested variables included WeMO index, NAO index,

D 0.5 and percentage of fine sediment (% <63 µm), (c) global de-

Suspended Particulate Matter (SPM), precipitation, air tempera-

scriptors of benthic macrofauna (species richness, abundance, and

ture, wind speed, Sea Level Pressure (SLP), Rhône River water

biomass), and (d) the abundances of the five species contributing

flow, criteria 2 (C2), and sediment grain‐size. Some of these pa-

most to temporal dissimilarities in benthic macrofauna composi-

rameters were excluded to avoid collinearity, and this procedure

tion within the three main clusters resulting from the hierarchical

was carried out for each integration period separately (whole year,

analysis. The Mantel test was used to assess the significance of

springtime, and wintertime). With the exception of Spearman lin-

correlations between the similarity matrices based on NAO and

ear correlation (computed with R language; R Core Team, 2014),

WeMO indices, and the similarity matrices based on (a) main en-

all analyses were completed using the PRIMER 6 ® software pack-

vironmental parameters, (b) sediment grain‐size fractions, and (c)

age (Clarke & Gorley, 2006; Clarke & Warwick, 2001).
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TA B L E 5 Correlation coefficients of Spearman (ρ) between climatic indices and global descriptors of benthic macrofauna (species
richness in taxa.0.5 m−2, abundance in ind.0.5 m−2, and biomass in mgAFDW.0.5 m−2)
NAO index
Sampling site
43

31

26

183

WeMO index

Benthic macrofauna

Annual

Spring

Winter

Annual

Spring

Winter

Species richness

0.55

0.33

0.04

0.02

0.38

0.59

Abundance

0.18

−0.33

0.22

−0.01

0.18

0.66*

Biomass

0.31

−0.30

0.38

−0.13

0.09

0.21

Species richness

0.03

−0.14

0.22

0.58

0.49

0.95***

Abundance

0.14

0.19

−0.39

0.38

0.15

0.59

Biomass

−0.09

−0.02

−0.09

0.62

0.38

0.71*

Species richness

−0.07

−0.21

−0.15

−0.01

0.32

0.66*

Abundance

0.09

−0.09

−0.21

0.05

0.15

0.67*

Biomass

−0.41

−0.73*

−0.32

−0.25

−0.26

0.27

Species richness

0.03

0.05

−0.19

0.01

0.10

0.44

Abundance

−0.04

0.01

−0.16

−0.02

0.01

0.39

Biomass

0.10

0.53

0.21

0.09

0.16

0.50

Abbreviations: NAO, North Atlantic Oscillation; WeMO, Western Mediterranean Oscillation.
***p < .001, **p < .01, *p < .05.

3 | R E S U LT S

of well‐sorted fine sands with D0.5 between 188 (2004) and 223 µm
(2011). Sediment at sampling site 31 was composed of muddy sands
with D0.5 between 102 (2013) and 193 µm (2009). Sediment at sam-

3.1 | Temporal changes in climatic indices and
environmental parameters

pling site 26 was composed of sandy mud with D0.5 between 64 (2012)

Strong temporal changes in annual, spring, and winter values of the

mud with D0.5 between 59 µm (2004) and 120 µm (2013). Temporal

NAO index were recorded between 2004 and 2013. The annual NAO

changes in the percentage of fine sediment were low at sampling site

index was between −0.76 (2005) and 1.07 (2011) except in 2010, when

43, high at sampling site 31, and intermediate at sampling sites 26

it was extremely low (−3.62). In spring, the NAO index presented an

and 183 (Table 3 and Figure 3b). At sampling site 43, fine sediment

alternation of phases with a period close to 2 years. The winter NAO

was absent between 2008 and 2012. Otherwise, their proportion

index values were slightly higher to those of the annual NAO index

was between 0.5 (2006) and 2.2% (2005, 2007). At sampling site 31,

during most of the observed period. Strong temporal changes in an-

the proportion of fine sediment was between 14.1 (2009) and 30.8%

and 86 µm (2009). Sediment at sampling site 183 was composed of

nual, spring, and winter WeMO index values were also observed be-

(2013). At sampling site 26, a clear decreasing trend in the propor-

tween 2004 and 2013. The annual WeMO index was negative and

tion of fine sediment was observed between 2005 (49.0%) and 2009

tended to be constant around −0.09, except in 2011 (−0.92). In spring,

(34.8%). This was followed by an increasing trend up to 40.1% in 2012.

the WeMO index presented values close to the annual ones except in

At sampling site 183, the proportion of fine sediment was between

2011. In winter, the WeMO index showed a decreasing trend between

39.0 (2013) and 55.3% (2012). There was no significant correlation

2004 and 2008 and an increasing one between 2010 and 2012–2013.

between NAO and WeMO indices, and D 0.5 or the proportion of fine

Temporal changes in the main assessed environmental parame-

sediment at any sampling site (data not shown, p > .05 in all cases).

ters are not shown, but their correlation with the values of both the

The hierarchical cluster analysis of normalized sediment grain‐

NAO and the WeMO indices over (a) an annual period, (b) springtime,

size data (Figure 4) identified five main clusters (at 2.1% dissimilarity

and (c) wintertime is shown in Table 2. Both NAO and WeMO indices

level) and showed the occurrence of important temporal changes

correlated significantly with more environmental parameters during

within each community associated with the clusters. Cluster I cor-

wintertime than during springtime and the whole year. There was a

responded mostly to sampling site 43 with years 2004–2010, 2012,

significant correlation between winter NAO index values and precip-

and 2013. Cluster II corresponded to sampling site 43 (2011) and

itation, Rhône River flow, and SLP; and winter WeMO index values

sampling site 31 (2009). Cluster III corresponded mostly to sampling

and precipitation, wind speed, and Rhône River Water flow.

site 31 with years 2004–2008 and 2010–2013. Cluster IV corresponded to sampling site 26 with all years. Cluster V corresponded

3.2 | Temporal changes in sediment grain‐size

mostly to sampling site 183 with years 2004–2012. One sample did
not group with any cluster (sampling site 183 with year 2013). The

Temporal changes in D0.5 were limited at sampling sites 43 and

only significant correlation between climatic indices and sediment

26, high at sampling site 31, and intermediate at sampling site 183

grain‐size was observed at sampling site 43 during springtime for

(Table 3 and Figure 3a). Sediment at sampling site 43 was composed

WeMO (Mantel test, ρ = .44, p < .05).
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TA B L E 6 Results from the Best procedure used to link benthic macrofauna abundance and biomass composition with climatic indices
(computed for each integration period separately), and environmental and granulometric parameters
Abundance

Annual

Sampling site

43

Spring
31

26

183

NAO index

Winter

43

31

X

X

X

X

26

183

43

X

31

26

X

183
X

WeMO index
Air temperature
SLP

X

Wind speed

X

X

X

Precipitation
Rhône River water
flow

X

SPM
Criteria 2
X

D 0.5

X

Fine sediment
(%<63 µm)

—

X

—

—

ρ

0.40

Biomass

Annual

Sampling site

43

0.36

−0.04

0.07

0.48

0.35

X

—

0.43

0.34

Spring
31

26

183

NAO index

X

X

—
—

0.54*

0.68**

0.66**

0.56*

31

26

183

X

X

X

X

X

—

Winter

43

31

X

X

26

183

43

WeMO index
Air temperature
SLP
Wind speed

X

X

X

X

X

X

X

Precipitation
Rhône River
water flow
SPM
Criteria 2
X

D 0.5
Fine sediment
(%<63 µm)
ρ

0.52

0.49

—
X

—

0.23

0.04

X

0.27

—

0.38

X

—

0.60*

0.28

—
0.30

0.72**

0.32

0.32

Note: Black cells correspond to the parameters retained in the final model. Cells with an “X” correspond to the parameters which were not included in
the model due to collinearity. Cells with “—” correspond to the parameters which were not included because of missing data for 2005 and 2006.
Abbreviations: D 0.5, median grain diameter; NAO, North Atlantic Oscillation; SLP, Sea Level Pressure; SPM, Suspended Particulate Matter; WeMO,
Western Mediterranean Oscillation.
***p < .001, **p < .01, *p < .05.

3.3 | Temporal changes in benthic macrofauna

The nMDS (Figure 6a) showed that temporal changes in benthic
macrofauna composition were most important at sampling site 43.

In total, 15,431 specimens belonging to 448 taxa were identified. An

This was confirmed by the comparison of the dispersions of sites; pair-

overarching pattern was observed for temporal changes in macroben-

wise comparison showed that for site 43, mean average dispersion

thos species richness and abundance (Table 3 and Figure 5), which con-

was 43.68 ± 1.16 (standard error) and was significantly higher than

sisted of (a) a decreasing trend from 2004 to 2008/2009 with a higher

dispersion values at all others sites (sampling site 31 with 37.77 ± 1.51;

value in 2007 at all sampling sites and (b) an increasing trend from 2010

26 with 36.12 ± 1.63; and 183 with 36.93 ± 1.20; p ≤ .01). The hi-

to 2013 occasionally associated with lower values in 2011 and 2013 at

erarchical clustering (Figure 6b) showed the existence of three main

deeper sampling sites (species richness at sampling site 26; both spe-

clusters at 32% similarity level: (I) all sampling years of sampling site

cies richness and abundance at sampling site 183). Conversely, changes

43; (II) all sampling years of sampling site 31, except 2013; and (III) all

in biomass did not show any clear temporal pattern.

sampling years of sampling sites 26 and 183 and 2013 of sampling
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Sampling sites

(a)

43
31
26
183

Sampling sites
43 26
31 183

4

Distance

D0.5 (µm)

9

3

2

1

2004
2010
2005
2007
2006
2012
2013
2008
2009
2011
2009
2004
2012
2005
2010
2011
2007
2013
2006
2008
2009
2012
2010
2013
2007
2008
2011
2006
2004
2005
2008
2009
2011
2012
2007
2004
2010
2013

0

I

Sampling sites

(b)

Fine sediment (% <63 μm)

43
31
26
183

II

III
Sampling years

IV

V

F I G U R E 4 Hierarchical cluster analysis (Euclidean distance and
average group method) of normalized grain‐size fractions (<30, 30–
63, 63–250, 250–500, 500–2,000 µm). Symbols indicate sampling
sites: 43 (circle), 31 (diamond), 26 (square), and 183 (triangle)

WeMO index values and the global benthic macrofauna descriptor for
sampling sites (Table 5). Conversely, the winter WeMO values correlated significantly with benthic macrofauna descriptors: abundance at
sampling site 43; species richness and biomass at sampling sites 31; and
species richness and abundance at sampling site 26 (Table 5). Moreover,
the general pattern of temporal changes in species richness and abunSampling years

F I G U R E 3 Temporal changes in (a) D 0.5 (µm) and (b) fine
sediment (% <63 µm)

dances observed at all sampling sites matched well with the consecutive decreasing and increasing trends recorded for the winter WeMO
values. The peak in species richness and abundances observed at all
four sampling sites in 2007 seemed linked to high winter WeMO values,
whereas the low species richness and abundances recorded in 2008

site 31. Clusters I and II could be subdivided into two subclusters: (Ia)

tended to be associated with strongly negative values of the WeMO

years 2004, 2005, 2007, and 2013; (Ib) years 2006, 2008, and 2010–

index (Table 3 and Figure 5). The only significant correlations between

2012; (IIa) years 2005, 2006, and 2008; and (IIb) years 2004, 2007,

similarity matrices based on climatic indices and (a) benthic macrofauna

and 2009–2012. Cluster III could be subdivided into three subclusters:

species abundance and (b) biomass groups were observed at sampling

(IIIa) 2005–2009 of sampling sites 26 and 183; (IIIb) years 2010–2013

site 31 for winter WeMO values (Mantel tests, ρ = .47 and ρ = .61, re-

of sampling sites 26 and 183 plus the year 2013 of sampling site 31;

spectively, p < .01 in both cases).

and (IIIc) year 2004 of sampling sites 26 and 183.

There was no significant correlation between NAO index values

The species most responsible for dissimilarity between sub-

and the abundance of species contributing most to dissimilarities

cluster located at shallower waters were Ditrupa arietina and

between subclusters at all four sampled sites. The only significant

Aspidosiphon muelleri (clusters I and II), whereas those responsible

(p < .05 in all cases) correlations between WeMO values and the

for dissimilarity between subcluster deeper water (cluster III) were

abundances of these species were recorded for wintertime WeMO

A. muelleri and Turritella communis (Table 4).

and with (a) Aspidosiphon muelleri at sampling sites 43 (ρ = .68) and
183 (ρ = .67; Figure 7); (b) Nephtys kersivalensis at sampling site 31

3.4 | Relationship between climatic indices,
environmental parameters, sediment grain‐size, and
benthic macrofauna
No significant correlation between the annual or winter NAO index val-

(ρ = .67); and (c) Urothoe hesperia at sampling site 43 (ρ = .65).
For sampling sites 31, 26, and 183, neither D 0.5 nor the proportion of fine sediment correlated with any global descriptor of benthic
macrofauna. The only significant correlation was reported for sampling site 43 between the proportion of fine sediment and benthic

ues and the global descriptor of benthic macrofauna was found for any

macrofauna abundance (ρ = .73, p < .05). The only significant cor-

sampling site (Table 5). Conversely, the spring NAO index values cor-

relation between similarity matrices based on sediment grain‐size

related significantly with benthic macrofauna biomass at sampling site

composition and benthic macrofauna composition was observed at

26. No significant correlation was found between the annual or spring

sampling site 183 for biomass (Mantel test, ρ = .64, p < .05).
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F I G U R E 5 Temporal changes in the winter WeMO index and benthic macrofauna species richness, abundance, and biomass for each
sampling site: (a, b, c) sampling site 43, (d, e, f) sampling site 31, (g, h, i) sampling site 26, and (j, k, l) sampling site 183. Symbols indicate
sampling sites: 43 (circle), 31 (diamond), 26 (square), and 183 (triangle). *Significant (p < .05) linear correlation

When computed on an annual basis, no set of variables could

(abundance, sampling site 26); (d) precipitation and Rhône River

account for temporal changes in benthic macrofauna abundance

water flow (abundance, sampling site 183); and (e) WeMO index,

and biomass at any sampling site (Table 6). This was also the case

precipitation, wind speed, Rhône River water flow, and SPM (bio-

for benthic macrofauna abundance with springtime climatic in-

mass, sampling site 31).

dices, environmental parameters, and grain‐size except for mac-

The results of data analyzed by pooling replicates per site were

rofauna biomass at sampling site 26, which correlated with the

the same as averaging replicates per site (Supplementary material),

combination of air temperature, precipitation, wind speed, and

except for the subset of variables related to abundance at site 43

SPM. When computed during winter, subsets of climatic indices,

during winter (p = .05).

environmental parameters, and grain‐size correlated significantly
with changes in benthic macrofauna abundance at sampling sites
43, 31, 26, and 183 and with biomass at sampling site 31 (Table 6).

4 | D I S CU S S I O N

The corresponding sets of contributing variables included (a) precipitation and fine sediment (abundance, sampling site 43, p = .04);

Previous studies have shown major temporal changes in the ben-

(b) WeMO index, precipitation, and Rhône River water flow (abun-

thic macrofauna composition in the Gulf of Lions, based on (a) the

dance, sampling site 31); (c) WeMO index, precipitation, and C2

initial observation of the boom of populations of the polychaete
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F I G U R E 6 (a) Nonmetric multidimensional scaling (nMDS) and
(b) hierarchical cluster analysis (square‐root‐transformed data,
Bray–Curtis similarity, and average group method) of macrofauna
species abundance data. Symbols indicate sampling sites: 43 (circle),
31 (diamond), 26 (square), and 183 (triangle)

F I G U R E 7 Temporal changes in winter WeMO index and
abundance of Aspidosiphon muelleri at sampling sites (a) 43 and (b)
183. Correlations were significant in all cases. Symbols indicate
sampling sites: 43 (circle) and 183 (triangle)

Ditrupa arietina in the Bay of Banyuls‐sur‐Mer (Grémare, Sardá, et

comparison data collected during specific time periods with long

al., 1998), (b) long‐term comparisons of benthic fauna composition

intervals (Bonifácio et al., 2018; Grémare, Amouroux, & Vétion,

in the same bay and later at the scale of the whole Gulf of Lions

1998; Labrune, Grémare, Guizien, et al., 2007) or on indicator spe-

(Bonifácio et al., 2018; Grémare, Amouroux, & Vétion, 1998), and

cies (Grémare, Sardá, et al., 1998; Medernach et al., 2000), which

(c) data compilation regarding the dynamics of D. arietina along

clearly complicates ecological interpretations and reduces the

All these studies, however, were based on either long‐term

the Gulf of Lions (Bonifácio et al., 2018; Grémare, Sardá, et al.,

strength of derived conclusions (Grémare, Amouroux, & Vétion,

1998). Based on Medernach et al. (2000) earlier detailed study of

1998; Pearson, Josefson, & Rosenberg, 1985; Rosenberg, Gray,

population dynamics of D. arietina and morphological characteris-

Josefson, & Pearson, 1987) when compared to studies based on

tics of its early benthic stages (i.e., positive buoyancy before tube

long time series and/or the analysis of whole community composi-

calcification), Labrune, Grémare, Guizien, et al. (2007) proposed

tion (Hewitt et al., 2016; Kröncke et al., 1998, 2011, 2001). Within

that the abundance of this species and, thus, the composition of

this context, the present study consisted of the acquisition and

shallow communities could be influenced by the occurrence of

analysis of long time series collected within the Bay of Banyuls‐

resuspension events occurring during its recruitment period (e.g.,

sur‐Mer at four sampling sites (located between 15 and 43 meters

springtime). Bonifácio et al. (2018) further tested this hypothesis

depth), which are representative of the main benthic communities

by carrying out a long‐term comparison of benthic macrofauna

described in this area (Guille, 1970).

composition in the whole Gulf of Lions between 1998 and 2010.
In addition, they compiled annual NAO and WeMO indices versus
D. arietina abundance data (at scale of the whole Gulf of Lions)
between 1989 and 2013. Overall, their results reinforced the hy-

4.1 | Temporal changes in benthic macrofauna
composition and potential indicator species

pothesis put forward by Labrune, Grémare, Guizien, et al. (2007)

Our results first confirm the occurrence of major temporal (i.e.,

and the hypothesized role of NAO in controlling benthic macro-

interannual) changes in the composition of benthic macrofauna at

fauna composition in the Gulf of Lions.

the four studied sites and showed that recent changes were most
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significant at site 43 (15 m depth), which support previous observa-

the NAO; Da Costa & Verdiere, 2002) and (b) correlation between

tions by Labrune, Grémare, Guizien, et al. (2007). Conversely, they

annual NAO and either the global characteristics or the composi-

do not support the fact that these changes tend to be more impor-

tion of benthic macrofauna at all four sampled sites. Both of these

tant at site 31 (26 m depth) than at sites 26 (31 m depth) and 183

results are in disagreement with the relationship between NAO and

(43 m depth) in Labrune, Grémare, Guizien, et al. (2007). The nMDS

changes in benthic macrofauna composition in the coastal zone of

suggests more similar trajectories at sampling sites 26 and 183 than

the Gulf of Lions suggested by previous studies (Bonifácio et al.,

at site 43 with an opposition phase from winter WeMO index in most

2018; Labrune, Grémare, Guizien, et al., 2007).

sampling sites showing, for instance, the extremely negative years

Regarding the first result, NAO and WeMO indices can both be

(2006 and 2008) in opposition to extremely positive years (2012

seen as proxies for changes in environmental parameters (Drinkwater

and 2013). However, the moderate stress value of the nMDS rep-

et al., 2003; Lockerbie, Coll, Shannon, & Jarre, 2017; Ottersen et

resentation (0.14) leads to some uncertainty in this interpretation.

al., 2001). The NAO, however, is referring explicitly to the North

Furthermore, our 10‐year time series allows the identification of

Atlantic, whereas WeMO has been specifically designed for the

the species most responsible for interannual differences in benthic

western Mediterranean (Martin‐Vide & Lopez‐Bustins, 2006). It is,

macrofauna composition at each sampled site. For instance, Ditrupa

therefore, not surprising that Martin‐Vide and Lopez‐Bustins (2006)

arietina represented 90.5% of macrofauna abundance at site 43 in

demonstrated a better correlation of the WeMO index than that of

2005 (1,226 ind.m−2). Ditrupa arietina has already been identified as

the NAO index with precipitations on the eastern coastline of the

an indicator of temporal changes at both sandy sites (i.e., 43 and 31)

Iberian Peninsula. Likewise, Martín et al. (2012) also showed a better

by previous studies (Bonifácio et al., 2018; Grémare, Sardá, et al.,

correlation between the WeMO index and water flow of the Rhône

1998; Labrune, Grémare, Guizien, et al., 2007), which is confirmed

River than the NAO index. Our results are fully consistent with these

by the present study. Another potential indicator species at site 31,

data since we also observed better correlations (higher absolute

already identified by Labrune, Grémare, Guizien, et al. (2007), is the

value of Spearman coefficient; Table 2): (a) between WeMO ver-

sipunculid Aspidosiphon muelleri. Our data also lead to the identifi-

sus Rhône River water flow than between NAO versus Rhône River

cation of A. muelleri and Turritella communis as potential indicator

water flow, although positive with WeMO and negative with NAO;

species of temporal changes at sites 31, 26, and 183. Moreover,

and (b) between winter WeMO versus precipitation than winter

A. muelleri could be an indicator of climate change as its abundance

NAO versus precipitation. Furthermore, SPM only correlated with

significantly correlates with winter WeMO. However, more data

winter WeMO, which tends to support the use of WeMO rather than

are needed to identify indicator species of climate changes. Our re-

NAO as a climatic index in the NW Mediterranean. The relationship

sults are in partial agreement with the results of Labrune, Grémare,

between precipitation and Rhône river water flow with WeMO

Guizien, et al. (2007) who identified T. communis and A. muelleri as

seems linked to the locality where they were sampled, while the

being among the five species that contributed most to dissimilari-

precipitation was sampled at Cap Béar (really close of Banyuls‐sur‐

ties in the 1967/68/1994/2003 benthic macrofauna composition at

Mer, see Figure 1), the water flow of Rhône was measured close the

sites 26 and 183, respectively. Ferrero‐Vincente, Marco‐Méndez,

mouth and it accounts for the entire hydrological basin (97,800 km2)

Loya‐Fernández, and Sánchez‐Lizaso (2013) showed that shelter

which is submitted to strong climatic heterogeneity (Pont, Simonnet,

availability can be a limiting factor in the distribution of this sipun-

& Walter, 2002).

culid and that these animals are observed inhabiting empty tubes of

Regarding the most appropriate integration period, it was first sug-

D. arietina and gastropod shells (Ferrero‐Vincente, Marco‐Méndez,

gested that NAO has a stronger control on the climate of the Northern

Loya‐Fernández, & Sánchez‐Lizaso, 2014). During the present study,

Hemisphere during wintertime. During this season, the magnitude

A. muelleri was found both in D. arietina tubes and in T. communis

and spatial coherence of atmospheric circulation variability as well as

shells. It contributed to more than 10% of total abundance at sites

the influence of circulation changes and large‐scale precipitation are

31 and 183. The smallest individuals were observed at site 31 (per-

stronger (Osborn, 2006; Osborn, Conway, Hulme, Gregory, & Jones,

sonal observation), probably due to the presence of D. arietina tubes,

1999). Our results suggest that such a reinforcement of climatic

which juveniles favored (Ferrero‐Vincente et al., 2014), whereas

forcing influences the WeMO in the same way as indicated by the

larger individuals found at site 183 tended to inhabit the shells of

fact that the number of environmental parameters, which correlate

T. communis. It is, therefore, likely that the information provided by

significantly with WeMO was highest during wintertime. There are

these three species would prove largely redundant since A. muel-

also good ecological rationales to believe that seasonal integration

leri tend to occupy the empty tubes of D. arietina and T. communis

periods are more appropriate than annual ones to correlate climatic

(Ferrero‐Vicente et al., 2013; Ferrero‐Vincente et al., 2014).

indices and/or environmental parameters with biological data. For example, the negative effects of severe winter temperature on benthic

4.2 | NAO and WeMO indices, integration periods

macrofauna communities have been highlighted in the zone off the
Island of Norderney (Kröncke et al., 1998, 2001; Kröncke, Reiss, &

Two of the major results from the present study were the lack of

Dippner, 2013), in the German Bight (Neumann, Ehrich, & Kröncke,

(a) apparent cyclicality in the composition of benthic macrofauna (a

2008; Shojaei et al., 2016), and in the Wadden Sea (Beukema, Essink,

period of 8 years would be expected in the case of a tight control by

& Dekker, 2000). Although all global benthic macrofauna descriptors
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studied present the same temporal trend, significant correlations were

River is the main source of continental particles for the Gulf of Lions

only observed between winter WeMO and macrofauna descriptors at

(Durrieu de Madron et al., 2000). The impact of the Rhône River

sampling sites 43 (abundance), 31 (species richness and biomass), and

on benthic macrofauna composition has already been described in

26 (species richness and abundance). The reasons for an absence of

the immediate vicinity of the Rhône River mouth (Bonifácio et al.,

such significant correlation at site 183 remain unclear, but it might be

2014, 2018; Darnaude, Salen‐Picard, Polunin, & Harmelin‐Vivien,

linked to hydro‐sedimentary processes. For instance, storm resuspen-

2004; Salen‐Picard, Arlhac, & Alliot, 2003; Salen‐Picard et al., 2003).

sion event effects are known to be less frequent below 35 m depth

Labrune, Grémare, Amouroux, et al. (2007) also identified that the

(25–35 m depth; Ferré et al., 2005). Moreover, it was not possible

composition of the Littoral Sandy Mud community slightly differed

to define any subset of climatic indices, environmental parameters,

in the NE and SW part of the Gulf of Lions and attributed this to the

and granulometric data integrated over a full year or over springtime

proximity of the Rhône River. Subsequently, based on the resam-

significantly accounting for temporal changes in benthic macrofauna

pling of the same sites in 2010, Bonifácio et al. (2018) showed that

abundance at any sampling site, whereas such subsets could be iden-

the explicit modeling of the proximity of the Rhône River strongly

tified at sampling sites 43, 31, 26, and 183 when climatic indices,

increased the proportion of the explained variance of the composi-

environmental parameters, and grain‐size were integrated over win-

tion of benthic macrofauna at the five sampled depths (i.e., 10, 20,

tertime. Overall, this supports the idea that wintertime constitutes a

30, 40, and 50 m). Our data support these results and suggest that

key period in controlling benthic macrofauna composition in the Gulf

temporal changes in Rhône River water flow may influence benthic

of Lions as well. Also, our data are in accordance with Hewitt et al.

macrofauna composition over the whole Gulf of Lions.

(2016) who observed changes occurring in all ecological levels (indi-

Overall, our results confirm the occurrence of major temporal

vidual species to community level) as a response to climate changes.

changes in the composition of macrobenthic communities within the

It should nevertheless be pointed out that our sampling took place

Gulf of Lions. They also support the use of several indicator spe-

during this season as well, which may partly account for this result

cies (i.e., Ditrupa arietina, Turritella communis, and Aspidosiphon muel-

although the integration period of both climatic indices and environ-

leri) as proxies for temporal changes. Our results are also in partial

mental parameters corresponded to the winter before sampling.

agreement with the current paradigm according to which changes
in benthic macrofauna composition were determined by climatic

4.3 | Key environmental parameters involved

drivers through environmental (hydro‐sedimentary) processes.
Nevertheless, and because it is the first study to involve the acqui-

In the North Sea, the key environmental parameter controlling ben-

sition of long‐term time series of benthic macrofauna in the Catalan

thic macrofauna composition is wintertime temperature (Beukema

Sea, our study allows the paradigm to be refined by concluding that

et al., 2000; Kröncke et al., 1998, 2013, 2001; Neumann et al., 2008;

(a) the WeMO appears to be more closely related than NAO to ben-

Shojaei et al., 2016). Our results suggest similar processes occur-

thic macrofauna composition in the Bay of Banyuls‐sur‐Mer, (b) win-

ring in the NW Mediterranean under hydro‐sedimentary forcing.

ter is a better integration period than spring or the whole year to be

First, two of the potential indicator species identified during the

used as a proxy in community composition changes, and finally, (c)

present study (i.e., Ditrupa arietina and Turritella communis) are both

Rhône River water flow is probably involved in the control of benthic

suspension‐feeders. Turritella communis can remain buried in mud

macrofauna composition in the whole Gulf of Lions.

filtering for long period unless disturbed (Yonge, 1946). Yonge reported that T. communis is very sensitive to SPM and that it stops its
inhalant current as soon as fine sediment enters in its mantle cav-
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