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1. Executive summary
With the objective of describing the role of cockles in ecosystems, a study was dedicated to addressing
the effect of cockles on the biodiversity of benthic macroinvertebrates that are found together with
cockles.
In order to permit a better generalization of the results to cockles’ beds at the scale of the Atlantic
Area and reflect as much as possible true ecological conditions, this study was designed as a field
observation study and included six cockle beds located along the Portuguese, Spanish and French
Atlantic coasts.
The objectives of this study were (1) to describe the macrobenthic communities associated to cockles
bed and its variability at the scale of the Atlantic area and, (2) put in evidence possible relation between
cockles’ presence and macrozoobenthic community diversity and composition. In order to provide
clues on the possible processes involved in this relation, the study considered two different depthlayers in the sediments: the top 5-cm layer where cockles are found and the benthic organisms living
in the deeper layers of the sediment.
Along the investigated area, cockles constitute dense beds in areas that are located at the entrance of
marine bays, from euhaline to polyhaline areas. These areas consisted in semi-sheltered sandy
bottoms where the sand fraction could consist in any combination of fine, medium or coarse sands but
associated to a non-negligible fine particle fraction. This fraction was never very high and generally
below 15-20 %.
The results showed that, when considering the different sites along the Atlantic coast, the composition
of the macrozoobenthic community associated to cockles bed was not homogeneous, with no species
other than cockles occurring at all sites. In addition, the site-by-site study showed that the variations
in macrobenthic community composition was not related to variations in the biomass of cockles in a
given site. In other word, there was no evidence of any effect of cockles in the composition of
macrobenthos whatever sediments depth-layer was considered.
Though we considered different aspects of alpha-diversity, namely species density, evenness and
abundance as well as the beta diversity, there were no obvious relations between the density of
cockles and the diversity of the benthic macrofauna community, even when considering only the top
5-cm of the sediments where cockles are concentrated.
We conclude that there is no obvious effect of cockles’ density levels on the composition or the
diversity of macrozoobenthos when considering the diversity of environmental conditions occurring in
cockles constitute dense beds along the Atlantic Area. Nevertheless, our observations may be due to
the fact that cockles move within a given bed which would explain the lack of relation between cockles’
biomass and macrozoobenthic organisms in a core. These results should hence be consolidated by
experiencing cockles’ density manipulation in the field in order to assess the effect of cockles and
prevent them to move into plots where cockles have been removed. The difficulty of such a field
experiment is that it must last at least for several months, including the main recruitment period of
benthic organisms. Extended duration of field experiment bear increased risks of failure due to
unpredictable events (storms, vandalism, ...). Such an experiment was indeed planned and attempted
within the frame of the COCKLES project. Unfortunately, this experiment failed because cockles
disappeared from the experimental plots, probably due to shorebird predation.
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2. Introduction
This study was dedicated to the evaluation of the potential of cockles as an ecological factor affecting
the diversity of macrozoobenthic communities. The relation between cockles’ presence and the
benthic macrofauna was investigated considering two aspects: cockles as a factor affecting the
composition of benthic communities, and cockles as a factor related to the diversity of benthic
community. Diversity was explored focusing on different aspects of species diversity namely the
density of species (number of species in a sample), the evenness/dominance pattern (the fact that the
community is numerically dominated by a few species (high dominance = low evenness) or that the
number of individuals are evenly distributed among species (low dominance = high evenness)). Both
measures relate to the alpha-component of species diversity (the diversity at the scale of a sample).
We therefore also investigated the potential role of cockles in the beta-component of species diversity:
the variation of species diversity among samples of a site. Potential effect of cockles on the
composition of benthic macrofauna was investigated looking at change in the benthic community
composition (in terms of abundance of the different species) that could be related to change in the
number of cockles among samples.
This study is exclusively based on field observations and does not include an experimental aspect.
Investigating the effect of cockles on macrozoobenthic community through experimental approach
indeed present several issues that can hardly be solved. First, ex-situ study of the role of cockles on
other macrozoobenthic species presents different issues among which the impossibility to artificially
recreate and replicate complex benthic community is a major drawback. In addition, only short-term
effect can be identified and how cockles’ density affects the recruitment of other macrozoobenthic
species can not be tested in ex-situ conditions. As a consequence, ex-situ experiment can only recreate
situations that do not occur in the field and would therefore provide insights that could be irrelevant
to real situations. In situ experiment allows one to study the effect of cockles on benthic macrofauna
taking into account natural, complex, benthic communities. Experimental manipulation of cockles’
density and the setup of an experiment requires to manipulate the natural conditions by
removing/adding cockles to plots and putting frames in the sediment in order to identify the plots
where cockles’ densities have been manipulated. The presence of the frame however introduces a
small-scale modification of the environmental conditions, especially local current speed and direction
that may induce increased sedimentation/erosion in the frame and modify the benthic community. In
addition, such an experiment has to last for a long period of time in order that the natural cycles of
spanning and recruitment of benthic invertebrates could occur. Such an experiment was attempted in
Arcachon Bay, in conjunction with WP6.4 (Figure 1.1). This experiment unfortunately failed as a
consequence of cockles’ predation by gulls. Hence we are not able to present the results here.
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Figure 1.1: Pictures showing the field experiment attempted at banc d’Arguin (Arcachon bay) within
the COCKLES project (top: overview of the experiment, bottom: detail of one the experimental plot). In
each frame the abundance of cockles was manipulated. The experiment was planned to last until May
2019 in order to integrate the main recruitment period. Unfortunately, at the end of the experiment, the
density of cockles in all cages were similar most probably due to the predation by gulls.

This experimental approach was however conceived as complementary to the main study that is
presented here. This main study consisted in field observations of the macrobenthic community
occurring in cockles’ beds. This study was designed to take into account as best as possible, the
variability of macrozoobenthic communities among cockles’ beds occurring along the Atlantic Area.
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Within each bed, we aimed at studying the benthic macrofauna associated to varying levels of cockles’
abundance. In order to limit the occurrence of confounding factors the sampling took place on a very
limited range (<20 m) and we paid attention to sample areas located in the same habitat, avoiding, for
instance, local variations of elevation. This was done in order that the only factor of variation among
samples would be the density of cockles thanks to their aggregative distribution pattern. Sampling was
performed using a corer that was designed to allow the separation of the top 5-cm sediment layer of
from the bottom of the corer. This way, we aimed to investigate if cockles, which occur in the top 5cm of the sediment would have a stronger effect on diversity and composition of the macrozoobenthic
organisms occurring in this top layer of the sediment. The main goal of this study were hence to:
1/ describe the macrobenthic communities associated to cockles bed and its variability at the scale of
the investigated area;
2/ put in evidence possible relation between cockles’ presence and macrozoobenthic community
diversity and composition as a function of different depth-layers in the sediments.
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3. Methodology
Field sampling:
Samples were collected in six sites where cockles are known to regularly occur at high to moderate
density levels. These sites were, from north to south:
- Somme, Bay of Somme (Hauts-de-France, France) ; located at 50.247 °N, 1.553 °E ;
- Ronce-les-bains, Marennes-Oléron Bay (Nouvelle Aquitaine, France) ; located at 45.801 °N, 1.162
°W ;
- L’Embellie, Marennes-Oléron Bay (Nouvelle Aquitaine, France) ; located at 45.792 °N, 1.217 °W ;
- A Ramallosa, Baiona Inlet (Galicia, Spain) ; located at 42.117 °N, 8.822 °W;
- Seixal, Tejo estuary (Setùbal, Portugal) ; located at 38.630 °N, 9.109 °W;
- Olhão, ria Formosa (Faro, Portugal) ; located at 37.003 °N, 7.828 °W.

a

b

d

c

e

Figure 1.1 : Locations of the different sites (a : Olhao (ria Formosa, Portugal), b :
Seixal (Tejo estuary, Portugal), c : A Ramallosa (Baiona inlet, Spain), d : L’Embellie
and Ronce (Marennes-Oléron bay, France), e : Somme (bay of Somme)

Samples were collected in January-February 2019 in the sites of A Ramallosa, and Olhão, in March 2019
for the Somme site and in March 2020 for the sites: Ronce-les-Bains and l’Embellie.
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In each site, 20-cm diameter and 20-cm deep-sediment cores were collected at random in each site.
The extracted core was cut in order to separately gather the top 5-cm of the core and the bottom of
the core (the remaining 15 cm) (Figure 1.2). In addition, sediments samples were collected with an
additional 1.5-cm diameter core directly at the vicinity (ca. at a distance of less than 5cm) of the main
core.
The top 5 cm and the bottom 15-cm of each core were sieved through a 1-mm mesh sieve in order to
retrieve the macrofauna, including cockles. The top-5 cm was sieved first in order to make sure that
the number of collected cockles varied among samples, trying to collect a gradient of cockle’s density
as broad as possible given local distribution of cockles and available time. A total of six core were
collected at each site (seven at the Seixal site).

Figure 1.2: Picture showing the extraction of the top 5-cm layer of the sediment’s core.

Macrofauna sorting and identification
Macrofauna was fixed in 5% formalin waiting prior to identification. Identification of macrofauna was
performed by the Plateforme Biodiversité/ADERA. Fauna was carefully sorted from sediment particles
under binocular magnification. Fauna was identified, whenever possible, to species-level using up-todate references, and counted. This work was performed by the ADERA’s “Plateforme biodiversité”.
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Estimation of biovolume and biomass
In order to evaluate the volume represented by macrofauna in the sediment (“biovolume”) organisms
were measured under binocular using a constant magnification.
Depending on their size, organism’s volume was estimated by different methods
-

direct measure: for the largest individuals (i.e. individual volume >2 mL), water volume
change was measured after introducing blotted organism in a graduated vial. Bivalves and
gastropods were wrapped in thin layer of parafilm before volume measurement.
For smaller organisms, the volume was either:
-

Estimated from body measurements using binocular. Based on their general morphology, each
species was considered as either a cylinder (worm-like taxa such as polychaetes, oligochaetes,
nemerteans…) or a rectangle (small crustaceans such as amphipods or isopods,…). For cylindric
shape, three measures were made in order to estimate an average diameter for the cylinder:
One measure was made at the anterior (ex: first setiger in polycheates), the middle and the
posterior part of the body. The length of the body was measured precisely under binocular. IN
the case of rectangular shaped organisms the length, width and thickness were measured;
- Estimated as average per capita volume from water volume displacement. This method was
used for the smallest species (individual volume <) when a large number of individuals was
available. All organisms of that species were counted, blotted and put in a graduated vial with
water. The total volume displaced was divided by the number of individuals. This was done for
each sample where a sufficient number of individuals was available. The average volume of
one individual was determined as the mean inferred from the different samples;
- Estimated as average per capita from morphometric measures. This method was used for the
smallest species when the number of available individuals was not large enough to use the
previous method. In those cases, an average biovolume was estimated form morphometric
measures performed on groups of 20 individuals.
This work was performed by the ADERA’s “Plateforme biodiversité”.

Sediments characteristics
Sediment samples were frozen (-20°C) before analysis. Unfrozen, dried sediments samples were
weighted before being sieved through a 63-µm mesh sieve. The remaining fraction was dried and
sieved through a column of seven sieves of decreasing mesh size (from 4000 to 63 µm).
Organic matter content was determined by loss-on-ignition method (450°C, 4H). This work was
performed by the ADERA’s “Plateforme biodiversité”.
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Data analysis
Effect of cockles on macrozoobenthic community composition
The relation between macrozoobenthic community composition and cockles’ presence was assessed
by evaluating, for each sampled site, if the variations of cockles’ biomass in the top-layer of the core
(which encompass both the density and the size of cockles) could explain the variation of community
similarity among cores. This was done by computing the dissimilarity matrix of benthic community
among cores using the Bray-Curtis dissimilarity coefficient computed on fourth-root transformed
density data of each species, excluding cockles Cerastoderma edule from the data. The level of
correlation of this matrix with the matrix of Euclidean distances among cores computed on
standardized biomass values of cockles for each site. The level of correlation was tested with an
appropriate Mantel test which allowed to assess if the correlation coefficient should be considered as
different from zero.
This approach was performed on the fauna retrieved from the top 5-cm layer of the sediment, which
is the layer of the sediment were cockles are located. It was also performed on the fauna of the deeper
layer of the sediment (5-20 cm deep) and, finally, on the whole core (top layer +bottom layer). Our
goal was to assess possible stronger effect on the top-layer of the sediment compared to the deeper
layers of the sediment.

Effect of cockles on macrozoobenthic community abundance and diversity
Relations between cockles’ biomass and two measures of alpha-diversity, namely number of species
and Evenness/Dominance were investigated. The strength of the relation was measured as Spearman’s
rank correlation coefficient computed separately for each sites. In order to assess possible stronger
relation in the top layers of the sediment, the relations was investigated including (1) only the fauna
of the top 5-cm layer, (2) only the fauna from the deeper layer of the sediment and (3) the fauna of
the whole core.
Evenness/Dominance pattern was measured using Simpson’s 1-λ’ index of diversity which is an index
measuring the evenness of a community. This λ’ index measures the probability that two individuals
collected randomly in the sample belong to the same species (Simpson, 1965). It is thus a measure that
is extremely sensitive to dominance pattern. In order to use it as a diversity index, it is computed as 1λ’, as suggested by Pielou (1969).
𝑆
′

1 − 𝜆 = 1 − ∑(
𝑖=1

𝑛𝑖 (𝑛𝑖 − 1)
)
N(N − 1)

where ni is the number of individuals belonging to species i, S is the total number of species in the
sample and N is the total number of individuals in the sample.
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The relation between cockles’ biomass and beta-diversity was visually investigated by computing,
independently for each site, the species accumulation curve and the associated 95% confidence
interval. This plot was compared to the species accumulation curve built by ordering the samples in
rank of increasing cockles biomass. If cockles’ biomass had an effect on species accumulation rate (a
measure of β-diversity) one expected the built accumulation curve to lay at least partly out of the 95%
confidence interval area. This approach was again performed on the fauna of the (1) top, (2) bottom
layers and (3) of the whole core.
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4. Results
Characterisation of each sampling sites
Sediments
At all sampled sites, sediments consisted predominantly in sands (Embellie and Olhao) or muddy sands
with <10% silt & clays content (other sites) (Table 1.1). The mud content was indeed low but fine
particles and organic matter represented a non-negligible part of the sediments. Sands from both A
Ramallosa and Seixal sites were coarser (>500 µm) than in Olhao (>250 µm), Embellie, Ronce and
Somme sites (Figure 1.3). At the Somme site the sediment mainly consisted in particles in the range
125-250 µm whereas, in both Ronce and Embellie sites, the range of the most abundant particles
included both 125-250 µm and 250-500 µm fractions (Figure 1.3).

Table 1.1: average characteristics of the sediments at each of the study site

%
mud

sd

% sand

sd

% gravel

sd

Sand :Mud
ratio

% organic
matter

Dec-Jan
salinity
range

Embellie

0.6

0.1

97

2.1

2.5

2.2

>9 :1

0.4

28-35a

Seixal

3.6

1.0

87

3.8

9.3

3.7

mostly >9 :1

1.3

27-29

Olhao

2.2

0.6

96

0.7

1.7

0.6

>9 :1

0.6

36-37

Ronce

8.6

7.3

89

6.0

2.7

1.7

mostly >9 :1

0.5

28-35a

Somme

5.6

3.1

93

3.6

1.6

1.5

mostly >9 :1

0.9

33-34

A
Ramallosa

4.1

0.6

88

3.9

8.3

4.2

>9 :1

0.9

22-30

sites

a

data from Malet et al. (2008)
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Seixal

Figure 1.3 : Grain-size analyses for the six sampled sites. The sieve size is given in Phi-units (-2: 4000
µm,-1: 2000 µm,0: 1000 µm, 1: 500 µm, 2: 250 µm, 3: 125 µm, 4: 63µm)
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Cockles populations
The both density and biomass of cockles varied among sites (p-values of K-W tests < 0.001).
There was a higher biomass of cockles at the Somme site compared to the other sites except at Seixal
(Table 1.2). The latter site displayed an intermediate biomass value between all the other sites
(Embellie, Olhao, A Ramallosa, Ronce where average biomass was between 150 and 260
mgAFDW.core-1) and the Somme site (with a ten-fold higher biomass than the latter four sites) (Table
1.2, Figure 1.4).
Regarding abundance, the Seixal site displayed intermediate level of cockles’ density whereas a
continuum of increasing existed from Seixal, to A Ramallosa and, finally the Somme site (Table 1.2,
Figure 1.5). The lowest densities of cockles were found at the Olhao, Ronce and at the Embellie site
(Table 1.2). The recorded densities corresponded to a range of 48 to 2 992 ind.m-2).
The average size of cockles differed according to sites with larger cockles (mean individual biomass:
120-180 mgAFDW.indiviual-1) at Embellie, Seixal, Olhao and Ronce and smaller cockles (mean
individual biomass: 13-35 gAFDW.inidvidual-1) in the Somme and A Ramallosa sites (Figure 1.6, Table
1.2).
Individual size and densities combined, the volume occupied by cockles in the sediment varied
between >100 cm3 in the Somme site and <2 cm3 in Olhao (Figure 1.7).

Seixal

Ramallosa

Figure 1.4: Biomass of cockles among sampling sites. The plotted values are maxima (upper whisker
extent), percentile 75 (upper box extent), median (horizontal black bar), percentile 25 (lower box
extent) and minimal (lower whisker extent).
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Figure 1.5: Density of cockles among sampling sites (number of individual per core). The plotted
values are maxima (upper whisker extent), percentile 75 (upper box extent), median (horizontal black
bar), percentile 25 (lower box extent) and minimal (lower whisker extent).

Figure 1.6: Average biomass of individual cockles among sampling sites (mgAFDW per cockle). The
plotted values are maxima (upper whisker extent), percentile 75 (upper box extent), median
(horizontal black bar), percentile 25 (lower box extent) and minimal (lower whisker extent).
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Seixal

Ramallosa

Figure 1.7: Volume represented by cockles in each sites (in cm3). The plotted values are maxima
(upper whisker extent), percentile 75 (upper box extent), median (horizontal black bar), percentile 25
(lower box extent) and minimal (lower whisker extent).
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Table 1.2: Main features of the cockles’ populations in the different sampling sites. Letters indicate no
statistically significant differences.
Embellie
257a
(8.2
gAFDW.m-2)

Seixal
656ac
(20.9
gAFDW.m-2)

Olhao
148a
(4.7
gAFDW.m-2)

A Ramallosa
184a
(5.8
gAFDW.m-2)

Ronce
261a
(8.3
gAFDW.m-2)

Somme
3 159bc
(100.5
gAFDW.m-2)

Median number of
individuals per core
and per m²

1-2a
(48 ind.m-2)

8abc
(255 ind.m-2)

1-2ab
(48 ind.m-2)

19bc
(605 ind.m-2)

2ab
(64 ind.m-2)

94c
(2 992 ind.m2)

Average biomass of
individual
cockles
(mgAFDW.individual)

177a

122a

145a

13b

143a

35b

Volume of cockles
(cm3)

6.50

19.50

1.75

7.00

7.15

105.03

Median biomass
(mgAFDW.core-1)

Macrozoobenthic communities associated to cockles’ bed along the Atlantic area
The macrozoobenthic communities associated to cockles’ beds differed according to sampled sites
(Table 1.3). Excluding Cerastoderma edule, there was indeed no species occurring at all sampled sites.
There are however affinities among pairs of sites as shown by cluster analysis (Figure 1.8). More
precisely, the figure shows that the geographical distance among sites is probably one of the main
factor correlated to the observed differences. The closest sites, namely A Ramallosa (Ria de Vigo, North
western Spain) and Seixal (Tejo estuary, central Portugal) indeed display a higher level of community
similarity and a very close level of diversity (Figure 1.9), followed by Olhao (Ria Formosa, southern
Portugal) which displayed the most diversified community (Figure 1.9). On the other hand, there was
similarity between the communities of benthic organisms in the sites of Ronce and Embellie although
the very low density of fauna in Embellie is a factor of heterogeneity in the dendogram. Finally, the
macrobenthic community of the northernmost site (Somme) formed a third, quite separated, cluster
(Figure 1.8). The latter three sites displayed lower diversity than the Spanish and Portuguese sites
(Figure 1.9).
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Table 1.3: Main species encountered in each sampled sites. The reported values correspond to the
median number of individual per core (rounded up). The cockle Cerastoderma edule is not included in
the table.
Taxa

Somme

Ronce

Embellie

Olhao

A
Ramallosa

Seixal

115

3

-

1

20

1

ANNELIDA
Oligochaeta

Ampharetidae
Capitella

-

Eteone longa

5

Glycera tridactyla

-

Hediste diversicolor

1

1

Heteromastus filiformis

1

1
24

2

9

-

Malacoceros fuliginosus

10

Microphthalmus pseudoaberrans

162

Nephtys hombergii

1

3

Notomastus latericeus

1

-

3

Onuphis farensis
Pygospio elegans

-

3
19

-

Streblospio benedicti
Tharyx

39

-

37

3

1

4

MALACOSTRACA
Bathyporeia pilosa

1

-

Bathyporeia sarsi

-

-

Corophium arenarium

3

Cyathura carinata

1

-

6

Lekanesphaera bocqueti

2

Tanais dulongii

14

Carcinus maenas

-

3

18

4

-

(Table 1.3 continued)
HEXAPODA
Dolichopodidae

-

4

-

10

1

54

43

325

-

4

-

20

1

28

28

MOLLUSCA
Limecola balthica

10

Polititapes aureus

1

Ruditapes decussatus
Scrobicularia plana

-

-

Bittium reticulatum

12

Cyclope neritea

-

1

Ecrobia ventrosa

40

Peringia ulvae

6

Macomangulus tenuis

80
-

2

CNIDARIA
Anthozoa

2
NEMATODA

Nematoda

9
NEMERTEA

Nemertea
Total number of species

18

19

-

-

20

14

34

Figure 1.8: classification of the samples resulting from the cluster analysis based on Bray-Curtis
dissimalirity on fourth-root transformed abundance data of benthic macrofauna associated to cockles.
(Cockles were excluded from this analysis).

Figure 1.9: Total number of taxa recorded in each of the six sampled sites.
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Relation between cockles biomass and macrofauna
Composition of the benthic community
Both layers
The effect of cockles’ density on macrozoobenthic community composition was measured for each site
by computing the coefficient of correlation between the matrix of community dissimilarities among
cores and the biomass of cockles (Table 1.4). This level of correlation was not significantly different
from zero (Mantel test, p-values >0.05) in all sites except at the A Ramallosa sites where the p-value
was marginally significant (p=0.032) (Table 1.4).

Table 1.4: Relation between macrozoobenthic community composition and cockles’ biomass. This table
gathers the coefficient of correlation between the macrofauna Bray-Curtis dissimilarity matrix and the
matrix of Euclidean distance based on cockles’ biomass variation among cores. Significant correlations
are indicated by *.
sites
Somme
Embellie
Seixal
A Ramallosa
Ronce
Olhao

Correlation coefficient
-0.114
-0.323
-0.111
0.583*
-0.486
0.553

p-value (Mantel test)
0.652
0.889
0.657
0.032*
0.969
0.080

These results demonstrate that cockles’ biomass did not explain the main differences of
macrozoobenthic community composition among cores except at the A Ramallosa site. In the latter
site, the core displaying the highest biomass of cockles displayed a macrofauna assemblage that was
relatively dissimilar to that of other cores with lower cockles’ biomass (Figure 1.8).

Top layer
When considering only the fauna of the top 5-cm of the sediment, there were no correlation in most
case between the similarity of benthic community and the biomass of cockles (Table 1.5). There were
however two exceptions namely the sites of Olhao and Embellie. In both sites the increased presence
of cockles was correlated to decreasing similarity among cores. The p-values were relatively high (pvalue < 0.05).
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Table 1.5: Relation between macrozoobenthic community composition of the top 5-cm layer and
cockles’ biomass. This table gathers the coefficient of correlation between the macrofauna Bray-Curtis
dissimilarity matrix and the matrix of Euclidean distance based on cockles’ biomass variation among
cores. Significant correlations are indicated by *.
sites
Somme
Embellie
Seixal
A Ramallosa
Ronce
Olhao

Correlation coefficient
-0.129
0.471
0.066
0.013
-0.203
0.654

p-value (Mantel test)
0.699
0.028*
0.368
0.499
0.731
0.011*

Bottom layer
There was no correlation between cockles’ biomass and variation sin the macrozoobenthic community
from the deeper layer (5-20 cm depth) of the sediment, regardless of sites (Table 1.6).

Table 1.6: Relation between macrozoobenthic community composition of the 5-20 cm bottom layer and
cockles’ biomass. This table gathers the coefficient of correlation between the macrofauna Bray-Curtis
dissimilarity matrix and the matrix of Euclidean distance based on cockles’ biomass variation among
cores. Significant correlations are indicated by *.
sites
Somme
Embellie
Seixal
A Ramallosa
Ronce
Olhao

Correlation coefficient
0.010
-0.441
-0.361
-0.039
-0.394
-0.012
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p-value (Mantel test)
0.364
0.989
0.967
0.582
0.939
0.428

Abundance of macrofauna
Both layers
Considering the whole community in the core (excluding cockles), there were significant difference of
macrofauna abundance among sites. More particularly, a pattern of low abundance (less than 10
individuals per core) at the Embellie site opposed to a high abundance site in A Ramallosa (several
hundreds of individuals per core) was observed (Table 1.7).

Table 1.7: average values (median) of macrofauna abundance per sample (number of individuals).
When significant differences occurred the groups of similar level resulting form post hoc tests are
indicated by letters.
sites
Embellie
A Ramallosa
Seixal
Olhao
Ronce
Somme

whole core
4a
869bc
88ab
224abc
14ab
37ab

top 5-cm layer
2abc
726cde
67abcde
203bcde
11abcd
33abcde

bottom layer
2bc
143ab
21abc
12abc
5abc
5abc

% abundance in the top 5-cm layer
50%
84%
76%
91%
78%
89%

There was no significant tendency of increasing or decreasing fauna density with respect to increasing
cockles’ biomass : all Spearman r-values were low and not significantly different from 0 (p>0.05, Figure
1.10).
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Figure 1.10: Number of individuals per core (cockles are not included) as a function of cockles’
biomass. The Spearman rank correlation (r) is given as well as the corresponding p-value.

Top layer
The Top 5-cm layer usually included more than 75% of the macrofauna retrieved form a core. The only
exception was in the Embellie site where the macrofauna density was very low (with a meidan value
of 4 individuals per core).
There were significant differences of fauna density in the top 5-cm layer of the sediment among sites
(Kruskall-Wallis test, p <0.001). This was mainly the case between the A Ramallosa and, to a lesser
degree, the Olhao site compared to the Embellie site and the site of Ronce.
There was no relation between the abundance of macrofauna in the top layer of sediment and the
biomass of cockles (Figure 1.11).
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Figure 1.11: Number of individuals in the top5(-cm of the core (cockles are not included) as a function
of cockles’ biomass. The Spearman rank correlation (r) is given as well as the corresponding p-value.

Bottom layer
The bottom layer of the core (deeper than 5 cm) included less than a quarter of the macrofauna
retrieved from a core.
The median number of individuals per core were similar among sites except that there was a higher
number of individual at the A Ramallosa site than in the Embellie site.
There was no relation between the abundance of macrofauna and the biomass of cockles (Figure 1.12).
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Figure 1.12: Number of individuals (cockles are not included) in the deeper layer (>5-cm depth) of the
core as a function of cockles’ biomass. The Spearman rank correlation (r) is given as well as the
corresponding p-value.
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Number of species
Both layers
Regarding the number of species in the whole core, the highest average number of species was
measured in the A Ramallosa site with an average of 18 taxa per core, followed by Olhao and Seixal
sites with 13-14 taxa per core on average, Ronce and Somme sites displayed between 6 and 7 species
per core which was significantly lower than in A Ramallosa site (Neminyi test, p <0.05). The lowest
number of species per core was recorded at the Embellie site with only2 to 3 species per core (Table
1.8).

Table 1.8: average values (median) of number of species per sample. When significant differences
occurred the groups of similar level resulting form post hoc tests are indicated by letters.
sites
Embellie
A Ramallosa
Seixal
Olhao
Ronce
Somme

whole core
2-3ab
18-19c
13ab
13-14cb
6-7ab
6-7ab

top 5-cm layer
1ab
16-17c
11b
13bc
4-5b
4-5b

bottom layer
2a
11ab
5a
4a
2-3a
3-4a

There was no correlation between the number of species of the macrofauna and the biomass of cockles
found in the same core regardless of the study site (Figure 1.13). This was the case even in areas, such
as the Somme, where cockle’s biomass was very high (> 5 g AFDW per core). In addition, according to
the sign of the coefficients of correlation there was no evidence of any pattern of general tendency at
all sites in the direction of the relation: neither negative nor positive (Figure 1.13).
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Figure 1.13 : Relation between cockles’ biomass in sample and number of species in the whole core
(=top+bottom layers) for each site. Spearman rank correlations coefficient is given (r) as well the
corresponding p-value.

Top layer
The density of species (number of species) in the top 5-cm layer of the sediment tended to be higher
in the A Ramallosa and, to a lesser level in Olhão, compared to the other sites, especially when
compared to the site of Embellie, and to a lesser degree to the Ronce and Somme sites (Table 1.8.).
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Focusing only on the top 5-cm layer of the sediment where cockles are located, there was no
correlation between the number of species of the macrofauna and the biomass of cockles found in the
same layer regardless of the study site (Figure 1.14): there was no p-value indicating that the
coefficient of correlation could be considered as different form 0. This was the case even in the Somme
site, where cockle’s biomass was very high (> 5 g AFDW per core). Comparison of the sign of the
coefficients of correlation indicated no evidence of any pattern of general tendency at all sites in the
direction of the relation: neither negative nor positive (Figure 1.14).

Figure 1.14: Relation between cockles’ biomass in sample and number of species in the top 5 cm layer
of the core for each site. Spearman rank correlations coefficient is given (r) as well the corresponding
p-value.
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Bottom layer
In general, the number of species encountered in the bottom layer (more than 5-cm depth) was similar
among sites except in the A Ramallosa site that displayed higher number of species than in the Embellie
site (Nemenyi tets, p=0.009).
Regarding the bottom part of the core (deeper than 5 cm) which was supposedly less influenced by
the activity of cockles, there was no significant relation (all p-values >0.05) between cockle’s biomass
and number of species recoded in the bottom part of the core (Figure 1.15). As previously observed
for the top layer and the whole core, there were no tendency among sites regarding the sign of the
putative correlation (Figure 1.15).

Figure 1.15: Relation between cockles’ biomass in sample and number of species in the bottom layer
(>5 cm-deep) of the core for each site. Spearman rank correlations coefficient is given (r) as well the
corresponding p-value.
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Evenness/Dominance
Both layers
Evenness/dominance were estimated using Simpsons 1-D value. When measured at the scale of the
whole core. There was a significant difference of average evenness among sites (Kruskall-Wallis test,
p=0.018). More precisely, A Ramallosa and Somme sites displayed the highest and lowest evenness
values, respectively (Nemenyi post hoc test, all p> 0.05 except p=0.045 for A Ramallosa-Somme
comparison) (Table 1.9).

Table 1.9: average values of Simpson’s 1-D evenness index. When significant differences occurred the
groups of similar level resulting form post hoc tests are indicated by letters.
sites
Embellie
A Ramallosa
Seixal
Olhao
Ronce
Somme

whole core
0.65a
0.77a,b
0.68a,b
0.68a,b
0.73a,b
0.47b

top 5-cm layer
0.48
0.72
0.68
0.65
0.63
0.47

bottom layer
0.57
0.71
0.46
0.60
0.51
0.47

For every site there was no relation between the biomass of cockles and the evenness of the benthic
community: all p-values were higher than 0.05. There was no recurrent pattern of neither increase nor
decrease of evenness as a function of cockles’ biomass (Figure 1.16).
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Figure 1.16: Relation between Evenness of the benthic community of the whole core and cockles’
biomass. Spearman’s rank correlation coefficient (r) is given as well as the corresponding p-value.

Top layer
There was no significant difference of average evenness among site (Kruskall-Wallis test, p=0.091)
when considering the fauna of the top 5-cm layer of the cores. Except at the Embellie site, where there
was a significant decrease of evenness with increased cockles’ presence (Spearman’s r=-0.88, p=0.020),
there was otherwise no relation between cockles’ biomass and evenness (Figure 1.16).
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Figure 1.16 : Relation between Evenness of the benthic community of the tp 5-cm layer of the core
and cockles’ biomass in the core. Spearman’s rank correlation coefficient (r) is given as well as the
corresponding p-value.

Bottom layer
When considering only the fauna occurring at the deeper layer of the sediment, there was no
difference of evenness among sites (Krukall-Wallis test, p=0.264). In addition there was no evidence of
any relation between the evenness value and increased presence of cockles (Figure 1.17).
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Figure 1.17: Relation between Evenness of the benthic community in the bottom (>5-cm depth) layer
of the core and cockles’ biomass in the core. Spearman’s rank correlation coefficient (r) is given as
well as the corresponding p-value.
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Beta-diversity
Both layers
Figure 1.18 illustrates how the rate of species encounter across samples (a measure of β-diversity)
could be affected by the increasing biomass of cockles. At the scale of the whole core, our results
indicate no evidence of any modification of species encounter rate across samples that may be
attributed to a threshold of cockles’ biomass. The curve built by pooling samples in order of increasing
cockles’ biomass was indeed similar to the average curve built by pooling samples in all possible
combinations (Figure 1.18)

Figure 1.18 Accumulated number of species as a function of number of pooled samples ranked in
order of increasing cockles’ biomass. The dotted black line corresponds to the average number of
species that could be found in any combination of samples together with the computed 95%
confidence interval of this average number. This curve is to be compared to the blue curve which
corresponds to the number of species found when one pools samples in ranks of increasing cockles’
biomass. If the blue line, at some point stands out of the space defined by the confidence interval (CI),
this could indicate a threshold of cockles’ biomass where the rate of species encounter would increase
(if blue line stands above the CI-space)) or would decrease (if the blue line stands below the CI space)
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Top layer
The results obtained when focusing only on the species encountered in the top 5-cm layer of the cores
are very similar to those obtained for the whole core (Figure 1.18 and Figure 1.19). There was no
evidence of any pattern of decrease/increase of species encounter rate as a function of increasing
cockles’ biomass.

Figure 1.19: Accumulated number of species as a function of number of pooled samples ranked in
order of increasing cockles’ biomass. The samples pooled here corresponded to the top 5-cm layer of
the cores. The dotted black line corresponds to the average number of species that could be found in
any combination of samples together with the computed 95% confidence interval of this average
number. This curve is to be compared to the blue curve which corresponds to the number of species
found when one pools samples in ranks of increasing cockles’ biomass. If the blue line, at some point
stands out of the space defined by the confidence interval (CI), this could indicate a threshold of
cockles’ biomass where the rate of species encounter would increase (if blue line stands above the CIspace)) or would decrease (if the blue line stands below the CI space)
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Bottom layer
Regarding the bottom layer of the cores, the rate of species accumulation was not obviously modified
by increasing cockles’ biomass (Figure 1.20). There was however a weak pattern of increased rate in
the sites of Seixal, A Ramallosa, Ronce, Somme and, maybe at Embellie. In those sites, a slight increase
of the rate of species accumulation could be observed between 1.1 and 1.6 gAFDW.core-1 in Seixal,
0.10 and 0.4 gAFDW.core-1 in A Ramallosa, 0.3 and 0.6 gAFDW.core-1 in Ronce, 2.3 and 4.0 gAFDW.core1
in the Somme site and, even more weakly between 0.2 and 0.3 gAFDW.core-1 at Embellie.

Figure 1.20 : Accumulated number of species as a function of number of pooled samples ranked in
order of increasing cockles’ biomass. Here samples consisted in the bottom layer of the cores. The
dotted black line corresponds to the average number of species that could be found in any
combination of samples together with the computed 95% confidence interval of this average number.
This curve is to be compared to the blue curve which corresponds to the number of species found
when one pools samples in ranks of increasing cockles’ biomass. If the blue line, at some point stands
out of the space defined by the confidence interval (CI), this could indicate a threshold of cockles’
biomass where the rate of species encounter would increase (if blue line stands above the CI-space))
or would decrease (if the blue line stands below the CI space)
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Biovolume
The average total volume occupied by living macrofauna varied between 5.64 and 109.92 cm 3
depending on sites (Figure 1.21). Compared to the available volume in a 20-cm diameter and 20 cmdeep core, this represented about 1.7 % of the available volume in the Somme sites where the highest
volume of macrofauna was measured to less than 0.1% of the available volume in the sites of Ohlao
and Embellie where the lowest volumes were measured.
On average, cockles contributed to at least 25% of the total volume represented by macrofauna. This
could reach up to more than 98% in the Embellie and Somme sites (Table 1.10).
There was, in most cases, no significant correlation between cockle’s volume and the volume occupied
by other species of the macrofauna (Figure 1.22a and b). The only significant positive relation was
observed for the macrofauna in the top 5-cm layer of the sediment of this site (Figure 1.22a).

Table 1.10: Overview of the volume (in cm3) represented by living macrozoobenthic organisms in the
sediment.
Whole fauna
Total
Embellie

cockles

Top 5-cm

Other than cockles

Bottom

Top 5-cm

Bottom

6.55

6.55

0.10

6.50

0.05

0.10

Seixal

39.97

34.54

20.02

19.50

15.04

20.02

Ohlao

5.64

5.14

0.15

1.75

3.39

0.15

26.41

10.02

12.37

7.00

3.02

12.37

8.28

7.25

0.57

7.15

0.10

0.57

106.92

106.27

0.43

105.03

1.24

0.43

A Ramallosa
Ronce
Somme
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Figure 1.21: Overview of the volume occupied by living macrofauna in top-5 cm layer (b) and bottom
layer (c) of the sediment. The volume represented by cockles is represented separately (a). All volumes
are in cm3.
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Figure 1.22a: Relation between the volume occupied by cockles (in mm3) and the volume of other living
macrofauna organisms in top-5 cm layer (left pannel) . : Relation between the volume occupied by
cockles (in mm3) and the volume of other living macrofauna organisms measured in the whole core
(right panel). All volumes are in mm3. The p-values of the correlation test is displayed.
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Figure 1.22b: Relation between the volume occupied by cockles (in mm3) and the volume of other living
macrofauna organisms in top-5 cm layer (left pannel) . : Relation between the volume occupied by
cockles (in mm3) and the volume of other living macrofauna organisms measured in the whole core
(right panel). All volumes are in mm3. The p-values of the correlation test is displayed.
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5. Discussion and Conclusions
Cockles are able to settle in a broad range of soft sediments types but constitutes dense cockle beds
in a rather narrower range of sandy habitats (de Montaudouin et al., 2003). Our study suggested that,
in the investigated areas, cockles beds are found on sheltered to semi-sheltered bottoms that consists
predominantly in various types of sands (fine sands, medium sands, coarse sands and every mixture of
the grain-size categories). The silt and clay fraction is always present although it can represent less
than 1% of sediments’ weight. Though always present, this fine particle fraction reached a maximum
value of about 15% of sediments’ weight in the study sites, suggesting that environmental conditions
allowing higher fine particles sedimentation rate may prevent the formation of dense cockle beds.
These beds were usually located near the marine entrance of bays and estuaries where the winter
salinity range suggested that euhaline to polyhaline salinity conditions occurred.
The composition of the benthic macrofauna community of these beds was variable among cockles
beds with no other species except Cerastoderma edule that were found in all beds. The species that
occurred the most commonly among the sampled beds were the bivalve Scrobicularia plana, the
gastropod Peringia ulvae and the polychaetes Pygospio elegans and Nephtys hombergii. These species
are typically found in south European estuaries (Blanchet et al., 2014) and corresponds, together with
cockle Cerastoderma edule to the ‘impoverished’ Macoma (Limecola) balthica community (Borja et al.,
2004). However, this study showed that cockle beds also occur in habitats associated to the Tellina
(Macomangulus) tenuis community such as in the Embellie and Olhao sites. This is also the case in
Arcachon bay (pers. obs.). As a conclusion, there are no evidence of any strong link between the
presence of dense cockle population and the composition of the benthic macrofauna community. The
species composition of the latter community probably mainly reflects both salinity and hydrodynamic
conditions of the location as well as difference in the biogeography of species. The composition of the
benthic community corresponded with those already published in the same area: Rodrigues et al.
(2006) and Chainho et al. (2010) for the Tagus estuary, Anadon (1980) for A Ramallosa, Desprez et al.
(1986), McLusky et al. (1994) for the bay of Somme, Sauriau et al. (1988), de Montaudouin & Sauriau
(2000) for Ronce and Embellie areas.
Regarding the effect of cockles’ biomass on other macrofauna species composition, this study showed
no correlation between increasing cockles’ biomass and macrofauna community structure: variation
in cockles’ biomass was only an explanatory variable of variations in community structure at one (A
Ramallosa) out of the six sites where cockle’s biomass variations was not related to change in
macrobenthic community structure. In addition, the correlation at the site of A Ramallosa was not
significant when considering either the top 5-cm layer or the deeper layer of the sediment. In order to
address the possible mechanisms of cockles effects, the study addressed with more details the top 5cm layer of the sediment, where cockles dwell. This study however showed no relationship in most
cases and a marginal relation at the Embellie site where two samples of the top-layer only included
cockles. As a conclusion the effect of cockles’ biomass variation on macrofauna community structure
are not evidenced by our data.
When considering benthic macrofauna diversity, there were no correlation between number of species
and cockles’ biomass neither at the scale of the full core nor when considering the top 5-cm layer of
sediments. Similar lack of correlation was observed when considering abundance and evenness
component of benthic diversity.
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Beta diversity measured using accumulated number of species in order of increasing cockles’ biomass
did not show any pattern evidencing an effect of cockles’ biomass on the beta diversity of benthic
community.
The volume occupied by the different benthic organisms and especially cockles was measured in order
to assess if potential effect of cockles on other microbenthic organisms could be related to the volume
occupied by cockles in the sediment. Our results showed that cockles could represent a volume up to
150 cm3 in the sediment while the rest of macrofauna represented, at most, less than 100 cm3 in a
total volume of 6 280 cm3 in a 20 cm diameter core. This volume represented by macrofauna is, at
most, less than 4% of the available volume. When considering the top 5-cm layer, cockles could
represent up to 10% of the volume while the remaining macrofauna would occupy a total volume of
less than 20 cm3 (1%). A significant relation of increasing macrofauna organisms of the top layer of the
sediment with increasing volume of cockles was only observed at one of the sites, there was hence
few evidence of any relation between cockles’ volume and other macrofauna organisms.
As a conclusion, this study showed that, when considering the diversity of ecological situation where
cockles usually constitute dense beds, no obvious direct effect of cockles on the diversity, composition
or organization of the associated benthic community could be demonstrated. In contrast with our
findings, other studies focusing on the effect of cockles density on macrobenthic community and
ecosystem functions reported significant changes of benthic community composition and traits
distribution associated with removal of adults cockle from plots (Cesar & Frid, 2009). However most
results reported in the latter study were no significant changes if Cerastoderma edule was removed
from the analyses. As a conclusion there are indeed few evidence of Cerastoderma edule effect on
other macrobenthic organisms at the small spatial scale of a cockle’s bed. This does not mean that C.
edule plays no role on macrobenthic community structure and diversity but this role was not evidenced
when addressing small spatial and/or relatively short-time (e.g. Cesar & Frid, 2009)-scales.
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7. ANNEX
Estimation of macrofauna biovolume – Main results
ADERA’s PLATEFORME BIODIVERSITE was missioned to produce data on macrofauna biovolume to be
used for the purposes of the COCKLES project.
The accuracy of the estimates of biovolumes developed by the ADERA’s PLATEFORME BIODIVERSITE was
tested by comparing the volume of macrofauna (excluding molluscs) measured by water displacement
to the biovolume estimated through simple biometric measurements performed on organisms by the
PLATEFORME BIDIVERSITE (Figure A). The coefficient of determination was high (R²=0.989) and
significantly different from 0 (p-value < 2.2 .10-16). The test of the intercept showed that the intercept
was not different from 0 (p-value=0.353), the test of the slope showed that the slope was different from
0 (p-value < 2.10-16).

Figure A: Comparison between volumes of macrofauna estimated (x-axis) and volume measured by
water displacement (y-axis). Each point corresponds to one sample. The mathematical linear relation is
given as well as the coefficient of determination. This graph permits to validate the accuracy of the
method to correctly evaluate biovolumes.
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