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Abstract The small-scale spatial distribution of Dunlin

Calidris alpina staging and wintering in Bourgneuf Bay

(France) was investigated on two different mudflats colo-

nized by either epipsammic- or epipelic-dominated mi-

crophytobenthos assemblages. Shorebird counts were

conducted monthly at ebb tide from October 2011 to May

2012 and from November 2012 to May 2013. Multiple

linear regressions followed by hierarchical partitioning of

variance showed that microphytobenthos biomass was not

a significant factor to explain Dunlin densities. However,

on epipelic-dominated mudflats, Dunlins did not show their

typical ‘‘tide follower’’ behaviour and instead significantly

selected the highest microphytobenthos biomass zones.

The biomass of a gastropod predator of an important local

Dunlin prey, Retusa obtusa, was negatively correlated with

Dunlin densities. This paper provides new suggestions in

the ways that biofilms on mudflats affect small shorebird

foraging.

Keywords Epipsammic and epipelic diatoms � Foraging
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Zusammenfassung

Die Nutzung von Wattflächen durch Alpenstrandläufer

Calidris alpina im Hinblick auf mikrophytobenthische

Biofilme

Die kleinräumige Verteilung von Alpenstrandläufern Cal-

idris alpina, die in der Bucht von Bourgneuf (Frankreich)

rasten und überwintern, wurde auf zwei verschiedenen

Wattflächen untersucht, die von Mikrophytobenthosge-

meinschaften besiedelt wurden, welche entweder von

epipsammischen oder epipelischen Arten dominiert wur-

den. Watvogelzählungen wurden monatlich bei Ebbe von

Oktober 2011 bis Mai 2012 durchgeführt. Multiple lineare

Regressionen, gefolgt von der hierarchischen Partitionie-

rung der Varianz, zeigten, dass die Biomasse des Mi-

krophytobenthos keinen signifikanten Einfluss auf die

Dichte der Alpenstrandläufer hatte. Auf von epipelischen

Arten dominierten Wattflächen zeigten Alpenstrandläufer

jedoch nicht ihr typisches ‘‘Gezeitenfolgeverhalten’’,

sondern wählten stattdessen die Zonen mit der höchsten

Mikrophytobenthosbiomasse. Die Biomasse einer Sch-

necke, die eine wichtige lokale Beute des Alpen-

strandläufers frisst (Retusa obtusa), zeigte eine negative

Korrelation mit der Alpenstrandläuferdichte. Diese Studie

liefert neue Hinweise, dass Biofilme auf Wattflächen das

Nahrungsverhalten kleiner Watvögel beeinflussen.

Introduction

Intertidal mudflats are major feeding areas for staging and

wintering shorebirds (e.g. Smit and Piersma 1989; van de

Kam et al. 2004). Their cyclic exposure allows predictable

Communicated by F. Bairlein.

S. Drouet � V. Turpin � B. Cognie � R. P. Cosson �
P. Decottignies (&)

MMS-IUML, CNRS FR 3473, Université de Nantes, BP 92208,
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access to food resources (Burger 1984; Colwell 1993;

Zwarts and Wanink 1993). At certain times of the year,

shorebirds can number several tens of thousands feeding on

the same mudflat ecosystem. Thus, even if there are very

few studies on that topic, they obviously play an important

role in food web fluxes (Moreira 1997). They are typically

considered as predators of benthic macroinvertebrates (e.g.

Yates et al. 1993; Dierschke et al. 1999; Rosa et al. 2007;

Jing et al. 2007). However, the discovery that small sand-

pipers can feed by grazing microphytobenthos biofilms

questioned the position of shorebirds in food webs and

highlighted missing direct trophic links between small

sandpipers and microphytobenthos (Kuwae et al. 2008,

2012; Mathot et al. 2010; Beninger et al. 2011; Quinn and

Hamilton 2012). Despite phylogenetic data suggesting that

biofilm feeding by shorebirds is widespread on intertidal

mudflat ecosystems (Kuwae et al. 2012), this phenomenon

remains poorly understood. For example, Beninger et al.

(2011) demonstrated that a downward trophic shift occurs

in the Western Sandpiper Calidris mauri during breeding

migration: they do not use biofilms as their main food

source throughout their distribution range.

Individuals of shorebird species adjust their foraging

behaviour from one location to another according to envi-

ronmental variations, e.g. prey abundance, prey size or

sediment characteristics (e.g. Baker and Baker 1973; van de

Kam et al. 2004; Dias et al. 2009; Kuwae et al. 2010).

Moreover, the distribution of feeding shorebirds on intertidal

areas is positively correlated with the density and/or avail-

ability of their prey (e.g. Meire and Kuyken 1984; Yates et al.

1993; Finn et al. 2008). Shorebird behaviour and foraging

habitat are dependent on tidal variations: their use of inter-

tidal areas changes in response to the moving water line (e.g.

Burger et al. 1977; Nehls and Tiedemann 1993; Burton et al.

2004; van de Kam et al. 2004; Dias et al. 2006; Granadeiro

et al. 2006; Rosa et al. 2007). A good knowledge of their use

of intertidal areas from a large scale (wintering, stopover and

breeding sites) to a small one (intertidal feeding areas within

a site) is required for their management and their conserva-

tion within the flyways (Nehls and Tiedemann 1993; Moreira

et al. 1999; Burton et al. 2004; Granadeiro et al. 2007;

Quaintenne et al. 2011; Piersma 2012).

Bourgneuf Bay is located at a central position on the

East Atlantic flyway (Delany et al. 2009) and is a site of

international importance for migrant or wintering shore-

birds in France (Deceuninck and Mahéo 2000; Mahéo and

Le Dréan-Quénec’hdu 2012). The most abundant wader at

this site is the Dunlin Calidris alpina, which is one of the

most abundant shorebird species in the world and the most

abundant of the flyway (Smit and Piersma 1989; van de

Kam et al. 2004; Delany et al. 2009). This species displays

a great flexibility in foraging behaviour (Baker and Baker

1973; Dierschke et al. 1999; Kuwae et al. 2010, 2012).

They select opportunistically a variety of benthic macro-

invertebrates (for references, see Nehls and Tiedeman

1993; Dierschke et al. 1999) and are able to feed partially

on microphytobenthic biofilms (Kuwae et al. 2012).

However, nothing is known about their feeding ecology in

Bourgneuf Bay.

Bourgneuf Bay is colonized by high biomasses of dia-

tom-dominated microphytobenthos biofilms which are

permanently present on the intertidal areas (Méléder et al.

2005, 2013). These biofilms represent a significant part of

primary consumer diets (Decottignies et al. 2007). This

ecosystem is also characterized by the occurrence of two

distinct microphytobenthos assemblages (Méléder et al.

2003, 2005, 2007, 2013). The first one consists of epipelic

diatoms which grow on muddy sediments and migrate

vertically at low tide (e.g. Jesus et al. 2009). They form

brownish biofilms at the mudflat surface and are available

as food resource to grazers, e.g. mullets or mudsnails (e.g.

Cartaxana et al. 2003; Carpentier et al. 2014). Conversely,

the second assemblage is dominated by small epipsammic

diatoms which grow in mixed sediments (muddy-sandy to

sandy-muddy) and are fixed to sediment particles that

precludes their migration to the mudflat surface (e.g. Jesus

et al. 2009). Bourgneuf Bay therefore appears to be a rel-

evant site to investigate any eventual correlation between

microphytobenthos and Dunlin distributions.

In the present study, we assessed Dunlin use of intertidal

mudflats at a site dominated by epipsammic diatoms and a

site dominated by epipelic diatoms. We examined whether

microphytobenthos and/or macrofauna availability can

explain Dunlin distribution with respect to tidal and sea-

sonal changes.

Materials and methods

Study sites

Bourgneuf Bay is situated along the French Atlantic coast

(46�530–47�080N, 1�550–2�230W), south of the Loire estu-

ary. The total surface area is 340 km2, of which 100 km2

are intertidal mudflats.

Satellite image analysis has shown that the micro-

phytobenthos spatial structure did not vary in this bay ove

more than three decades (1986–2011; Méléder et al. 2013).

Shorebird counts and macrofauna sampling were per-

formed on the Lyarne and La Coupelasse mudflats, both

strongly colonised by microphytobenthos (Fig. 1). Lyarne

sediments are mixed (muddy-sandy to sandy-muddy) and

dominated by epipsammic diatoms, whereas the La

Coupelasse sediments are muddy and mostly covered by

epipelic-dominated microphytobenthos biofilms (Méléder

et al. 2003, 2005, 2013).
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Spatial estimation of the microphytobenthos biomass

Analysis of microphytobenthos spatial distribution was

performed using SPOT satellite imagery acquired March

28, 2013 (Fig. 2). Atmospheric corrections were done

using the ENVI 4.7 FLAASH module integrating the

MODRAN4 atmospheric model. Microphytobenthos bio-

mass was estimated using the Normalized Difference

Vegetation Index (NDVI; Tucker 1979) calculated in cal-

ibrated reflectance images (R), using red (Rred:

610–680 nm) and near-infrared (RNIR: 780–890 nm) SPOT

spectral bands: NDVI = (RNIR - Rred)/(RNIR ? Rred). In

Bourgneuf Bay, previous microphytobenthos mapping

established that this index differentiates well between the

macrophytes and the microalgae using radiometric thresh-

old values between 0 and 0.3 (Méléder et al. 2003). Low

NDVI values (\0.15) correspond to a low microphyto-

benthos biomass while high NDVI ([0.15) values are

associated with a high microphytobenthos biomass.

Dunlin counts on mudflats at ebb tide

Dunlin counts were performed monthly at neap tides from

November 2011 to May 2012 and from October 2012 to

May 2013. In order to assess the tidal variations in their

spatial distribution, birds were counted at each site on three

bathymetric belts (A, B and C) divided in two parts [low

(1) and high (2) microphytobenthos biomass], which makes

a total of 6 counting zones per site (Fig. 2). These counting

zones were delineated with plastic poles of different colors.

The total monitored areas accounted for almost 0.6 km2 at

Lyarne and 0.3 km2 at La Coupelasse. Counts began at ebb

tide, when the upper bathymetric belt was fully exposed,

and lasted for 5 h with 1-h intervals between each. All

counts were performed under favourable weather condi-

tions (no rain, mist or fog), sufficient brightness (between

1000 and 1700 hours) and by the same observer with an

930 Kite sp-ED-80 telescope. the viewpoint was located

far enough from each mudflat area to avoid any bird dis-

turbance. The activities of Dunlin (feeding or other) were

recorded. The observed bird numbers were expressed as

individuals per km2 (density).

Spatial distribution of the benthic macrofauna biomass

Benthic macrofauna was sampled in December 2011 at

41 stations (Fig. 2) using a systematic sampling grid

(250-m intervals, 174 stations) which enabled the

Fig. 1 The two studied mudflats in Bourgneuf Bay: open diamond Lyarne (epipsammic-dominated microphytobenthos) and filled diamond La

Coupelasse (epipelic-dominated microphytobenthos). Grey shading intertidal flats, black shading rocky substrates
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description of food availability and diet selection (Drouet

et al., in preparation). Most stations were sampled on

foot at low tide (56 %) and the others by boat during

high tide. At each station sampled on foot, one sediment

core of 15 cm in diameter and 20–25 cm depth was

collected. The upper 4 cm was separated from the rest of

the core to select accessible prey for Dunlin (van Gils

and Piersma 2004). The two parts were then separately

sieved using a 1-mm square mesh. The mudsnail, Hy-

drobia ulvae, a small gastropod which is abundant on

these mudflats, was also sampled by taking an additional

core of 7 cm of diameter at 4 cm depth and sieved with

a 0.5-mm square mesh. At the stations sampled by boat,

two sediment cores of 10 and 25–40 cm depth were

collected. One core was sieved with a 1-mm square

mesh and the other with a 0.5-mm square mesh for

sampling mudsnails. The collected material was stored in

plastic bags and frozen at -20 �C for further analysis,

except worms that were immediately fixed and stored in

plastic tubes with 70� alcohol. At the laboratory, mol-

luscs and annelids were identified to species level,

counted and measured (maximum length) to the nearest

millimeter. The ash-free dry mass of mollusc flesh

(separated from its shell) was determined with a preci-

sion of 0.1 mg. To take into account damaged annelids

(due to manipulation and sieving), various individual

measurements (width or anterior segment length) were

used to establish allometric relationships between the

body length or width and the biomass of corresponding

individual. In this study, only the most representative

Fig. 2 Delimitation of the 6

counting zones at Lyarne

(epipsammic-dominated

microphytobenthos) and La

Coupelasse (epipelic-dominated

microphytobenthos) mudflats.

In the field, counting zones were

materialized by plastic poles. A,

B and C: three bathymetric belts

with low (1) or high (2)

microphytobenthos biomasses.

Blue lines bathymetric levels.

The normalized difference

vegetation index (NDVI) is used

as a proxy of the

microphytobenthos biomass.

Green dots macrofauna

sampling stations considered on

a systematic sampling grid

(250-m intervals, 174 points)

(colour figure online)
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species of the macrofauna community (occurrence [1 %)

were considered.

Statistical analyses

To determine whether the presence of Dunlin differed

between the two sites (Lyarne and La Couplasse) and

between both counting periods (2011–2012 and

2012–2013), a two-way ANOVA was conducted with

Dunlin density using SigmaStat 3.1 software. Data nor-

mality and equal variance were tested (p \ 0.05) before

carrying out the two-way ANOVA.

For each 1-h count, we have also calculated a spatial

selection rate ‘y’ as follow: y = (observed number -

theoretical number)/theoretical number (Godet et al.

2009). The theoretical numbers were obtained from the

total number of counted birds throughout the whole area

and the surface area (as percentage of the total surface) of

each habitat (low or high microphytobenthos biomass),

following the hypothesis of a perfectly homogeneous

spatial distribution of individuals, such as: theoretical

number = total number 9 (% of surface area with low or

high microphytobenthos biomass). ‘y’ is positive when

birds are present in bigger numbers than expected, and

conversely. ‘y’ values were compared between sites by

using a mixed model analysis of variance (ANOVA) with

the software R 3.0.2 including the lme4 1.0-5 package,

which considers counting as a random factor and habitat

as a fixed factor. This model was applied to the data of

the two sites pooled together and then successively to

each site.

Lastly, multiple linear regressions followed by hierar-

chical partitioning of variance (MacNally 2000) were used

to assess the respective contributions of microphytobenthos

and benthic macrofauna species to Dunlin presence (R

3.0.2 with the package hier.part 1.0–4). This was done for

the two sites pooled together and for each site. Maximum

Dunlin densities during the months of November,

December and January for each of the six zones of each site

were used as dependent variables and microphytobenthos

biomass and the most abundant benthic macrofauna species

were used as independent variables.

Results

Dunlin distribution on intertidal mudflats

Dunlin densities (Fig. 3) showed no statistical difference

between the two sites for the same counting period

(P = 0.578, F = 0.318; 2-way ANOVA), but showed a

significant statistical difference between counting periods

(P \ 0.001, F = 15.926; 2-way ANOVA). Holm-Sidak a

posteriori test showed significant differences in Lyarne and

La Couplasse Dunlin densities between counting periods

(2011–2012 vs. 2012–2013: t = 3.221, p = 0.004 and

t = 2.423, p = 0.023, respectively). Dunlin densities were

three times higher during the first period (2012–2013) than

during the second one (2012–2013; Fig. 3).

All individuals observed during counts were foraging

regardless of the site or the tidal cycle time. At Lyarne, a

higher ratio of Dunlin left the highest bathymetric belt

(A) during the first observation hour, i.e. 37 % of the initial

number versus 7 % (Lyarne and La Coupelasse, respec-

tively; Fig. 4). Conversely, the highest ratio of Dunlin

which left the bathymetric belt A during the second hour of

observation was observed at La Coupelasse (82 vs. 43 %).

This massive departure coincided with the arrival of oyster

farmers and fishermen. At the beginning of the third hour,

belt A was used by less than 50 % of the number present at

the first count. Generally, when the number of birds in the

belt A decreased, it increased in area B before falling. In

belt C, density increased from the moment it was uncov-

ered by the tide until the end of counting. However, at La

Coupelasse, the majority of the birds ([60 %) were still

using belt A and B at the fourth and fifth hours. Throughout

the emersion period, total bird numbers decreased by a

Fig. 3 Dunlin Calidris alpina densities on Lyarne (epipsammic-

dominated microphytobenthos) and La Coupelasse (epipelic-domi-

nated microphytobenthos) mudflats during the two counting periods

(2011–2012 and 2012–2013)
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factor of 2.0 and 3.5 at Lyarne and La Coupelasse,

respectively.

Influence of the microphytobenthos distribution

on Dunlin spatial distribution

Spatial selection rates did not show any Dunlin preference

for zones with low or high microphytobenthos biomasses

when data from both sites were pooled (y, t386 = -1.61,

P = 0.11; Fig. 5). However, when analysing the sites

separately, Dunlins at La Coupelasse significantly selected

high microphytobenthos biomass zones (y, t188 = -2.16,

P = 0.032; Table 1; Fig. 5) whereas at Lyarne they did not

show any preference.

Influence of microphytobenthos and benthic

macrofauna biomasses on Dunlin spatial distribution

Multiple linear regressions did not detect a positive rela-

tionship between available macrofauna density and Dunlin

density (Fig. 6). However, when considering both sites

together, Retusa obtusa densities significantly explained

almost 40 % of total variance, i.e. R. obtusa density was

inversely related to that of Dunlins (38 %, Z score = 1.59,

P \ 0.05).

Discussion

During our study, a difference in Dunlin numbers was

observed between the two successive periods, with three

times fewer Dunlin per km2 during the first period

(2011–2012). The inter-annual variation of Dunlin density

in Bourgneuf Bay was higher than what has been previ-

ously reported in France (Deceuninck and Mahéo 2000;

Mahéo and Le Dréan-Quénec’hdu 2012). The low tem-

peratures recorded in January and February 2012 (18 days

below 0 �C for both months, reaching -8 �C) could

explain such a difference. Mudflats remained frozen during

Fig. 4 Variations of mean Dunlin Calidris alpina densities during

ebb and low tide on the three bathymetric belts (A, B and C) of the

two studied mudflats, Lyarne (epipsammic-dominated microphyto-

benthos) and La Coupelasse (epipelic-dominated microphytobenthos).

Belt A is the nearest to the shoreline and belt C the furthest. Error

bars confidence intervals (95 %). LT Low tide

Fig. 5 Mean spatial selection rate (y) of habitat by Dunlin Calidris

alpina either considering the two sites together or each site separately.

The spatial selection rates were compared by mixed model analysis of

variance (ANOVA). Low MPB and High MPB low and high

microphytobenthos biomass, respectively; ns no significant differ-

ence; Hsignificant difference (P \ 0.05). Vertical bars confidence

intervals (95 %)

Table 1 Results of the mixed model analysis of variance (ANOVA)

for the comparisons between spatial selection rates (‘y’) by habitat

(low or high microphytobenthos biomass)

Sites Factor df t value P value

Both sites Habitat 386 -1.61 0.11 (ns)

Lyarne Habitat 198 1.52 0.13 (ns)

La Coupelasse Habitat 188 -2.16 0.032 (H)

df Degrees of freedom
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this cold snap, limiting food availability to shorebirds

(Zwarts and Wanink 1993) and increasing their energy

requirements (Kelly et al. 2002). This is known to trigger

the departure of shorebirds from usual wintering sites

towards more southern ones. However, the phenology of

their migration observed during our study was in accor-

dance with data reported at a national scale by Bocher et al.

(2014).

Shorebirds rest on roosts at high tide and feed on

mudflats at low tide (Piersma et al. 1993; van de Kam

et al. 2004; van Gils et al. 2006). Intertidal areas are not

exploited homogeneously in time and space by shorebirds,

which adjust their foraging to maximise their food intake

(e.g. Zwarts and Wanink 1993; Kuwae et al. 2010). They

are known to be abundant on mudflats for the 6-h period

around low tide, as long as these mudflats remain

emerged (Burger et al. 1977). However, we showed a

decrease in Dunlin frequency on both study sites during

ebb tides. This is probably linked with their dispersal over

the entire mudflats of Bourgneuf Bay similarly to was

noticed by Le Dréan-Quénec’hdu et al. (1995) in Mont

Saint-Michel Bay. Furthermore, numerous studies have

shown that emerged habitats are more or less attractive to

different species of shorebirds, depending on prey avail-

ability, the physical nature of the substrate and tidal cycle

time (e.g. Burger et al. 1977; Meire and Kuyken 1984;

Yates et al. 1993; Nehls and Tiedemann 1993; Burton

et al. 2004; Dias et al. 2006; Granadeiro et al. 2006; Rosa

et al. 2007; Finn et al. 2008). The Dunlin is typically

defined as a ‘‘follower’’ which intensively uses the

intertidal area during the relatively brief phase of tidal

passage, i.e. during the tidal cycle, Dunlins follow the

water and feed near the tidal line (Nehls and Tiedemann

1993; Dierschke et al. 1999; Burton et al. 2004; Dias

et al. 2006; Granadeiro et al. 2006). This zone is assumed

to be attractive to Dunlin due to the presence of easily

penetrable sediment offering more active and harvestable

prey (Kelsey and Hassall 1989; Mouritsen and Jensen

1992; Rosa et al. 2007). Results from the mudflat colo-

nized by epipsammic-dominated microphytobenthos (Ly-

arne) are consistent with this method of using the exposed

mudflats. However, the most frequently used bathymetric

belt on the epipelic-dominated mudflat was not the one

recently exposed by the ebb tide. Instead, at La Coupe-

lasse, Dunlin lingered in the belts exposed after several

hours, despite the disturbance induced by oyster farmers

and fishermen at this site.

On this mudflat, Dunlins significantly selected the zone

covered by high microphytobenthos biomass. Burton

(1974) reported that Dunlin localise their prey by probing

tests but also by visual search. Since epipelic-dominated

biofilms exhibit a strong golden-brownish coloration at the

sediment surface, it is possible that the biofilm colour

works as a visual clue in Dunlin feeding behavior. Mi-

crophytobenthos biofilm grazing has been described in

several Calidrinae species including Dunlin (Kuwae et al.

2008, 2012; Mathot et al. 2010; Beninger et al. 2011;

Quinn and Hamilton 2012) and can contribute up to ca.

Fig. 6 Contribution (%) of

macrofauna species and

microphytobenthos biomasses

in the relative Dunlin Calidris

alpina density at both sites,

Lyarne (epipsammic-dominated

microphytobenthos) and La

Coupelasse (epipelic-dominated

microphytobenthos). Multiple

linear regressions followed by

hierarchical partitioning of

variance were used. The grey

bar indicates that there was a

significant difference

(P \ 0.05), while black bars

indicate no differences

(P [ 0.05). Mac Macoma

balthica; Scr Scrobicularia

plana, Hyd Hydrobia ulvae, Ret

Retusa obtusa, Hed Hediste

diversicolor, Nep Nephthys

hombergii, MPB

microphytobenthos
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25 % to the diet of Dunlin at the Boundary Bay intertidal

sandflat (BC, Canada; Kuwae et al. 2012). Thus, micro-

phytobenthos distribution could partially explain Dunlin

distribution on Bourgneuf Bay mudflats as a direct food

source. Additionaly, microphytobenthos biomass can be an

important factor structuring the macrobenthic communities

(van der Wal et al. 2008). Therefore, Dunlin could be

attracted by the biofilm colour which indirectly could be an

indication of high macrofauna biomass. However, our

study detected only a negative relationship between the

densities of the small gastropod mollusc Retusa obtusa and

Dunlin densities in Bourgneuf Bay. Unlike specialised

shorebirds such as Calidris canutus which only feed on

marine molluscs (van Gils et al. 2005), Dunlin select their

food in a more opportunistic way (Dierschke et al. 1999).

Their dietary flexibility at global and local scales allows

them to exploit different wetland habitats during their

migration, e.g. coastal intertidal habitats, rocky shores or

land with unpredictable feeding conditions and highly

diverse prey (Skagen and Oman 1996; Dierschke et al.

1999; Davis and Smith 2001). As far as we know, R. obtusa

is only mentioned as part of Dunlin diet in the Wash, UK

(Durell and Kelly 1990; Yates et al. 1993). We also did not

find any R. obtusa in Dunlin stomachs or droppings,

whereas Hydrobia ulvae was very abundant (Drouet et al.,

in preparation and unpublished data). H. ulvae is known to

be a favourite prey of R. obtusa (Berry et al. 1992); thus, in

zones where R. obtusa is abundant, H. ulvae will be greatly

subject to predation. Therefore, these zones could be less

attractive to Dunlin.

Our study supports that the use of intertidal mudflats by

shorebirds varies greatly in time and space. We suggest

that the spatial distribution of Dunlin on the mudflats of

Bourgneuf Bay is related partly to the development of

different types of microphytobenthic biofilms.
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Exploitation of natural food sources by two sympatric, invasive

suspension-feeders, Crassostrea gigas and Crepidula fornicata.

Mar Ecol Prog Ser 334:179–192

Delany S, Scott DA, Dodman T, Stroud DA (2009) An atlas of wader

populations in Africa and Western Eurasia. Wetlands Interna-

tional and Wader Study Group, Wageningen

Dias MP, Granadeiro JP, Martins RC, Palmeirim JM (2006)

Estimating the use of tidal flats by waders: inaccuracies due to

the response of birds to the tidal cycle. Bird Study 53:32–38

Dias MP, Granadeiro JP, Palmeirim JM (2009) Searching behaviour

of foraging waders: does feeding success influence their

walking? Anim Behav 77:1203–1209

Dierschke V, Kube J, Probst S, Brenning U (1999) Feeding ecology of

dunlins Calidra alpina staging in the southern Baltic Sea, 1.

Habitat use and food selection. J Sea Res 42:49–64

Durell D, Le Sea V, Kelly CP (1990) Diets of Dunlin Calidris alpina

and Grey Plover Pluvialis squatarola on the Wash as determined

by dropping analysis. Bird Study 37:44–47

Finn PG, Catterall CP, Driscoll PV (2008) Prey versus substrate as

determinants of habitat choice in a feeding shorebird. Estuar

Coast Shelf Sci 80:381–390

Godet L, Toupoint N, Fournier J, Mao PL, Retière C, Olivier F (2009)

Clam farmers and Oystercatchers: effects of the degradation of

Lanice conchilega beds by shellfish farming on the spatial

distribution of shorebirds. Mar Poll Bull 58:589–595

Granadeiro JP, Dias MP, Martins RC, Palmeirim JM (2006) Variation

in numbers and behaviour of waders during the tidal cycle:

implications for the use of estuarine sediment flats. Acta Oecol

29:293–300

82 J Ornithol (2015) 156:75–83

123



Granadeiro JP, Santos CD, Dias MP, Palmeirim JM (2007) Environ-

mental factors drive habitat partitioning in birds feeding in

intertidal flats: implications for conservation. Hydrobiologia

587:291–302

Jesus B, Brotas V, Ribeiro L, Mendes CR, Cartaxana P, Paterson DM

(2009) Adaptations of microphytobenthos assemblages to sed-

iment type and tidal position. Cont Shelf Res 29:1624–1634

Jing Z, Kai J, Xiaojing G, Zhijun M (2007) Food supply in intertidal

area for shorebirds during stopover at Chongming Dongtan,

China. Acta Ecol Sin 27:2149–2159

Kelly JP, Warnock N, Page GW, Weathers WW (2002) Effects of

weather on daily body mass regulation in wintering dunlin. J Exp

Biol 205:109–120

Kelsey MG, Hassall M (1989) Patch selection by Dunlin on a

heterogeneous mudflat. Ornis Scand 20:250–254

Kuwae T, Beninger PG, Decottignies P, Mathot KJ, Lund DR, Elner

RW (2008) Biofilm grazing in a higher vertebrate: the Western

Sandpiper, Calidris mauri. Ecology 89:599–606

Kuwae T, Miyoshi E, Sassa S, Watabe Y (2010) Foraging mode shift

in varying environmental conditions by dunlin Calidris alpina.

Mar Ecol Prog Ser 406:281–289

Kuwae T et al (2012) Variable and complex food web structures

revealed by exploring missing trophic links between birds and

biofilm. Ecol Lett 15:347–356
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Méléder V, Rincé Y, Barillé L, Gaudin P, Rosa P (2007) Spatiotem-

poral changes in microphytobenthos assemblages in a macrotidal

flat (Bourgneuf Bay, France). J Phycol 43:1177–1190
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