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Migratory shorebirds, which have an energy-expensive lifestyle, must replenish
their body reserves during winter to ensure their survival. Hence, birds have to
select wintering habitats that provide the best net energy gain per unit of time
while also considering possible disturbances such as predation risk, competition
and resource depletion. Different foraging strategies can therefore emerge
between species or individuals, such as focusing on one high-quality foraging
habitat or making use of multiple habitats, resulting in contrasting distributions
and movements patterns. By analysing the movements of 10 wintering Black-
tailed Godwits Limosa limosa islandica through GPS-telemetry, our study aimed
to understand and describe their spatiotemporal use of wetlands. Our results
show that Black-tailed Godwits are flexible in terms of habitat use. All tracked
godwits used more than one site during the survey period, with site shifts at both
small and large spatial scales, and used multiple habitat types within sites. Indeed,
although a dominant use of intertidal areas was observed, birds showed seasonal
and daily habitat shifts by visiting inland marshes, saltpans and hunting ponds,
with a habitat-specific activity rhythm. Finally, our results support the importance
of the protected areas and the management of artificial wetland habitats to
ensure the preservation of high-quality wintering areas for godwits.

INTRODUCTION

The way animals use a landscape is indisputably
influenced by the spatial distribution of their resources
(McIntyre & Wiens 1999, Illius & O’Connor 2000, Roshier
et al. 2008, Masello et al. 2017). Resource limitation can
occur when food is heterogeneously distributed in
patches, or when the intrinsic quality of these feeding
patches is decreased (Dunning et al. 1992, Mitchell &
Powell 2004), and also when the density of foragers
increases, leading to a reduced net energy intake (van der

Meer & Ens 1997). Although resources are sometimes
substitutable, meaning that animals can obtain them
interchangeably from different habitats in the same
landscape according to their availability, they are mainly
non-substitutable and limit the supported population
(Dunning et al. 1992). Hence, animals depend on diverse
non-substitutable resources for their survival, such as
nesting sites for reproduction (Hansson & Åkesson 2014,
Michel et al. 2017), refuges from predators (Hamel & Côté
2007) or roosts during high tide (van der Kolk et al. 2020),
which can be scarce resources at the landscape scale.



‘Landscape complementation’ occurs when patches of
non-substitutable resources are close enough to each other
to allow animals to successfully exploit them. The distance
between patches of non-substitutable resources defines
the level of landscape complementation of an area
(Dunning et al. 1992). Consequently, animals will select
areas with higher complementation to reduce travelling
costs between patches of non-substitutable resources.
Nevertheless, some species are also able to supplement
their food intake by using foraging resources from
different landscape elements, with patches made of
different habitats in the surrounding matrix, a process
named ‘landscape supplementation’ (Dunning et al. 1992).

In migratory shorebirds, most of the annual cycle is spent
far from the breeding areas, generally in freshwater
wetlands or coastal marine habitats. Consequently, the
availability and suitability of these wetlands and their
management strongly influence shorebird survival and
ultimately their population dynamics (Ma et al. 2010).
During the wintering period, shorebirds must restore body
reserves lost during the breeding season and migration,
and must maintain sufficient reserves to ensure winter
survival (Zwarts et al. 1990, Morrison & Hobson 2004). To
this end, individuals will tend to select habitats and
foraging patches that provide the highest net gain of energy
per unit time (van Gils et al. 2003). However, other factors
such as predation risk, human disturbance, site-fidelity and
social interactions may also influence habitat selection
during this period (Yasué 2005, Folmer et al. 2010, van den
Hout et al. 2017). A high degree of site-fidelity can thus
make birds more sensitive to local environmental
conditions, including human activities, while mobile
individuals can reduce sensitivity by exploring new sites,
including possibly substitutable resources in other habitat
types (Burger 1986, Martín et al. 2015).

Wetlands, essential to shorebirds, are among the most
threatened habitats on Earth (Ma et al. 2010). Wetland
losses through drainage and other transformations have
severe consequences for waterbird populations, leading to
large-scale redistributions of birds and population declines
(Weller 1999, Green et al. 2002). However, the creation of
artificial wetlands can reduce, in some cases, the impact of
the loss of natural ones (Masero 2003, Lilleyman et al.
2020). Among shorebirds, the Black-tailed Godwit Limosa
limosa islandica is a subspecies breeding in Iceland and
wintering along the coasts of the United Kingdom, Ireland,
France, Portugal and Spain. The vast majority of godwits
use estuarine bare mudflats or seagrass during the autumn
with some individuals using grasslands during the winter
(Gill et al. 2007, Robin et al. 2018). In spring, most godwits
from Portugal and France migrate to The Netherlands or
eastern UK, where they forage primarily on grasslands (Gill
et al. 2007). Studies of energy intake rates in godwits
feeding on mudflats and grasslands suggested that they
move to grasslands when estuarine food supplies are no
longer sufficient to fulfil their energy requirements, and
that they frequently use both mudflats and grasslands over
the winter and spring (Gill et al. 2001b, 2007).

The present study aimed to describe the spatiotemporal
use of wetland habitat by Icelandic Black-tailed Godwits
while wintering on the central French Atlantic coast. The
particular configuration of this study area, extending from
the Pertuis Charentais in the south to the Baie de
Bourgneuf in the north (~150 km), includes several sites
suitable for wintering Black-tailed Godwits. Regular
resightings of color-marked godwits showed they used
several sites during the same winter (P. Rousseau pers.
comm.), prompting us to learn more about the connec-
tivity between the sites they use. To this end, we equipped
godwits with GPS loggers, and analyzed their movements
and habitat use. We first describe individual spatial
dynamics by analysing the number of wintering sites used
during the monitoring period. Then, after having charac-
terized the main habitats in the study areas, we explored
the spatiotemporal habitat use of godwits by identifying
the most-used habitat of each individual for each
monitoring day. We then investigated when birds changed
their daily most-used habitat, and how many times this
occurred over the study period. Finally, we used a finer
temporal scale analysis to evaluate individual dynamics
over a short time period (24h), allowing us to describe their
activity rhythms and diurnal habitat shifts.

METHODS

Study area

The study was carried out on the French Atlantic coast,
including, from North to South, the Loire Estuary area,
the Bourgneuf Bay, the Vendée Coast and the Pertuis
Charentais area (Fig. 1a). These areas include several sites
known to hold most of the wintering Black-tailed Godwits
in France (Bocher et al. 2013).

In the north, the coastal area around the Loire Estuary (Fig.
1b) offers large intertidal grounds for wintering shorebirds.
The area south of the Loire Estuary includes two important
nearby roosting areas considered as two distinct sites:
Bourgneuf Bay (46o58'N, 2o12'W), with roosts located on
coastal marshes or upper intertidal area, and Noirmoutier
Island (46o59'N, 2o13'W), with roosts located especially in
coastal marshes of the National Nature Reserve of
Müllembourg marshes. According to the latest waterbirds
census in France, in mid-January a total of ca. 2,000
individuals were recorded at both roosting areas combined
(Mahéo et al. 2020). North of the Loire Estuary, the
Guérande Peninsula (47o17'N, 2o27'W) is another
important site for wintering godwits, holding ca. 6,200
individuals in mid-January (Mahéo et al. 2020), and
characterized by a dominance of saltpans and a small bay
with intertidal sandflats.

The Vendée Coast (Fig. 1c) is mainly composed of uninter-
rupted beaches from Bourgneuf Bay to Aiguillon Bay, and
inland areas are composed of marshes and wet meadows
which form part of the Breton marshes, known to hold
most breeding pairs of Black-tailed Godwits in France.
However, the Olonne marshes (46o33'N, 01o47'W; Fig. 1c)
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Fig. 1. (a) Habitat mapping of the central French Atlantic coast and localization of the study areas: (b) Loire-Bourgneuf,
(c) Vendée coast and (d) Pertuis Charentais.

are also exploited by wintering godwits, mainly as a
transition site between the Pertuis Charentais and the Loire
Estuary areas (only 1 individual recorded on Vendée coast
during the last mid-January Wetlands counts; Mahéo et al.
2020). Most of the coastline is a continuous sandy beach
not favorable to Black-tailed Godwits during winter.

The Pertuis Charentais (Fig. 1d) offers large intertidal
feeding areas for wintering shorebirds, as well as coastal

marshes for roosting. Four main wintering sites have
been identified: Ré Island (46o13'N, 1o30'W), Aiguillon
Bay (46o17'N, 01o10'W), Yves Bay (46o02'N, 01o03'W)
and Marennes-Oléron Bay (45o90'N, 01o10'W). Each of
these sites is partly protected by a National Nature
Reserve, respectively Lilleau des Niges NNR, Aiguillon
Bay NNR, Yves Bay NNR and Moëze-Oléron NNR. The
Pertuis Charentais sites hold nearly 25,000 wintering
Black-tailed Godwits when combining the last mid-



January counts on Ré Island (n = 3,131), Aiguillon Bay
(n = 12,270), Yves Bay (n = 106) and Marennes-Oléron
Bay (n = 9,249; Mahéo et al. 2020).

Habitat description

The distribution and typology of habitats were
described at the scale of the three study areas. The
CORINE Land Cover data for the concerned regions
(Büttner et al. 2012, CGDD–SOeS 2009), describing
homogeneous units of land use with a minimum area
of 25 ha, were used to group continental habitats and
describe them as one of the following main categories:
‘cropping systems’ (arable lands), ‘inland marshes’,
‘coastal marshes’ and ‘saltpans’ (Fig. 1). In coastal and
inland marshes visited by tagged godwits, we also
located and identified hunting ponds, artificial ponds
around which were installed ‘hard’ constructions
dedicated to hunting. Ducks are attracted to the ponds
and hunted at night between early August and late
January. All other continental habitats not suitable for
godwits, and known to not be used by birds (e.g.
continuous or discontinuous urban areas and forests),
were grouped in the ‘other habitats’ category. The
mapping of habitats on intertidal areas was detailed in
previous studies (Jourdan et al. 2021a, b). We also distin-
guished two main habitat categories in intertidal areas:
‘bare mudflat’ and ‘seagrass bed’ of Zostera noltei, which
are known to be used as feeding habitats (Robin et al.
2013). Maps of study sites and godwit spatial distri-
bution were produced using QGIS v.2.18 (QGIS
Development Team 2016).

Godwit captures and data collection

Between November 2016 and October 2018, several
capture sessions of Black-tailed Godwits were carried
out at wintering sites in Yves Bay and Marennes-Oléron
Bay, within the Pertuis Charentais area. Godwits were
caught at night when they came back from the intertidal
feeding areas, with mist nets set on their high tide roosts,
inside the nature reserve. Once birds were captured,
flattened wing length, tarsus length, bill length and body
mass were measured using standard methods
(Demongin 2016). The sex and age of godwits were also
determined, through the allometric equation calculated
by Gunnarsson et al. (2006) and by plumage (Demongin
2016), respectively. Captured birds were then marked
with a metal ring and a unique color ring combination.
In order to not exceed 3% of the bird body mass with
marking equipment, only the heaviest individuals were
also fitted with a GPS-VHF tag (STERNA VHF-SRD
with solar charger, Ecotone, Gdánsk, Poland; 35 x 16 x
10 mm, 7.5g). The device was fitted on the lower back
of godwits using the ‘leg-loop’ method (Mallory &
Gilbert 2008) and a 2-mm Teflon harness. The GPS
recording interval was set at 30 minutes, although this
interval may vary depending on sunlight and the
recharging efficiency of each logger. The mean accuracy
of positions (tested before deployment) was ±10 m.

To describe habitat selection in Black-tailed Godwits
during their non-breeding period over a large temporal
scale, we used only godwits with at least one month of
wintering data on the central French Atlantic coast.
Hence, the present study focuses on 10 individuals among
all godwits monitored during the research program
LIMITRACK; data from other tagged birds were analyzed
by another approach (Jourdan et al. 2022). The 10 birds
selected for this study were monitored over different
wintering periods and for varying durations. Only
wintering data were used to investigate habitat use,
therefore migratory, stopover and breeding locations were
excluded, except for BLTG19 which did not migrate
during its one-year monitoring period (11 Oct 2018–24
Apr 2020). We therefore do not seek to directly compare
individuals, but we primarily describe the diversity of
habitats used by godwits and their capacity to select them
during winter. Data were stored and processed from a
PostgreSQL/PostGIS database. The data exploration and
descriptive analysis were then conducted in R software
v.3.6.1 (R Core Team 2020).

Habitat use

To describe godwit habitat use, we determined, for each
bird over the entire tracking period, the daily most-
frequented habitat, using all locations recorded in each
day. All tracking days were included, with no minimum
number of locations required. Properly-functioning GPS
loggers recorded up to 48 locations per day, but the
number of locations varied depending on sunlight levels,
which determine the recharging of the device. Across the
10 individuals included in the study, tags recorded a mean
of 41 ± 12 locations per day. For this analysis, only the six
main habitats ‘cropping systems’, ‘inland marshes’, ‘coastal
marshes’, ‘saltpans’, ‘bare mudflats’ and ‘other habitats’
were considered, without differentiating the sub-habitats
‘hunting ponds’ and ‘seagrass beds’ (Fig. 2).

Since the previous analysis of day-to-day habitat use
revealed the alternation of temporal periods during which
birds dominantly used one main habitat, we then explored
habitat use at a finer temporal scale, considering all
positions in a day with a focal period of 14 days. This 14-
day period was located in the core of non-breeding period
(between October and mid-March) and focusing on
periods with high-quality data, in order to minimize lack
of data and maximize clear patterns. In this fine-scale
analysis, we distinguished habitats like ‘hunting ponds’
among inland and coastal marshes, and ‘seagrass beds’
among intertidal habitats. In order to describe the
day/night rhythm of habitat use, we also illustrated the
diurnal and nocturnal periods and the tidal amplitude
during periods of dominant use of intertidal habitats.
Activity rhythms were assessed by visual interpretation,
based on the alternate use of intertidal habitats and coastal
marshes (tidal dependence) during some periods, and an
exclusive use of inland habitats (no tidal dependence)
such as inland marshes, cropping systems and hunting
ponds, with clear day/night patterns for some individuals.
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Fig. 3. Distribution and movements of six Black-tailed Godwits (BLTG11, 12, 14, 16, 17 & 18) that stayed in the Pertuis
Charentais during their survey period. Dates are indicated by color.

Fig. 2. The daily most-used habitat for each individual Black-tailed Godwit, during the entire monitoring period.



Moreover, we considered the tidal dependence of godwits
foraging on intertidal areas, as well as the location of well-
known roosting areas, to distinguish roosting from
foraging periods and to highlight specific patterns of
habitat use and preferences.

Beyond the characteristics of habitats used by godwits, we
also explored the distribution and movements of birds
between sites across the study areas, to characterize their
ability and tendency to disperse during the winter. For this
purpose, we defined a site change as the alternate use of
different sites by a bird, whether within one study area or
among different ones (e.g. Pertuis Charentais, Vendée
coast, Loire-Bourgneuf).

RESULTS

Distribution and movements of birds

The 10 monitored Black-tailed Godwits provided 1,075–
13,115 locations per individual, over a periods of 41–440
tracked days (Fig. 3 & 4, Table 1). The six godwits BLTG11,
12, 14, 16, 17 and 18 remained in the Pertuis Charentais
area throughout their tracked period and exploited one or

two distinct sites (Fig. 3). None to three site changes per
month per individual were recorded during a wintering
period (Table 1). Within wintering sites, some birds
showed a large distributional extent around their main
roosts. The average distance travelled by godwits in a day
varied from 10 to 31 km depending on the individual
(Table 1), sometimes exceeding 40–50 km in one day (Fig.
S1). All individuals distributed along the coast, feeding on
intertidal areas, but some of them occasionally visited
inland habitats around the main roosts.

After having spent the early and mid-winter in the Pertuis
Charentais, the other four godwits (BTLG13, 15, 19 and
20) moved northwards, flying to the Loire-Bourgneuf
area, either directly or with a stop at the Olonne Marshes
on the Vendée Coast (Fig. 4), which they also exploited
during the pre-migration and post-migration periods.
BLTG13 and 15 were monitored during two successive
years and showed some consistency in their winter distri-
bution range and the main sites they used during the first
(BLTG13-1 and BLTG15-1) and second (BLTG13-2 and
BLTG15-2) wintering periods. BLTG19, a bird tagged as a
juvenile, did not migrate to reproduce between the two
wintering periods, remaining in the study area for a full
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Fig. 4. Distribution and movements of four Black-tailed Godwits (BLTG13, 15, 19 & 20) that moved away from the Pertuis
Charentais during the winter. For birds monitored during two wintering periods and which migrated (BLTG13 & 15), first
winter (-1) and second winter (-2) are presented on distinct maps. Dates are indicated by color.
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year. For this individual, we thus chose to include all data
in France, and present all tracking movements on a single
map (Fig. 4). Consequently, the data from the spring and
summer periods were also used when analysing BLTG19’s
habitat use. Finally, BLTG20 only provided data during a
part of the wintering period.

Habitat types

Intertidal habitats, coastal marshes and inland marshes
were all present in the three study areas: Loire-Bourgneuf
(Fig. 1b), Vendée Coast (Fig. 1c) and Pertuis Charentais
(Fig. 1d). However, intertidal areas on the Vendée Coast
appeared unfavourable since no large mudflats were
available; the coast is only composed of sandy beaches.
Conversely, the Loire-Bourgneuf area, especially around
Noirmoutier Island and Bourgneuf Bay, and the Pertuis
Charentais offered large areas of intertidal mudflats (Fig.
1). Seagrass beds on intertidal areas were also present in
the Loire-Bourgneuf area, mainly restricted to the South-
Eastern part of Bourgneuf Bay, and in Pertuis Charentais,
widely on Fier d’Ars on Ré Island and the western part of
Marennes-Oléron Bay, and to a lesser extent on Yves Bay.
The rear littoral areas of most sites were dominated by
‘coastal marshes’. Saltpans were available on Ré Island,
Noirmoutier Island and Guérande Peninsula. On
Guérande Peninsula, ‘saltpans’ were the main suitable
habitats for shorebirds since only restricted ‘intertidal
areas’ were available, and coastal areas were surrounded
by ‘cropping systems’ and urban areas identified in the
category ‘other habitats’. Some extensive areas of marsh
were present in the inland area, with ‘inland marshes’
around Marennes-Oléron Bay (Brouage marshes), Yves
Bay (Voutron marshes) and Bourgneuf Bay (Breton
marshes), and ‘coastal marshes’ around Marennes-Oléron
Bay (Seudre marshes). Finally, artificial hunting ponds
were found among ‘inland marshes’ in very large numbers

in the Pertuis Charentais, particularly in the Brouage
marshes, as well as in the Breton marshes and to a lesser
extent in Loire-Bourgneuf area.

Godwit habitat use

The tracked godwits exploited a high diversity of habitats
over the study periods (Fig. 2). Godwits with longer
tracked periods showed an alternate use of different gross
habitats over time. Individuals tracked over two successive
wintering periods (BLTG13 and 15) showed consistencies
in their habitat selection at the same time of year (Fig. 2).
Indeed, BLTG15 mainly used bare mudflats between
August and February during the two non-breeding
periods and selected inland marshes just before and after
migration. Similarly, BLTG13 mainly used inland marshes
just before (mid-February to mid-May) and after (June–
July) migration, while using other habitats (saltpans,
coastal marshes and bare mudflats) during the wintering
(early August to mid-February). Comparing the wintering
(non-breeding) habitat use for all individuals, godwits
exploited four main habitats, which were ‘bare mudflats’,
‘coastal marshes’, ‘inland marshes’, and ‘saltpans’ during
winter, thus showing an important temporal variability
and different preferences between individuals (Fig. 2,
Table 2). At a smaller temporal scale, birds exhibited 5 ± 2
habitat changes per month (min: 3, max: 8; Table 1),
confirming a high dynamism of habitat selection.

The analysis of habitat use at a finer temporal scale,
focusing on 14 days within periods of dominant use of
one of the gross habitats (‘bare mudflats’, ‘coastal
marshes’, ‘inland marshes’ and ‘saltpans’), highlighted
the capacity of birds to use multiple habitats within a
day. During periods when birds dominantly used
intertidal areas (Fig. 5a), they alternated between
mudflat as feeding habitats and marshes as roosting

Table 1. Occurrence of site and habitat changes and their estimated frequencies per month, and mean distance
traveled per day (km) for each individual Black-tailed Godwit.

                                                                                                                                                   Sites                                                           Habitats                                                  Distance 
Individuals     Period                                         n tracking days         n changes     n changes/mon             n changes     n changes/mon                  Mean             SD

BLTG11             3–28 Mar 2016                                      76                                4                        1.58                                    9                          3.55                                14               9.84

BLTG12             2 Dec 2016–19 Feb 2017                   41                                4                        2.93                                    4                          2.93                                14               8.87

BLTG13             3 Mar 2016–1 Oct 2017                   253                                4                        0.47                                  50                          5.93                                10               8.20

BLTG14             2 Dec 2016–28 Feb 2017                   82                                4                        1.46                                  16                          5.85                                13               6.43

BLTG15             1 Aug 2018–22 Jan 2020                440                              24                        1.64                                  78                          5.32                                17               14.6

BLTG16             11 Oct–13 Dec 2018                           64                                2                        0.94                                    9                          4.22                                31               18.3

BLTG17             11 Oct 2018–20 Mar 2019              131                                1                        0.23                                  12                          2.75                                12               4.95

BLTG18             11 Oct–22 Nov 2018                           43                                0                        0.00                                    6                          4.19                                30               15.7

BLTG19             11 Oct 2018–24 Apr 2020              401                              16                        1.20                                  81                          6.06                                18               16.2

BLTG20             11 Oct 2018–5 Feb 2019                   94                                4                        1.28                                  25                          7.98                                14               21.0



habitats, although some birds preferentially foraged on
seagrass beds at the expense of bare mudflats on Ré
Island (BLTG11 and 13) and Oléron Island (BTLG16, 17
and 19). Marshes used for roosting varied between
‘coastal marshes’ and ‘saltpans’ depending on the site.
This pattern was consistent over most of the two-week
periods and did not appear to be synchronized with the
day/night rhythm since, for instance, the use of mudflats
(mainly considered as foraging areas) occurred both at
day and night. Birds were more likely influenced by the
tidal rhythm and particularly tide height, with lower
high tides allowing birds to stay on emerged upper
intertidal areas.

During periods when birds were mostly found in ‘inland
marshes’ (Fig. 5b), they used multiple habitats with many
changes, and no common pattern was found between
individuals. For instance, BLTG14 alternatively used
‘intertidal areas’ as feeding grounds and ‘coastal marshes’
for roosting, but suddenly changed its behaviour to
prospect in both inland and coastal marshes, hunting
ponds and intertidal mudflats. On the other hand, BLTG17
followed a day/night rhythm, using cropping systems at
night, presumably to rest, and inland marshes during the
day, to feed. Moreover, in ‘inland marshes’, some godwits
used ‘artificial hunting ponds’ to varying extents. This
pattern seemed to depend on the time of the year and the
waterbird hunting season. During the hunting season
(before end of January), field observations showed that
godwits used ‘hunting ponds’ occasionally and mainly
during daytime (P. Rousseau pers. comm.), as observed for
BLTG18 (Fig. 5b). However, after the closing of the hunting
season (after end of January), birds used ‘hunting ponds’
more intensively and during both day and night, such as
BLTG14 and 15 (Figs. 5b & 6a). The distribution of godwits
in ‘inland marshes’ (Brouage marshes) also illustrates the
highly dynamic habitat use at the patch scale, with the use
of many different hunting ponds and meadows over a
short period of time (Fig. 6a).

Finally, habitat use for birds distributed in ‘saltpans’
showed a different pattern (Fig. 5c). For instance, BLTG11
made minor use of intertidal areas, only during the day
(Fig. 5c), and mainly appeared in ‘saltpans’, thus likely
using them for both feeding and roosting. Similarly,
BLTG20 exploited the ‘saltpans’ of Guérande Peninsula
almost continuously for several days. It went occasionally
to intertidal areas, but only during the day. During field
observations on Guérande Peninsula, godwits appeared
inactive during daylight, at rest on the upper foreshore or
in few specific seawater reservoirs with shallow waters,
suggesting nocturnal feeding activity in other seawater
reservoirs. Indeed, the day and night locations of BLTG20
underlined a particular pattern, with the use of few
specific seawater reservoirs during the day, and a high
dispersion on several other grounds at night (Fig. 6b).
The same pattern of ‘saltpans’ use is therefore assumed
for BLTG11, although field observations or further
analysis are needed to confirm this ‘saltpan’ use by
godwits on Ré Island.

At a very fine temporal scale, the pattern of habitat use by
godwits underlines their ability to use multiple habitat types
within a day, when they mainly use either intertidal areas
(Fig. 5a) or inland sites (Figs. 5b & 6). Exploration of fine-
scale habitat changes over the monitoring period revealed
up to six different habitats used in one day for some birds
(Fig. S2), illustrating their ability to travel several kilometers
per day on the wintering grounds (as mentioned above),
and showcasing their dynamic habitat use.

DISCUSSION

Our study describes the fine-scale habitat use of Icelandic
Black-tailed Godwits during the non-breeding period and
highlights their use of several habitats as evidence of
generalist behaviour, or high flexibility. However, we
acknowledge that our results are based on the tracking of
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Table 2. Proportional use of habitats by Black-tailed Godwits over their respective monitoring periods.

                               Inland marshes                     Bare mudflats                    Coastal marshes                         Saltpans                        Cropping systems

BLTG11                             3%                                          21%                                            0%                                          76%                                            0%

BLTG12                             2%                                          93%                                            5%                                            0%                                            0%

BLTG13                           45%                                          17%                                          21%                                          16%                                            0%

BLTG14                           10%                                          78%                                          12%                                            0%                                            0%

BLTG15                           26%                                          60%                                          13%                                            0%                                            0%

BLTG16                           19%                                          69%                                          13%                                            0%                                            0%

BLTG17                           10%                                          88%                                            2%                                            0%                                            0%

BLTG18                           33%                                          56%                                          12%                                            0%                                            0%

BLTG19                           52%                                          24%                                          23%                                            0%                                            0%

BLTG20                             2%                                          32%                                            6%                                          54%                                            5%
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Fig. 5. Fine-scale habitat use by Black-tailed Godwits during (a) a two-week period of dominant use of intertidal habitats;
(b) a two-week period of dominant use of inland marshes; and (c) a two-week period of dominant use of saltpans. For
each individual, all location data recorded during this 14-day period were considered (i.e. time step of 30 min.).
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Fig. 6. Distribution of Black-tailed Godwits in (a) Brouage marshes (inland marshes) and (b) Guerande Peninsula
(saltpans). Hunting ponds used by godwits in Brouage marshes are represented in blue. Positions in Guerande Peninsula
saltpans are from only one bird (BLTG20). 
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10 individuals with different time frames, thus precluding
their generalization. Moreover, all patterns described in
this study are derived from descriptive analyses and visual
interpretation of the data, but further statistical analysis
would have required a greater number of monitored birds.
All 10 tracked birds used more than one site during their
wintering period on the central French Atlantic Coast,
demonstrating the level of landscape complementation in
godwits. Site shifts were made at small spatial scale inside
the Pertuis Charentais area or at large spatial scale between
the Pertuis Charentais and the Loire-Bourgneuf areas. At
a finer spatial scale, godwits also showed a large distri-
bution range around their main roosts within a wintering
site. The movements at both local and large scales
underlined the use of multiple habitat types, including
both marine areas and freshwater wetlands. Godwits thus
show a pattern of landscape supplementation, including
shifting quickly from natural habitats to artificial wetlands
such as saltpans or hunting ponds.

Most birds predominantly used intertidal areas from early
to mid-winter and then moved to inland marshes just
before the spring migration period, and after fall
migration for birds with one year of data, as previously
described by Gill et al. (2007). However, at a finer
temporal scale most individuals made several habitat
shifts, especially in inland marshes. Indeed, we observed
5 ± 2 changes/month in the daily dominant habitat use.
The exploratory analysis at very fine temporal scale
allowed us to describe a high dynamism of habitat use by
godwits with multiple habitats exploited by alternation
within a day. It also highlighted differences in activity
rhythm, from tidal to day/night, which mostly depended
on the dominant habitat used.

The Black-tailed Godwit is a gregarious species known to
be highly mobile (Prater 1975, Robin 2011, Bocher et al.
2013) and which appears to be weakly faithful to wintering
sites compared to other shorebird species like the Eurasian
Curlew Numenius arquata (Bainbridge & Minton 1978,
Sanders 2017). In our study, godwits widely dispersed
around roosts to prospect several feeding areas within a
site and all godwits changed site at least once while
wintering on the central French Atlantic coast. Verhoeven
et al. (2021) also observed that continental Black-tailed
Godwits L. limosa limosa use a combination of sites during
winter. The site changes observed in our study occurred
both at a small scale, i.e. within the Pertuis Charentais
area, and at a large scale, i.e. between the Pertuis
Charentais and Loire-Bourgneuf areas. In addition,
godwits that visit our study areas are known to move even
larger distances towards the Iberian Peninsula or the UK
(Robin 2011). Local movements are thought to be
influenced by the competition for food resources,
especially interference causing a decline in intake rates
(Goss-Custard 1970, Sutherland 1983). Indeed, in
combination with prey availability, the negative effect of
nearby conspecifics on intake rate can explain the distri-
bution of foragers (Krebs, 1972, Johnson et al. 2006),
including shorebirds (Rutten et al. 2010, Bijleveld et al.

2012). Godwits wintering in the UK, for example, explore
multiple sites on their non-breeding grounds and
redistribute among them following the depletion of food
resources (Gill et al. 2001a, b).

Although the main trend in monitored godwits confirmed
the predominant use of intertidal areas until mid-winter
(Delany 1996), godwits used four different gross habitat
types during the non-breeding period: ‘mudflats’, ‘coastal
marshes’, ‘inland marshes’ and ‘saltpans’. Intertidal
mudflats constitute feeding habitats of high quality during
the non-breeding period for shorebirds, most of which,
including Black-tailed Godwits, are specialized and
dependent on these habitats (van de Kam et al. 2004,
Piersma 2007, Colwell 2010). Previous studies on godwits
already showed a shift in habitat use by birds in response
to the seasonal prey depletion on intertidal habitats, with
a shift to inland habitats such as meadows, marshes or
saltpans (Gill et al. 2001a, 2007), as also found in other
shorebirds (Masero et al. 2000, Masero 2003, Sánchez et
al. 2005, Bocher et al. 2014). Such switches mainly
occurred later during winter (during the pre-migration
period), as observed in our study for some individuals,
and allowed birds to significantly increase prey-intake
rates (Gill et al. 2001a, Masero 2003). Indeed, invertebrate
abundance in inland marshes and saltpans could be higher
in spring and autumn (Casas 2001, Sánchez et al. 2006),
explaining their main seasonal use by shorebirds during
pre-migration and post-migration. However, other factors
could also explain these periodical habitat preferences,
such as the seasonality of the hunting pressure, which
occurs in the middle of the non-breeding period (21
August–31 January) when godwits seem to limit their use
of inland marshes and hunting ponds. Beyond these
seasonal changes, related to both fluctuations in habitat
quality and the energy needs of the birds during the non-
breeding period, our results also showed several habitat
changes in the middle of the wintering period for some
individuals. Facing competition for food, the use of
alternative feeding habitats throughout the winter may be
beneficial for less competitive individuals.

Shorebirds are known to adjust their diet depending on
prey availability, with a tendency to include less profitable
prey when intake rate decreases with prey density (Zwarts
et al. 1996). Less competitive birds, having therefore less
access to high-quality areas when interference increases,
may have to supplement their preferential diet with
alternative prey in other habitats (Masero et al. 2000,
Bocher et al. 2014, Robin et al. 2018). Previous studies
carried out in the Pertuis Charentais showed that Black-
tailed Godwits preferentially prospected on bare mudflats
for Macoma balthica in Marennes-Oléron Bay, and mainly
fed on seagrass beds on Ré Island (Robin et al. 2013, 2015,
Bocher et al. 2014). However, our study shows that some
individuals combined the use of both ‘bare mudflats’ and
‘seagrass beds’ on intertidal feeding areas. Moreover, and
beyond the alternate use of intertidal feeding areas and
inland roosts under the tidal influence, godwits also
alternated, sometimes within a day, between intertidal



habitats and inland habitats (‘inland marshes’ and
‘saltpans’) for feeding. Within habitat types, tracked
godwits also showed a great variability in the location of
their feeding areas, visiting for example a large number of
seawater reservoirs in the ‘saltpans’ on the Guérande
Peninsula, as well as various artificial drainage ponds and
hunting ponds within ‘inland marshes’. This highly
dynamic use of habitats by godwits underlines the
flexibility of birds to adapt to different habitats, especially
since the different habitat types also induce different
activity rhythms.

Indeed, godwits that mainly used intertidal habitats
followed a tidal rhythm, while birds using inland
habitats followed a day/night rhythm. Black-tailed
Godwits used the intertidal feeding areas during both
day and night, depending on their availability, and then
used the ‘coastal marshes’ to roost at high tide. On the
other hand, during a dominant use of ‘saltpans’ or
‘inland marshes’ birds were observed to roost during the
day, suggesting that they tended to forage at night in
these habitats. However, a particular pattern was
observed in the use of ‘hunting ponds’: during the
waterbird hunting season, godwits mainly exploited
them during the day. After the hunt closure, birds used
the ‘hunting ponds’ during both day and night.

The Black-tailed Godwit is an omnivorous, generalist
species able to exploit multiple habitats. Godwits are
able to move quickly to new habitats and/or sites to
ensure their winter survival. At the scale of the study
area, the landscape provided multiple foraging habitats
and roost sites, and the ability of Black-tailed Godwits
to alternate between them during the wintering period
highlights the degree of landscape complementation
and supplementation. This process is also permitted by
the presence of ‘secure’ roosts along the central French
Atlantic coast, most of them located inside nature
reserves. In addition, we noted that the landscape use
by tracked birds changed after the closure of the hunt;
for example with roosting areas becoming available
outside of nature reserves and nocturnal feeding
possible on the hunting ponds. These results highlight
that the Black-tailed Godwit is a very flexible species
and therefore may be able to adapt very quickly to
environmental changes and to intra- and inter-specific
interactions. The Islandic Black-tailed Godwit has been
increasing for several decades (Gunnarsson et al. 2005,
Bocher et al. 2013), and such a demographic trend can
favour the dispersal of individuals onto multiple sites
and habitats of lower quality following a ‘buffer effect’
(Gill et al. 2001a). Considering that wintering
conditions experienced by birds also influence their
subsequent annual stages through carry-over effects
(Norris et al. 2004, Gunnarsson et al. 2005), individuals
with poor non-breeding conditions could also be
predisposed to poor breeding conditions. Both the
survival and breeding success of individuals, as well as
the associated population dynamics, could thus depend
on wintering conditions. In order to maintain the

population of L. l. islandica, it appears essential to
ensure the availability of high-quality alternative sites
and habitats that can be used by the growing number
of individuals arriving on the French coast each winter.
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