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INTRODUCTION

Seasonal migration, the round-trip movement between
a breeding and non-breeding location, is a strategy that
allows organisms to exploit the fitness benefits of being
at their breeding location at a certain time of year
while avoiding the costs of staying there continually
(Alerstam et al. 2003, Winger et al. 2018). Seasonal
migration occurs in numerous shapes and forms, and
varies among species and populations, as well as among
and within individuals (Newton 2008). Consider, for
example, the apparent dichotomy between obligate
and facultative migrants, or between soaring and flap-
ping migrants (Newton 2008). Such differences are
thought to be largely context-specific, reflecting differ-
ences in the ecological circumstances experienced by
species, populations, or individuals (Alerstam et al.
2003).

Understanding why and how these differences in
life history among species, populations and individuals
arise has captivated human interest for centuries
(Alerstam 2006, Bowlin et al. 2010). Understanding
these differences in life history is also essential to the
conservation of migratory species, since it provides
critical information about the ecological requirements
of different species, populations, and individuals, and
may illuminate the specific mechanisms with which
these groups or individuals interact with their ecologi-
cal circumstances (Piersma and Baker 2000, Webster
and Marra 2005). To date, researchers have gained an
understanding of migratory routines in a number of
different ways, including: comparisons among species
(Finch et al. 2017, Somveille et al. 2018, Toews et al.
2019), among populations (Piersma 2007, Mellone et
al. 2012, Trierweiler et al. 2014), among individuals
(Sergio et al. 2014, Lok et al. 2015, Rotics et al. 2016),
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In this paper, we fill knowledge gaps about the migration of Black-tailed godwits (Limosa limosa limosa) by describ-
ing: (1) the orientation and geographic locations of individual migratory routes and (2) the spatial distribution of
godwits across seasons and years. We accomplish this using satellite-tracking data from 36 adult godwits breeding
in the 200-ha Haanmeer polder in The Netherlands, from 2015–2018. During both southward and northward migra-
tion godwits used a narrow migratory corridor along which most individuals made stops within a network of sites,
especially the Bay of Biscay, France and Doñana, Spain. Most stopping sites were used consistently by the same indi-
viduals across years. However, sites in Morocco were used during northward migration by 75% of individuals, but
were never revisited by the same individual across years. After southward migration, a small proportion (15%) of
godwits spent the entire non-breeding period north of the Sahara, but most (85%) crossed the Sahara and spent
part of the non-breeding season among six coastal sites in West Africa and one site in the Inner Niger Delta.
Although site-use patterns varied among individuals, individuals showed high site fidelity and were consistent in the
number of sites they used from year to year. The considerable differences in the spatial distribution of individuals
that breed within a kilometre of one another raises questions about the causes and consequences of individual
migratory differences. We discuss the need for full annual cycle tracking of juveniles from birth to adulthood. Our
results provide important information about the spatial distribution of godwits throughout their annual cycle, which
can be used to help conserve this declining species.

3 Migration route, stopping sites, and
non-breeding destinations of adult Black-tailed
Godwits breeding in southwest Fryslân,
The Netherlands

A
B
ST

R
A
C
T



3

within individuals (Sergio et al. 2014, Weimerskirch et
al. 2015, Fraser et al. 2019), and comparisons through
experimental manipulations in captivity and the wild
(Perdeck 1958, Gwinner 1967, Thorup et al. 2007,
Chernetsov et al. 2004, Maggini & Bairlein 2012,
Meyburg et al. 2017). All of these methods leverage
observed differences in migratory behaviour across dif-
ferent contexts to make inferences about their ecologi-
cal basis. 

It is inherently impossible to make such compar-
isons across contexts without first making detailed
descriptions of the natural variation in migratory routi -
nes among individuals within a population. Histori -
cally, these descriptions originated from counts made
at different locations throughout the year (e.g. Dick et
al. 1987), but the usefulness of such data is limited
because counts alone cannot account for the move-
ments of individual birds and the related confounding
effects of counting local birds instead of migrating ones
(Hussell and Ralph 1998, Lok et al. 2019). Ringing
with metal or colour-rings has enabled researchers to
identify individual birds in different locations through
recaptures or resightings and represent another step
forward in describing migratory routines (Bairlein
2001). Unfortunately, these methods are often biased
towards either the breeding or non-breeding location,
because one of the locations is usually more remote
while the other can be studied with less effort (Bairlein
2001). With the recent development of tracking
devices such as loggers and transmitters, researchers
have begun to fill these previous knowledge gaps by
gleaning a more complete and detailed description of
migratory routines throughout the annual cycle
(Weimerskirch et al. 1993, Wikelski et al. 2007,
McKinnon & Love 2018). 

Our goal here is to contribute to the understanding
of the ecological basis of migratory routines and pro-
vide information on which the management and con-
servation of Continental Black-tailed godwits (Limosa
limosa limosa, hereafter “godwit”) can be based. God -
wits are a ground-nesting, relatively long-lived shore-
bird that breeds across Europe (Gill et al. 2007).
Currently, we know that godwits breeding in The
Netherlands either spend the entire non-breeding
period in the Mediterranean or cross the Sahara to
spend part of the non-breeding period in the Sahel
zone (Hooijmeijer et al. 2013, Kentie et al. 2017,
Verhoeven et al. 2019), where the non-breeding period
lasts from the termination of southward migration
until the departure on northward migration. Individual
adults are consistent in whether they cross the Sahara
at all, and although among-individual differences in

the timing of the Sahara crossings are large, individual
godwits are also relatively consistent in their timing of
this crossing (Verhoeven et al. 2019). Adult godwits are
also highly consistent in their use of “stopping” sites (a
term used to collectively refer to stopover and staging
sites – see Methods, Warnock 2010, Chan et al. 2019)
on the Iberian Peninsula during northward migration
(Verhoeven et al. 2018). Still undescribed, however,
are the in-flight orientation and geographic pathways
of actively migrating godwits. Detailed information on
stopping and non-breeding sites throughout the entire
annual cycle is also lacking.

To fill these gaps in our knowledge of the natural
variation of godwit migratory routes, we collected
tracking data from 2015–2018 from satellite tags
deployed on 36 individual adult godwits breeding
within a kilometre of each other in The Netherlands.
Because we tracked 19 individuals on multiple south-
ward migrations and 12 individuals on multiple north-
ward migrations, we were able to quantify the spatial
consistency of individuals during their migratory and
stationary periods. These results not only extend our
fundamental knowledge of the individual spatial
migratory routines of godwits, but also offer the most
complete overview to date of the spatial distribution of
godwits outside The Netherlands.

METHODS

Godwits
During the breeding seasons of 2015–2017, using
walk-in and automated drop-cages, we captured adult
godwits on the nest in the 220-ha Haanmeer polder,
The Netherlands (52.9226°N, 5.4336°E). After catch-
ing an adult, we marked it with a unique colour-ring
combination and measured its tarsus-toe (without nail)
and bill length (exposed culmen), and weighed it to
the nearest gram. In 2015 and 2016, we deployed 32
solar-powered PTT-100s of 9.5 g from Microwave
Technology Inc. using a leg-loop harness of 2-mm
Dyneema rope (Lankhorst Ropes, Sneek, The Nether -
lands). Because of the substantial weight of this attach-
ment (~10.5 g), we deployed these transmitters only
on birds that we classified as “large”. As a rule of
thumb, we selected birds with at least one, but usually
two of the following characteristics: tarsus-toe length
>120 mm, bill length >100 mm, and body mass >300
g (see Schroeder et al. 2008 for the range of these
measures in godwits). In 2017, we deployed four 5-g
solar-powered PTT-100s from Microwave Technology
Inc., again using a leg-loop harness made of 2-mm
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Dyneema rope. The total weight of this attachment was
considerably lower (~6 g), and we therefore deployed
these tags on godwits without selecting for size.

Based on a combination of morphological charac-
teristics (n = 10 individuals, see Schroeder et al. 2008)
and molecular sexing (n = 26 individuals), we deter-
mined that our sample of transmitter-carrying birds
consisted of 34 females and 2 males. Although we
mostly tracked females, we believe our results are rep-
resentative of the entire adult population. The small
number of satellite tracks obtained for males (Senner
et al. 2019, this study) and the much larger sample of
geolocator tracks of males (Hooijmeijer et al. 2013,
Verhoeven et al. 2019) indicate that there are no sex-
specific differences in the large-scale patterns of move-
ment in godwits. This is further supported by more
recent satellite tracking efforts that include more males
(T. Piersma, R. Howison, J. Hooijmeijer, A.H.J.
Loonstra and M.A. Verhoeven unpubl. data). In 2015
and 2016, the loading factor of the transmitters was
3.4 % ± 0.2 (range: 3.0 – 4.0 %) of a female’s body
mass at capture; in 2017, the loading factor was 1.9%
for each of the two females and 2.2% for each of the
two males.

Tracking data
Thirty-four of the 36 transmitters were programmed to
turn on for 8 hours and turn off for 24 hours. One of
the remaining two transmitters was programmed to
turn on for 8 hours and off for 25 hours, and the other
was programmed to turn on for 10 hours and off for 48
hours. The birds outfitted with a 9.5 g transmitter were
considered dead when their transmitter’s built-in activ-
ity sensor remained constant. The 5-g transmitters did
not have such an activity sensor, but they did have a
temperature sensor; we considered these birds dead
when the measured temperature dropped and began
following a day-night rhythm. For both the 9.5-g and 5-
g transmitters, we considered a bird to be dead when
its transmitter suddenly stopped transmitting and
never turned on again; we feel that this is reasonable,
as we never subsequently observed any of these 36
individuals alive during our resighting efforts of
marked birds at the breeding grounds, stopping sites,
or non-breeding sites (Verhoeven et al. 2018, Loonstra
et al. 2019a).

All tracking data was extracted from the CLS track-
ing system (www.argos-system.org) and stored at
Movebank (www.movebank.org). In Movebank we
selected all data up to 1 October 2018 and used the
“Best Hybrid” Douglas Argos-Filter Algorithm (Douglas
et al. 2012) to remove implausible locations by setting

the threshold for maximum movement rate to 120 km
h–1. This resulted in an average of 3.00 ± 0.24 loca-
tions per individual duty cycle. On the breeding
grounds, we have been able to simultaneously compare
the locations received through the CLS tracking system
with actual observations of these godwits. The error
rarely exceeds 5 kilometres and therefore is unlikely to
affect the large-scale patterns of movement presented
here (M.A. Verhoeven & A.H.J Loonstra pers. obs.). 

Annotating and plotting migratory tracks
We plotted every individual’s tracking data in Google
Earth and, from the resulting tracks, determined the
spatial organization of each individual’s annual cycle.
To do this, we divided the individual’s locations into
four groups: (1) at the breeding grounds, (2) in flight,
(3) at stopping sites during migration, and (4) at non-
breeding sites during the period between termination
of southward migration and departure on northward
migration. We considered all points north of 52°N to be
on the breeding grounds. All points that were not in the
same location, but rather made up a route toward a
new location, were considered to be in flight. Points at
the same location during migration were considered to
be at stopping sites and points after the termination of
southward migration were considered to be at non-
breeding sites.

Because godwits stop at certain sites for both long
and short periods of time (Table 3.1), we cannot differ-
entiate between stopover and staging sites (sensu
Warnock 2010). We therefore refer to all sites used dur-
ing migration as “stopping” sites (following Chan et al.
2019). We used the annotated data to combine and
plot all of our individual tracking data, and created two
plots that show: (1) in-flight locations and stopping
sites during southward migration, plus the non-breed-
ing sites (Figure 3.1A), and (2) in-flight locations and
stopping sites during northward migration (Figure
3.1B). These maps were made following the example
of Vansteelant et al. (2017); we downloaded a relief
map from Natural Earth (www.naturalearthdata.com)
and masked the seas by overlaying a high resolution
shoreline map obtained from the National Center for
Environmental Information (www.ngdc.noaa.gov/
mgg/shorelines). We then plotted the locations on the
resulting map using “ggplot2” in R (Wickham 2016, R
Core Team 2019). 

Analysis 
We quantified three different aspects of the variation in
migratory routes: (1) variation in orientation, (2) lon-
gitudinal distribution of tracks at each latitudinal
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boundary, and (3) variation in the use of stopping and
non-breeding sites. Since our goal was to make com-
parisons between different routes, and because god-
wits do not migrate in a straight line (Senner et al.
2018, Loonstra et al. 2019b), we did not assume a
straight migration during the “off ” cycle (which is
often done in tracking studies). Rather, in our analyses
we used only those routes that were actually observed
during the “on” cycle. 

IN-FLIGHT ORIENTATION AND DISTRIBUTION

We quantified an individual’s orientation during south-
and northward migration by calculating its longitudi-
nal (i.e. east-west) movement, measured in kilometres,
between latitudinal boundaries (Figure 3.2). Latitu -
dinal boundaries were spaced 1° of latitude apart along
the migratory route (from 52°N to 18°N, Figure 3.3A).
In order to calculate longitudinal movement, an indi-
vidual’s tag had to have been transmitting live data
when crossing at least two consecutive latitudinal
boundaries (Figure 3.2). We also quantified the longi-
tudinal distribution of tracks at each latitudinal bound-
ary. To account for the fact that degrees of longitude

differ in width at different latitudes, we expressed the
longitudinal distribution as the number of kilometres
between individual tracks, measured from west to east,
at each latitudinal boundary (Figure 3.2). The most
westerly track at each latitudinal boundary was consid-
ered to be at zero; since godwits do not migrate
directly north to south, this allowed us to compare the
longitudinal distributions with each other and thus
examine the spatial distributions of tracks along the
entire migratory corridor (Figure 3B). To calculate the
longitudinal distribution, more than one tag had to
have been transmitting live data at a given latitudinal
boundary (Figure 3.2). It was more common to have
multiple tags transmitting at a single latitudinal
boundary than to have a single tag transmitting for two
consecutive latitudinal boundaries, but both of these
circumstances occurred relatively frequently in our
dataset (see dots in Figure 3.3 for sample sizes). When
possible, we also calculated the difference between the
routes of the same individual in different years for both
measurements. However, this sample size is small
because it requires a tag to have been transmitting live
data at the same place in different years. 
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Site Direction Individuals Passage Dates Length of Stay (days)

1. Northwest Europe S 6 12 Jun – 12 Aug 4.5 ± 3.4 (1 - 10)
N 11 11 Mar – 6 Apr 1.9 ± 1.3 (1 - 4)

2. Bay of Biscay, France S 16 2 Jun – 15 Aug 8.0 ± 9.3 (1 - 41)
N 20 27 Feb – 8 Apr 5.8 ± 4.5 (1 - 16)

3. Côte du Soleil, France S 1 5 Jun – 11 Jun 6
N - - -

4. North of the Pyrenees, France S - - -
N 1 1 April – 2 April 1

5. Province of Léon, Spain S - - -
N 1 23 Mar – 24 Mar 1

6. Balearic coast, Spain S 2 22 Jun – 12 Aug 8.5 ± 6.8 (2 - 18)
N 4 12 Jan – 27 Mar 17.3 ± 13.9 (1 - 45)

7. Extremadura Region, Spain S 5 24 Jun – 31 Jul 2.5 ± 3.7 (1 - 10)
N 6 31 Jan – 27 Mar 13.0 ± 13.2 (4 - 45)

8. West coast of Portugal S 10 16 Jun – 10 April 80.6 ± 113.0 (1 - 277)
N 14 16 Jun – 10 April 55.6 ± 37.8 (13 - 149 )

9. Doñana, Spain S 28 9 Jun – 29 Mar 37.9 ± 59.2 (1 - 281)
N 17 9 Jun – 29 Mar 37.9 ± 41.2 (3 - 187)

10. Morocco S 7 19 Jun – 13 Oct 20.3 ± 37.5 (1 - 112)
N 12 12 Dec – 10 Mar 8.1 ± 7.0 (4 - 45)

Table 3.1. Summary of passage dates and lengths of stay for every stopping site used on migration north of the Sahara (>28°N).
Names and numbers correspond to those used in Figure 3.1. For sites where godwits were present during the entire non-breeding
period, the passage dates are given in italics.        



To calculate the distances between points, we used
the function “distHaversine” in the R-package “geo -
sphere” (Hijmans 2017). We then used Levene’s test,
which is part of the R-package “car” (Fox and Weisberg
2019), to compare the variances of the longitudinal
movements and longitudinal distributions across lati-
tudes. There are no post hoc tests to assess which lati-
tudes, in particular, may cause the variance of these
measures to be heterogeneous; we therefore relied on a
visual inspection of Figures 3.2B and 3.3B and the

standard deviations at each latitudinal boundary to
assess this. Depending on whether the variances were
homogeneous across latitudes, we either proceeded
with a one-way ANOVA (when they were homoge-
neous) or a Kruskal-Wallis test (when they were not
homogeneous), to test whether the average longitudi-
nal movement or longitudinal distribution varied
between latitudinal boundaries. If an ANOVA indicated
they varied significantly by latitude (P< 0.05), we
compared all means with the function “pairs” from the
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R-Package “emmeans” (Lenth 2019) while applying a
Tukey adjustment for multiple comparisons. When a
Kruskal-Wallis test indicated that longitudinal distribu-
tion differed at different latitudinal boundaries, we
compared all pairwise means using a Dunn test, which
is part of the R-Package “dunn.test” (Dinno 2017),
while applying a Benjamini-Hochberg adjustment to
adjust the p-values for multiple comparisons. 

SITE USE

We quantified the variability in site-use for two
regions: (1) stopping sites north of the Sahara and (2)
non-breeding sites south of the Sahara. We did this by
calculating the nearest-neighbour distances between
all the stationary points in a focal track and all the sta-
tionary points in a comparison track (which was also
done in Guilford et al. 2011, van Bemmelen et al.
2017, Oudman et al. 2018). In brief, this method takes
a point in a focal track and finds the nearest point in
the comparison track. Doing this for every point in the
focal track results in a list of nearest-neighbour or
“minimum intertrack” distances (one for every point in
the focal track). This method enabled us to compare
intertrack tracks among all individuals across all years,
among all individuals within the same year, and within
the same individuals across different years. 

We used the mean of all the nearest-neighbour
distan ces within a pairwise combination as a measure
of the similarity of the compared tracks. To assess
whether the mean nearest-neighbour distances of
between-individual track comparisons within years
and within-individual track comparisons between
years were smaller than the mean nearest-neighbour
distances between all individual tracks – i.e. to show
aggregation within years and site fidelity between
years (see figure 2 in Oudman et al. 2018) – we ran-
domly re-assigned all individual IDs to a track 10,000
times (Guilford et al. 2011, Oudman et al. 2018). This
created a randomized estimate of mean nearest-neigh-

bour distances for every type of track comparison. The
proportion of times that a randomized estimate of
track similarity is larger or smaller than the observed
mean nearest-neighbour distances can then be inter-
preted as a two-tailed P-value. For this analysis we
selected the best location – based on Argos data qual-
ity – per day per individual. If there were multiple best
locations for a single day, we used the first one. 

We also qualitatively assessed the use of stopping
and non-breeding sites by assigning location names to
a geographic region (for example, the west coast of
Portugal; see Figure 3.2). This allowed us to discuss
different stopping sites instead of just differences in
kilometres between tracks. We also used this qualita-
tive assessment to calculate the annual return rates of
individuals to stopping sites. For this, we identified the
sites an individual visited in a given year (t) and com-
pared these to the sites the same individual visited in
the next year (t+1). We then calculated, for each site,
the percentage of individuals that returned in the sec-
ond year (t+1). We were able to calculate these return
rates for three years for autumn migration (2016–
2018) and two years for spring migration (2017 and
2018).

RESULTS

Southward migration
All 36 individuals left the breeding grounds after being
tagged. In both 2015 and 2017, one individual died
within two months of being tagged at a post-breeding
stopping site in The Netherlands (<150 km from the
breeding grounds). The other 34 individuals all left
The Netherlands heading toward the southwest
(Figures 3.2A & 3.3A). In 2015, one of these individu-
als died during migration in Normandy, France – its tag
was later discovered on the side of a cliff, which might
suggest that the bird was killed by a Peregrine Falcon
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Figure 3.2. Schematic overview of longitudinal distribution (calculated at each latitudinal boundary) and longitudinal movement
(calculated between latitudinal boundaries). 



(Falco peregrinus). The other 33 individuals all reached
their non-breeding sites in the year of tagging: West
Africa (28 individuals, 85%), Doñana, Spain (3 indi-
viduals), the west coast of Portugal (1 individual) and
Morocco (1 individual). The other two occasions of
mortality during southward migration happened in the
years after tagging and consisted of an individual that
died in Normandy, France in 2016, and an individual
that died on the coast of northern Spain after crossing
the Bay of Biscay in 2017. In total, we observed 62 suc-
cessful southward migrations from 2015–2018 (13
individuals with 1 track, 13 with 2 tracks, 5 with 3
tracks and 2 with 4 tracks). In 2015 one individual
stopped for a night that coincided with its tag’s “off”
cycle. We therefore missed its exact stopping location
on its way to West Africa and excluded this individual
from the southward migration site use analysis.

Southward migration – Site use
Godwits migrated to a variety of locations after initial
departure from The Netherlands. Two locations were
used as a first destination in all four years: Doñana
(22/61 southward migrations, 36%) and the French
side of the Bay of Biscay (31%). Godwits also flew non-
stop to coastal northwest Europe (7%), the west coast
of Portugal (10%), the Extremadura region of Spain
(5%) and West Africa (5%). Other first destinations
after leaving The Netherlands were: the Balearic coast
of mainland Spain (3%), the Côte du Soleil, France
(1%) and Morocco (1%). As a result, the distance of
initial flights from The Netherlands varied consider-
ably – from 80–4477 km (x̄ = 1596 ± 877 km, n =
61). Non-breeding sites were reached directly from The
Netherlands on 11% of southward migrations, reached
after one stop on 38% of southward migrations, and
reached after multiple stops on 52% of southward
migrations. Migration routes that included an initial
stop close to the breeding grounds in coastal northwest
Europe and on the French side of the Bay of Biscay
were especially likely to include additional stops north
of the Sahara (96%, n = 23 flights); eventually these
individuals also ended up in Doñana (65%), the west
coast of Portugal (17%) and Morocco (13%) before
either settling for the non-breeding period or flying on
to West Africa. 

The Doñana and the French side of the Bay of
Biscay were visited by most of the tracked individuals
(Table 3.1). Of the 19 individuals that were followed
for multiple southward migrations, one flew non-stop
to West Africa in both years that it was tracked.
Another individual stopped in Doñana for 5 days in
one year, but flew non-stop to West Africa the next

year. The remaining 17 individuals revisited stopping
sites with varying consistency. Three sites were revis-
ited in all years (2016–2018), and also had the highest
average annual return rates: Doñana (0.79, 0.67–1),
the French side of the Bay of Biscay (0.67 in all three
years) and Portugal (0.75, 0.25–1). Morocco was vis-
ited by one individual in 2015 which returned in 2016,
and by one individual in 2017 which did not return in
2018. Northwest Europe (in 2015) and Extremadura
(in 2016) were visited by two individuals, and both
sites were revisited by one individual the following
year. The Balearic coast of mainland Spain (2 individu-
als in 2015) and the Côte du Soleil (1 individual in
2016) were not revisited in the following year. The
mean nearest-neighbour distance between stopping
locations during southward migration of the same indi-
vidual across years was 217 km (95% CI 122 – 312),
which was smaller than the distance between all tracks
(306 km, 95% CI 249 – 364, P = 0.002).  This indi-
cates that across years, stopping site use during south-
ward migration is clearly more site faithful than it is
nomadic.

Southward migration – Flights
Throughout their southward migration godwits ori-
ented to the southwest; the absolute amount of longi-
tudinal movement per degree of latitude was u = 42
km ± 44 (n = 204, Figure 3.3A). The variance of these
longitudinal movements did not clearly differ between
latitudinal segments (Levene’s test: F33,170 = 0.883,
P = 0.654). The average longitudinal movement did
differ somewhat between latitudinal segments (F33,170
= 1.706, P = 0.016): the average longitudinal move-
ments from 52 to 51°N (1 km ± 36) and from 29 to
28°N (–47 km ± 95) were more to the east than the
average longitudinal movements from 22 to 21°N (82
km ± 45; P< 0.05 for both pairwise comparisons),
while the comparisons of average longitudinal move-
ments for all other pairs were not statistically different
(Figure 3.3A). The variation in longitudinal movement
between tracks of the same individual across years was
41 km ± 30 (range: 8 –120, n = 15 repeated move-
ments by 8 individuals). 

The maximum longitudinal distribution at a latitu-
dinal boundary ranged from 128 km (51°N) to 836 km
(18°N, Figure 3.3B). The average longitudinal distribu-
tion across all latitudinal boundaries was 249 km ±
243 (n = 570, Figure 3.3B). The variance of these lon-
gitudinal distributions did not clearly differ across lati-
tudes (Levene’s test: F34,291 = 1.175, P = 0.239). The
average longitudinal distribution, however, did differ
by latitude (F34,291 = 2.378, P< 0.001). A pairwise
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post-hoc comparison of all means indicated that the
longitudinal distribution was on average smaller at
51°N (44 km ± 43) than it was at 21°N, 40°N and
41°N, and also that it was larger at 41°N (325 km ±
156) than at 31°N, 51°N, and 52°N (see also Figure

3.3B); for all other pairs of latitudinal boundaries,
comparisons of the mean longitudinal distributions
were not clearly different. That the longitudinal distri-
bution was smaller at 51°N was likely the result of mul-
tiple godwits leaving from a single or several nearby
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post-breeding sites in The Netherlands (~52°N),
whereas 21°N, 40°N and 41°N are all near the end of
non-stop flights to stopping and non-breeding sites,
when differences in longitudinal movement may have
accumulated en route. The largest longitudinal distri-
bution, with 836 km between individuals at 18°N, was
measured during the southward migration of the only
tracked godwit that spent the non-breeding period in
the Inner Niger Delta, Mali; this area lies approxi-
mately 1000 km inland from coastal West Africa where
all the other tracked godwits spent the non-breeding
season (Figure 3.2A). The average longitudinal distri-
bution between repeated tracks of the same individuals
was 129 km ± 88 (range 1–299 km, n = 36 boundary
crossings by 11 individuals). 

Non-breeding period south of the Sahara
Twenty-eight of 33 individuals crossed the Sahara to
spend part of their non-breeding period in West Africa
(Figure 3.2A). They visited seven wetland complexes,
including (1) the Inner Niger Delta in Mali (1 individ-
ual; see above) and a network of sites in coastal West
Africa: (2) the west and (3) east Senegal River, in
Senegal and Mauritania; (4) the Saloum River, in
Senegal, (5) the Gambia River, in The Gambia, (6) the
Casamance River, in Senegal, and (7) multiple rivers
on the coast of Guinea-Bissau and Guinea, including
the Cacheu, Mansoa and Geba (see Figure 3.1A). Two
individuals visited up to five of the six coastal sites
within the non-breeding period, whereas five individu-
als stayed at one site during their stay in West Africa.
(Figure 3.4 & Suppl. Figure S1). The average number
of sites used per individual per year was 2.36 ± 1.00.

In total, we collected data for 45 southward Sahara
crossings. Excluding the three tracks by the individual
that flew to the Inner Niger Delta, most individuals
arrived at the west Senegal River (23 out of 42 tracks),
followed by the east Senegal River (9 times), the
Casamance River (7 times,), and the Saloum River (3
times). None flew directly to the rivers on the coast of
Guinea-Bissau and Guinea, which is the most southerly
site. All individuals were consistent across years in
whether they crossed the Sahara or not (n = 19 indi-
viduals with repeated southward tracks). Individual
site-use consistency is best illustrated by the quantita-
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tive analysis in the paragraph below, but on a more
qualitative scale, the average individual site-use consis-
tency was 98% (30 tracks from 14 individuals that
crossed the Sahara). Due to the behaviour of two indi-
viduals, site-use consistency was not 100%: one bird
used four sites in 2015, but in 2016 added a stop on
the Saloum River for a total of five sites; another bird
used four sites in 2015, arriving at the east Senegal
River after crossing the Sahara, but in 2016 skipped
this site and flew directly to the Casamance River for a
total of only three sites. The other 12 individuals were
entirely consistent in their use of the wetland com-
plexes during the non-breeding period and they visited
the same locations in every year they were tracked.

The mean nearest-neighbour distance between all
individuals south of the Sahara across all years was
232 km (95% CI 165 - 299) and did not differ statisti-
cally from the mean distance between individuals
within years (228 km, 95% CI 158 – 289 , P = 0.792,
n = 45 non-breeding tracks). However, the mean near-
est-neighbour distance between all locations of the
same individual across years was 16 km (95% CI 0 –
32) and differed statistically from the mean nearest-
neighbour distance between all locations of all individ-
uals in these years (P< 0.001, n = 14 repeated indi-
viduals). This illustrates the site fidelity and idiosyn-
 cratic use of the different non-breeding sites by godwits
in West Africa. When the individual that went to the
Inner Niger Delta is excluded, the mean distance
between all individuals across all years decreases to
156 km (95% CI 113 – 201), and the mean distance
between individuals within years decreases to 157 km
(95% CI 113 – 199). These distances are not statisti-
cally different (P = 0.942, n = 42 non-breeding tracks),
which again shows that there are no clear annual dif-
ferences in site use. With the Inner Niger Delta individ-
ual excluded, the mean distance between all locations of
the same individual across all years decreases to 11 km
(95% CI 0 – 23) and remains statistically different from
the mean distance between all locations (P<0.001, 13
repeated individuals), thus suggesting strong site
fidelity across years.

Northward migration – Site use
From 2016 – 2018, we observed 30 successful north-
ward Sahara crossings by 21 individuals. Most birds
that crossed the Sahara arrived in Morocco (37%) and
Doñana (33%), while others arrived at the west coast
of Portugal (20%), the Balearic coast of mainland
Spain (7%) and the Extremadura region (3%; Figure
2B). At these sites, other tagged godwits were already
present (Morocco (1), Doñana (1), and the west coast

of Portugal (3)), having spent the non-breeding period
north of the Sahara. However, no godwit, including
those individuals that spent the non-breeding period
north of the Sahara, flew directly to the Netherlands.
The minimum number of stopping sites was therefore
1, while the average was 3.02 ± 1.42 and the maxi-
mum was 6 (n = 2 individuals). All 11 godwits that
arrived in Morocco continued on to Doñana. 

As was the case for southward migration, Doñana
and the French side of the Bay of Biscay were visited by
most of the tracked individuals (Table 3.1). The 12
individuals that were followed for multiple northward
migrations revisited their stopping sites with varying
consistency. The annual return rate was 1 for the west
coast of Portugal and the Balearic coast of mainland
Spain in both 2017 and 2018. Doñana (0.5 in 2017,
0.75 in 2018), the French side of the Bay of Biscay
(0.83, 1), northwest Europe (1, 0.5) and the Extrema -
dura Region (1, 0) were less likely to be revisited.
Morocco (0, 0) was never revisited by the same indi-
vidual either in the following year or in any other year.
The mean nearest-neighbour distance between stop-
ping locations of the same individual across years was
139 km (95% CI 64 – 214), which was smaller than the
distance between all tracks (282 km, 95% CI 241 –
324, P = 0.001). This indicates that across years, stop-
ping site use during northward migration is more site
faithful than it is nomadic.

Northward migration – Flights
Throughout their northward migration, godwits ori-
ented to the northeast. The absolute amount of longi-
tudinal movement per degree of latitude averaged –59
km ± 62 (n = 113, Figures 3.2B and 3.3A). The vari-
ance of these longitudinal movements did not clearly
vary by latitudinal segment (Levene’s Test: F32,80 =
1.194, P = 0.259), nor did the average longitudinal
movements (F32,80 = 0.891, P = 0.634). The difference
in longitudinal movement between tracks of the same
individual across years was 69 km ± 54 (range: 7–145,
n = 6 repeated movements by 5 individuals).

The maximum longitudinal distribution at a given
latitudinal boundary ranged from 3 km (51°N) to 2140
km (25°N). The variance of these longitudinal distribu-
tions differed between latitudes (Levene’s Test: F34,173
= 2.065, P = 0.001). A visual inspection of Figures
3.2B and 3.3B and the standard deviations at each lati-
tudinal boundary suggested that the standard devia-
tion was large at latitudes 25°N and 27–28°N, and at
33–34°N (SD >450 km). We believe the tracks at these
latitudes were more widely distributed because some
individuals flew over the Atlantic Ocean, some followed
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the coast, and others flew inland (Figure 3.2B and
3.3B). At latitudes 51°N and 52°N the standard devia-
tion was especially small (SD <50 km), probably
because individuals were converging on the same
breeding site (~52°N). Those latitudes with especially
large or small standard deviations are likely the lati-
tudes that cause the variance to be different across lati-
tudinal segments; this notion is supported by the fact
that when these latitudes are excluded, the variances
are homogeneous among the remaining latitudinal seg-
ments (Levene’s test: F27,140 = 1.380, P = 0.118).

The average longitudinal distributions across all
latitudes was 325 km ± 330 (n = 208, Figure 3.3B)
and varied by latitude (H(34) = 57.874, P = 0.007). A
Dunn pairwise post hoc comparison that adjusted P-val-
ues for multiple comparisons indicated that no
 latitudes were statistically different from each other
(P > 0.05 for all pairwise comparisons). The longitudi-
nal distribution between tracks of the same individual
was on average 195 km ± 227 (range 1–895 km, n =
16 boundary crossings by 8 individuals). The largest
longitudinal distribution within tracks of the same
individual was 895 km at 33°N (northern Morocco).

DISCUSSION

Our study describes the natural variation throughout
an entire annual cycle in the orientation, routes, and
spatial distribution of adult Black-tailed godwits breed-
ing within a kilometre of each other in The Nether -
lands. Our study confirms the results of earlier satellite
tracking studies of godwits breeding in The Nether -
lands (Hooijmeijer et al. 2013, Senner et al. 2019),
showing that godwits: (1) migrate southwest and
northeast along the same relatively straight, narrow
corridor on southward and northward migration, (2)
exhibit large individual variation in the distances and
duration of their flights, (3) use a network of sites
across Western Europe, the Mediterranean, and West
Africa (including the Inner Niger Delta), and (4) spend
the non-breeding period in the Mediterranean or West
Africa. Our results also confirm that godwits are pres-
ent in the Doñana wetlands in southern Spain during
the entire non-breeding period (Table 3.1), as was pre-
viously documented by Marquez-Ferrando et al.
(2014). 

Moreover, our tracking study extends the under-
standing of godwit migration by identifying additional
sites used during migration and the non-breeding
period. These include sites along the northwest coast
of mainland Europe (the English Channel and North

Sea), the Balearic coast of mainland Spain (including
the wetlands and rice fields in the Ebro Delta and
L’Albufera), and the Saloum and Gambia rivers (in
Senegal and The Gambia, respectively). Although it
was already known that godwits use a network of sites
across western Europe and the Mediterranean
(Lourenço and Piersma 2008), previous studies have
focused mostly on Doñana (Marquez-Ferrando et al.
2014), the Extremadura region (Masero et al. 2011),
and the west coast of Portugal (Lourenço et al. 2010).
Our results clearly illustrate the additional importance
of Morocco, the Balearic coast of mainland Spain, and
the French side of the Bay of Biscay.

Just as godwits exhibit significantly more variation
in migratory timing at the population level than the
individual level (Verhoeven et al. 2019), our results
show that the godwit population uses a broad network
of sites during both south- and northward migration,
but that individual godwits are relatively consistent in
their site-use north of the Sahara, and exhibit high site
fidelity and individuality in their use of non-breeding
sites in West Africa. That individuals return to the same
sites probably also explains why the observed longitu-
dinal distributions are somewhat smaller within tracks
of single individuals than at the population level. In
contrast, however, Morocco was visited by a large pro-
portion of our tracked individuals during northward
migration, but was never revisited by the same individ-
ual across years. We speculate that godwits coming
from West Africa do not attempt to fly to Morocco as a
destination, but only stop there out of necessity after
encountering headwinds en route (see Loonstra et al.
2019b). Even when such ‘emergency’ stopping sites
(Shamoun-Baranes et al. 2010) may be used intermit-
tently, they could be of critical importance for the sur-
vival of long-distance migrants.

Population variation in space use
The high site fidelity and individuality of godwits in
their use of non-breeding sites is similar to that of
other migratory shorebirds such as Red-Necked Phala -
ropes (Phalaropus lobatus; van Bemmelen et al. 2019),
Icelandic Black-tailed Godwits (Limosa limosa islandica;
Gill et al. 2019), Marbled Godwits (Limosa fedoa;
Ruthrauff et al. 2019), and Eurasian Woodcock (Scolo -
pax rusticola; Tedeschi et al. 2019). It is also similar to
species such as Marsh Harrier (Circus aeruginosus;
Strandberg et al. 2008), Whinchat (Saxicola rubetra;
Blackburn and Cresswell 2015) and Montagu’s Harrier
(Circus pygargus; Schlaich et al. 2020), all of which,
like godwits, use the East-Atlantic Flyway and the
Sahel Zone.
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The long-distance migratory birds on this non-
exhaustive list all have distinct life history strategies,
including considerably different mating systems, diets,
densities, flight behaviours, and migration routes. This
is consistent with the idea that high site fidelity and
individuality in the use of non-breeding sites is rela-
tively common among long-distance migratory birds
(see Cresswell 2014). However, among the birds that
use the East-Atlantic Flyway to travel to the Sahel
Zone, there are also species with nomadic non-breed-
ing movements (e.g. White Storks (Ciconia ciconia);
Berthold et al. 2002) and low non-breeding site fidelity
(e.g. European Hoopoes (Upupa epops); van Wijk et al.
2016). There is therefore a gradient in site-use behav-
iour among long-distance migrants ranging from
nomadic to strongly site-faithful.

A similar gradient exists in the spatial distribution
of actively migrating birds. For example, when crossing
the Sahara, the longitudinal distribution of godwits is
similar to that of Marsh Harriers but narrower than
that of Ospreys (Pandion haliaetus) and Egyptian
Vultures (López-López et al. 2014, Vardanis et al. 2016).
Even within the Continental Black-tailed Godwit
species, there is variation along this gradient: compar-
ing our results to Loonstra et al. (2019c) shows that
Polish godwits exhibit higher within- and between-
individual variation in space use during migration than
Dutch godwits. Such variation among and within
species begs the question: what causes these differ-
ences? 

Given the varied space use of migratory birds across
continents, flyways, life history strategies, and migra-
tory behaviours (e.g. Finch et al. 2017), differing space
use among species is likely not a simple matter of
broad ecological differences (such as between passer-
ines vs. raptors, insectivores vs. carnivorous, or short-
lived vs long-lived species). Instead, space use is likely
to be species- or even population-specific (as suggested
by Polish vs. Dutch godwits). This notion supports
recent calls for studying the full annual cycle of differ-
ent species, stressing the need to combine the non-
breeding and migration ecology of a given species with
its population dynamics to better understand the
observed differences among species (Marra et al. 2015,
Rushing et al. 2017, Cresswell 2018). 

At the same time, however, tracking the same indi-
viduals across years (e.g. Ruthrauff et al. 2019) is mak-
ing it increasingly clear that individuality in space use
is common within species. Space use is therefore not
only species- or population-specific, but also specific to
individuals. Because individuals from the same popula-
tion likely have a similar genetic background, the

observed individual differences are not likely to be of a
purely genetic origin. For example, the godwits we
tracked breed within a kilometre of each other in an
area where natal dispersal was found to be 915 m
(95% CI: 550 – 1515 m, Kentie et al. 2014). The most
likely cause for the individuality we observed is there-
fore that migratory birds have the phenotypic plasticity
to develop differences in migratory routines (sensu
Piersma and Drent 2003). This idea is supported by a
growing number of studies that have shown age-
dependent strategies among migratory birds by 1)
tracking juveniles throughout their development, and
(2) making comparisons between adults and juveniles
tracked in the same year (e.g. Perdeck 1958, Hake et
al. 2003, Chernetsov et al. 2004, Lok et al. 2011,
Mueller et al. 2013, Gill et al. 2014, Sergio et al. 2014,
Rotics et al. 2016, Meyburg et al. 2017, Vansteelant et
al. 2017, Verhoeven et al. 2018). This suggests that, in
addition to studying the full annual cycle, researchers
need to acquire lifelong tracks of individual birds to
help identify the mechanistic processes behind the
observed variation in adult migration routes. 

Applied considerations
In mapping the distribution of godwits across seasons
and years in the mid-2010s, we have identified previ-
ously unknown and possibly new sites and revealed
that individual godwits differ in which sites they use,
as well as that they show fidelity to these sites. This
information can contribute to more informed manage-
ment of the stopping and non-breeding sites used by
godwits. Nonetheless, the dictum “the more you know,
the more you know you don’t know” is applicable here.
Currently, our tracked locations are dots on a map, and
to put these dots into context – i.e. to understand why
godwits choose those locations, why the consistency in
site-use differs between stopping sites, and what god-
wits are doing in each place – we need ground-based
methods to gather a great deal of additional informa-
tion about those sites’ habitat characteristics and use
(Schlaich et al. 2016, Chan et al. 2019). That godwits
consistently use different sites in West Africa during
different parts of the year is an opportunity to compare
these different habitats at different moments and thus
gain an understanding of the ecological basis of godwit
distributions, which could then be extrapolated over
the entire range using remote sensing (Howison et al.
in revision). Our finding that godwits north of the
Sahara use not only the well-studied sites across the
Iberian Peninsula, but also sites in Morocco, the
Balearic coast of mainland Spain (Faber et al. 2016),
and the French side of the Bay of Biscay, is also relevant
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for future conservation measures. For instance, the
International Single Species Action Plan for the
Conservation of the Black-tailed Godwit (Jensen et al.
2008) classifies the maintenance and restoration of
stopping and non-breeding sites as a “high priority”.
By providing a more nuanced understanding of godwit
migratory routes, our findings can directly further that
goal and simultaneously help identify avenues of nec-
essary future research.
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Figure S.1. Tracks of 27 individuals in West Africa south of the
Sahara (<28 degrees north). Every row is a different individual,
every column is a different year; left column (green tracks) =
winter 2015/2016, middle column (pink tracks) = winter
2016/2017, and the right column (red tracks) = winter
2017/2018. We excluded from this figure one individual that
died in 2015 immediately after arriving south of the Sahara. See
main text for more information. 
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