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ABSTRACT
Migration patterns in birds are shaped by ecological and physiological constraints that differ between sexes, seasons and among 
breeding regions, resulting in complex temporal and spatial strategies. Understanding this variation is crucial for revealing 
how individuals optimise their annual cycles. As very little is known about the individual migratory behaviour of pied avocets 
(Recurvirostra avosetta), this study investigated how spatiotemporal migration patterns of avocets breeding in northern Europe 
vary seasonally, sexually, and spatially. We captured 122 adults on their nests in three countries using walk-in traps and equipped 
them with lightweight (6–9 g) solar-powered GPS loggers. Avocets spent an extended post-breeding period (on average until early 
November) in the Wadden Sea before commencing autumn migration. While most individuals followed the East Atlantic Flyway, 
four deviated via an inland route across the Alps to Italian wintering sites. On average, avocets travelled 1503 ± 996 km within 
13.3 ± 19.8 days, resulting in a mean migration speed of 470.8 ± 554.0 km day−1. The main wintering range was concentrated in 
France and Portugal, with the Tejo Estuary being the most frequently used site. Migration tactics differed between seasons and 
sexes: autumn migration lasted longer and involved fewer but extended stopovers, whereas spring migration was faster, with 
more but shorter stopovers. Females migrated significantly further (1928 km vs. 1277 km in males) and wintered at more south-
ern latitudes, while males remained longer in the Wadden Sea in autumn and tended to arrive at breeding sites earlier in spring. 
Avocets breeding in the Wadden Sea tended to winter further south than those from the Baltic Sea (Poland), most of which first 
moved to the Wadden Sea before continuing migration. Our findings highlight the central role of the Wadden Sea as a key fuel-
ling area in the annual cycle of pied avocets from northern Europe.

1   |   Introduction

Pied avocets (Recurvirostra avosetta; hereafter avocets) have 
experienced significant population declines in the Wadden Sea 
in recent decades (Kleefstra et al. 2025; Koffijberg et al. 2026). 
Although the Wadden Sea represents a central hub for migra-
tory and breeding avocets of the East Atlantic Flyway (EAF) 
population, the proportion of individuals using the area has also 

declined markedly, from 53% between 1999 and 2007 (Laursen 
et al. 2010) to 25% between 2013 and 2023 (Kleefstra et al. 2025). 
The pied avocet is listed in Annex I of the EU Birds Directive 
and thus is subject to special conservation measures (European 
Parliament  2019). Despite this conservation relevance, the in-
dividual migratory patterns of avocets along the EAF remain 
poorly understood. However, the development of effective con-
servation strategies requires detailed knowledge of the ecological 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2026 The Author(s). Ecology and Evolution published by British Ecological Society and John Wiley & Sons Ltd.

https://doi.org/10.1002/ece3.73798
https://doi.org/10.1002/ece3.73798
https://orcid.org/0009-0006-5147-7134
https://orcid.org/0000-0003-0548-9346
https://orcid.org/0000-0002-5158-6596
https://orcid.org/0000-0003-1269-732X
https://orcid.org/0000-0001-7508-9466
https://orcid.org/0000-0002-3843-9778
https://orcid.org/0000-0002-3930-2845
mailto:eskildsen@ftz-west.uni-kiel.de
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fece3.73798&domain=pdf&date_stamp=2026-06-11


2 of 25 Ecology and Evolution, 2026

basis of species' annual cycles. In this study, we aim to fill these 
knowledge gaps by describing the migration ecology of avocets.

Migration is an essential component of the annual cycle of mi-
gratory bird species, linking breeding and wintering sites, and 
its timing can be crucial for breeding success (Hötker  1998; 
Newton 2008; Rappole 2013; Schmaljohann et al. 2022). Shifts 
in migration timing towards later onsets of both spring and au-
tumn migrations have been observed in several species in the 
past decade (Mondain-Monval et al. 2021), probably as a conse-
quence of changing environmental conditions.

Timing of departure from the breeding site is strongly influenced 
by parental roles; if one sex ceases parental care earlier, it may 
also depart earlier (Bauer et  al.  2005; Newton  2011; Pederson 
et al. 2022; Wright et al. 2022; Ersoy et al. 2024), while species in 
which both sexes share chick rearing often show no difference in 
departure timing between males and females (Bauer et al. 2005; 
Newton  2011; Baert et  al.  2018). Notably, however, males of 
many species arrive earlier at breeding sites in spring to secure 
high-quality territories and maximise their mating opportuni-
ties (Alerstam 2011; Newton 2011; Schmaljohann et al. 2022).

Many wader species display sexual size dimorphism (Jehl and 
Murray  1986; Bauer et  al.  2005), and sex-specific differences 
in migration patterns may thus also arise from underlying 
physiological traits. Wing loading (ratio of body mass to wing 
area) quantifies the relative wing size and reflects flight effi-
ciency (Vágási et al. 2016). A lower wing loading increases the 
bird's flight economy and long-distance flight performance 
(Norberg 1990; Vágási et al. 2016), potentially allowing individ-
uals with a lower wing loading to migrate further.

Seasonal differences between spring and autumn migrations 
are well documented. Most birds migrate faster in spring, when 
selection pressures favour their rapid arrival at breeding sites, 
whereas autumn migration is typically slower and includes lon-
ger stopovers (Nilsson et al. 2013; Schmaljohann et al. 2022). In 
spring, birds may have accumulated larger fuel reserves before 
departure and are under strong time constraints due to competi-
tion for territories, resulting in shorter, more efficient stopovers 
(Nilsson et al. 2013; Schmaljohann 2018). Waders and gulls in 
particular tend to show faster migration speeds during spring 
migration (Klaassen et  al.  2012; Schmaljohann  2018; Duijns 
et al. 2019; Wright et al. 2022; Catry et al. 2024); however, ex-
ceptions exist, such as Mediterranean gulls (Ichthyaetus me-
lanocephalus), which migrate faster in autumn than in spring 
(Jankowiak et  al.  2024), and a similar pattern has been re-
ported for Icelandic whimbrels (Numenius phaeopus islandicus) 
(Carneiro et al. 2019).

Avocets of the EAF population winter between The Netherlands 
and the United Kingdom in the north and South Africa in the 
south (Agblonon et  al.  2023). Although the core wintering 
range is located between France and Morocco, numbers in the 
United Kingdom have increased markedly over recent decades 
(Rehfisch et al. 2003; van Roomen et al. 2020, 2025; Agblonon 
et  al.  2023), indicating a trend towards shorter migration dis-
tances, likely driven by climate change (Visser et al. 2009; Lok 
et al. 2013). Avocets breeding in France show partial migration, 
with most individuals (86%) remaining resident, and of the 

24% that are migratory, 81% winter on the Iberian Peninsula 
(Chambon et al. 2018).

The timing of autumn migration in avocets is strongly 
temperature-dependent, resembling a stepwise ‘escape from 
the cold’ (Glutz von Blotzheim et al. 1986). This behaviour can 
lead to pronounced interannual variation in migration patterns, 
depending on winter severity. Both pied and American avocets 
(Recurvirostra americana) exhibit higher intraspecific variabil-
ity in migration patterns than most other waders (Clements 
et al. 2025; Eskildsen et al. 2025). Their comparatively short mi-
gration distances allow greater behavioural flexibility, whereas 
species migrating over longer distances are more constrained 
in terms of their timing and route choice (Pederson et al. 2022; 
Catry et al. 2024).

In this study, we analysed the temporal and spatial migration 
patterns of avocets breeding in the German and Dutch Wadden 
Sea and in Poland (Baltic Sea), with the aim of characterising 
the phenology of the annual cycle and identifying key sites used 
throughout the year. Specifically, we examined differences in 
wintering latitude, number of stopovers, migration distance, 
speed, and duration, as well as migration timing in relation to 
sex, season (spring vs. autumn), and breeding region (Wadden 
Sea vs. Baltic Sea).

We made the following five predictions about avocet migration 
patterns: (I) avocets exhibit short migration distances and a late 
onset of migration, reflecting a prolonged post-breeding period 
(Pederson et al. 2022; Catry et al. 2024; Eskildsen et al. 2025); (II) 
females have been reported to winter further south than males 
(Hötker 1998; Dietrich 1999) and we therefore expected them to 
show lower wintering latitudes, longer migration distances and 
durations, and a lower relative wing loading index, and to depart 
earlier from the Wadden Sea; (III) male breeding success de-
creases with later arrival (Hötker 1998) and males are assumed 
to winter closer to the breeding sites, and we therefore predicted 
that males would arrive earlier than females; (IV) we expected 
shorter migration durations, fewer stopovers, and higher migra-
tion speeds in spring than in autumn, in accordance with other 
species (Nilsson et al. 2013; Schmaljohann 2018; Schmaljohann 
et al. 2022); and (V) some avocets from the Polish breeding col-
ony move to the Wadden Sea during the post-breeding period 
(Marchowski et al. 2023), and we thus predicted that Wadden 
Sea breeders might represent a further segment in a chain-
migration system, and might therefore winter further south and 
undertake longer migrations than Baltic Sea breeders.

2   |   Materials and Methods

2.1   |   Tagging of Avocets

Avocets were caught on their nests during incubation 
using walk-in traps. Between 2020 and 2024, a total of 122 
adult avocets were equipped with Global System for Mobile 
Communication (GSM) Global Positioning System (GPS) da-
taloggers. Nine individuals were excluded from the analy-
ses due to tag loss or malfunction (n = 6) or mortality (n = 3) 
within the first few days to weeks after capture, resulting in 
113 individuals used in this study. Of these, 70 individuals 
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were captured in the German Wadden Sea (Beltringharder 
Koog (n = 22; 54°32′29″ N, 8°54′17″ E), Neufelderkoog (n = 18; 
53°53′29″ N, 8°58′25″ E), Oland (n = 17; 54°40′44″ N, 8°42′18″ 
E), Rickelsbüller Koog (n = 9; 54°53′08″ N, 8°38′59″ E), Sönke-
Nissen-Koog (n = 4; 54°36′33″ N, 8°51′35″ E)), 29 in the Dutch 
Wadden Sea (Westernieland (n = 11; 53°25′28″ N, 6°31′21″ 
E), Vatrop (n = 9; 52°56′04″ N, 5°00′16″ E), Dollart (n = 9; 
53°17′32″ N, 7°09′33″ E)), and 14 in the Szczecin Lagoon 
(Poland; 53°47′33″ N, 14°27′07″ E).

All birds were weighed to the nearest gram, measured (tar-
sus length, wing length (carpal joint to longest primary), bill 
length) to the nearest mm, and ringed (colour ring, metal 
ring). Three different types of solar-powered tags from two 
manufacturers were used, weighing 1.8%–2.7% of the tagged 
bird's mean body mass (332 ± 27 g). This remained below the 
generally accepted threshold of 3% of body mass to avoid be-
havioural alterations caused by tagging (Barron et  al.  2010; 
Geen et al. 2019). Two tag models were produced by Ornitela, 
Lithuania (OT-6 (6 g, n = 29), OT-9 (9 g, n = 70)) and one model 
by Interrex, Poland (INTERREX 18 (8.9 g, n = 14)). The loggers 
were attached to the bird's back using either a body harness 
(n = 84) or a leg-loop harness (n = 29) (Thaxter et  al.  2014). 
Fix intervals ranged from one location per minute to one 
per day according to the energy levels of the devices (mean: 
138.4 ± 107.6 GPS fixes per day). A total of 81 individuals were 
sexed genetically (Tauros Diagnostik GbR, Bielefeld, Germany; 
Institute of Avian Research, Wilhelmshaven, Germany), iden-
tifying 45 males and 36 females, while the sexes of the other 32 
individuals remained unknown (Table 1).

2.2   |   Migratory Variables

Ninety-one (81%) of the tagged individuals performed at least one 
complete migration trip (i.e., complete trip from the breeding to 
the wintering location or vice versa), of which 38% (n = 35) also 
had recorded data for consecutive years, up to a maximum of 
4 years. A total of 228 migration tracks were recorded, compris-
ing 136 complete autumn migration tracks (plus 30 incomplete 

tracks) and 62 complete spring migration tracks. For three of 
the incomplete autumn tracks, the signal was lost at a possible 
wintering site, i.e., a site where other avocets wintered, between 
20 October and 2 January; however, onward migration to a dif-
ferent site could not be definitely ruled out, and these tracks 
were therefore classified as incomplete. A migration track was 
defined as complete if the individual had left the Wadden Sea 
and subsequently stayed at a known wintering site for > 14 days, 
based on the mean stopover duration of 13.4 days reported for 
avocets (Eskildsen et al. 2025). When considering only stopovers 
made after departure from the Wadden Sea, the mean stopover 
duration decreases to 4.9 days, and only 7% (4 out of 55) of stop-
overs exceeded 14 days (Eskildsen et al. 2025). Consequently, a 
stay of more than 14 days following migration is highly likely to 
represent a wintering site.

Breeding and wintering sites were identified for each individual. 
Breeding sites corresponded to the respective nesting sites, which 
were determined either through direct field observations in the 
year of capture or inferred visually from GPS data in subsequent 
years, indicated by nest-typical movements (i.e., small-scale 
point clusters with frequent arrivals and departures). Stopovers 
were defined as interruptions of migratory flight lasting > 1 h 
at a single site, following Pederson et al.  (2022) and Eskildsen 
et al. (2025). Because some devices did not maintain sub-hourly 
fix intervals, not every stopover event may have been detected, 
potentially resulting in a slight underestimation of the number 
of stopovers. Departure from and arrival at breeding sites were 
identified as the last GPS fix at the breeding/wintering site be-
fore migration commenced, and the first fix at the wintering/
breeding site upon arrival, respectively. In cases where individ-
uals used multiple breeding or wintering sites within the same 
year, the first site was used to determine arrival, and the last site 
for departure.

Given that avocets spend extended periods in the Wadden Sea 
during their post-breeding phases (Eskildsen et  al.  2025), de-
parture from and arrival at the Wadden Sea were additionally 
recorded to describe migration timing. Post- and pre-breeding 
periods therefore represent the time between departure from 

TABLE 1    |    Overview of tagging information.

Germany The Netherlands Poland Total

Tagged birds 70 29 14 113

Males 40 5 — 45

Females 30 6 — 36

Unsexed — 18 14 32

n 57 26 8 91

Spring migration 27 35 — 62

Autumn migration 70 (+ 20) 58 (+ 4) 8 (+ 6) 136 (+ 30)

Device type OT-6, OT-9 OT-9 INTERREX 18

Study period 2020–2024 2021–2024 2023–2024 2020–2024

Attachment method Body harness Leg-loop harness Body harness

Note: Numbers in brackets indicate incomplete autumn migration trips. n = number of individuals that completed at least one migration trip. For detailed information 
about each individual see Table A1.
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the breeding site and departure from the Wadden Sea, and 
the time between arrival at the Wadden Sea and arrival at the 
breeding site, respectively. Autumn migration duration was 
calculated as the time between departure from the Wadden Sea 
and arrival at the wintering site, and spring migration as the 
time between departure from the wintering site and arrival at 
the Wadden Sea. Migration distance between the breeding and 
wintering sites was calculated as the great circle distance using 
Vincenty's formulae in the R package geosphere (Vincenty 1975; 
Hijmans 2022). This calculation therefore does not account for 
the actual migratory path travelled by the birds. The number of 
stopovers (between the Wadden Sea and wintering site and vice 
versa), migration duration, and migration distance were deter-
mined for each complete migration trip. Additionally, the migra-
tion speed was calculated as the quotient of migration distance 
and migration duration, without considering pre-migratory 
fuelling (Alerstam 2003). Some of these variables could not be 
calculated for every migration track because of minor data gaps, 
resulting in variable sample sizes across migratory variables. 
The sample sizes are therefore indicated in the relevant figure 
captions.

2.3   |   Statistical Analysis

We investigated the seasonal, regional, and sex-specific differ-
ences in migration patterns using a series of generalised lin-
ear mixed models (GLMMs) using the R packages lme4 (Bates 
et al. 2015) and glmmTMB (Brooks et al. 2017). Bird ID was 
included as a random effect in all models to account for re-
peated measurements of the same individuals. We first tested 
the effect of season (spring vs. autumn migration) on the num-
ber of stopovers, migration duration, and migration speed. We 
then examined the influence of the breeding region (Wadden 
Sea vs. Baltic Sea) on wintering latitude, migration distance, 
departure from breeding site, departure from Wadden Sea, ar-
rival at wintering site, number of stopovers, migration dura-
tion, and migration speed. Because no spring migration trips 
were recorded for the Baltic Sea breeders (Table 1), only au-
tumn migration parameters were included in this comparison. 
Third, we assessed sex-specific differences (male vs. female) 
in wintering latitude, migration distance, departure from 
breeding site, departure from Wadden Sea, arrival at winter-
ing site, departure from wintering site, arrival at the Wadden 
Sea, and arrival at the breeding site. We finally analysed the 
combined effect of sex and season, including their interaction, 
on the number of stopovers, migration duration, and migra-
tion speed.

The most appropriate probability distribution for each re-
sponse variable was selected based on the Akaike information 
criterion (Akaike 1998). Two different distributions were ap-
plied for some response variables (number of stopovers, mi-
gration duration, wintering latitude, departure from Wadden 
Sea, and arrival at wintering site) due to varying sample sizes 
across predictor variables (Table  2). The significance of the 
fixed effects (season, region and sex) in the GLMMs was as-
sessed using likelihood-ratio tests (LRTs) by comparing full 
models with corresponding null models lacking the respective 
fixed effect. For the combined effect of sex and season, we 
subsequently conducted pairwise post hoc comparisons using 

estimated marginal means (EMMs) from the R package em-
means (Lenth and Piaskowski 2025).

In addition, we determined if migration distance was associ-
ated with the timing of departure from the breeding site using 
Spearman's rank correlation. As wing area was not recorded 
during field work and was therefore unavailable for calculat-
ing wing loading, we calculated a relative wing loading index 
as body mass divided by wing length for individuals with 
available measurements (n = 92). Viscor and Fuster (1987) re-
ported strong correlations between wing area and wing length 
based on a dataset of 346 bird species, including avocets. We 
therefore considered the relative wing loading index an ac-
ceptable proxy for wing loading. Differences in relative wing 
loading index between sexes were tested using the two-sample 
t-test.

All statistical analyses were carried out in R (R Core 
Team  2024). Data are reported as mean ± standard deviation 
(SD). Visualisations were generated using the R package ggplot2 
(Wickham  2016) and maps were created in ArcGIS Pro3.5.2 
(ESRI 2025).

3   |   Results

3.1   |   Migration Patterns of Avocets

On average, the tagged avocets departed from their breeding 
sites on 12 July ± 24.8 days, left the Wadden Sea on 5 November 
± 41.3 days, and arrived at their wintering sites on 20 November 
± 40.2 days (Table 3). On their return journey, avocets departed 
from the wintering sites on 17 March ± 14.8 days, reached the 
Wadden Sea on 26 March ± 19.0 days, and arrived at their 
breeding sites on 1 April ± 20.0 days on average (Table  3). 
Accordingly, the annual cycle of avocets could be divided into 
approximately three equal periods, with individuals spending 
on average 102 days at the breeding site, 116 days during the 
post-breeding period, and 117 days at wintering sites. The re-
maining 30 days were divided among autumn and spring mi-
gration and the pre-breeding period (Figure 1).

Wintering sites ranged from the Humber Estuary in the 
United Kingdom (53°40′54″ N, 0°12′38″ W) in the north to the 
Kapatchez River in Guinea (10°26′47″ N, 14°33′30″ W) in the 
south (Table  3, Figures  2 and 3). The most frequently used 
wintering site was the Tejo Estuary in Portugal (38°47′46″ N, 
9°01′04″ W), where 19 individuals spent at least one winter, 
followed by Aiguillon Bay (46°17′22″ N, 1°09′38″ W) and the 
Seudre Marshes (45°46′07″ N, 1°03′52″ W) in France, each 
used by eight individuals. The vast majority of tagged birds 
(87%) wintered in France, Portugal, the United Kingdom or 
Spain, following the EAF. Two females and two individuals 
of unknown sex proceeded migration along the EAF to Africa 
(Figures 2 and 3), and at least two of them spent multiple win-
ters there. In contrast, two males remained in the Wadden 
Sea, wintering at Dollart (Netherlands/Germany; 53°17′32″ N, 
7°09′33″ E). With the exception of one individual that migrated 
directly south from its breeding site, all avocets breeding at 
Szczecin Lagoon (Poland) moved to the Wadden Sea during 
the post-breeding period before continuing southwards along 
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routes similar to those of avocets breeding in the Wadden Sea 
colonies.

Five individuals made stopovers at the Mediterranean Sea, and 
three birds migrated directly from the Wadden Sea to their win-
tering sites in the Camargue, France (43°31′00″ N, 4°23′59″ E) 
or the Ebro Delta, Spain (40°41′53″ N, 0°43′39″ E). Additionally, 
one male and three individuals of unknown sex, including 
three of the 14 individuals breeding in Poland, followed a dis-
tinctly different migration route, crossing the Alps en route to 
their wintering sites in northern Italy (Figures 2 and 3).

Avocets made 2.0 ± 2.5 stopovers per migration trip and it took 
them 13.3 ± 19.8 days to travel 1502.6 ± 995.9 km, resulting in a 
mean migration speed of 470.8 ± 554.0 km day−1 (Table 3).

3.2   |   Effects of Sex, Season and Breeding Location 
on Migration

Females migrated significantly longer distances than males 
( χ2 = 14.69, df = 1, p < 0.001; see Table 2 for detailed results of 
GLMMs and Table 3 for mean values ± SD, ranges, and sam-
ple sizes) and wintered at more southern latitudes ( χ2 = 5.51, 
df = 1, p = 0.019), indicating that females generally wintered 
further south (Figure  2, see also Figure  A1 for migration 
tracks). There was no significant correlation between the de-
parture date from the breeding site and migration distance 
(ρ = −0.005; p = 0.521; Spearman's rank correlation), and no 
sex-specific difference in departure date from the breeding 
site ( χ2 = 0.14, df = 1, p = 0.707). However, females departed 
significantly earlier from the Wadden Sea ( χ2 = 12.3, df = 1, 

TABLE 2    |    Input data and results of the generalised linear mixed models (GLMM).

Model IndivNo TripNo n ProbDistr t/z-value p

Autumn & spring migration

StopoverNo~Sex*Season 81 159 122 Poisson See Table A2

StopoverNo~Season 113 228 172 Tweedie z = 1.90 < 0.001***

StopoverNo~Region 113 166 115 Poisson z = 2.22 0.015*

MigrationDur~Sex*Season 81 159 135 Neg. binomial See Table A3

MigrationDur~Season 113 228 189 Tweedie z = −3.16 0.002**

MigrationDur~Region 113 166 130 Tweedie z = 2.57 0.014*

MigrationSpeed~Sex*Season 81 159 131 Gamma See Table A4

MigrationSpeed~Season 113 228 180 Gamma z = 2.76 0.005**

MigrationSpeed~Region 113 166 128 Gamma z = −3.46 < 0.001***

Autumn migration

WinteringLat~Region 113 166 136 Gaussian t = −1.96 0.050*

WinteringLat~Sex 81 116 95 Tweedie z = 2.51 0.019*

MigrationDist~Region 113 166 132 Tweedie z = 1.60 0.112n.s.

MigrationDist~Sex 81 116 94 Tweedie z = −3.08 < 0.001***

DepBreeding~Region 113 166 162 Gamma z = 0.77 0.440n.s.

DepBreeding~Sex 81 116 115 Gamma z = −0.40 0.707n.s.

DepWadden~Region 113 166 144 Gaussian t = −2.03 0.043*

DepWadden~Sex 81 116 101 Tweedie z = 4.24 < 0.001***

ArrWintering~Region 113 166 131 Gaussian t = −1.66 0.095n.s.

ArrWintering~Sex 81 116 93 Tweedie z = 3.24 0.008**

Spring migration

DepWintering~Sex 34 43 42 Tweedie z = 0.51 < 0.001***

ArrWadden~Sex 34 43 40 Gamma z = −0.80 0.426n.s.

ArrBreeding~Sex 34 43 39 Gamma z = −1.43 0.161n.s.

Note: Significance levels: n.s. not significant, *p < 0.05, **p < 0.01, ***p < 0.001.
Abbreviations: ArrBreeding, arrival at breeding site; ArrWadden, arrival at Wadden Sea; ArrWintering, arrival at wintering site; DepBreeding, departure from 
breeding site; DepWadden, departure from Wadden Sea; DepWintering, departure from wintering site; IndivNo, number of individuals in the dataset; MigrationDist, 
migration distance; MigrationDur, migration duration; n, number of trips used from the dataset (i.e., for the model in the first row 159 trips were in the dataset but 
only 122 of them contained information about the number of stopovers); ProbDistr, probability distribution used for the respective GLMM; Region, breeding region 
(Wadden Sea vs. Baltic Sea); StopoverNo, number of stopovers; TripNo, number of trips in the dataset; WinteringLat, wintering latitude.
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p < 0.001) and arrived significantly earlier at their wintering 
sites ( χ2 = 7.09, df = 1, p = 0.008) (Figure  A4). Females also 
departed significantly earlier from their wintering sites in 
spring ( χ2 = 35.46, df = 1, p < 0.001), but there were no sex-
specific differences in arrival timing at either the Wadden Sea 
( χ2 = 0.63, df = 1, p = 0.426) or the breeding sites ( χ2 = 1.97, 
df = 1, p = 0.161).

Migration duration was significantly longer in autumn than in 
spring (χ2 = 9.34, df = 1, p = 0.002), whereas both the number 
of stopovers (χ2 = 1541.6, df = 1, p < 0.001) and migration speed 
(χ2 = 7.82, df = 1, p = 0.005) were significantly higher in spring 
(Figure A5).

Analysing the interactive effects of sex and season revealed a 
significantly longer migration duration in autumn for males 
(p = 0.013) but not for females (p = 0.110; Figure  A6). Males 
also showed a significantly slower migration speed in autumn 
(p = 0.005), whereas females showed no seasonal variation in 
migration speed (p = 0.183). Furthermore, females tended to-
wards a longer migration duration than males in both autumn 

(p = 0.109) and spring (p = 0.111), although these differences 
were slightly not significant (Table  A3). There were no sex-
specific differences in migration speed during either autumn or 
spring migration (Table A4).

Females made significantly more stopovers in autumn (p = 0.013; 
GLMM), whereas no such sex-specific difference was found in 
spring (p = 0.528; GLMM). Both sexes showed no seasonal vari-
ation in the number of stopovers (Table A2). This pattern was 
further supported by the significantly lower relative wing load-
ing index of females compared with males (t = −2.24; p = 0.014; 
two-sample t-test).

Avocets breeding in the Wadden Sea (German and Dutch col-
onies) made significantly more stopovers (χ2 = 5.9, df = 1, 
p = 0.015) and had a significantly longer migration duration 
(χ2 = 6.08, df = 1, p = 0.014) than those breeding in the Baltic 
Sea region (Polish colony) (Table 4). The wintering latitude was 
also significantly lower for Wadden Sea breeders (χ2 = 3.83, 
df = 1, p = 0.050), indicating that these birds overwintered fur-
ther south than their Baltic conspecifics (see Figure  A2 for 

FIGURE 1    |    Phenology of the annual cycle per individual and year according to tagging location (black, German breeding colonies; orange, Dutch 
breeding colonies; red, Polish breeding colony; RBK, Rickelsbüller Koog; SNK, Sönke-Nissen-Koog; BHK, Beltringharder Koog; NFK, Neufelderkoog; 
SL, Szczecin Lagoon). Bars for each individual start with catching during breeding in the middle of the year; bar in the next line either continues 
the bar from the individual above (if > 1 year of data recorded) or starts again with breeding of another individual. Spring Migration = time spent on 
migration between departure from the wintering site and arrival at the Wadden Sea; Pre-Breeding = period between arrival at the Wadden Sea and 
arrival at the breeding site; Breeding = time spent at the breeding site; Post-Breeding = period between departure from the breeding site and depar-
ture from the Wadden Sea; Autumn Migration = time spent on migration between departure from the Wadden Sea and arrival at the wintering site; 
Wintering = time spent at the wintering site; No Breeding = time spent in the Wadden Sea without a breeding attempt in the given year.
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8 of 25 Ecology and Evolution, 2026

migration tracks). Additionally, avocets from the Polish colony 
departed significantly later from the Wadden Sea (χ2 = 4.11, 
df = 1, p = 0.043). There were no regional differences in terms of 
migration distance, departure from the breeding site, or arrival 
at the wintering site (Table 2).

4   |   Discussion

4.1   |   Spatial and Temporal Migration Patterns

The avocets analysed in this study departed from their breed-
ing sites on 12 July (on average), which was identical to the 
mean departure date reported by Eskildsen et al. (2025) for a 
smaller sample restricted to two of the nine colonies included 
in the current study. The onset of autumn migration from 
the Wadden Sea (5 November) was similar to that of a pop-
ulation migrating along the East Asian–Australasian Flyway 
(EAAF) (9 November; Wijethunge et  al.  2024). While EAF 

avocets travelled longer distances (1502 km vs. 1142 km in 
EAAF), they arrived at the wintering sites at similar times (20 
November vs. 22 November in EAAF; Wu et  al.  2022). This 
similarity can only be explained by a shorter migration dura-
tion in the EAF population (13.3 days vs. 24 days in EAAF), re-
sulting in a markedly higher migration speed (470.8 km day−1 
vs. 58 km day−1 in EAAF; Wijethunge et al. 2024). Differences 
between the two flyways in spring were minimal, with EAAF 
birds leaving their wintering sites slightly later (22 March vs. 
17 March) and reaching their breeding sites only a few days 
later (7 April vs. 1 April). These dates are also in line with 
earlier observations of avocets in Wadden Sea colonies, which 
arrived at their breeding sites between early March and early 
July (Hötker 2002).

In contrast, the closely related American avocet undertakes 
substantially longer migrations (2234.7 km), with longer dura-
tions (19.6 days), more stopovers (4.9 vs. 2 stopovers), and con-
sequently arrives later at its breeding sites (10 May) (Clements 

FIGURE 2    |    Wintering sites of avocets. Size of dot indicates number of tagged individuals wintering at the respective site; purple, sites used equal-
ly by females and males; red, sites used predominantly by females; blue, sites used predominantly by males; grey, sites used only by individuals of 
unknown sex. Names indicated for sites used by > 4 individuals and further sites mentioned in the text. See Figure A3 for detailed map of wintering 
sites on the French West coast.
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FIGURE 3    |     Legend on next page.
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et  al.  2025). While American avocets are dependent on un-
predictable ephemeral wetlands as stopover sites (Davis and 
Smith 2001; Ackerman et al. 2020; Clements et al. 2025), pied av-
ocets can rely on a network of more predictable coastal wetlands 
(Li et al. 2024; Eskildsen et al. 2025), which likely allows a more 
energy-efficient migration strategy and may explain differences 
in migratory variables between these two morphologically sim-
ilar species on different continents (Pierce 1996). Nevertheless, 
both pied and American avocets appear to devote a considerable 
proportion of the migration time to stopovers relative to migra-
tion distance, suggesting that they follow an energy-minimising 
rather than time-minimising migration strategy (Clements 
et al. 2025; Eskildsen et al. 2025).

Compared with long-distance migrating waders breeding 
in Siberia, such as grey plovers (Pluvialis squatarola; Catry 
et al. 2024) and Eurasian curlews (Pederson et al. 2022), avocets 
began their autumn migration later but initiated their spring mi-
gration earlier. The later onset of autumn migration can be ex-
plained by the much longer migration distances of grey plovers 
(6632–11,013 km) and curlews (3362 km) (Pederson et al. 2022; 
Catry et al. 2024). However, this explanation does not account 
for the earlier start of spring migration by avocets, which in-
stead suggests that they spent proportionally more time at their 
breeding sites. Waders breeding in Siberia face the constraint of 
a short vegetation period, whereas avocets are less time-limited 
in their breeding season (Wyndham 1986).

This interpretation is consistent with the annual cycle revealed 
in the present study, which showed similar durations of 102–
117 days for the breeding, post-breeding and wintering periods. 
Consequently, avocets spent far longer in the post-breeding 
period than species such as Eurasian curlews, whose annual 
cycle is dominated by wintering (Pederson et al. 2022). Avocets 
along the EAAF, for instance, spent 195 days at their breeding 
sites (post-breeding movements likely included) and 108 days at 

their wintering sites (Wijethunge et al. 2024), again pointing to 
a longer migration period compared with the EAF. Comparable 
pre- or post-migratory movements have been reported in other 
species: lesser black-backed gulls (Larus fuscus) showed spatial 
and temporal migration patterns similar to avocets but lacked 
such an extended post-breeding period (Klaassen et  al.  2012), 
whereas Mediterranean gulls displayed post-migratory explo-
ration during the pre-breeding period, leading to longer spring 
than autumn migrations (Jankowiak et al. 2024). The prolonged 
post-breeding period in the Wadden Sea close to the breeding 
sites thus appears to represent a relatively unique feature of the 
migration ecology of avocets breeding in the Wadden Sea.

Avocets of the EAF population are generally described as 
coastal migrants, with routes predominantly following western 
European coastlines and only rare inland movements (Glutz von 
Blotzheim et al. 1986). Our results largely support this view, in 
line with previous studies highlighting their strong preference 
for coastal over inland wetlands as stopover habitats along both 
the EAF and EAAF (Wu et al. 2022; Li et al. 2024; Wijethunge 
et  al.  2024; Eskildsen et  al.  2025). However, we also identi-
fied an alternative route linking Baltic Sea colonies—and to 
a lesser extent Wadden Sea colonies—with wintering sites in 
the Mediterranean, including trans-Alpine crossings (see also 
Marchowski et al. 2023).

In contrast to Chambon et  al.  (2018), who reported, based on 
ringing data, that most avocets breeding in France were resident 
and only 15% migrated, we found that all tagged individuals 
showed at least some migratory behaviour, including short post-
breeding movements to the Dollart that may not be detectable 
by ringing alone. No birds overwintered at their breeding sites. 
Nevertheless, wintering-site choice is known to be influenced 
by ambient temperature, with colder winters pushing individ-
uals further south (Hötker 1998). Ongoing climate change may 
thus lead to shorter migrations and increasing residency (Visser 

FIGURE 3    |    Migration tracks of all avocets in this study, showing breeding sites (yellow rectangles) and wintering sites (pink triangles). Several 
breeding and wintering sites were used by more than one individual. For comparison of migration tracks of females and males, and for avocets from 
Germany, The Netherlands and Poland see Figures A1 and A2.

TABLE 4    |    Characteristics of autumn migration parameters for avocets tagged in the Wadden Sea (Dutch (NL) and German (DE) breeding 
colonies) compared with individuals from a Polish colony (PL) in the Baltic Sea.

Wadden Sea (DE, NL) Baltic (PL)

Mean SD Range n Mean SD Range n

StopoverNo 2.1 2.6 0–13 107 0.5 1.1 0–3 8

MigrationDur [days] 15.2 21.3 0.3–131.7 122 8.4 20.3 0.3–58.7 8

MigrationSpeed [km day−1] 356.0 328.0 1.0–1492.4 120 1212.4 1086.3 12.7–3127.1 8

WinteringLat [°N] 42.9 8.5 10.5–53.3 128 48.4 4.1 43.5–53.7 8

MigrationDist [km] 1537.5 1016.8 137.3–5140.7 124 961.1 192.2 744.1–1359.0 8

DepBreeding 13 Jul 25.4 24 May–21 Dec 148 7 Jul 16.8 31 May–30 Jul 14

DepWadden 3 Nov 40.7 11 Jul–17 Feb 135 2 Dec 43.1 29 Sep–17 Feb 9

ArrWintering 19 Nov 39.3 7 Aug–19 Feb 123 12 Dec 49.5 1 Oct–18 Feb 8

Note: Data represent mean, standard deviation (SD), range, and sample size (n). For statistical model output and abbreviations of the variables, see Table 2.

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



11 of 25Ecology and Evolution, 2026

et  al.  2009; Lok et  al.  2013), and avocets may increasingly re-
main at northern sites.

Despite these possible future shifts, most individuals (73%) in 
the current study wintered in France, Spain, or Portugal, with 
the Tejo Estuary emerging as the most frequently used site. This 
estuary is recognised as a crucial stepping stone along the EAF 
for many species; for example, it exhibits the highest network 
connectivity of black-tailed godwit (Limosa limosa) sites, link-
ing directly to more than 200 other localities (Beal et al. 2025). 
The importance of the Tejo Estuary for avocets may have fur-
ther increased following declines at the nearby Sado Estuary, 
where habitat loss has reduced high-tide roost availability by 
20% (Belo et  al.  2022). Taken together, these findings suggest 
that the strong wintering-site fidelity of avocets may counter-
act any emerging trend towards shorter migration distances 
(Hötker 1998; Wu et al. 2022).

4.2   |   Sex-Related Differences in Migration Patterns

Our results demonstrated that female avocets overwintered 
further south than their male conspecifics. The most northerly 
wintering sites, located in the Dutch Wadden Sea and the United 
Kingdom, were used exclusively by males. This finding aligns 
with earlier observations that females more frequently overwin-
tered in Portugal, whereas males were more common in France 
during winter (Dietrich 1999).

The current results showed that females departed earlier from 
the Wadden Sea and consequently arrived earlier at the winter-
ing sites, although Eskildsen et al. (2025) reported that females 
left the breeding sites later than males. Our data, however, indi-
cated that the departure date from the breeding site was not cor-
related with migration distance. This suggests that males may 
spend a more extended post-breeding period in the Wadden Sea, 
potentially prospecting for future breeding sites, as observed in 
other colonial species such as Mediterranean gulls (Jankowiak 
et al. 2024; Garthe et al. 2025). In contrast, in American avocets, 
both sexes show extended post-breeding movements (Plissner 
et al. 2000). However, female pied avocets may prospect during 
migration or wintering, as indicated by the observation that 
two colour-ringed females bred at former wintering sites (PM 
unpubl. data). Ausems et  al.  (2025) proposed that sex-specific 
migratory routes could explain the earlier onset of migration 
in female Eurasian whimbrels (Numenius phaeopus) compared 
with successful males. However, our results do not support such 
a pattern, given that nearly all individuals followed the same mi-
gratory route.

The observed sex-specific differences in migration timing are 
more likely to result from differing migration strategies. Along 
the EAF, females departed earlier from the wintering sites but 
tended to arrive later at the breeding sites, consistent with ear-
lier observations by Hötker  (2002). This can be explained by 
their generally longer migration duration and greater number of 
stopovers compared with males. The apparently contradictory 
finding of Eskildsen et al. (2025)—that males made longer stop-
overs during autumn migration—likely stems from their inclu-
sion of stops made during the post-breeding period, which the 
current study suggests are more prolonged in males.

Overall, these findings suggest a clear dichotomy in migration 
tactics between the sexes: males follow a ‘near and short’ mi-
gration (near distance, short duration), whereas females un-
dertake a ‘far and long’ migration (far distance, long duration), 
ultimately resulting in similar migration speeds between the 
sexes. However, this apparent similarity may partly be an arte-
fact of not including pre-migratory fuelling in the calculation 
of migration speed (Lindström et  al.  2019). The longer post-
breeding period of males (i.e., longer pre-migratory fuelling) 
may compensate for the higher number of stopovers made by 
females during autumn migration. The longer migration dis-
tance of females (Vágási et  al.  2016) may be associated with 
their lower relative wing loading index, probably indicative 
of superior flight efficiency (Norberg  1990). This may allow 
females to reach higher-quality habitats located further away, 
thereby reducing competition with male conspecifics at win-
tering sites. A lower cold tolerance of the smaller-bodied sex 
may also force females to winter further south (Ketterson and 
Nolan  1983). Along the EAAF, where no sex-specific differ-
ence in migration distance has been detected, males depart 
from the wintering sites earlier (Wu et al. 2022). This suggests 
that males employ different migration strategies across the two 
flyways, both serving the same adaptive purpose of an earlier 
return to the breeding sites to maximise mating opportunities 
and secure high-quality territories (Schmaljohann et al. 2022), 
given that delayed arrival is known to reduce breeding success 
(Hötker 1998).

In contrast, no such sex-related (or seasonal) differences in 
migration timing have been reported for Eurasian curlews, as 
a representative Siberian-breeding wader species (Pederson 
et  al.  2022). For these long-distance migrants, the short vege-
tation period at the breeding grounds and the longer migra-
tion distances likely constrain variability in migration timing 
(Wyndham  1986; Clements et  al.  2025). In contrast, avocets 
breeding in the Wadden Sea are exposed to more flexible envi-
ronmental conditions, allowing for greater temporal variability 
in their migration strategies (Eskildsen et al. 2025).

4.3   |   Differences Between Spring and Autumn 
Migration

The EAF population of avocets exhibited longer migration dura-
tions and lower migration speeds in autumn than in spring, as 
shown by Wijethunge et al. (2024) for the EAAF population of 
avocets. Most migratory birds travel faster in spring because of 
stronger time constraints (Klaassen et al. 2012; Duijns et al. 2019; 
Schmaljohann et al. 2022; Wright et al. 2022; Catry et al. 2024), 
given that their earlier arrival at the breeding site enhances re-
productive success—particularly in males (Hötker 1998)—and 
may increase the likelihood of a second breeding attempt follow-
ing nest failure (Gates et al. 2013).

In contrast to our initial prediction, avocets made more stop-
overs during spring migration along both flyways, suggesting 
that these spring stopovers must have been comparatively short. 
Avocets thus appear to perform a relatively leisurely autumn 
migration with fewer but longer stopovers, followed by a more 
hurried spring migration characterised by more frequent, brief 
stopovers. Zhao et  al.  (2017) likewise concluded that several 
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Scolopacidae species migrating along the EAAF follow a time-
minimisation strategy during spring migration and an energy-
minimisation strategy during autumn migration. Longer 
stopovers in autumn would allow the birds to refuel more ef-
ficiently, improving body condition and enabling longer flight 
segments, whereas shorter stopovers in spring may result in 
poorer condition and thus shorter flight bouts requiring more 
frequent stops. This interpretation is supported by the finding 
that avocets spent more time at their main stopover site in au-
tumn than in spring (Wu et al. 2022).

Ambient temperature is known to influence departure deci-
sions in autumn and the selection of wintering sites (Glutz von 
Blotzheim et  al.  1986; Hötker  1998), and other environmental 
factors are also likely to affect stopover strategies. For instance, 
dunlins (Calidris alpina) and bar-tailed godwits (Limosa lap-
ponica) tend to migrate with tailwinds in spring and face head-
winds in autumn (Grönroos et al.  2012). Such conditions may 
explain the longer duration of autumn migration and the need 
for extended stopovers, given that flying in persistent head-
winds is both energetically demanding and time-consuming 
(Liechti and Bruderer  1998). A higher number of stopovers 
during spring migration may also help birds to assess the en-
vironmental conditions en route or at the breeding sites (Bauer 
et al. 2020), while during autumn migration, avocets may simply 
depart the Wadden Sea with high fuel loads once temperatures 
drop, flying directly or with few stops to their wintering areas. 
However, Schwemmer et al. (2021) noted that migration timing 
in Eurasian curlews was independent of weather conditions and 
was rather driven by genetic cues and resource availability at the 
breeding sites. Further research is therefore needed to clarify 
the relative importance of environmental and intrinsic factors 
shaping the pronounced seasonal differences in avocet migra-
tion patterns.

4.4   |   Differences in Migration Patterns Between 
Breeding Populations

Our results indicated that avocets breeding in the Wadden Sea 
wintered further south than those breeding in the Baltic Sea. 
This contrasts with Glutz von Blotzheim et al.  (1986), who re-
ported no difference in the wintering sites of Baltic and North 
Sea populations. However, the longer migration durations 
and higher number of stopovers observed for the Wadden Sea 
breeding population suggest some degree of regional variation. 
Although an extended migration duration could theoretically 
result from longer stopovers alone, it might be more plausibly 
explained by the greater migration distances travelled by the 
Wadden Sea birds. Nevertheless, the sample size of Polish avo-
cets was relatively small compared with that of the Wadden Sea 
population and may not fully represent the entire range of mi-
gration patterns within the Baltic Sea population.

To enable comparison between both breeding populations 
within a unified dataset, we defined the onset of autumn mi-
gration as the time of departure from the Wadden Sea, and the 
initial flight of Polish individuals from their breeding colonies 
to the Wadden Sea was therefore not included in the calcula-
tions of migration distance, duration, and speed. Interestingly, 
Polish avocets tended to leave their breeding sites earlier than 

individuals breeding in the Wadden Sea but started autumn mi-
gration later, i.e., later departure from the Wadden Sea. This pat-
tern suggests that they spent an extended period in the Wadden 
Sea, using it as a major staging and refuelling site prior to con-
tinuing their migration.

Although an alternative migratory route connects Baltic Sea col-
onies with Mediterranean wintering sites, running southwards 
and skirting the Alps to the east (Cramp and Simmons 1983), 
nearly all tracked Polish individuals moved westwards to 
the Wadden Sea before continuing south. Only a single bird, 
whose track was incomplete, appeared to follow this more di-
rect route. Even the three individuals that eventually wintered 
in Italy initially travelled to the Wadden Sea before deviating 
from the common EAF route. The exceptional food availability 
and favourable foraging conditions in the Wadden Sea (Laursen 
et al. 2010) likely justify this apparent detour, making it a crucial 
hub even for Baltic breeders.

Hötker (1998) also reported differences in arrival times among 
avocets from various Wadden Sea colonies, suggesting that com-
parable temporal differences exist between the Wadden Sea and 
the Baltic Sea populations. However, our dataset did not include 
spring migration data for the Polish individuals and this theory 
thus remains speculative. Long-term and more comprehensive 
tracking data are needed to clarify the temporal differences 
throughout the annual cycle between these regional breeding 
populations.

5   |   Conclusion

Our findings largely support the proposed predictions, high-
lighting the importance of the Wadden Sea region for the EAF 
avocet population and clearly demonstrating that males and fe-
males follow distinct migration strategies. (I) The comparatively 
short migration distances and delayed departures confirm that 
avocets adopt a time-relaxed migration strategy, enabled by an 
extended post-breeding period in the Wadden Sea. (II & III) 
Pronounced sex-specific patterns emerged, with females under-
taking longer migrations and wintering further south, whereas 
males remained longer near the breeding sites and returned 
earlier in spring, suggesting divergent strategies. (IV) Seasonal 
contrasts in migration, with longer durations and lower speeds 
in autumn versus faster but more fragmented travels in spring, 
reflect differing energetic and ecological constraints across sea-
sons. (V) Geographical differences between the Wadden Sea and 
Baltic Sea populations highlight the central role of the Wadden 
Sea as a key hub linking northern breeding and southern win-
tering sites.

Overall, these results demonstrate that migration strategies in 
avocets are shaped by a combination of intrinsic (sex-specific) 
and extrinsic (geographical and seasonal) factors, resulting 
in clear temporal differences between sexes and seasons, but 
also showing a high degree of individual variability. In light 
of declining population numbers in the Wadden Sea (Kleefstra 
et al. 2025), future research should explore how environmental 
variability and ongoing climate change may affect these strat-
egies, particularly regarding potential shifts in migration dis-
tances and residency patterns within the EAF.
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In addition, the pronounced post-breeding movements observed 
towards the north and east suggest that avocets may engage 
in prospecting behaviour outside their main migratory corri-
dor, potentially allowing them to identify and later colonise 
new breeding habitats. Such exploratory flights might explain 
how the recently established colony in the Szczecin Lagoon 
emerged on newly created artificial islands and may also be 
consistent with a possible Wadden Sea origin of this population. 
Understanding how migratory connectivity, exploratory move-
ments, and habitat availability interact will be key to assessing 
future population trajectories along the EAF.

Author Contributions

Mads Eskildsen: conceptualization (equal), data curation (equal), for-
mal analysis (lead), investigation (equal), methodology (equal), project 
administration (equal), resources (equal), validation (equal), visualiza-
tion (lead), writing – original draft (lead), writing – review and editing 
(lead). Stefan Garthe: conceptualization (equal), data curation (equal), 
funding acquisition (equal), investigation (supporting), methodology 
(equal), project administration (equal), resources (equal), supervision 
(supporting), writing – review and editing (equal). Sjoerd Duijns: data 
curation (equal), funding acquisition (equal), investigation (supporting), 
project administration (equal), resources (equal), writing – review and 
editing (equal). Petra Manche: data curation (equal), investigation 
(supporting), project administration (equal), resources (equal), writing 
– review and editing (equal). Dominik Marchowski: data curation 
(equal), funding acquisition (equal), investigation (supporting), project 
administration (equal), resources (equal), writing – review and editing 
(equal). Łukasz Jankowiak: data curation (equal), funding acquisition 
(equal), investigation (supporting), resources (equal), writing – review 
and editing (equal). Marcin Sidelnik: data curation (equal), funding 
acquisition (equal), investigation (supporting), resources (equal), writ-
ing – review and editing (equal). Philipp Schwemmer: conceptualiza-
tion (equal), data curation (equal), formal analysis (supporting), funding 
acquisition (equal), investigation (equal), methodology (equal), project 
administration (equal), resources (equal), supervision (lead), validation 
(equal), visualization (supporting), writing – original draft (supporting), 
writing – review and editing (equal).

Acknowledgements

We thank Daniela Koch, Angelika Kühn, Dominic Cimiotti, Andreas 
Bange, Marie Donnez, Henriette Schwemmer, Maresa Anders, Sophie 
Rentz, Carolin Fischer, Nora Theurich, Kristin Möding, Marlin Hefti, 
and the many volunteers of Schutzstation Wattenmeer e.V. for their 
great assistance in fieldwork at the German colonies. The Michael-
Otto-Institut im NABU provided colour ring combinations to allow 
better identification of GPS-tagged avocets in the field. Peter de Boer, 
Bram Ubels, Kees Oosterbeek, and Jelle Loonstra assisted in fieldwork 
in The Netherlands by catching and attaching the GPS loggers. We 
thank all collaborators involved in the fieldwork at Szczecin Lagoon, 
especially Sebastian Michałowski, Zbigniew Kajzer, Marcin Sołowiej, 
Piotr Zientek, Michał Barcz, and Paweł Stańczak. We are grateful to 
Moritz Mercker for providing the base of the R script for the figure of av-
ocet phenology, and to Sue Furness for linguistic support. Open Access 
funding enabled and organized by Projekt DEAL.

Funding

Financial support for the acquisition of GPS loggers was provided in 
the context of the project ‘Unser Wattenmeervogel’ by the National 
Park Administration of Schleswig-Holstein funded by the proWIN 
pro nature-foundation. Parts of the study were funded by the German 
Federal Ministry of Research, Technology and Space (BMFTR) 
within the project TRICMA2 (grant no. FKZ 03 F0960 C), and by the 
German Federal Agency for Nature Conservation with funds from 

the German Federal Ministry for the Environment, Climate Action, 
Nature Conservation and Nuclear Safety (BMUKN) within the project 
TRACKBIRD (grant no. FKZ 3519861400). The Dutch part of this work 
was part of the program Wij & Wadvogels, with financial contributions 
from Waddenfonds, Vogelbescherming Nederland, Rijkswaterstaat, the 
Dutch Ministry of Agriculture, Nature and Food Quality, and the Dutch 
provinces Noord-Holland, Groningen, and Friesland. Fieldwork at 
Szczecin Lagoon was conducted as part of the ongoing research activi-
ties of the Museum and Institute of Zoology, Polish Academy of Sciences, 
and co-financed by the Polish Ministry of Science under the ‘Regional 
Excellence Initiative’ program (agreement no. RID/SP/0045/2024/01).

Ethics Statement

The National Park Administration of Schleswig-Holstein, Groninger 
Landschap, Staatsbosbeheer, and the Maritime Office in Szczecin gave 
permission to enter the breeding grounds of avocets. The treatment of 
birds complied with current EU laws. Permission for GPS logger de-
ployment on avocets was given by the Ministry for Energy Transition, 
Climate Protection, Environment and Nature Schleswig-Holstein 
(MEKUN SH, file number: V 242-39334/2022 (41-5/22)) and the Central 
Authority for Scientific Procedures on Animals in The Netherlands 
(permit number AVD25000202010465).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All the required data are uploaded as Supporting Information.

References

Ackerman, J. T., C. A. Hartman, M. P. Herzog, et al. 2020. “American 
Avocet (Recurvirostra americana).” In Birds of the World, edited by A. F. 
Poole. Cornell Lab of Ornithology.

Agblonon, G., A. Y. Diallo, K. Gueye, et al. 2023. Simultaneous January 
2023 Waterbird and Wetland Census Along the East Atlantic Flyway: 
National Reports. Wadden Sea Flyway Initiative p/a Common Wadden 
Sea Secretariat, Wetlands International, BirdLife International.

Akaike, H. 1998. “Information Theory and an Extension of the Maximum 
Likelihood Principle.” In Selected Papers of Hirotugu Akaike, edited by K. 
Tanabe, G. Kitagawa, and E. Parzen, 199–213. Springer.

Alerstam, T. 2003. “Bird Migration Speed.” In Avian Migration, edited 
by P. Berthold, E. Gwinner, and E. Sonnenschein, 253–267. Springer.

Alerstam, T. 2011. “Optimal Bird Migration Revisited.” Journal of 
Ornithology 152, no. S1: 5–23.

Ausems, A. N. M. A., H. MacKellar, G. S. Brown, and E. Nol. 2025. 
“Sex-Specific Variation in Breeding-Ground Departure Decisions and 
Detection Rates During Southbound Migration in West Atlantic Flyway 
Whimbrels (Numenius phaeopus).” Scientific Reports 15: 6735.

Baert, J. M., E. W. M. Stienen, B. C. Heylen, et al. 2018. “High-Resolution 
GPS Tracking Reveals Sex Differences in Migratory Behaviour and 
Stopover Habitat Use in the Lesser Black-Backed Gull Larus fuscus.” 
Scientific Reports 8, no. 1: 5391.

Barron, D. G., J. D. Brawn, and P. J. Weatherhead. 2010. “Meta-Analysis 
of Transmitter Effects on Avian Behaviour and Ecology.” Methods in 
Ecology and Evolution 1, no. 2: 180–187.

Bates, D., M. Maechler, B. Bolker, and S. Walker. 2015. “Fitting Linear 
Mixed-Effects Models Using lme4.” Journal of Statistical Software 67, 
no. 1: 1–48.

Bauer, H.-G., E. Bezzel, and W. Fiedler. 2005. Das Kompendium der Vögel 
Mitteleuropas: Alles über Biologie, Gefährdung und Schutz. AULA-Verlag.

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



14 of 25 Ecology and Evolution, 2026

Bauer, S., J. M. McNamara, and Z. Barta. 2020. “Environmental 
Variability, Reliability of Information and the Timing of Migration.” 
Proceedings of the Royal Society B: Biological Sciences 287, no. 1926: 
20200622.

Beal, M., J. Nightingale, J. R. Belo, et al. 2025. “Site-Level Connectivity 
Identified From Multiple Sources of Movement Data to Inform 
Conservation of a Migratory Bird.” Journal of Applied Ecology 62, no. 
2: 303–316.

Belo, J. R., M. P. Dias, J. Jara, et  al. 2022. “Synchronous Declines of 
Wintering Waders and High-Tide Roost Area in a Temperate Estuary: 
Results of a 10-Year Monitoring Programme.” Waterbirds 45, no. 2: 
141–149.

Brooks, M. E., K. Kristensen, K. J. van Benthem, et al. 2017. “glmmTMB 
Balances Speed and Flexibility Among Packages for Zero-Inflated 
Generalized Linear Mixed Modeling.” R Journal 9, no. 2: 378–400.

Carneiro, C., T. G. Gunnarsson, and J. A. Alves. 2019. “Faster Migration 
in Autumn Than in Spring: Seasonal Migration Patterns and Non-
Breeding Distribution of Icelandic Whimbrels Numenius phaeopus is-
landicus.” Journal of Avian Biology 50, no. 1: e01938.

Catry, T., E. Correia, J. S. Gutiérrez, et  al. 2024. “Low Migratory 
Connectivity and Similar Migratory Strategies in a Shorebird With 
Contrasting Wintering Population Trends in Europe and West Africa.” 
Scientific Reports 14: 4884.

Chambon, R., S. Dugravot, J.-M. Paillisson, J.-C. Lemesle, F. Ysnel, and 
G. Gélinaud. 2018. “Partial Migration in Inexperienced Pied Avocets 
Recurvirostra avosetta: Distribution Pattern and Correlates.” Journal of 
Avian Biology 49, no. 6: e01549.

Clements, S. J., J. P. Loghry, J. A. Linscott, et  al. 2025. “Migration 
Strategy and Constraint in Migration Behavior Vary Among Shorebird 
Species With Different Life Histories.” Ecosphere 16, no. 1: e70161.

Cramp, S., and K. E. L. Simmons. 1983. Handbook of the Birds of Europe, 
the Middle East, and North Africa: The Birds of the Western Palearctic. 
Volume 3: Waders to Gulls. Oxford University Press.

Davis, C. A., and L. M. Smith. 2001. “Foraging Strategies and Niche 
Dynamics of Coexisting Shorebirds at Stopover Sites in the Southern 
Great Plains.” Auk 118, no. 2: 484–495.

Dietrich, S. 1999. Säbelschnäbler (Recurvirostra avosetta L., 1758) auf 
dem East Atlantic Flyway: Zugbewegungen, Nahrungsökologie und 
Schadstoffbelastung. PhD Thesis. Philipps-Universität Marburg.

Duijns, S., A. M. Anderson, Y. Aubry, et  al. 2019. “Long-Distance 
Migratory Shorebirds Travel Faster Towards Their Breeding Grounds, 
but Fly Faster Post-Breeding.” Scientific Reports 9: 9420.

Ersoy, S., T. G. G. Groothuis, T. Piersma, and A. I. Bijleveld. 2024. “When 
Slow Explorers Are Fast: Personality-Related Differences in Timing of 
Migration in Red Knots (Calidris canutus).” Ibis 166, no. 4: 1146–1156.

Eskildsen, M., S. Garthe, and P. Schwemmer. 2025. “Connectivity of 
Wetland Areas Along the East Atlantic Flyway Used as Moulting and 
Stopover Sites by Pied Avocets (Recurvirostra avosetta) During Autumn 
Migration.” Journal of Ornithology 166, no. 4: 931–945.

ESRI. 2025. “ArcGIS Pro 3.5.2, Redlands, CA”.

European Parliament. 2019. “Directive 2009/147/EC of the European 
Parliament and of the Council of 30 November 2009 on the Conservation 
of Wild Birds (Codified Version)”.

Garthe, S., K. Haecker, A. Mitschke, V. Dierschke, and P. Schwemmer. 
2025. “Urban Life of an Elusive Species: Population Trends, Movement 
Patterns, Foraging Habitats, and Prospecting in Mediterranean 
Gulls (Ichthyaetus melanocephalus) Breeding in Hamburg, Northern 
Germany.” Journal of Ornithology 166: 619–631.

Gates, H. R., R. B. Lanctot, and A. N. Powell. 2013. “High Renesting 
Rates in Arctic-Breeding Dunlin (Calidris alpina): A Clutch-Removal 
Experiment.” Auk 130, no. 2: 372–380.

Geen, G. R., R. A. Robinson, and S. R. Baillie. 2019. “Effects of Tracking 
Devices on Individual Birds – A Review of the Evidence.” Journal of 
Avian Biology 50, no. 2: e01823.

Glutz von Blotzheim, U. N., K. M. Bauer, and E. Bezzel. 1986. Handbuch 
der Vögel Mitteleuropas: Band 7: Charadriiformes (2. Teil). AULA-Verlag.

Grönroos, J., M. Green, and T. Alerstam. 2012. “To Fly or Not to Fly 
Depending on Winds: Shorebird Migration in Different Seasonal Wind 
Regimes.” Animal Behaviour 83, no. 6: 1449–1457.

Hijmans, R. J. 2022. “geosphere: Spherical Trigonometry 1.5–18”.

Hötker, H. 1998. Die Bedeutung Energetischer Ausgaben für die 
Reproduktions- und Überwinterungsstrategien des Säbelschnäblers 
(Recurvirostra avosetta L.). Habilitation. Christian-Albrechts-
Universität zu Kiel.

Hötker, H. 2002. “Arrival of Pied Avocets Recurvirostra avosetta at 
the Breeding Site: Effects of Winter Quarters and Consequences for 
Reproductive Success.” Ardea 90, no. 3: 379–387.

Jankowiak, Ł., M. Sidelnik, J. Siekiera, J. Szymczak, P. Zieliński, and 
D. Marchowski. 2024. “First Year-Round Movement Tracking of the 
Mediterranean Gull (Ichthyaetus melanocephalus) in Europe: Insights 
and Conservation Recommendations for Declining Population.” 
Journal of Ornithology 166: 39–54.

Jehl, J. R., and B. G. Murray. 1986. “The Evolution of Normal and 
Reverse Sexual Size Dimorphism in Shorebirds and Other Birds.” In 
Current Ornithology: Volume 3, edited by R. F. Johnston, 1–86. Springer.

Ketterson, E. D., and V. Nolan. 1983. “The Evolution of Differential Bird 
Migration.” In Current Ornithology: Volume 1, edited by R. F. Johnston, 
357–402. Springer.

Klaassen, R. H., B. J. Ens, J. Shamoun-Baranes, K.-M. Exo, and F. 
Bairlein. 2012. “Migration Strategy of a Flight Generalist, the Lesser 
Black-Backed Gull Larus fuscus.” Behavioral Ecology 23, no. 1: 58–68.

Kleefstra, R., K. Behm, T. Bregnballe, et al. 2025. Trends of Migratory 
and Wintering Waterbirds in the Wadden Sea 1987/1988–2022/2023. 
Common Wadden Sea Secretariat; Expert Group Migratory Birds.

Koffijberg, K., S. Baumung, T. Bregnballe, et al. 2026. Trends of Breeding 
Birds in the Wadden Sea 1991–2023 and Results of the Total Count in 
2018. Common Wadden Sea Secretariat; Expert Group Breeding Birds.

Laursen, K., J. Blew, K. Eskildsen, et al. 2010. Migratory Waterbirds in 
the Wadden Sea 1987–2008: Trend, Phenology, Distribution and Climate 
Aspects. Common Wadden Sea Secretariat.

Lenth, R. V., and J. Piaskowski. 2025. “emmeans: Estimated Marginal 
Means, Aka Least-Squares Means 2.0.1”.

Li, D., K. Liu, Y. Gao, Y. Wu, and X. Hou. 2024. “Stopover Habitat Use of 
Coastal Pied Avocet Revealed by Satellite Tracking and Remote Sensing 
Technology.” Global Ecology and Conservation 56: e03290.

Liechti, F., and B. Bruderer. 1998. “The Relevance of Wind for Optimal 
Migration Theory.” Journal of Avian Biology 29, no. 4: 561–568.

Lindström, Å., T. Alerstam, and A. Hedenström. 2019. “Faster Fuelling 
Is the Key to Faster Migration.” Nature Climate Change 9: 288–289.

Lok, T., O. Overdijk, and T. Piersma. 2013. “Migration Tendency Delays 
Distributional Response to Differential Survival Prospects Along a 
Flyway.” American Naturalist 181, no. 4: 520–531.

Marchowski, D., Z. Kajzer, M. Sołowiej, et  al. 2023. “First Breeding 
Colony of Pied Avocets Recurvirostra avosetta in Poland on Artificial 
Islands of Szczecin Lagoon.” Ornis Polonica 64: 273–287.

Mondain-Monval, T. O., M. Amos, J.-L. Chapman, A. MacColl, and 
S. P. Sharp. 2021. “Flyway-Scale Analysis Reveals That the Timing of 
Migration in Wading Birds Is Becoming Later.” Ecology and Evolution 
11, no. 20: 14135–14145.

Newton, I. 2008. The Migration Ecology of Birds. Elsevier/Academic 
Press.

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



15 of 25Ecology and Evolution, 2026

Newton, I. 2011. “Migration Within the Annual Cycle: Species, Sex and 
Age Differences.” Journal of Ornithology 152: 169–185.

Nilsson, C., R. H. G. Klaassen, and T. Alerstam. 2013. “Differences in 
Speed and Duration of Bird Migration Between Spring and Autumn.” 
American Naturalist 181, no. 6: 837–845.

Norberg, U. M. 1990. Vertebrate Flight: Mechanics, Physiology, 
Morphology, Ecology and Evolution. Springer.

Pederson, R., P. Bocher, S. Garthe, et al. 2022. “Bird Migration in Space 
and Time: Chain Migration by Eurasian Curlew Numenius arquata ar-
quata Along the East Atlantic Flyway.” Journal of Avian Biology 2022, 
no. 9: e02924.

Pierce, R. J. 1996. “Family Recurvirostridae (Stilts and Avocets).” In 
Handbook of the Birds of the World: Volume 3: Hoatzin to Auks, edited by 
J. Del Hoyo, A. Elliott, and J. Sargatal, 332–347. Lynx Edicions.

Plissner, J. H., S. M. Haig, and L. W. Oring. 2000. “Postbreeding 
Movements of American Avocets and Implications for Wetland 
Connectivity in the Western Great Basin.” Auk 117, no. 2: 290–298.

R Core Team. 2024. R: A Language and Environment for Statistical 
Computing 4.4.0. R Foundation for Statistical Computing.

Rappole, J. H. 2013. The Avian Migrant: The Biology of Bird Migration. 
Columbia University Press.

Rehfisch, M., G. Austin, M. Armitage, et  al. 2003. “Numbers of 
Wintering Waterbirds in Great Britain and the Isle of Man (1994/1995–
1998/1999): II. Coastal Waders (Charadrii).” Biological Conservation 
112, no. 3: 329–341.

Schmaljohann, H. 2018. “Proximate Mechanisms Affecting Seasonal 
Differences in Migration Speed of Avian Species.” Scientific Reports 8: 
4106.

Schmaljohann, H., C. Eikenaar, and N. Sapir. 2022. “Understanding the 
Ecological and Evolutionary Function of Stopover in Migrating Birds.” 
Biological Reviews 97, no. 4: 1231–1252.

Schwemmer, P., M. Mercker, K. H. Vanselow, P. Bocher, and S. Garthe. 
2021. “Migrating Curlews on Schedule: Departure and Arrival Patterns 
of a Long-Distance Migrant Depend on Time and Breeding Location 
Rather Than on Wind Conditions.” Movement Ecology 9: 9.

Thaxter, C. B., V. H. Ross-Smith, J. A. Clark, et  al. 2014. “A Trial of 
Three Harness Attachment Methods and Their Suitability for Long-
Term Use on Lesser Black-Backed Gulls and Great Skuas.” Ringing & 
Migration 29, no. 2: 65–76.

Vágási, C. I., P. L. Pap, O. Vincze, G. Osváth, J. Erritzøe, and A. P. Møller. 
2016. “Morphological Adaptations to Migration in Birds.” Evolutionary 
Biology 43: 48–59.

van Roomen, M., G. Agblonon, T. Langendoen, et al. 2020. Simultaneous 
January 2020 Waterbird and Wetland Census Along the East Atlantic 
Flyway: National Reports. Wadden Sea Flyway Initiative p/a Common 
Wadden Sea Secretariat, Wetlands International, BirdLife International.

van Roomen, M., J. Reneerkens, G. Citegetse, et al. 2025. East Atlantic 
Flyway Assessment 2023: The Status of Coastal Waterbird Populations 
and Their Sites. Wadden Sea Flyway Initiative p/a Common Wadden Sea 
Secretariat, Wetlands International, BirdLife International.

Vincenty, T. 1975. “Direct and Inverse Solutions of Geodesics on the 
Ellipsoid With Application of Nested Equations.” Survey Review 23, no. 
176: 88–93.

Viscor, G., and J. F. Fuster. 1987. “Relationships Between Morphological 
Parameters in Birds With Different Flying Habits.” Comparative 
Biochemistry and Physiology Part A: Physiology 87, no. 2: 231–249.

Visser, M. E., A. C. Perdeck, J. H. van Balen, and C. Both. 2009. “Climate 
Change Leads to Decreasing Bird Migration Distances.” Global Change 
Biology 15, no. 8: 1859–1865.

Wickham, H. 2016. ggplot2: Elegant Graphics for Data Analysis 3.5.1. 
Springer.

Wijethunge, I. K., Q. Zhao, Y. Liu, et  al. 2024. “Tracking Data 
Demonstrate Plasticity in Migration Behaviour of the East Asian Pied 
Avocet Recurvirostra avosetta.” Emu - Austral Ornithology 124, no. 3–4: 
276–282.

Wright, L., E. Nol, R. B. Lanctot, and L. McKinnon. 2022. “Rushing in 
the Spring and Relaxing in the Fall: Seasonal and Sex-Specific Migration 
Profiles of Dunlin.” Journal of Field Ornithology 93, no. 2: 10.

Wu, Y., W. Lei, B. Zhu, J. Xue, Y. Miao, and Z. Zhang. 2022. “Identification 
of Annual Routines and Critical Stopover Sites of a Breeding Shorebird 
in the Yellow Sea, China.” Avian Research 13: 100068.

Wyndham, E. 1986. “Length of Birds' Breeding Seasons.” American 
Naturalist 128, no. 2: 155–164.

Zhao, M., M. Christie, J. Coleman, et  al. 2017. “Time Versus Energy 
Minimization Migration Strategy Varies With Body Size and Season in 
Long-Distance Migratory Shorebirds.” Movement Ecology 5: 23.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: 

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



16 of 25 Ecology and Evolution, 2026

A
pp

en
di

x 
A

T
A

B
L

E
 A

1    
|

    
G

en
er

al
 in

fo
rm

at
io

n 
on

 ta
gg

ed
 in

di
vi

du
al

s b
y 

as
ce

nd
in

g 
ri

ng
 ID

.

R
in

g 
ID

T
ag

gi
n

g 
da

te
T

ag
gi

n
g 

pl
ac

e
Se

x
W

in
g 

[m
m

]
M

as
s 

[g
]

R
el

. w
in

g 
lo

ad
in

g 
in

de
x 

[g
 m

m
−

1 ]
T

ar
su

s 
[m

m
]

B
il

l 
[m

m
]

T
ag

 t
yp

e
C

at
ch

in
g 

m
et

ho
d

A
tt

ac
h

m
en

t 
m

et
ho

d

37
40

15
3

12
.0

5.
20

22
Va

tr
op

Fe
m

al
e

23
6

35
0

1.
48

91
.3

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
40

15
4

12
.0

5.
20

22
Va

tr
op

M
al

e
23

2
34

0
1.

47
89

.8
85

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
40

15
6

12
.0

5.
20

22
Va

tr
op

Fe
m

al
e

22
5

35
7

1.
59

87
.1

81
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
83

04
0

23
.0

5.
20

23
W

es
te

rn
ie

la
nd

23
2

34
3

1.
48

87
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
83

04
1

23
.0

5.
20

23
W

es
te

rn
ie

la
nd

23
8

31
5

1.
32

87
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
83

04
2

23
.0

5.
20

23
W

es
te

rn
ie

la
nd

23
3

30
2

1.
30

75
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

05
1

02
.0

5.
20

22
D

ol
la

rt
M

al
e

23
6

33
4

1.
42

91
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

05
2

02
.0

5.
20

22
D

ol
la

rt
Fe

m
al

e
23

4
31

9
1.

36
84

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

05
5

02
.0

5.
20

22
D

ol
la

rt
Fe

m
al

e
23

1
37

4
1.

62
80

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

05
6

02
.0

5.
20

22
D

ol
la

rt
M

al
e

23
1

34
6

1.
50

86
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

05
7

17
.0

5.
20

22
W

es
te

rn
ie

la
nd

M
al

e
22

9
33

2
1.

45
98

86
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

05
8

17
.0

5.
20

22
W

es
te

rn
ie

la
nd

M
al

e
23

4
37

3
1.

60
91

.6
85

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

05
9

17
.0

5.
20

22
W

es
te

rn
ie

la
nd

Fe
m

al
e

22
7

33
2

1.
46

80
.5

78
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

06
2

31
.0

5.
20

22
W

es
te

rn
ie

la
nd

Fe
m

al
e

22
6

31
2

1.
38

76
.8

74
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

07
4

08
.0

5.
20

23
D

ol
la

rt
23

4
33

1
1.

41
80

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

07
5

08
.0

5.
20

23
D

ol
la

rt
21

8
29

8
1.

37
78

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

07
6

08
.0

5.
20

23
D

ol
la

rt
23

5
33

6
1.

43
86

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

07
7

08
.0

5.
20

23
D

ol
la

rt
23

5
30

6
1.

30
84

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

07
8

08
.0

5.
20

23
D

ol
la

rt
23

1
28

7
1.

24
70

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

07
9

22
.0

5.
20

23
Va

tr
op

23
3

31
3

1.
34

86
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

08
0

22
.0

5.
20

23
Va

tr
op

23
4

37
5

1.
60

84
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

08
3

16
.0

6.
20

23
W

es
te

rn
ie

la
nd

22
8

30
3

1.
33

77
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

20
6

18
.0

5.
20

21
W

es
te

rn
ie

la
nd

23
2

37
5

1.
62

88
.4

89
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
85

20
8

18
.0

5.
20

21
W

es
te

rn
ie

la
nd

22
5

33
8

1.
50

84
79

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
85

21
3

26
.0

5.
20

21
W

es
te

rn
ie

la
nd

22
4

28
7

1.
28

77
.8

79
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

(C
on

tin
ue

s)

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



17 of 25Ecology and Evolution, 2026

R
in

g 
ID

T
ag

gi
n

g 
da

te
T

ag
gi

n
g 

pl
ac

e
Se

x
W

in
g 

[m
m

]
M

as
s 

[g
]

R
el

. w
in

g 
lo

ad
in

g 
in

de
x 

[g
 m

m
−

1 ]
T

ar
su

s 
[m

m
]

B
il

l 
[m

m
]

T
ag

 t
yp

e
C

at
ch

in
g 

m
et

ho
d

A
tt

ac
h

m
en

t 
m

et
ho

d

37
87

36
4

11
.0

5.
20

23
Va

tr
op

22
6

33
3

1.
47

78
76

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
87

36
5

11
.0

5.
20

23
Va

tr
op

23
9

35
5

1.
49

91
.8

92
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

37
87

36
6

11
.0

5.
20

23
Va

tr
op

22
6

30
8

1.
36

88
83

O
T-

9
W

al
k-

in
 tr

ap
Le

g-
lo

op
 h

ar
ne

ss

37
87

36
7

11
.0

5.
20

23
Va

tr
op

23
8

31
6

1.
33

79
.5

84
O

T-
9

W
al

k-
in

 tr
ap

Le
g-

lo
op

 h
ar

ne
ss

53
78

10
3

13
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

22
4

30
9

1.
38

80
.9

76
.3

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

53
78

10
4

13
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

23
1

30
7

1.
33

85
.0

80
.6

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

53
78

10
5

13
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
23

0
34

3
1.

49
88

.8
82

.0
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

53
78

10
6

13
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
23

2
36

6
1.

58
83

.2
88

.5
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

53
78

10
7

13
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
22

5
31

4
1.

40
82

.3
78

.9
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

53
78

12
8

16
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

M
al

e
22

8
87

.6
85

.7
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

53
78

13
2

28
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

21
2

30
2

1.
42

78
.6

80
.0

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
23

72
2

03
.0

6.
20

20
N

eu
fe

ld
er

ko
og

M
al

e
22

5
35

3
1.

57
82

.8
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
23

72
3

03
.0

6.
20

20
N

eu
fe

ld
er

ko
og

M
al

e
23

5
30

5
1.

30
77

.7
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
23

72
4

03
.0

6.
20

20
N

eu
fe

ld
er

ko
og

M
al

e
22

4
29

3
1.

31
87

.2
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
23

74
2

18
.0

5.
20

22
N

eu
fe

ld
er

ko
og

Fe
m

al
e

21
7

31
3

1.
44

80
.1

80
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
23

74
3

18
.0

5.
20

22
N

eu
fe

ld
er

ko
og

M
al

e
23

4
37

9
1.

62
90

.8
88

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
23

74
8

20
.0

5.
20

22
Sö

nk
e-

N
is

se
n-

K
oo

g
Fe

m
al

e
22

5
31

9
1.

42
87

.2
77

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
23

74
9

20
.0

5.
20

22
Sö

nk
e-

N
is

se
n-

K
oo

g
M

al
e

23
5

39
0

1.
66

93
.6

88
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
24

76
9

25
.0

5.
20

21
Sö

nk
e-

N
is

se
n-

K
oo

g
M

al
e

23
0

35
3

1.
53

84
.9

87
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
24

77
0

25
.0

5.
20

21
Sö

nk
e-

N
is

se
n-

K
oo

g
M

al
e

23
2

37
3

1.
61

89
.8

98
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
24

79
4

09
.0

6.
20

21
N

eu
fe

ld
er

ko
og

Fe
m

al
e

22
7

28
5

1.
26

82
.9

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
24

79
5

09
.0

6.
20

21
N

eu
fe

ld
er

ko
og

Fe
m

al
e

22
9

32
3

1.
41

88
.9

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
24

79
6

09
.0

6.
20

21
N

eu
fe

ld
er

ko
og

Fe
m

al
e

22
0

31
8

1.
45

82
.8

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
24

79
7

09
.0

6.
20

21
N

eu
fe

ld
er

ko
og

M
al

e
23

9
37

2
1.

56
88

.2
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
24

79
8

18
.0

5.
20

22
N

eu
fe

ld
er

ko
og

M
al

e
22

8
33

9
1.

49
86

.9
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
24

80
0

18
.0

5.
20

22
N

eu
fe

ld
er

ko
og

Fe
m

al
e

23
0

32
2

1.
40

77
.5

78
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

(C
on

tin
ue

s)

T
A

B
L

E
 A

1    


|    
(

C
on

tin
ue

d)

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



18 of 25 Ecology and Evolution, 2026

R
in

g 
ID

T
ag

gi
n

g 
da

te
T

ag
gi

n
g 

pl
ac

e
Se

x
W

in
g 

[m
m

]
M

as
s 

[g
]

R
el

. w
in

g 
lo

ad
in

g 
in

de
x 

[g
 m

m
−

1 ]
T

ar
su

s 
[m

m
]

B
il

l 
[m

m
]

T
ag

 t
yp

e
C

at
ch

in
g 

m
et

ho
d

A
tt

ac
h

m
en

t 
m

et
ho

d

54
37

05
6

31
.0

5.
20

22
N

eu
fe

ld
er

ko
og

Fe
m

al
e

23
0

32
2

1.
40

85
.3

79
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

05
7

31
.0

5.
20

22
N

eu
fe

ld
er

ko
og

M
al

e
23

4
34

7
1.

48
88

.3
90

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

05
8

31
.0

5.
20

22
N

eu
fe

ld
er

ko
og

M
al

e
22

5
27

6
1.

23
83

.8
81

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

05
9

31
.0

5.
20

22
N

eu
fe

ld
er

ko
og

Fe
m

al
e

22
0

29
8

1.
35

79
.7

79
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

07
3

01
.0

6.
20

23
N

eu
fe

ld
er

ko
og

M
al

e
24

0
34

4
1.

43
87

.4
89

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

07
4

01
.0

6.
20

23
N

eu
fe

ld
er

ko
og

Fe
m

al
e

22
4

30
2

1.
35

79
.9

75
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

07
5

01
.0

6.
20

23
N

eu
fe

ld
er

ko
og

M
al

e
23

5
33

1
1.

41
86

.4
83

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

07
8

28
.0

4.
20

24
O

la
nd

Fe
m

al
e

22
0

33
8

1.
54

84
.8

77
.4

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

07
9

03
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

22
6

34
5

1.
53

84
.4

78
.0

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

08
0

03
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

21
9

32
2

1.
47

82
.8

83
.5

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

08
1

03
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
23

0
30

6
1.

33
79

.7
80

.4
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

08
3

03
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

23
0

32
6

1.
42

88
.4

85
.0

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

08
4

03
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

22
6

29
5

1.
31

79
.5

80
.0

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

08
5

03
.0

5.
20

24
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
22

5
38

8
1.

72
88

.8
83

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

08
9

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

M
al

e
22

9
36

5
1.

59
84

.8
88

.0
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

09
0

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

M
al

e
22

4
36

0
1.

61
94

.8
90

.0
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

09
1

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

Fe
m

al
e

33
6

81
.2

81
.6

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

09
2

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

Fe
m

al
e

32
6

83
.9

78
.9

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

09
3

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

Fe
m

al
e

35
8

87
.4

88
.0

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
37

09
5

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

M
al

e
33

8
91

.2
86

.1
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

09
6

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

M
al

e
87

.3
85

.1
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
37

09
7

08
.0

5.
20

24
R

ic
ke

ls
bü

lle
r K

oo
g

M
al

e
32

0
82

.5
77

.5
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

60
9

29
.0

4.
20

23
O

la
nd

M
al

e
23

5
36

0
1.

53
83

.0
90

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

61
0

29
.0

4.
20

23
O

la
nd

M
al

e
23

6
37

5
1.

59
91

.4
85

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

61
1

29
.0

4.
20

23
O

la
nd

M
al

e
23

4
32

9
1.

41
87

.7
89

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

61
2

29
.0

4.
20

23
O

la
nd

M
al

e
23

4
32

5
1.

39
86

.4
89

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

(C
on

tin
ue

s)

T
A

B
L

E
 A

1    


|    
(

C
on

tin
ue

d)

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



19 of 25Ecology and Evolution, 2026

R
in

g 
ID

T
ag

gi
n

g 
da

te
T

ag
gi

n
g 

pl
ac

e
Se

x
W

in
g 

[m
m

]
M

as
s 

[g
]

R
el

. w
in

g 
lo

ad
in

g 
in

de
x 

[g
 m

m
−

1 ]
T

ar
su

s 
[m

m
]

B
il

l 
[m

m
]

T
ag

 t
yp

e
C

at
ch

in
g 

m
et

ho
d

A
tt

ac
h

m
en

t 
m

et
ho

d

54
42

61
3

29
.0

4.
20

23
O

la
nd

Fe
m

al
e

22
0

31
0

1.
41

78
.5

75
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

61
4

03
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

23
2

31
2

1.
34

75
.9

75
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

61
5

03
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

22
3

31
5

1.
41

79
.9

76
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

61
6

03
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
22

5
34

9
1.

55
79

.7
91

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

61
7

03
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

22
4

34
4

1.
54

79
.0

84
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

61
8

03
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
22

7
32

0
1.

41
83

.3
82

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

61
9

03
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
23

3
34

4
1.

48
88

.8
90

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

62
0

07
.0

5.
20

23
O

la
nd

M
al

e
23

7
34

0
1.

43
88

.3
84

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

62
1

07
.0

5.
20

23
O

la
nd

M
al

e
22

9
34

2
1.

49
84

.5
83

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

62
2

07
.0

5.
20

23
O

la
nd

M
al

e
23

5
35

6
1.

51
85

.7
87

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

62
3

07
.0

5.
20

23
O

la
nd

M
al

e
23

2
36

4
1.

57
92

.1
88

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

62
7

12
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
23

8
36

3
1.

53
83

.1
89

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

62
8

12
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

22
7

29
2

1.
29

82
.8

80
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

62
9

12
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

Fe
m

al
e

23
1

34
6

1.
50

85
.6

78
.0

O
T-

9
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

63
0

12
.0

5.
20

23
Be

ltr
in

gh
ar

de
r K

oo
g

M
al

e
23

3
38

7
1.

66
86

.0
89

.0
O

T-
9

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

64
4

28
.0

4.
20

24
O

la
nd

Fe
m

al
e

22
3

35
4

1.
59

87
.1

81
.3

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

64
5

28
.0

4.
20

24
O

la
nd

Fe
m

al
e

22
4

38
7

1.
73

87
.6

79
.3

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

64
6

28
.0

4.
20

24
O

la
nd

M
al

e
22

5
34

8
1.

55
82

.7
79

.1
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

64
7

28
.0

4.
20

24
O

la
nd

Fe
m

al
e

23
2

33
2

1.
43

82
.6

78
.9

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

64
8

28
.0

4.
20

24
O

la
nd

M
al

e
22

4
30

4
1.

36
86

.4
85

.1
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

54
42

64
9

28
.0

4.
20

24
O

la
nd

Fe
m

al
e

23
6

33
2

1.
41

83
.8

78
.1

O
T-

6
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

54
42

65
0

28
.0

4.
20

24
O

la
nd

M
al

e
23

4
31

9
1.

36
89

.4
88

.8
O

T-
6

W
al

k-
in

 tr
ap

Bo
dy

 h
ar

ne
ss

FS
16

64
8

20
.0

5.
20

23
Sz

cz
ec

in
 L

ag
oo

n
22

8
91

.9
89

.6
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
16

64
9

20
.0

5.
20

23
Sz

cz
ec

in
 L

ag
oo

n
22

2
97

.5
80

.6
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
16

65
0

20
.0

5.
20

23
Sz

cz
ec

in
 L

ag
oo

n
23

2
84

.8
85

.7
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

40
1

20
.0

5.
20

23
Sz

cz
ec

in
 L

ag
oo

n
22

9
91

.6
79

.6
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

(C
on

tin
ue

s)

T
A

B
L

E
 A

1    


|    
(

C
on

tin
ue

d)

 20457758, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.73798, W

iley O
nline L

ibrary on [15/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



20 of 25 Ecology and Evolution, 2026

R
in

g 
ID

T
ag

gi
n

g 
da

te
T

ag
gi

n
g 

pl
ac

e
Se

x
W

in
g 

[m
m

]
M

as
s 

[g
]

R
el

. w
in

g 
lo

ad
in

g 
in

de
x 

[g
 m

m
−

1 ]
T

ar
su

s 
[m

m
]

B
il

l 
[m

m
]

T
ag

 t
yp

e
C

at
ch

in
g 

m
et

ho
d

A
tt

ac
h

m
en

t 
m

et
ho

d

FS
60

40
2

20
.0

5.
20

23
Sz

cz
ec

in
 L

ag
oo

n
22

8
84

.0
77

.5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

42
4

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

42
5

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
30

0
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

42
6

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
32

5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

42
7

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
31

5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

42
8

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
30

5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

42
9

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
30

5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

43
0

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
29

5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

43
1

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
28

5
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

FS
60

43
2

29
.0

5.
20

24
Sz

cz
ec

in
 L

ag
oo

n
32

0
IN

TE
R

R
E

X
 1

8
W

al
k-

in
 tr

ap
Bo

dy
 h

ar
ne

ss

N
ot

e:
 R

in
g 

ID
s s

ho
w

n 
in

 sa
m

e 
co

lo
ur

 in
di

ca
te

 a
 b

re
ed

in
g 

pa
ir

 w
he

re
 b

ot
h 

pa
rt

ne
rs

 w
er

e 
ta

gg
ed

 (e
.g

., 
53

78
10

3 
an

d 
53

78
10

6)
.

T
A

B
L

E
 A

1    


|    
(

C
on

tin
ue

d)
TABLE A2    |    Results of generalised linear mixed model analysing 
combined effect of sex and season on number of stopovers.

Estimate
Std. 

error z-value p

(Intercept) 0.73 0.17 4.40 < 0.001 ***

Male −0.59 0.24 −2.47 0.013 *

Spring −0.09 0.18 −0.52 0.602. n.s.

Male:Spring 0.41 0.29 1.41 0.159 n.s.

Note: Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.

TABLE A3    |    Results of the generalised linear mixed model analysing 
the combined effect of sex and season on migration duration.

Estimate
Std. 

error z-value p

(Intercept) 2.59 0.22 11.64 < 0.001 ***

Male −0.48 0.30 −1.60 0.109 n.s.

Spring −0.51 0.32 −1.60 0.110 n.s.

Male:Spring −0.19 0.42 −0.45 0.651 n.s.

Note: For significance levels see Table A2.

TABLE A4    |    Results of generalised linear mixed model analysing 
combined effect of sex and season on migration speed.

Estimate
Std. 

error z-value p

(Intercept) 5.84 0.16 37.13 < 0.001 ***

Male 0.06 0.22 0.26 0.792 n.s.

Spring 0.38 0.28 1.33 0.183 n.s.

Male:Spring 0.34 0.38 0.88 0.378 n.s.

Note: For significance levels see Table A2.
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FIGURE A1    |    Migration tracks of (a) female and (b) male avocets, showing breeding sites (yellow rectangles) and wintering sites (pink triangles). 
Several breeding and wintering sites were used by more than one individual.
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FIGURE A2    |    Migration tracks of avocets from (a) Dutch (orange) and German (black) breeding colonies, and from (b) a Baltic/Polish breeding 
colony, showing breeding sites (yellow rectangles) and wintering sites (pink triangles). Several breeding and wintering sites were used by more than 
one individual.
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FIGURE A3    |    Wintering sites of avocets along the French west coast. Pie charts indicate number of tagged individuals wintering at the respective 
site. Colours depict proportions of males (blue), females (red), and avocets of unknown sex (grey) to number of tagged individuals.
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FIGURE A4    |    Autumn migration parameters with significant sex-related differences (females (F), red; males (M), blue). (a) Migration distance 
(nfemales = 43, nmales = 51). (b) Wintering latitude (nfemales = 43, nmales = 52). (c) Date of departure from the Wadden Sea (nfemales = 48, nmales = 53). (d) Date 
of arrival at the wintering site (nfemales = 43, nmales = 50). Solid lines, medians; boxes, interquartile ranges; whiskers range up to 1.5 times the interquar-
tile range; crosses, means; dots, outliers; Significance levels: n.s. not significant, *p < 0.05, **p < 0.01, ***p < 0.001.

FIGURE A5    |    Seasonal differences in migration parameters (autumn (A), brown; spring (S), green). (a) Number of stopovers (nautumn = 115; 
nspring = 57). Outliers removed for clarity: Autumn (5 outliers; range: 10–13 stopovers); spring (3 outliers; 9–10 stopovers). (b) Migration du-
ration (nautumn = 130; nspring = 59). Removed outliers: Autumn (9 outliers; 53.2–131.7 days); spring (4 outliers; 56.1–71.3 days). (c) Migration speed 
(nautumn = 128; nspring = 52). Removed outliers: Autumn (2 outliers; 2570.7–3127.1 km day−1); spring (5 outliers; 2091.2–3019.4 km day−1). For boxplot 
definitions and significance levels, see Figure A4.
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FIGURE A6    |    Differences in migration parameters with respect to season and sex. (a) Number of stopovers. Outliers removed for clarity: Female/
autumn (2 outliers; range: 10–13 stopovers); female/spring (1 outlier; 9 stopovers). (b) Migration duration. Removed outlier: Male/autumn (1 outlier; 
131.7 days). (c) Migration speed. Sample sizes indicated in tables above each graph. For boxplot definitions and significance levels, see Figure A4. 
Significance levels shown in black apply to intrasexual comparisons across seasons; significance levels applying to intersexual comparisons within 
seasons shown in brown (autumn) or green (spring).
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