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A B S T R A C T   

Many migratory birds exhibit interannual consistency in migration schedules, routes and stopover sites. 
Detecting the interannual consistency in spatiotemporal characteristics helps understand the maintenance of 
migration and enables the implementation of targeted conservation measures. We tracked the migration of 
Whimbrel (Numenius phaeopus) in the East Asian–Australasian Flyway and collected spatiotemporal data from 
individuals that were tracked for at least two years. Wilcoxon non-parametric tests were used to compare the 
interannual variations in the dates of departure from and arrival at breeding/nonbreeding sites, and the inter-
annual variation in the longitudes when the same individual across the same latitudes. Whimbrels exhibited a 
high degree of consistency in the use of breeding, nonbreeding, and stopover sites between years. The variation 
of arrival dates at nonbreeding sites was significantly larger than that of the departure dates from nonbreeding 
and breeding sites. Repeatedly used stopover sites by the same individuals in multiple years were concentrated in 
the Yellow Sea coast during northward migration, but were more widespread during southward migration. The 
stopover duration at repeatedly used sites was significantly longer than that at sites used only once. When flying 
across the Yellow Sea, Whimbrels breeding in Sakha (Yakutia) exhibited the highest consistency in migration 
routes in both autumn and spring. Moreover, the consistency in migration routes of Yakutia breeding birds was 
generally higher than that of birds breeding in Chukotka. Our results suggest that the northward migration 
schedule of the Whimbrels is mainly controlled by endogenous factors, while the southward migration schedule 
is less affected by endogenous factors. The repeated use of stopover sites in the Yellow Sea coast suggests this 
region is important for the migration of Whimbrel, and thus has high conservation value.   

1. Introduction 

Migratory birds regularly move between breeding and nonbreeding 
sites every year (Newton, 2008). Migration is endogenously regulated to 
match periodical changes of environmental conditions. Consequently, 
the spatiotemporal characteristics of migration activities is predictable 
(Akesson et al., 2017; Akesson and Helm, 2020). Many studies have 
shown that the migration activities of the same individual usually have a 

fixed schedule and route between years and show high temporal and 
spatial consistency (Potti, 1998; Conklin et al., 2013; Vardanis et al., 
2016; Kurten et al., 2022). Through long-term evolution, migratory 
birds follow schedules and routes that have been proved to be suitable, 
which help birds efficiently use familiar habitats and food resources 
along the migration route, save time and energy in exploring new en-
vironments, and reduce the risk of predation (Lank et al., 2003; Duijns 
et al., 2019). Migration consistency therefore plays an important role in 
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ensuring successful migration and improving fitness of migratory birds. 
The interannual spatiotemporal consistency of migration helps birds 

adapt to periodical environmental conditions. Meanwhile, birds can also 
fine tune the spatiotemporal rhythm of migration to a certain extent in 
response to altered environmental conditions (Weller et al., 2022). For 
example, wind conditions largely affect the migration decision of birds 
at stopover sites (Ma et al., 2011; Schmaljohann et al., 2022); when 
facing food decline at traditional stopover sites, some individuals can 
shift to use different stopover sites (Ke et al., 2019), or even change 
migration routes (Verkuil et al., 2012). Under the current context of 
global climate change, the ability to adjust migration schedules and 
routes should benefit birds in adapting to altered environmental con-
ditions. Therefore, clarifying the spatiotemporal consistency of migra-
tion activities helps understand their migration ecology and contributes 
to the protection of migratory birds and their key habitats. 

Most studies on the spatiotemporal consistency of migration have 
focused on the start and end date of migration, while the results varied 
among studies. Some studies have found that the consistency of north-
ward migration schedules is generally higher than that of southward 
migration schedules, such as Bar-tailed Godwit (Limosa lapponica) in the 
East Asian–Australasian Flyway (Conklin et al., 2013), Purple Martin 
(Progne subis) in the American Flyway (Fraser et al., 2019), and Pallas’s 
Gull (Larus ichthyaetus) breeding in the Tibetan Plateau (Liu et al., 
2018). This may be due to that the northward migration schedule is 
mainly controlled by endogenous regulation while the southward 
migration schedule may also be affected by reproductive success in the 
adults as well as by social and environmental conditions (Lourenco 
et al., 2011; Stanley et al., 2012; Pedersen et al., 2018; Akesson and 
Helm, 2020; Loonstra et al., 2023). Moreover, many birds do not have 
territorial behavior in nonbreeding sites, and the southward migration 
schedule is relatively flexible without reproductive pressure (Carneiro 
et al., 2019; Fraser et al., 2019). However, some species, such as the 
Hoopoes (Upupa epops) breeding in Switzerland have higher consistency 
in southward migration schedules than northward migration schedules 
(van Wijk et al., 2016). 

In addition, the consistency of the start dates of migration is usually 
higher than that of the arrival dates, especially in northward migration, 
such as for the Red-backed Shrike (Lanius collurio) (Pedersen et al., 
2018) and Western Marsh Harrier (Circus aeruginosus) (Vardanis et al., 
2011). This may be due to the departure dates being regulated by 
endogenous factors more (Lourenco et al., 2011; Pedersen et al., 2018; 
Watson and Keren, 2019). However, the consistency of arrival dates at 
breeding sites of Snow Goose (Anser caerulescens) in North America (Bety 
et al., 2004) and Woodcock (Scolopax rusticola) in Europe (Tedeschi 
et al., 2020) is higher than that of their departure dates from 
nonbreeding sites. This may be caused by the time pressure of arrival at 
breeding sites and the high consistency of migration routes. 

There is a hypothesis that for long-distance migratory birds, envi-
ronmental conditions at breeding sites are difficult to predict when birds 
are at distant nonbreeding sites. Thus, the date of departure from 
nonbreeding sites might rely mainly on endogenous regulation and 
exhibit high consistency in departure dates between years (Ruthrauff 
et al., 2019). Moreover, many migratory birds use the same breeding 
and nonbreeding sites in successive years, while there are relatively few 
studies on the spatial consistency of stopover sites and migration routes. 
Some studies have found that Great Reed Warbler (Acrocephalus arun-
dinaceus) (Hasselquist et al., 2017), Osprey (Pandion haliaetus) (Vardanis 
et al., 2016), and Oriental Honey-buzzard (Pernis ptilorhynchus) (Suga-
sawa and Higuchi, 2019), use the same stopover sites or similar 
migration routes in different years. These are likely due to their reliance 
on specific habitats or food sources that are distributed at specific spatial 
regions. The consistency of migration routes can also be affected by 
topographic features. For example, Common Swift (Apus apus) breeding 
in Europe exhibit high consistency in migration routes crossing the Strait 
of Gibraltar (Wellbrock et al., 2017); Oriental Honey-buzzard breeding 
in Japan exhibits less consistency in migration routes when crossing 

oceans than flying over land (Sugasawa and Higuchi, 2019). 
Many shorebird species fly tens of thousands of kilometers during 

one-way migration, across multiple landscapes including land and 
ocean. Some of them highly rely on tidal flats during stopover. There-
fore, shorebirds can be good objects to study on the spatiotemporal 
consistency in annual cycles. Moreover, many shorebirds have suffered 
rapid population decline over the past two decades, mainly due to 
habitat loss and degradation at key stopover sites (Baker et al., 2004; 
Studds et al., 2017). Detecting the consistency during annual movement 
helps identify the regions of priority conservation along migration 
routes. Here we analyzed the spatiotemporal consistency of migration 
activities for Whimbrels in the East Asian–Australasian Flyway (EAAF). 
The Whimbrels are long-distance migratory birds with a worldwide 
distribution. In the EAAF, their breeding sites are scattered across 
Siberia, and the nonbreeding sites are mainly located in Southeast Asia 
and Australia (Kuang et al., 2022). During the migration period, they 
cross East Asia and mainly stopover on the tidal flats of the Yellow Sea 
region (Kuang et al., 2020). 

We tracked the migration of Whimbrels and analyzed: a) the con-
sistency of the timing of arrival at and departure from the breeding/ 
nonbreeding sites; b) the spatial consistency of the breeding, 
nonbreeding, and stopover sites; and c) the spatial consistency of 
migration routes at different latitudes, seasons and regions. We hy-
pothesized that Whimbrels exhibit high consistency in migration 
schedule between years, and the date of departure from nonbreeding 
sites has the highest consistency. In terms of spatial consistency, since 
Whimbrels mainly stopover in the Yellow Sea region (Kuang et al., 
2020), we hypothesized that stopovers and migration routes have high 
consistency, and the consistency is higher in the Yellow Sea than in other 
regions. Due to the wide distribution of k�ld1)���c����bu��������������si�������������of ��������WhimbwiBs ������������in ������������������������g, ����������������is ����������������ion �����������eion ���������������������migratine �������������� ������������� ��������al�h �����������������������������ohis ���������ing �����������es �����������������������et ���������ing ���������bu���t ���������������������Ku�he ���������me ����������������������2012�������). ��������e���hy
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m for PTTs and less than 100 m for GPS–GSM transmitters) were 
included for analysis. The spatiotemporal information of migration was 
extracted using the method in Kuang et al. (2020). Briefly, during 
northward migration, we assumed that an individual has departed from 
the nonbreeding or stopover site when it flew northward for more than 
50 km from the site and did not return; an individual has arrived at the 
breeding site when it no longer moved northward and the two successive 
location fixes were less than 50 km apart. If an individual stayed at 
multiple sites at breeding region during breeding season, we considered 
the site at which the individual stayed for the longest duration to be the 
breeding site. Similarly, during southward migration, we assumed an 
individual had departed from the breeding or stopover site when it flew 
southward for more than 50 km from the site and did not return; an 
individual had arrived at the nonbreeding site when it no longer moved 
southward and the two successive location fixes were less than 50 km 
apart. During migration, the sites where Whimbrels stayed for more than 
48 h and where two successive location fixes were less than 50 km apart 
were considered to be stopover sites. Considering that individual fixes 
were extremely concentrated at each site, the geographical locations of 
nonbreeding, stopover, and breeding sites were measured by using the 
arithmetic mean of the geographical coordinates of all fixes at the sites 
for each individual (Giunchi et al., 2019). 

The dates of departure from and arrival at the nonbreeding, stopover, 
and breeding sites were estimated for each individual. If two consecutive 
location fixes before/after departure from or arrival at a site were 
recorded on the same day, the dates were used as the departure or 
arrival date. If two consecutive location fixes before/after departure 
from or arrival a site were recorded on different dates and if an indi-
vidual was flying at the latter location fix, we measured the distance 
between the location fixes and used a flight speed of 50 km/h to estimate 
the flight duration for the individual to cover the distance (Alves et al., 
2016). For the individuals fitted with PTTs, we estimated the status of 
birds (flying or not flying) according to the time and locations of 
consecutive fixes before/after departure from or arrival at a site. The 
departure date was estimated according to the time recorded at the last 
location fix before departure and the flight duration after departure. 
Similarly, if two consecutive location fixes before and after arrival at a 
site fall on different dates and the individual was flying at the earlier fix, 
the distance between the location fixes and the flight speed of 50 km/h 
was used to estimate the flight duration and then the arrival date was 
calculated. The duration of stopover at a site was calculated according to 
the arrival and departure date at that site. 

To analyze the consistency of migration routes between years, we 
identified the longitudes on which Whimbrels crossed the latitudes of 5◦

N, 15◦ N, 25◦ N, 35◦ N, 45◦ N, 55◦ N, and 65◦ N (marked latitudes, 
Table 1) for the first time in a migration period (Sugasawa and Higuchi, 
2019). We estimated the longitudes according to the longitudes of suc-
cessive location fixes before and after the individual crossing the lati-
tudes, assuming straight flight paths. 

Migration routes of Whimbrels in the EAAF largely differed between 
breeding sites. Whimbrels breeding in Sakha (Yakutia) mainly migrated 

along the coast and across inland, while Whimbrels breeding in Chu-
kotka migrated mainly across the ocean (Kuang et al., 2020). Thus, we 
grouped the Whimbrels by their breeding areas, and compared the 
consistency of migration routes between the two groups. 

2.3. Data analysis 

To analyze the consistency of migration date of four migration events 
(departure from/arrival at the nonbreeding and the breeding sites), we 
converted the dates into count data (January 1 = 1). Then we calculated 
the date range and standard deviation (SD) between the first year and 
the second year tracked of each event for each individual. For individual 
tracked for more than two years, we calculated the range and standard 
deviation between the first year and each subsequent year, and then 
calculated the average of the range and the standard deviation. The 
lower the range and SD, the higher the consistency. Due to the abnormal 
distribution of the data, Wilcoxon tests with “exactRankTests” package 
in R were used to compare the date consistency of the four events 
(Hothorn and Hornik, 2022). 

The “geosphere” package in R was used to calculate the distance of 
breeding sites and nonbreeding sites between years for each individual 
(Hijmans, 2022). We calculated the stopover duration of individuals at 
each stopover site. If the distance between the locations of stopover sites 
(arithmetic means of the geographical coordinates) of the same in-
dividuals in different years was less than 25 km, we assumed that the 
individual repeatedly used the same stopover site. Wilcoxon tests were 
used to compare the stopover duration at repeatedly used stopover sites 
and stopover sites used only once during northward and southward 
migration, respectively. 

We calculated the SDs of the longitudes when birds crossed the 
marked latitudes within the same season in different years. The lower 
the SD, the higher the consistency of migration route. Wilcoxon tests 
were used to compare the SDs of longitudes of individuals from the same 
breeding sites within the same season. We further compared the SDs of 
longitudes of individuals from different breeding sites within the same 
season. One-way ANOVA and Bonferroni’s multiple comparisons were 
used after normalizing the data with Box-Cox transformation to test 
whether SDs of longitudes differed across marked latitudes within the 
same season. 

All statistical analyses were performed with R Studio version 4.3.2 
for Windows (R Core Team, 2021). Significant differences were deemed 
with P < 0.05 and the values were exhibited as median (interquartile 
range). 

3. Results 

The tracking data from a total of 15 Whimbrels were used in this 
study, including nine individuals with data for more than two years, and 
two individuals with data for more than three years (Appendix 
Table S1). Four individuals had incomplete data in their second tracking 
year. These tracked Whimbrels included five captured at Roebuck Bay, 
three captured at Moreton Bay, and seven captured at Shanghai 
Chongming Dongtan. Eleven of these birds bred in Yakutia and four bred 
in Chukotka. 

3.1. Consistency in migration timings 

We used departure dates from nonbreeding sites in 11 birds, arrival 
dates at breeding sites in 13 birds, departure dates from breeding sites in 
11 birds and arrival dates at nonbreeding sites in 9 birds (Appendix 
Table S2). Among the timings of the four migration events, the inter-
annual variation in the date of departure from 
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sites was significantly larger than that of the date of departure from the 
nonbreeding sites and the breeding sites (Wilcoxon test, P < 0.01 for 
departure from the nonbreeding sites, P = 0.02 for departure from the 
breeding sites; Fig. 1B). There was no significant difference among the 
SD of the date of the other events. 

3.2. Consistency of sites 

Both breeding and nonbreeding sites of the tracked Whimbrels were 
highly consistent. All the 15 tracked individuals used the same 
nonbreeding sites in different years. Twelve individuals used the same 
breeding sites as the previous year, one individual used a breeding site 
near its location from the previous year (262 km away), and the other 
two did not return to the breeding region in Siberia in the second year 
but stayed on the eastern coast of China during the breeding season. 

During northward migration, 13 of the 15 birds used at least one 
identical stopover site in different years, including one bird that used 
two and one bird that used three identical stopover sites. All together the 
tracked birds stopped 95 times at 73 stopover sites, of which 16 sites 
were repeatedly used a total of 37 times. The latitudes of the repeatedly 
used stopover sites ranged from 26◦ N to 47◦ N. Of the 16 repeatedly 

used stopover sites, nine 
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0.001 for both; Fig. 3). 

3.3. Consistency of migration routes 

For Whimbrel individuals breeding in Yakutia, there were significant 
differences in the longitude variation among different latitudes during 
northward (P < 0.001), and no significant differences during southward 
(P = 0.05) migration. The SD of longitudes were the lowest at 35◦ N, 
indicating that the consistency of migration routes was the highest at 
that latitude (Fig. 4; Appendix Table S4). There was no significant dif-
ference in the SD of longitudes at each marked latitude between seasons 
(P > 0.05 for all). 

All four individuals breeding in Chukotka stopped near 35◦ N during 
northward migration. During southward migration, three of the four 
birds flew directly from the Kamchatka Peninsula across the Western 
Pacific to the stopover sites near 5◦ S every year. Another individual first 
flew southwestward to the stopover site near 35◦ N every year and then 
flew southeastward to the stopover site in New Guinea. Within both 
seasons, there was no significant difference in the SD of longitudes 
among marked latitudes (P = 0.5 for northward and 0.3 for southward 
migration). Between seasons, there was no significant difference in the 
SD of longitudes at each marked latitude, except at 55◦ N where the SD 
of longitudes was significantly lower during southward than that during 
northward migration (P = 0.03). 

During both migratory seasons, the SD of longitudes for individuals 
breeding in Yakutia was generally lower than that for individuals 
breeding in Chukotka at each marked latitude, except at 55◦ N during 
southward migration, where the SD of longitudes of individuals 
breeding in Chukotka is lower than those breeding in Yakutia (Fig. 4; 
Appendix Table S4). This suggests that the migration routes of Whim-
brels breeding in Yakutia are more consistent than that of birds breeding 
in Chukotka. 

4. Discussion 

Using multiple years of tracking data from the same individuals, we 
analyzed the spatiotemporal consistency between years of migrating 
Whimbrels in the East Asian–Australasian Flyway. The results indicate 
that birds exhibited high consistency in the departure date from the 

nonbreeding sites and the use of breeding and nonbreeding sites. We 
found that the interannual consistency of the migration routes differed 
among latitudes, and generally the migration routes of birds breeding in 
Yakutia were more consistent than that of birds breeding in Chukotka. 
We also found that birds exhibited high consistency in the use of stop-
over sites in the Yellow Sea region (near 35◦ N) between years; stopover 
durations were significantly longer at repeatedly used stopover sites in 
multiple years compared to stopover sites being used once. 

Migration decisions of birds are affected by many factors, such as 
endogenous regulation, external environment conditions, and the birds’ 
body conditions (e.g., the amount of fuel storage). The consistency of 
migration departure dates reflects the balance among these factors 
(Akesson and Hedenstrom, 2000; Gronroos et al., 2012; Schmaljohann 
and Eikenaar, 2017). Consistent with our hypothesis, the time consis-
tency of the Whimbrels was the highest when departing from 
nonbreeding sites among the four migration events, which is similar to 
the Whimbrels breeding in Iceland (Carneiro et al., 2019). This may be 
due to the start date of long-distance migration being mainly endoge-
nously regulated (Helm et al., 2005; Akesson and Helm, 2020). Since 
nonbreeding sites are far away from breeding sites and the migration 
distance is very long, environmental conditions at nonbreeding sites 
cannot be used to speculate the environmental conditions along 
migration routes and at the breeding site. Therefore, long-distance 
migratory birds mainly regulate the start date of northward migration 
by endogenous factors (Ruthrauff et al., 2019). During southward 
migration, birds face less time pressure at migration destinations and 
thus migration timing can be more flexible (Carneiro et al., 2019). The 
date of departure from the breeding grounds can be largely affected by 
the breeding success. For example, for the altricial birds and in some 
nidifugous birds such as Whimbrel that parents still guard chicks, the 
adults that successfully reproduce will take care of the offspring for some 
time at the breeding site, while adults that have failed to reproduce can 
start southward migration earlier if they do not try to reproduce again 
within that breeding season (Carneiro et al., 2019). For the adults that 
attempt to reproduce the replacement clutch, they will stay at the 
breeding site for an extended period and thus delay their southward 
migration. This results in less consistency in the onset of southward 
migration between years. Due to the weaker time pressure of arrival at 
nonbreeding sites, birds can adjust their migration schedule based on 
environmental conditions and their body conditions during southward 
migration. This results in a more flexible migration timing and thus less 
interannual consistency in arrival time at nonbreeding sites. 

Whimbrels exhibited high consistency in their choice of breeding and 
nonbreeding sites, and they generally returned to the same sites every 
year. This is consistent to Whimbrels breeding in Iceland (Carneiro et al., 
2019). Our study also found that individuals repeatedly used one or 
more stopover sites along migration routes in different years. This may 
be related to the geographical distribution and habitat quality of these 
sites. Similar to many other shorebirds (Piersma et al., 2004, 2021; Hua 
et al., 2013; Ma et al., 2013), Whimbrels mainly use tidal habitat with 
abundant benthic food for fuel deposition during migration stopovers 
(Kuang et al., 2019). However, these habitats are limited to specific 
areas, prompting birds to repeatedly use these food-rich stopover sites in 
different years. Studies on the population dynamics and community 
composition of shorebirds at stopover sites in the Yellow Sea found that 
even when facing habitat loss and food decline, most shorebirds still use 
the same sites, thus maintaining relatively stable populations (Zhang 
et al., 2018) and communities (Wang et al., 2022) at different periods. 
We also found that the stopover duration at repeatedly used stopover 
sites by the same individuals was significantly longer than that at 
stopover sites being used only once, suggesting those repeatedly used 
stopover sites are critical habitats for migratory Whimbrels. 

During northward migration, these repeatedly used stopover sites 
were mainly located in the Yellow Sea region. This is consistent with our 
hypothesis and illustrates the importance of the Yellow Sea region for 
migrating Whimbrels. During southward migration, besides the Yellow 

Fig. 3. The stopover duration at repeatedly used stopover sites and stopover 
sites used only once. 

S. An et al.                                                                                                                                                                                                                                       



Sea region, the stopover sites repeatedly used by Whimbrels were also 
distributed on the Kamchatka Peninsula and the Malay Archipelago. The 
stopover sites on the Kamchatka Peninsula were used by the Whimbrels 
breeding in 
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