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ABSTRACT
The Bohai Black-tailed Godwit (Limosa limosa bohaii) is a newly discovered subspecies in the East 
Asian-Australasian Flyway. Based on satellite tracking of 21 individuals that were tagged in 
northern Bohai Bay, China, from 2016 to 2018, we here describe the annual cycle of this 
subspecies. All the birds had Thailand as their southernmost ‘winter’ destination. The spring 
departure was in late March during northward migration, Bohai Bay was the first stopping site 
where they spent on average 39 days (± SD = 6 d), followed by Inner Mongolia and Jilin province 
(stopping for 8 d ± 1 d). The arrival of the breeding grounds in the Russian Far East was centred in 
late May. Two breeding sites were detected, with average locations 1100 km apart; the eastern 
site was beyond the known Asian breeding distribution of the Black-tailed Godwit. Southward 
migration started in late June, with the godwits tending to make longer stops at the same two 
main stopping sites used in the spring, i.e. Inner Mongolia and Jilin province (32 ± 5 d) and Bohai 
Bay (44 ± 8 d), with some individuals making a third stop in the middle-lower reaches of the 
Yangtze River in southern China (12 ± 4 d). By the end of September, most tracked individuals 
had arrived in Thailand. Compared with the previously known subspecies, bohaii godwits have 
strikingly different schedules of migration and moult, this study thus adding to the knowledge 
about intraspecific diversity of black-tailed godwits in the East Asian-Australian Flyway.
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Introduction

What happens during one part of the year will affect 
a bird’s options in another (Senner et al. 2015). For 
this reason alone, understanding the ecology and 
evolution of animals requires knowledge about their 
entire annual cycle (Marra et al. 2015). Collecting 
data during the entire annual cycle of migratory 
animals is challenging, not least because of their 
movements, some species traversing half the world 
(Wikelski et al. 2007; Buehler and Piersma 2008). 
The development of miniature trackers has now 
made it possible to follow individuals throughout 
their annual cycle (e.g. Gill et al. 2009; Bridge et al. 
2011; Åkesson et al. 2020).

The East Asian-Australasian Flyway (EAAF) is the 
most species-rich of nine global waterbird flyways and 
also has the most populations in decline (Delany and 
Davidson 2010; Conklin et al. 2014). The annual cycles 
of most migratory waterbirds in the EAAF are poorly 

described (e.g. Chan et al. 2019b; Choi et al. 2019) 
making it difficult (but not impossible, see Piersma 
et al. 2016; Studds et al. 2017) to diagnose their popula-
tion declines and to implement proper conservation 
measures (Hua et al. 2015). In the case of Black-tailed 
Godwit Limosa limosa, until recently only a single sub-
species, L. l. melanuroides was assumed to occur in the 
EAAF (BirdLife International 2018; van Gils et al. 
2019). This long-standing belief was challenged by the 
discovery of a morphologically larger and genetically 
distinct population (L. l. bohaii) (Zhu et al. 2021), 
confirming that many key discoveries remain to be 
made in the EAAF.

To identify the breeding/wintering grounds and 
annual routines of the newly discovered Bohai black- 
tailed godwits, here we present the migratory routes and 
timing of 21 tracked individuals. Our work puts the 
main areas of use by this population on the map for 
the first time, inviting targeted conservation efforts. This 
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descriptive knowledge enables biologically insightful 
comparisons within and across flyways, some of which 
we will explore.

Methods

Capture and tagging of Black-tailed Godwits (hence-
forth ‘godwits’) took place at two sites in the northern 
part of Bohai Bay, China, (i) the Nanpu saltpans in 
Nanpu county, Hebei province and (ii) the intertidal 
mudflats of Hangu, Tianjin (see Figure 1). The Nanpu 
saltpans (117.8–118.2ºE, 39.0–39.2ºN) is a 290 km2 

coastal area that contains many shallow ponds which 

are used by large numbers of waterbirds including up 
to 11,000 roosting godwits (Zhu 2014–2018, unpubl. 
data, Lei et al. 2018). On the Hangu intertidal mudflats 
(117.9–118.0ºE,39.1–39.2ºN) located 20 km west of 
Nanpu, a maximum of 17,000 godwits were seen fora-
ging (Zhu et al., 2014–2018, unpubl. data). During 
high tide, godwits roosted in the saltpans and aqua-
culture ponds north of the Hangu intertidal mudflats. 
From April to mid-May 2016–2018, godwits were 
trapped by clap-nets, noose-mats and mist-nets on 
roost and foraging sites in both study areas. Banding 
procedures and molecular sexing are described in Zhu 
et al. (2021).

Figure 1. The breeding, wintering ranges and stopping sites from 21 tracked bohaii godwits in comparison with the published 
distribution of Black-tailed Godwit (BirdLife International 2018) and the genetically confirmed breeding records of melanuroides (Zhu 
et al. 2021) .
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A total of 41 bohaii godwits were banded, of which 24 
individuals, i.e. those with a body mass of more than 
280 g, were tagged using leg-loop harness (Verhoeven 
et al. 2020b) made of 1.5 mm diameter flat Dyneema 
rope (n2016 = 3, n2017 = 9, n2018 = 12). Birds were tagged 
with either one of the following tracking devices: (I) 
Platform Transmitting Terminal (PTT-100) 5 g solar 
satellite transmitters from Microwave Technology Inc. 
(duty cycle: 6 h transmission/24 h charge, n = 9) or (II) 
HQPG2009P 9 g solar GPS/GSM trackers from Hunan 
Global Messenger Co., Ltd, the tags were programmed 
to make one record every 6 h (n = 15). We obtained data 
from the PTT-100 transmitters via the CLS tracking 
system (www.argos-system.org) and applied the Best 
Hybrid flittering method in Douglas Argos Flitter 
(Douglas et al. 2012). Thresholds were set at 120 km/h 
for maximum movement rate and 10 km for spatial 
redundancy (Hooijmeijer et al. 2014). We retained loca-
tions with location quality 3, 2, 1, 0. Data from GPS/ 
GSM trackers were retrieved via the service platform 
(Hunan Global Messenger 2018), locations with an 
accuracy class of more than 100 m radius were excluded. 
Temperature data obtained by the temperature sensors 
in both tracking-devices was used to determine the fate 
of an individual godwit: a bird was considered dead 
when the temperature sensor started to follow 
a diurnal rhythm (see: Loonstra et al. 2019).

In 2018, three PTT tagged godwits were lost within 1 
week after tagging, and we excluded their data from the 
analyses. In total, 252,774 locations (81% from GPS/GSM 
trackers, 19% from PTTs) of 21 individuals (9 males and 
12 females; see table S1 for the summary) were analysed. 
This included eight full and 13 incomplete annual cycles 
from April 2016 to November 2020, of which seven birds 
completed two full annual cycles (Table S1).

For the data from GPS/GSM trackers, we defined 
a stationary location as follows: locations with (i) a non- 
flying speed of ≈0 km/h and (ii) a non-flying elevation of 
≈0 m above the local altitude. There were no speed or 
elevation sensors in the PTTs; thus, we only used two or 
more consecutive locations which were within 50 km of 
each other over a period of at least one duty cycle. Next, 
we defined the breeding and wintering ranges to where 
stationary locations were above 60° N and below 15° N, 
respectively. These stationary locations were plotted on 
a map with a radius of 100 km using the ‘buffer’ function 
with ‘end cap style’ of square in Qgis 3.4.3 (Figure 1; 
striped green and blue areas).

However, Warnock (2010) suggested using two terms 
to classify the sites where birds make short and long stops, 
respectively, as ‘stopover sites’ and ‘staging sites’, in this 
study stopping durations even within single locations 
varied so much between individuals and seasons that we 

followed Chan et al. (2019b) in defining all the stationary 
locations between 21° and 55° N as ‘stopping sites’. This 
latitudinal range was divided into seven latitudinal zones 
(4° N each), the stopping duration between the first to the 
last location in each zone was calculated to infer the 
stopping duration within each zone. Based on all station-
ary locations with a radius of 50 km between 21° and 55° 
N, the stopping sites were also visualised via Qgis 3.4.3 
(Figure 1; purple and orange areas). Then, to construct 
a migration path with in-flight locations, we plotted all 
the locations which were not classified as stationary 
(Figure 2). We used the R-package ‘ggplot2ʹ (Wickham 
2016) to plot the timing of migration including the stop-
ping durations (Figure 3).

To develop our understanding of the black-tailed 
godwits in the EAAF, we collected and compared 
breeding records of godwits known to be melanuroides 
on the basis of our previous genetic study (Zhu et al. 
2021). We also evaluated our tracking results in light of 
published data of godwits in Asia (Figure 1). For this, 
we extracted the published distribution of the godwits 
in the EAAF from species distribution maps (BirdLife 
International and Handbook of the Birds of the World. 
Version 2018.1. http://datazone.birdlife.org/species/ 
requestdis).

On the basis of satellite images (Google Earth 7.3.3), 
interviews and field visits, and interviews towards 
researchers, local bird watchers and photographers, we 
categorised the habitat of stationary locations into two 
types (i) freshwater wetlands (lakes, rivers, aquaculture 
ponds and rice fields) and (ii) saline wetlands (intertidal 
mudflats, saltpans). In addition, we visited Xilin Gol city, 
Inner Mongolia in 2017 to search and watch the 4 tagged 
godwits known to be present there during that summer.

We used linear mixed models (LMM) from the 
R-package “lme4ʹ (Bates et al. 2015) to explore whether 
the timing of migration to and from the (i) wintering 
grounds, (ii) Bohai Bay, and (iii) the breeding grounds, 
differed between males and females. We added year and 
transmitter type as fixed effects and individual as a random 
intercept to account for their potential effects (Table S2). 
We only used complete tracks for this analysis; 14 north-
ward tracks (n = 8 individuals, 3 females, 5 males) and 13 
southward tracks (n = 7 individuals, 4 females, 3 males). 
We also used LMM on the same sample to explore whether 
migration distance differed between the sexes, we added 
transmitter type and year as fixed effect and individual as 
a random intercept (Table S2). The statistical signficance of 
random effects was tested using the R package ‘lmerTest’ 
(Kuznetsova et al. 2017). To calculate an individual’s 
migration distance, the great circle distance between the 
geometric centre of its breeding and wintering range was 
measured using the ‘measure’ function in Qgis.
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Results
Of the 21 tracked godwits, 10 were lost during the 
northward migration, of which one was in Bohai Bay, 
five in Inner Mongolia and four in Russia (Figures 2 and 
S2). Among the Russian casualties, we received evidence 
that two were killed by hunters. Five godwits were lost 
during southward migration, two in Bohai Bay and 
three in southern China (Figure 2). One of the three 

individuals lost in southern China was found dead 
under a powerline in Poyang Lake, Jiangxi province, 
China (Figure 2), with possible causes of death includ-
ing collision with a powerline or being depredated.

We identified two breeding areas in the Russian Far 
East (Figure 1). The first was located in the central 
region of the Sakha Republic, between the Lena River 
and the Vilyuy River (62.6–66.6°N, 105.7–126.6°E, 

Figure 2. The north- and southward migration paths and migration timing of bohaii Black-tailed Godwits in 2016–2020. The migration 
path was constructed by the in-flight locations. The legend applies to all panels. Within the timing graphs, disappearances (casualties) 
were marked with open diamond.
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Figure S1a), with 14 godwits recorded in this area. 
The second area was located in the Kolyma River 
basin on the border of the Magadan Oblast and the 
Sakha Republic (64.8–65.1°N,151.5–152.1°E, Figure 
S1a). The second area is ca. 1300 km to the east of the 
first site and was used by a single individual. All 10 
godwits that we tracked for the entire southward migra-
tion wintered in Thailand. Nine of them were clustered 
around Bangkok (13.6–14.2°N, 100.6–101.1°E, Figure 
S1d). One bird wintered on the coast of Tha Chang, 
Surat Thani Province (8.4°N, 100.1°E, Figure S1d) 
which is ca. 570 km south of Bangkok. In 2018, one 
individual (Q26) travelled from Bangkok to the east of 
Einme, Myanmar (16.8–16.9°N, 95.3–95.4°E) for 
20 days (10 Dec-30 Dec), after which it returned to 
Thailand (Figure S1d). In Thailand, 91.6% of locations 
were recorded in freshwater wetlands, of which 54.8% 
were rice fields, these birds also used aquaculture ponds 
and river basins. Only 8.4% of the activities were 
recorded at the adjacent intertidal mudflats and saltpans 
in Thailand.

Godwits started northward migration from Thailand 
in late March (median = 29 March, range: 12 March- 
24 April, n2017-2020 = 17; Figure 2, Table S1). The major-
ity reached the northern Bohai Bay (>38.67°N; Hangu 
and Binhai New Area in Tianjin, Nanpu county in 
Hebei province, Figure S1b) in the first days of April 
(median = 1 April, range: 18 March-30April, n = 16; 
Figure 2, Table S1) after a non-stop flight of ca. 3300 km. 
Here, godwits predominately used intertidal mudflats 
and saltpans (84.9% locations), rather than freshwater 
wetlands (15.1% locations, e.g. rice field and reservoirs). 
Most of them stopped for more than 1 month in this 
area (median = 39 d, range: 3–55 d, n = 15).

Godwits continued northward migration from Bohai 
Bay around mid-May (median = 11 May, range: 
22 April-31 May, n2016-2020 = 37). Their next stop was 
either in the freshwater lakes in the steppes between 
Xilin Gol city (42.3–43.1°N,115.3–116.6°E) and Dalai 
Nor (Hu Lun Lake) National Nature Reserve in Inner 
Mongolia, China (48.2–49.49.4°N,116.3–118.2°E), or in 
the rice fields and freshwater reservoirs between 
Baicheng city (45.9–46°N, 124–124.8°E) and Songyuan 
city (45–45.7°N, 123.7–124.6°E) in Jilin province, China 
(Figures 1 and S1b). The stopping duration was much 
shorter than the first (median = 8 d, range: 2–25, 
n2016-2020 = 23). In 2017, instead of going to the 
Russian Far East, four godwits spent the whole summer 
around Xilin Gol city, Inner Mongolia, based on the 
field visits of three individuals, we confirmed none of 
them were breeding.

The time window of arrival on the breeding grounds 
was relatively narrow. All individuals reached the 
Russian Far East in about 2 weeks in late May 
(median = 19 May, range: 15 May-2 June, n2016-2020 

= 15). Among the individuals that we tracked for a com-
plete northward migration (n = 14), males left the win-
tering grounds significantly earlier than females (βmales 

= −14.76, χ2 = 3.94, df = 1, p= 0.047). This was not true 
for neither arrival at (βmales = −17, χ2 = 3.8, df = 1, 
p = 0.05) or departure from Bohai Bay (βmales = −1.73, 
χ2 = 0.11, df = 1, p = 0.741), males and females did not 
differ significantly in the time of arrival at the breeding 
site (βmales = −5.24, χ2 = 2.78, df = 1, p = 0.094).

Godwits spent on average 5 weeks (median = 36.5d, 
range: 28–73, n2016-2020 = 24) on the breeding grounds. 
The first individuals started their southward migration in 
mid-June (median = 27 June, range: 15 June-7 August, 

Figure 3. The stopping duration (in days) of male and female bohaii Black-tailed Godwits in each latitudinal zone (4°N) during northward 
and southward migration. Bohai Bay (36–40°N) and Inner Mongolia-Jilin province (41–50°N) were the two most important stopping sites. 
Boxplots were made using show 25, 75 percentiles, the vertical bars inside boxplots represent medians, whiskers indicate the minimum 
and maximum values. Eight complete and 13 incomplete tracks of 21 tracked individuals between 2016-2020 were used.
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n = 20; Figure 2), males left significantly earlier than 
females (βmales = −14.48, χ2 = 5.4, df = 1, p= 0.02). The 
first stop was in the same areas as they used on northward 
migration in Inner Mongolia-Jilin province (Figures 1 
and S1c). The stopping duration for females were much 
shorter (median = 12 d, range: 5–34 d, n = 8) than males 
(median = 55 d, range: 49–69 d, n = 8).

Godwits returned to Bohai Bay at the beginning of 
August (median = 6 August, range: 24 July-6 September, 
n = 19) and females arrived significantly earlier (βmales 

= 26.72, χ2 = 10.19, df = 1, p= 0.001). Interestingly, in 
contrast with northward migration when only 4.5% of 
their locations were in southern Bohai Bay (<38.5°N), 
during southward migration godwits mainly used 
southern Bohai Bay (83.9% of the locations) near 
Cangzhou city, Hebei province, Bin Zhou city and 
Dongying city, Shandong province. Throughout their 
ca. 6-week stopping duration there (median = 44 d, 
range: 21–121, n2016-2020 = 17), 98.9% of the stationary 
locations were recorded in saltpans and intertidal mud-
flats (98.9% locations) and only 1.1% recorded in the Bei 
Da Gang reservoir in Tianjin.

From Bohai Bay, the godwits continued further 
south, with no difference in the departure time from 
Bohai Bay between the sexes (βmales = 16.67, χ2 = 2.22, 
df = 1, p= 0.14). Five out of 10 individuals stopped for 
almost 2 weeks on average (median = 12 d, range: 6– 
30) around the lakes and aquaculture areas in the 
middle-lower reaches of the Yangtze River in southern 
China (Figure 1), namely Wabu Lake (32.2–32.8°N, 
116.9–116.8°E) and Baitu Lake-Caizi Lake (30.7–30.9° 
N, 117.1–117.2°E) in Anhui Province, Liangzi Lake 
(30.1–30.3°N, 114.6–114.4°E) in Hubei Province, 
Dongting Lake (28.6–28.9°N, 112.5–112.8°E) in 
Hunan Province and Poyang Lake (28.1–28.5°N, 
116.1–116.3°E) in Jiangxi Province (Figure S1c). 
Arrival time on the wintering grounds in Thailand 
occurred from mid-August to the beginning of 
December (median = 27 September, range: 
16 August-2 December, n2017-2020 = 10). There were 
no differences in the time of arrival in Thailand 
between the sexes (βmales = 32.23, χ2 = 3.11, df = 1, 
p = 0.078). During northward and southward migra-
tion, we also found no differences in the timing of 
migration differed between years or transmitter type.

The bohaii godwits mainly migrated overland except 
for two short overseas flights across Bohai Bay (ca. 
100 km, Hebei province-Shandong province, China) 
and Beibu Gulf (ca. 500 km, China–Vietnam) 
(Figure 2). The great circle distances between the win-
tering and breeding grounds ranged from 4872 to 
6831 km with an average of 5614 km, with no differ-
ences between sexes (βmales = −106.9, χ2 = 0.10, df = 1, 

p = 0.75), transmitter type (βPTT = 564.1, χ2 = 2.0, df = 1, 
p = 0.16) and years ((βyear = 108.4, χ2 = 0.72, df = 1, 
p = 0.40). Seven tracked godwits that had at least two 
completed migrations exhibited high fidelity to the 
breeding and wintering locations, as well as the main 
stopping sites (Table S1), as no individual changed 
neither their breeding/wintering locations nor where 
they stopped during the migration.

Discussion

We identified Bohai Black-tailed Godwits’ breeding/ 
wintering grounds and annual routines on the basis of 
21 individuals. All tracked godwits spent the boreal 
winter at two sites in Thailand (Figures 1 and S1a, d). 
The breeding range was in the Russian Far East, the 
main area was in the river basin of the Lena and Vilyuy 
Rivers. One bird bred ca. 1300 km to the east in the 
Kolyma River basin. During northward migration the 
majority of godwits skipped the stopping sites in south-
ern China which were used during southward migration 
to reach Bohai Bay with a non-stop flight of 3300 km 
from the Thai wintering grounds (Figure 2). During 
southward migration the godwits tended to make 
more and longer stops (Figure 3), the main stopping 
sites of both northward and southward migration were 
Bohai Bay and Inner Mongolia-Jilin province (Figures 1, 
3 and S2b, c). Intriguingly, both our field observation 
and genetic work confirmed that the Inner Mongolia 
stopping site of bohaii, was also used by melanuroides, 
but as a breeding site (Zhu et al. 2021; Figure 1). It was 
evident that in the Bohai Bay region, the godwits used 
northerly areas during northward and southerly areas 
during southward migration. In both seasons and areas, 
saline habitats (intertidal mudflats and saltpans) were 
used. In the wintering grounds, saline habitats were only 
little used by godwits. In fact, during most of the annual 
cycle (68.2%), they inhabited freshwater wetlands (e.g. 
rice fields, aquaculture ponds, reservoirs, river basins, 
lakes and marshes).

Based on the published breeding range of black-tailed 
godwits in Asia (BirdLife International 2018), we geneti-
cally confirmed breeding records of melanuroides in five 
of seven areas (Zhu et al. 2021), with one area assigned 
to melanuroides being used by the tracked bohaii god-
wits (BirdLife International 2018; Figure 1). This was, in 
fact, the main breeding area of bohaii in the river basins 
of the Lena and Vilyuy Rivers, which lays ca. 2000 km 
north of a known breeding site of melanuroides in 
Mongolia and China (Zhu et al. 2021; Figure 1). Based 
on a long-time survey from 1980 to 2018 (Degtyarev 
et al. 2020), we know that godwits started to breed in 
this region from the 1960s, the population size 
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increasing steeply until the 2000s; now the region (340– 
490 km2) holds ca. 11,000 breeding godwits. It is the 
largest known breeding population of godwits in the 
Russian Far East. Yet, due to the lack of the genetic 
and morphological data on godwits from the river 
basins of the Lena and Vilyuy Rivers, we are unable to 
explore whether melanuroides occurs here in addition to 
bohaii.

The second breeding site was beyond the known 
Asian breeding distribution of the godwits (BirdLife 
International 2018; Figure 1). This is only ca. 500 km 
north of another breeding area of melanuroides on the 
coastal area of the Magadan Oblast (Figure 1). Although 
only one godwit (Q10; Table S1) used this site, it did so 
in three consecutive years, so we expect that this site was 
used by more bohaii godwits. It remains to be discov-
ered whether this breeding range of bohaii overlaps with 
the breeding area of melanuroides further to the south. 
Note that we did not find any connections, either 
through tracking or genetics, with the easternmost 
breeding area of godwits in Chukotka, Russia (Zhu 
et al. 2021).

In 2017, four of our tagged bohaii godwits spent the 
whole summer near Xinlin Gol city, Inner Mongolia 
(Figure 1). To verify whether they are local breeders, 
we visited the area in June and July and found three of 
these individuals. The first one was seen foraging in 
a swamp outside East Ujimqin Banner, Xilin Gol city 
with another two similar-sized godwits. Two others 
were found in a foraging flock of bohaii type godwits 
(ca. 220 individuals) in Shaorongyinnuo’er Lake, Xilin 
Gol city. In both locations, the habitat was semidesert 
with very sparse vegetation interspersed with some 
lakes; none of the three godwits showed any sign of 
breeding behaviour.

Despite the finding that all tracked individuals ended up 
wintering in Thailand, sightings of the large bohaii type 
godwits indicate that the wintering range of bohaii is likely 
to cover a larger area, including coastal wetlands in 
Shenzhen and Hong Kong (KK-SL, unpubl. data), 
Vietnam (Zhu 2016–2020 unpubl. data), Cambodia (Zhu 
2016–2020 unpubl. data), Malaysia (J. Howes, pers. 
comm.), Myanmar and Bangladesh (D. Das, pers. 
comm.). Additionally, bohaii type godwits appear in 
South Korea in the spring (KK-SL, unpubl. data). This 
suggests a within-population structure, with the migration 
corridor of bohaii probably being wider than what we 
present here.

During the northward migration, human-caused 
deaths occurred in Russia (Figure 2), among four dead 
birds, two were killed by hunters. Of these, two con-
firmed deaths near the breeding grounds, as well as 
other known losses due to hunting, e.g. bar-tailed 

godwit Limosa lapponica, great knot Calidris tenuirostris 
(Y.-C. Chan, pers. comm.), whimbrel Numenius phaeo-
pus (Kuang et al. 2020), greater white-fronted goose 
Anser albifrons (I. Bysykatova, pers. comm,), we suggest 
that hunting is a major threat to bohaii godwits, as it is 
to many more migratory waterbirds in the Russian Far 
East (Klokov et al. 2019; Gallo-Cajiao et al. 2020). Apart 
from the known casualties by man-made causes, we 
detected a higher mortality in northward migrations 
(n = 8) than in southward migrations (n = 5; 
Figure 2), particularly at the second main stopping 
sites (ca. 40–50°N), four out of five casualties happened 
between Xilin Gol city and Dalai Nor National Nature 
Reserve in Inner Mongolia during 18–30 May (n2016 = 2, 
n2017 = 1, n2019 = 1). According to the meteorological 
data for Inner Mongolia (http://data.sheshiyuanyi.com/ 
WeatherData/), severe (5.5–13.8 m/s) northerly as well 
as northeasterly and northwesterly winds usually prevail 
in May. This may suggest that adverse wind conditions 
had something to do with this mortality (Loonstra et al. 
2019). If so, this would open the question of why god-
wits have not adjusted to cope with these long-term 
meteorological conditions (see Rakhimberdiev et al. 
2015).

As one of the most widespread migratory shorebirds 
across Eurasia (Hoyo et al. 2019), comparisons of black- 
tailed godwit’s migrations in different flyways, i.e. across 
different ecological conditions, can help shed light on the 
ecological shaping factors of migration patterns (Piersma 
2007). For example, our study shows considerable differ-
ences in the timing of migration between the East 
Atlantic Flyway and the East Asian-Australasian Flyway 
(Figure 4). The western subspecies limosa begins north-
ward migration from West Africa in early December 
(Verhoeven et al. 2019). At this time, some of the bohaii 
godwits have only just arrived at the southeast Asian 
wintering grounds. Furthermore, by the time that the 
breeding seasons of islandica and limosa have started in 
Iceland (63°N) and The Netherlands (52°N) (Alves et al. 
2012; Alves et al. 2019; Gunnarsson 2010; Verhoeven 
et al. 2020b), bohaii and melanuroides are still on their 
wintering grounds in Thailand (13°N) and northwest 
Australia (−18°N) (Hassell 2013–2020 unpubl. data).

Even within the EAAF, migration timing differs 
among subspecies, with bohaii godwits spending much 
longer on the completion of southward migration than 
melanuroides (Hassell et al. 2013–2020 unpubl. data; 
Figure 4). This may be explained by different primary 
moult schedules in the two subspecies. Male bohaii god-
wits spent a significantly longer time (55 d) in Inner 
Mongolia-Jilin province than females (12 d). In limosa, 
it usually takes 84 d to complete a full primary moult 
(Márquez-Ferrando et al. 2018). Considering the similar 
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body size and the migration distance of limosa and 
bohaii (Lourenço and Piersma 2015; Zhu et al. 2020, 
2021), this would mean that even males would not be 
able to complete the primary moult in Mongolia-Jilin 
province. In October, the majority of the bohaii type 
godwits were seen in Hong Kong had already completed 
80% of primary moult (equivalent to 67 d of primary 
moult: KK-SL, 2019–2020 unpubl. data), suggesting that 
during southward migration, male bohaii godwits are 
most likely to start moulting in Inner Mongolia-Jilin 
province to complete it in southern Bohai Bay. Such 
suspension of primary moult has previously been 
described for limosa godwits in The Netherlands, but 
here it already begins on the breeding grounds (van 
Dijk 1980). Females would then initiate moult in south-
ern Bohai Bay and finish on the Thai wintering grounds. 
Different again, in the melanuroides subspecies wintering  

in northwest Australia, primary moult commonly occurs 
immediately after arrival on the southern hemisphere non-
breeding area (Hassell et al. 2013–2020, unpubl. data). It 
remains to be investigated to what extent the occurrence of 
primary moult and the other timing differences reflect 
variations in the seasonal timing of food availability. This 
would necessitate studies on the comparative phenology of 
food resources in relation to the use of different habitats, 
including artificial wetlands (e.g. rice fields, saltpans, aqua-
culture ponds, see e.g. Lei et al. 2018; Jackson et al. 2020). 
In conservation terms, the most pressing questions now 
revolve around the seasonal distribution of melanuroides, 
the conservation status of the agricultural wetlands in 
China and Thailand used by bohaii godwits during migra-
tion and in the winter, the population sizes of the two 
subspecies, and the impact on hunting and bad weather in 
limiting or reducing population numbers.

Figure 4. The annual cycles of four subspecies of Black-tailed Godwits in two flyways, i.e. the east Atlantic Flyway (EAF) and the East 
Asian-Australasian Flyway (EAAF). The timing of islandica and melanuroides were constructed using colour-ring data in Alves et al. 
(2012), Alves et al. (2019), Gunnarsson (2006a), Gunnarsson et al. (2006b), Gunnarsson (2010) and Hassell et al. (2013–2020 unpubl. 
data). The timing of limosa was constructed using geolocation data in Verhoeven et al. (2019) and Verhoeven et al. (2014–2018 
unpubl. data). The timings of limosa and bohaii were defined using the first quartiles of dates at each stage.
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