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A B S T R A C T

Pied Avocets (Recurvirostra avosetta) are common migratory shorebirds in the East Asian–Australasian Flyway.
From 2019 to 2021, GPS/GSM transmitters were used to track 40 Pied Avocets nesting in northern Bohai Bay to
identify annual routines and key stopover sites. On average, southward migration of Pied Avocets started on 23
October and arrived at wintering sites (mainly in the middle and lower reaches of the Yangtze River and coastal
wetlands) in southern China on 22 November; northward migration started on 22 March with arrival at breeding
sites on 7 April. Most avocets used the same breeding sites and wintering sites between years, with an average
migration distance of 1124 km. There was no significant difference between sexes on the migration timing or
distance in both northward and southward migration, except for the departure time from the wintering sites and
winter distribution. The coastal wetland of Lianyungang in Jiangsu Province is a critical stopover site. Most in-
dividuals rely on Lianyungang during both northward and southward migration, indicating that species with short
migration distances also heavily rely on a few stopover sites. However, Lianyungang lacks adequate protection
and is facing many threats, including tidal flat loss. We strongly recommend that the coastal wetland of Lia-
nyungang be designated as a protected area to effectively conserve the critical stopover site.
1. Introduction

Identifying migration routines and the stopover sites of shorebirds is
critical for understanding their life cycle and for conservation manage-
ment (Battley et al., 2012; Giunchi et al., 2019). Such a task is essential
for the East Asian–Australasian Flyway (EAAF), which is the most
species-rich flyway globally but also has the most species in decline due
to the loss of natural wetlands over the past several decades (Kirby et al.,
2008; Murray et al., 2014; Studds et al., 2017).

Tracking the annual cycle of shorebirds can uncover their migration
strategy, reveal potential stopover sites, and even show some behaviour
adaptive to the natural tidal flat lost in the flyways (Lisovski et al., 2016;
Piersma et al., 2021). Many efforts have been made on the EAAF,
focusing mainly on long-distance migration or threatened species. For
example, tracking the Great Knots (Calidris tenuirostris) provided further
.
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evidence that they used the Yellow Sea as the major stopover sites on
both northward and southward migration and showed some short-stay
sites probably for rest only before arriving at the Yellow Sea (Ma et al.,
2013; Lisovski et al., 2016). The tracking of the Red Knot (Calidris canutus
piersmai) showed that ‘long jumpers’ behaved as ‘skippers’. Rather than
staging at a single site for multiple weeks halfway during migration, they
made several stops of up to a week. Recent reductions in the extent of
suitable habitat in the Yellow Sea area (Murray et al., 2014; Piersma
et al., 2016) may have contributed to the current pattern (Piersma et al.,
2021). Tracking of Whimbrel (Numenius phaeopus) indicated that
different populations have different reliance on the Yellow Sea, which
might be related to their different population trends (Kuang et al., 2020).

However, less effort has been put into tracking the annual cycle of
short-distance or least concerned species, despite their greater impor-
tance in ecosystem function and service provision (Inger et al., 2015).
October 2022
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The neglect of common species hinders our knowledge of their migration
route, breeding/wintering area, and the potential risk they may face
during their life cycle. Population collapse can occur even in species with
a billion individuals (Bucher, 1992).

Pied Avocets (Recurvirostra avosetta) are common shorebirds that
occur across most regions of Asia, Europe, and Africa (IUCN, 2020).
Males and females do not show strong sexual size dimorphism, and the
breeding system is seasonally monogamous, with both sexes performing
egg incubation and chick brooding (Pierce et al., 2020). Historically, Pied
Avocets are common breeding waterbirds on the east coast of England
during the early 19th century but disappeared in the mid-19th century
due to the loss of natural habitat and overharvest of their eggs by people.
They were reintroduced one hundred years later with the reconstruction
of habitats and other methods in the 1940s (Hill, 1988). In the EAAF, the
population of Pied Avocets is estimated to be 100,000 (Wetlands Inter-
national, 2020). Although the overall population trend is not clear, a
local study found that the winter peak in Shenzhen Bay/Deep Bay in
southern China has been decreasing in recent years (Choi et al., 2020),
which means we need a focus on this common but neglected species.

The migration of the Pied Avocet has not been well studied, although
some migration routes were revealed by banding in Europe (Hotker and
West, 2005; Chambon et al., 2018), which is especially poorly docu-
mented in Asia. Their traditional breeding range was distributed from
Central Asia to Southeast Siberia and Northeast China. However, in
recent years, Pied Avocets have been documented breeding in areas
farther south, for example, in the Bohai Bay of the Yellow Sea (Lei et al.,
2021), in Chongming Dongtan in the East China Sea (Wanjuan Ke, per-
sonal communication), and in Hong Kong (Allcock et al., 2012).

Tracking avocets can also provide insight into sex-specific migration
strategies. The migration timing and wintering area are different be-
tween sexes and are common in shorebirds. Migration timing (arrival at
or departure from breeding/wintering grounds) is supposed to relate to
the breeding system. Males usually arrive at the breeding area earlier
than females in shorebirds to occupy the territory. Males that do not
provide incubation or brooding leave earlier from the breeding area than
females (Meissner, 2006). Males and females have different winter dis-
tributions that are supposed to be related to sexual size dimorphism
(Nebel, 2005) or resource partitioning (Duijns et al., 2014). Studying the
sex differences in shorebirds in terms of migration strategies can be
helpful for detecting the factors linked to intraspecific variation,
explaining their distribution pattern, and finding conservation gaps.

The wetlands of eastern China support a large non-breeding popula-
tion of Pied Avocets (Cao et al., 2009). However, to the best of our
knowledge, the annual routines and critical stopover sites of Pied Avocets
have not been revealed. In this study, we tracked the avocets breeding in
the Yellow Sea using satellite transmitters. We aim to identify their
annual routines and stopover sites. We also explored sex-differential
migration in this species. We will advance our understanding of migra-
tion ecology and fill the conservation knowledge gap for a common
shorebird species in the EAAF.

2. Methods

2.1. Study area and data collection

We captured Pied Avocets (hereafter “avocets”) at two sites in
northern Bohai Bay, Yellow Sea: (i) Nanpu saltpans, and (ii) Yuetuo Is-
land, both in Tangshan, Hebei Province, China (Fig. 1). Nanpu saltpans
(118.1–118.3� E, 39.0–39.2� N) are an artificial habitat for waterbirds in
the EAAF (Lei et al., 2018). Yuetuo Island (118.8–118.9� E, 39.1–39.2�

N) is an artificial sand island located 50 km east of the Nanpu saltpans.
More than 500 breeding pairs were recorded at the study sites (Wu,
2019–2021, unpublished results). Avocets arrived at the study sites in
early March and started breeding in late April (Lei et al., 2021). They
were captured using walk-in traps (0.8 m � 0.8 m � 0.6 m) or clap nets
(N2019 ¼ 27, N2020 ¼ 13) during the incubation period.
2

Captured individuals were banded with a metal ring on the left tibia
and colour flags (blue over yellow) on the right tibia with a unique code.
A blood sample of 10–80 μL was collected from the brachial vein with a
cotton swab and stored in a centrifuge tube at �20 �C for subsequent
molecular sexing (Van der Velde et al., 2017).

In 2019–2020, we captured 40 adult avocets (22 males, 18 females)
and outfitted them with tracking devices using a leg-loop harness (Ver-
hoeven et al., 2020). Two types of transmitters were used: (1)
HQPG2009P (N ¼ 38, 9 g solar GPS/GSM, Hunan Global Messenger
Technology Ltd., Changsha City, China) was programmed to record one
location every 2–12 h, and (2) HQPG 1206 (N ¼ 2, 7 g solar GPS/GSM)
was programmed to record one location every 3–12 h.

To understand the present situation of critical stopover sites (see
Results), we visited Lianyungang city, Jiangsu Province in 2020 to search
for the 17 tagged avocets known to be present there during that autumn.
In addition, we counted avocets from 31 October to 1 November in
Lianyungang.

2.2. Tracking data

We retrieved the tracking data via the service platform of HQXS
(http://www.hqxs.net), and the locations of transmitters with accuracy
classes A, B, and C were retained (representing precisions of 5 m, 10 m,
and 200 m, respectively).

Location was defined as the GPS point of transmitters; site was
defined as the area of a bird staged for a while. Two avocets that lost
signal within three months after release were excluded. Two avocets lost
their signals in November 2019 during their southward migration. From
July 2019 to June 2021, 36 individuals completed at least a southward or
northwardmigration episode (single trip fromwintering to breeding area
or from breeding to wintering area, Appendix Table S1). There were 46
complete northward episodes from 35 individuals (19 males, 16 females)
and 47 complete southward episodes from 35 individuals (18 males, 17
females).

Many avocets had second brood in southern Bohai Bay and Laizhou
Bay of Bohai sea, after their reproduction in northern Bohai Bay. Thus,
we take the farthest area south of the Bohai Sea (36.6� N) as the southern
boundary of the breeding area. Most individuals would not travel long
distances after arriving at the middle and lower reaches of the Yangtze
River. Thus, we take the northern boundary of the middle and lower
reaches of the Yangtze River (31� N) as the northern boundary of the
wintering area. Based on the annual movements of the tracked avocets,
we defined that the breeding andwintering areas were above 36.6� N and
below 31� N, respectively. We considered an individual to be stationary
when the recorded transmitter showed a speed of ~0 km/h (Zhu et al.,
2021). Thus, the remaining stationary locations fell between these two
latitudes and were considered stopping areas (Chan et al., 2019). The
heatmap was used to describe the avocet breeding, wintering, and
stopping areas in QGIS 3.20.0. Based on geographical location, we
categorized the habitat of stationary locations into two types: (i) inland
wetlands, and (ii) coastal wetlands.

During migration, we assumed that the last sites where birds
remained within 50 km for more than 48 h were considered stopover
sites (Kuang et al., 2020). The departure and arrival dates at the breeding
area and wintering areas were determined by their last site. During
southward migration, the last site in the breeding area with a duration of
staying more than 48 h within 50 km was treated as the start of south-
ward migration. The time of the last location on this site was the de-
parture date. If tracked individuals left their breeding area and then flew
back, the last time was used as the departure time. The first site in the
wintering area with a duration of staying more than 48 h within 50 km
was treated as the last site of southward migration. The time of the first
location on this site was the arrival date. When the migration tracking
signal was lost over 24 h but less than 10 d, the starting date of migration
was defined as the medium date between the date of the last location in
the breeding area and the first location during migration. Individuals

http://www.hqxs.net


Fig. 1. Annual distribution of tracked Pied Avocets. The heatmap represents low densities to high densities of locations from pale to dark.
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whose signal was lost over 10 d were excluded. The departure and arrival
dates of northward migration were calculated similarly.

We used the R package ‘geosphere’ (Hijmans et al., 2017) to calculate
the distance between the last location of all breeding/stopover sites
before migration and the first location when arriving at the next stop-
ping/wintering sites. The migration distance is the sum of the distance
between the breeding sites, wintering sites, and all stopover sites on the
route.

Tracked individuals with more than one repeated southward/north-
ward migration episode (and individuals with incomplete episodes but
had locations in breeding areas or wintering areas for more than one
year) were collected to calculate breeding/wintering site fidelity at the
individual level. We distinguished birds wintered in inland wetlands or
coastal wetlands. Individuals were considered to have changed their
wintering area only when they changed their wintering sites from inland
wetlands to coastal wetlands or vice versa. Wintering site fidelity was
determined by the wintering area change percentage between two years.
A lower percentage indicates higher site fidelity. The breeding site fi-
delity was calculated similarly.

2.3. Statistical analysis

The linear mixed model (LMM) from the R package ‘lme4’ (Bates
et al., 2015) was used to explore whether migration distance or duration
differed between sexes and seasons, with individuals as random effects.
We also used LMM to explore whether departure and arrival times of
southward and northward migration differed between the sexes and
years, with individuals as random effects. The statistical significance of
fixed effects was calculated with the R package ‘lmerTest’ (Kuznetsova
et al., 2017). Based on the wintering location of avocets, Fisher's exact
test was used to explore whether males and females differed in the winter
distribution. The t-test was used to explore whether the arrival and de-
parture times of Lianyungang during northward migration differed be-
tween sexes. Analysis was conducted in R (R Core Team, 2020). Data are
presented as the mean � standard deviation (SD).

3. Results

3.1. Annual routines, wintering and stopover sites

During southward migration, most individuals departed from Bohai
Bay, but one departed from Liaodong Bay, Liaoning Province, in 2019
and 2020, and one departed from Hulun Buir, the Inner Mongolia
Autonomous Region, in 2020 (Figs. 1 and 2), because they moved
northwards after breeding in Bohai Bay. Tracked birds wintered in two
areas of southern China: inland wetlands in the middle and lower reaches
of the Yangtze River (hereafter “MLYR”) and coastal wetlands in south-
eastern China (Figs. 1 and 2). Most individuals chose MLYR as their
wintering sites (22 males, 7 females), and other individuals wintered in
coastal wetlands (4 males, 8 females). Seven (all females) wintered in
both areas and shifted from inland wetlands to coastal wetlands in the
same season. There was a significant difference between sexes in the
winter distribution. Males prefer inland wetlands, and females prefer
coastal wetlands (p ¼ 0.001; Appendix Table S1). In addition, one indi-
vidual wintered on Taiwan Island in 2020, and twowintered in Yancheng
coast wetland, Jiangsu Province, which is north of the wintering areas of
other avocets. The coordinates of these areas are described in Fig. 1.

The change rates of both wintering area and breeding sites between
years were small. In the 17 avocets with wintering tracking data both in
2019 and 2020 (Appendix Table S1), 14 wintered in inland areas, 3
wintered in a coastal area in 2019, and 11.76% of individuals (2 in 17)
changed wintering areas in 2020 (both switched from inland to coastal
wetlands). Twenty-one individuals captured in Bohai Bay in 2019
revisited their breeding sites in 2020. In 2021, 21 of 24 individuals
(87.5%) were still bred at previous breeding sites. Thus, on average, 8.7%
of individuals changed their breeding sites in three years.
4

During both southward and northward migration, most stopover sites
were located along the coastal wetlands, while a few stopover sites were
in the inland wetlands (Fig. 1).

The coastal wetland of Lianyungang (Lianyungang as follows) is the
most important stopover site for avocets. More than 60% of tracked in-
dividuals staged in Lianyungang during southward migration, with an
average of 36 days of stopover duration (Table 1). During the northward
migration, more than 40% of tracked individuals staged in Lianyungang,
with an average of 18 days of stopover duration. In the autumn of 2020,
we surveyed Lianyungang and observed 39,700 avocets on the tidal flat
within two days, up to 40% of the population in the EAAF (Appendix
Fig. S1).

3.2. Migration timing and distance

On average, avocets started southward migration on 23 October
(Table 2). The majority reached the wintering grounds on 22 November.
Males and females did not differ significantly in the departure time from
the breeding sites (p ¼ 0.59), the time of arrival at the wintering sites (p
¼ 0.062), or the duration (p ¼ 0.098). On average, avocets started
northward migration on 22 March, and the majority reached the
breeding sites on 7 April. The males departed from the wintering grounds
earlier than females (p ¼ 0.048), but both sexes did not differ signifi-
cantly in the time of arrival at the breeding sites (p ¼ 0.59). Thus, the
duration of northward migration of males was slightly longer than the
duration of northwardmigration of females but not significantly different
(p ¼ 0.126). For tracked birds staged in Lianyungang, males arrived at
Lianyungang earlier than females (p ¼ 0.013) in northward migration,
but their departure time from here was similar (p ¼ 0.88), which means
that males stayed longer than females.

The great circle distances between the wintering and breeding sites
ranged from 80 to 2350 km with an average of 1124 km, with no sig-
nificant differences between males and females (p ¼ 0.086; Table 2).
However, the migration duration of males was longer than the migration
duration of females (p ¼ 0.048). Avocets migrated longer distances (p <

0.001) and shorter durations (p ¼ 0.002) during northward migration
(1256 � 471 km and 15.61 � 17.12 d) than southward migration (1019
� 268 km and 30.13 � 36.52 d).

4. Discussion

4.1. Wide-range wintering area

Although the tracked birds were caught in a small breeding area
(within 50 km) in Bohai Bay, they showed a broad wintering area with a
maximum ca. 1000 km apart from each other, from the inland freshwater
environments (MLYR) to coasts in southern China. Most individuals
wintered in MLYR, while a few individuals overwintered in coastal
wetlands. This result is inconsistent with those about only 15% (14,590)
and 32% (31,971) of the estimated population of avocets overwintered
on the inland wetlands at the beginning of this century (Cao et al., 2009)
and in recent years (Tao et al., 2017), respectively. This difference may
arise from the research method, i.e., the counting data of these two
studies reflected the general wintering population, but the tracking data
of this study were based on the breeding population in Bohai Bay, which
may prefer the inland wintering area. Thus, more tracking data from
other breeding areas or wintering areas are needed. In western Europe,
most avocets tend to use coastal wetlands during the wintering period
(Moreira, 1995; Hotker andWest, 2005). Shorebirds that habituated both
coastal and inland wetlands could also be found in Black-tailed Godwit
(Limosa limosa; Estrella and Masero, 2010; Lourenço et al., 2010) and
Dunlin (Calidris alpina; Abad-G�omez et al., 2020). Compared to coastal
habitats, inland freshwater habitats where pathogens and parasites are
generally more abundant may increase investment in the immune system
(Piersma, 2003; Abad-G�omez et al., 2020). Avocets that spend more
energy resisting pathogens may have a negative impact on subsequent



Fig. 2. Annual migration routes of Pied Avocets. The northernmost blue line represents individual H51. In 2020 and 2021, H51 bred in Hulun Buir, north of the
Bohai Sea.
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Table 1
The number of tracked Pied Avocets staged in Lianyungang during four migra-
tion periods.

Year Migration
period

Tracked
individuals
staged

Proportion of
staged
individuals
(%)

Average
duration of
staging (d)

Range of
duration
(d)

2019 Southward 13 65 35.9 �
34.5

1–110
2020 Southward 17 61
2020 Northward 9 41 18.4 �

13.2
1–52

2021 Northward 12 52

Only individuals who staged for more than two days were calculated for the
duration.

Y. Wu et al. Avian Research 13 (2022) 100068
migration and breeding. Female avocets may be more constrained by
such energy costs than males; thus, they prefer wintering in coastal
wetlands.

Winter site conditions substantially influence the survival of migra-
tory species (McMahon et al., 2003; Woodworth et al., 2017). Dispersed
wintering patterns may positively affect population survival by diluting
the habitat degeneration risk of specific wintering areas (Cresswell,
2014; Bracey et al., 2018). However, avocet also showed winter site fi-
delity at the individual level and showed strong breeding site fidelity at
the population level; thus, they are still sensitive to habitat loss in both
wintering and breeding areas.
4.2. Migration strategy

Males and females did not differ in departure time from the breeding
area, and arrival time at wintering grounds may be due to small sexual
size dimorphism and both sexes participating in reproduction. Males
depart from wintering areas earlier than females, but they did not differ
in arrival time at breeding sites, which is in line with the result of Black-
tailed Godwits (Zhu et al., 2021). This finding can be explained by males
Table 2
Estimated regression parameters, standard errors, profile confidence intervals (2.5%
investigate the effects of season/year and sex (as fixed effects) on the migration dist
avosetta).

Parameters Fix effects Estimates (β)

Migration distance Intercept 1316.90
Period (South) �213.00
Sex (M) �178.20

Migration duration Intercept 5.84
Period (South) 15.84
Sex (M) 14.11

Distance of northward migration Intercept 1278.47
Year (2021) 110.78
Sex (M) �225.31

Distance of southward migration Intercept 1091.34
Year (2020) 14.72
Sex (M) �148.94

Duration of northward migration Intercept 12.28
Year (2021) �5.25
Sex (M) 7.59

Duration of southward migration Intercept 18.55
Year (2020) 2.24
Sex (M) 19.30

Arrival time at the breeding sites Intercept 98.64
Year (2021) 0.25
Sex (M) �3.38

Arrival time at the wintering sites Intercept 319.81
Year (2020) 1.37
Sex (M) 12.03

Departure time from the breeding sites Intercept 299.67
Year (2020) 0.68
Sex (M) �5.43

Departure time from the wintering sites Intercept 85.61
Year (2021) 7.16
Sex (M) �11.42

6

spendingmore time at stopover sites. Their arrival time at Lianyungang is
earlier than the arrival time of females, but the departure time from
Lianyungang is similar between the sexes.

The distance and main stopover sites of northward and southward
migration routes are similar. The migration distance of avocets breeding
in Bohai Bay is similar to some inexperienced individuals on the French
Atlantic coast in a ringing study (Chambon et al., 2018). Compared to
other common migration shorebirds in the EAAF (e.g., Bar-tailed Godwit
Limosa lapponica, Red Knot, Great Knot, and Whimbrel) that fly over 10,
000 km (Lisovski et al., 2016; Kuang et al., 2020; Piersma et al., 2021),
avocets can be classified as short-distance migration species. Further-
more, our results indicated that short-distance migratory species also rely
on the stopover site during migration, which should not be neglected.

The migration distance of avocets ranged from 80 km to more than
2300 km, showing a 30-fold variation. Some individuals migrated from
breeding areas to wintering areas or vice versa with a non-stop flight.
Avocets can fly more than 1000 km within a single day, but only a small
proportion of individuals use such a strategy. Overall, avocets showed
great diversity in their migration behaviour. They can finish the migra-
tion without rest or spend over three months at stopover sites. The
migration strategy of avocets can be described as a continuum, from the
“cost minimization strategy” (for the individuals stopping for a long time
in stopover sites) to the “time minimization strategy” (for the individuals
with non-stop migration), and more research about such diversity stra-
tegies can fill the knowledge gap of individual specifications of shorebird
migration.
4.3. Importance of Lianyungang

Both northward and southward migration routes showed the “um-
brella” pattern, which highlighted the importance of Lianyungang in the
migration path of the population of avocets in East Asia (Fig. 3). Our
survey suggested that Lianyungang supported nearly 40% of the avocet
population in the EAAF. Another report from Spoon-billed Sandpiper in
PCL and 97.5% PCL), χ2 values, df, and P values for each predictor variable to
ance, migration duration and migration timing of the Pied Avocet (Recurvirostra

2.5% PCL 97.5% PCL SE χ2 df p

1156.45 1477.15 82.28
�325.16 �100.61 56.80 12.73 1 < 0.001
�384.32 26.69 105.00 2.94 1 0.086
�5.52 17.16 5.82
6.06 25.51 4.94 9.60 1 0.002
0.15 28.00 7.12 3.92 1 0.048
1041.39 1514.61 122.04
�77.24 289.09 91.30 1.46 1 0.228
�520.02 66.16 150.26 2.34 1 0.126
940.36 1244.54 76.03
�141.11 162.06 76.09 0.03 1 0.859
�307.01 8.02 80.76 3.48 1 0.062
3.89 20.63 4.32
�12.48 1.73 3.58 2.24 1 0.135
�2.59 17.64 5.19 2.19 1 0.139
0.98 36.17 9.06
�7.71 12.40 5.00 0.21 1 0.644
�3.77 42.36 11.81 2.73 1 0.098
88.79 108.53 5.09
�6.40 7.28 3.39 0.01 1 0.942
�15.89 9.09 6.40 0.30 1 0.586
309.31 330.29 5.41
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Fig. 3. Flocks of Pied Avocets in Lianyungang during northward migration.
(Photo credits: Yongxiang Han).

Y. Wu et al. Avian Research 13 (2022) 100068
China (2022) found more than 22,000 avocets in Lianyungang during
southward migration in the same year. This number may be under-
estimated because their count focuses on the Asian Dowitcher (Limno-
dromus semipalmatus). In addition to northward migration in 2020, more
than half of the tracked avocets refuel in Lianyungang during southward
migration (Table 1). Lianyungang is in the middle point between the
breeding sites of Bohai Bay and the wintering sites of MLYRR, which
have a straight-line distance of approximately 500 km. There was no
large and suitable habitat for avocet after they migrated southward
across the inland Shandong Peninsula until Lianyungang (Fig. 1). Lia-
nyungang is the first staging site for avocets to migrate from Bohai Bay
and is also the last refuelling site before they fly across the peninsula to
breeding sites. If avocets choose a detour flight for an extra 500 km to fly
along the coastline, their single non-stop migration distance increases
from 500 km to 1000 km. In addition to avocets, Lianyungang supported
over 1% of the flyway populations of other 21 shorebird species, and
most are long-migration distance species threatened by losing important
stopover sites (Chan et al., 2019). In particular, the Asian Dowitcher, for
97.5% of its estimated global population, was recorded in 2019 in Lia-
nyungang (Yang et al., 2021). If Lianyungang is lost, there will be a
serious impact on the annual migration of avocets, as well as other birds.

Unfortunately, 27% of Lianyungang's intertidal soft-sediment habitats
have been reclaimed from 2003 to 2018 (Chan et al., 2019), and a large
area of tidal flat has been invaded and occupied by the salt-water cord-
grass Spartina alterniflora. However, with only a provincial wetland park
being established, Lianyungang still lacks adequate protection.

5. Conclusions

This study is the first to examine the annual routines and main
stopover sites of Pied Avocets in the EAAF. As a short-distance migratory
species, avocets tracked in our study spent their whole annual life cycle
within China, which is different from most shorebirds in the EAAF. They
connected the inland freshwater wetlands and coastal wetlands in the
Yellow Sea. Thus, their population fate is closely linked with the status of
both types of wetlands in China. Identifying their critical stopover sites,
such as Lianyungang, and building protected areas for the areas is vital
for future conservation. The international responsibilities for conserving
wetlands require China to balance economic development and biodi-
versity conservation. We strongly recommend that the coastal wetlands
of Lianyungang be enrolled in protected areas and guaranteed under law
as soon as possible.
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