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Abstract 

Background: Departure decisions and behaviors of migratory birds at stopover sites are expected to maximize fit‑
ness by trade‑offs among avoiding predators, optimizing refueling (energy) capacity, and matching other life‑history 
events. We predict that species with different body sizes and migratory destinations will exhibit different behaviors 
when departing from the same stopover site. We also predict that with strong time constraint at the final pre‑breed‑
ing stopover site, departure decisions may be less sensitive to exogenous factors, such as wind condition, compared 
to other stopover or nonbreeding sites.

Methods: We recorded migratory departures of four shorebird species, i.e. Eurasian Curlew (Numenius arquata), 
Bar‑tailed Godwit (Limosa lapponica), Great Knot (Calidris tenuirostris), and Grey Plover (Pluvialis squatarola), at Yaluji‑
ang Estuary Wetlands in China, a final pre‑breeding stopover site in the northern Yellow Sea, from 2011 to 2014. We 
compared flock sizes, departure time and departure directions between species, and investigated the effects of tide 
and weather conditions (rain and ground wind speed and direction) on the departure decision of shorebirds.

Results: We found that larger species departed in smaller flocks and were more variable in daily departure time. 
Departure trajectory of all four species appeared to be influenced by coastal topography. With the east–west coast‑
line and intertidal mudflat on the south, birds exhibited westward or eastward deflection from the shortest migra‑
tory routes. Bar‑tailed Godwit was the only species that deviated to the southeast and did not climb over the land. 
Birds avoided departure during precipitation, while their departure was not related to ground wind benefit or tidal 
condition.

Conclusions: Body size among species, which influences their vulnerability to predators, might be important in 
shaping shorebird departure strategies. Diverse departure directions could be the result of different wind use tac‑
tics in climbing stage. Narrow optimal time window of breeding might lead to reduced flexibility in departure date 
at a final pre‑breeding site. Both endogenous and exogenous are important in shaping departure behaviors and 
decisions.
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Background
Many migratory birds need one or more stopover sites to 
refuel and/or rest en route. They are expected to adjust 
departure decisions and behaviors at stopover sites to 
avoid predators, optimize energy deposition and match 
other annual life-history events (e.g. breeding) to maxi-
mize fitness (Newton 2010). Species subject to different 
predation pressure, energy demands, orientation cues, 
and climbing tactics could perform differently in the 
same environment. Therefore, we may compare depar-
ture strategies of different species departing from the 
same location in a similar migratory stage to assess which 
factors may influence their departure behaviors.

The relative effect of exogenous factors on departure 
decisions might also be related to migratory stage the 
bird is in. For example, departure from a final stopover 
site before arriving at the breeding ground will directly 
determine the arrival date at the breeding grounds and 
time window for breeding is relatively narrow, especially 
for birds breeding at high latitudes. In consequence, 
endogenous schedules might prevail over exogenous fac-
tors in this stage of the migration and birds might show 
less flexibility in date selection than those departing from 
non-breeding or other stopover sites (Warnock 2010; 
Hua et al. 2017; Shamoun-Baranes et al. 2017). Departure 
decisions from final stopover sites have been little stud-
ied (Greenberg and Marra 2005).

Flock sizes of birds are considered to be a trade-off 
between predator avoidance and foraging efficiency 
(O’Reilly and Wingfield 1995). Grouping might also be 
important for navigation (Simons 2004), migration initia-
tion, breeding synchronization, and information acqui-
sition and updating (Conradt and Roper 2005; Nemeth 
and Moore 2014). Larger groups may be associated with 
longer distance migration (Beauchamp 2011), but not in 
all cases (Kshatriya and Blake 1992).

Daily departure time selection involves safety, energy 
gain and orientation cues (Ydenberg et  al. 2004; Aler-
stam 2009). Departure in the late afternoon or at night 
can maximize diurnal foraging time (Alerstam 2009) 
and avoid diurnal predators (Lank 1989). Sunrise and 
sunset is the time when skylight polarization is the 
strongest. Birds can use the polarized light for orien-
tation or recalibration (Cochran et  al. 2004; Åkesson 
and Hedenström 2007; Horváth 2014). The departure 
time of shorebirds which forage on tidal flats, has been 
linked to the tide cycle: by departing at high tide or on 
an incoming tide, birds could maximize their potential 
foraging time (Lank 1989); rising tide might also dis-
courage foraging and encourage migration initiation 
(Battley 1997). Departure direction is generally used to 
deduce migration route and destination of shorebirds 
(Alerstam et  al. 1990; Gudmundsson and Lindstrom 

1992; Tulp et al. 1994). However, there might be some 
detour in climbing up, which is related to wind condi-
tion and topographic characters (Alerstam et  al. 1990; 
Piersma et al. 1990).

Departure decision is strongly affected by weather 
conditions. Tail wind is usually favored as it can speed 
up migration (Liechti and Bruderer 1998), decrease 
energy expenditure (Åkesson and Hedenström 2007) 
and reduce risk of being blown off course (Battley et al. 
2012). Bar-tailed Godwits’ (Limosa lapponica) off-
schedule departures and departure-track directions 
were associated with unfavorable wind (Gill et al. 2009). 
Red Knots (Calidris canutus) and Great Knots (Calidris 
tenuirostris) on pre-breeding migration tended to rest 
at stopover sites with low resources when facing head-
wind (Piersma and van de Sant 1992; Shamoun-Baranes 
et  al. 2010; Ma et  al. 2011). However, not all birds are 
sensitive to wind condition (Åkesson and Hedenström 
2000; Alves et  al. 2016). Precipitation is avoided as it 
causes weight increase and heat loss (Richardson 1978). 
Although multiple orientation cues may be applied by 
long-distance migratory birds which fly throughout 
both day and night, and because they need to cope with 
the absence of some cues in certain latitudes (Moore 
1980, 1987; Gudmundsson and Sandberg 2000; Grön-
roos et al. 2010), it is easier to access light-relative cues, 
such as sun direction and skylight polarization when 
departing in clear sky.

Many shorebirds undertake long-distance journeys 
every year along the East Asian–Australasian Fly-
way. The Yalujiang Estuary Wetlands (hereafter YLE), 
located in the northern Yellow Sea, support over 
150,000 shorebirds in the pre-breeding stopover period 
annually (Barter et  al. 2000; Riegen et  al. 2014; Bai 
et  al. 2015). Those birds, especially large- to medium-
sized shorebirds, such as Eurasian Curlew (Numenius 
arquata), Bar-tailed Godwit, Great Knot, and Grey 
Plover (Pluvialis squatarola) use this tidal flat as an 
important refueling site (Bai et  al. 2015; Choi et  al. 
2015, 2017). Satellite-tracking records show that YLE is 
also the final pre-breeding stopover site for Bar-tailed 
Godwits (of both races menzbieri and baueri) (Batt-
ley et  al. 2012) and Great Knots (Lisovski et  al. 2016). 
This provides an opportunity to compare departure 
behaviors between species and explore possible factors 
related to migration decisions at the final stopover site 
(Table 1). 

We examined the departure behaviors of shorebirds at 
YLE, with the aim is to explore the different departure 
strategies among species and deduce the possible causes 
for the difference, such as weather condition and tidal 
stages. We also investigated whether there was less flex-
ibility in date selection under strong time constraints.
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Methods
Species
Eurasian Curlew (subspecies orientalis) has the largest 
body size among the four species (body length: 40‒60 cm; 
wingspan: 80‒100  cm), breeding in Eastern Siberia to 
Northeastern China and spending the non-breeding sea-
son mainly in Eastern and Southeastern Asia. Two sub-
species of Bar-tailed Godwit (body length: 37‒41  cm; 
wingspan: 70‒80  cm): L. l. baueri breeds in Alaska and 
spends the non-breeding season mostly in eastern Aus-
tralia and New Zealand, while L. l. menzbieri breeds in 
north-eastern Siberia and spends the non-breeding sea-
son mainly in northwestern Australia (Battley 1997). 
Grey Plovers (subspecies tomkovichi and squatarola; 
body length: 27‒31  cm; wingspan: 71‒83  cm) breed in 
Northeastern Siberia and spend the non-breeding sea-
sons on the coasts of eastern and southeastern Asia and 
Australia. The Great Knot (body length: 26‒28 cm; wing-
span: 56‒66 cm) is endemic to the East Asian–Australa-
sian Flyway, breeds in northeastern Siberia and spends 
the non-breeding season mainly in Australia and south-
east Asia (Piersma et  al. 1996). The four species feed 
exclusively on tidal flats at YLE before departing for their 
breeding grounds (Choi et al. 2017).

Study site and field observation
Our study was conducted on the tidal flat of YLE (39°8ʹN, 
123°9ʹE, Fig. 1a). The coastline in this area lies along an 
east–west axis with the tidal flat to the south (Fig.  1b). 
Tides are semidiurnal with each cycle about 12  h and 

25  min long (Bai et  al. 2008), with a range of about 
7 m, resulting in tidal flats up to about 5 km wide being 
exposed on low spring tides.

Shorebird departures were recorded opportunisti-
cally during field work in April and May, 2010‒2012, but 
observations were carried out by 1‒2 observers from 8:00 
to 18:00  h every day except those with heavy rains, as 
long as the tide flat was not fully covered from 7 April 
to 31 May 2013 and from 4 April to 26 May 2014. Flocks 
that were seen leaving from the tidal flats, as well as those 
observed flying past giving characteristic, loud, “migra-
tion” calls (Piersma et  al. 1990; Tulp et  al. 1994), were 
recorded. Departing shorebirds were followed with bin-
oculars (8×) and spotting scopes (20‒60×) until out of 
sight. Date, time, flock size, species composition and tra-
jectory direction were recorded. A compass bearing was 
taken at the instant that the birds disappeared from view.

Data analysis
Surface wind direction, wind speed (1500  h, before 
departure peak, 1800  h, around departure peak, see 
below), and precipitation were collected from the Dan-
dong weather station (39°6ʹN, 124°20ʹE) and downloaded 
from NOAA website (http://gis.ncdc.noaa.gov). Tide 
data of Dandong Port were obtained from China Oceanic 
Information Network (http://www.nmdis .org.cn/).

Kruskal–Wallis tests were conducted to determine if 
there were significant differences in flock sizes and daily 
departure time among species. Dunn’s multiple compari-
sons were conducted when significant differences existed. 

Table 1 Results of correlation analysis between departing individuals and wind benefits

Italic values indicate p < 0.1

*p < 0.05

2013 2014

Åkesson’s method Piersma’s method Åkesson’s method Piersma’s method

r value p value r value p value r value p value r value p value

Eurasian Curlew

 1500 h ‒0.05 0.84 ‒0.05 0.84 0.01 0.94 0.01 0.94

 1800 h 0.11 0.63 0.11 0.63 0.00 0.98 0.00 0.98

Bar‑tailed Godwit

 1500 h

  4° 0.24 0.26 0.31 0.24 0.02 0.76 0.08 0.76

  35° 0.39 0.06 0.42 0.04* ‒0.08 0.75 ‒0.13 0.60

  92° 0.25 0.26 0.25 0.26 0.08 0.94 0.02 0.94

 1800 h

  4° 0.06 0.79 0.11 0.61 0.13 0.61 0.11 0.68

  35° 0.08 0.71 0.13 0.55 ‒0.02 0.93 ‒0.20 0.42

  92° 0.06 0.79 0.11 0.61 0.13 0.61 0.11 0.68

http://gis.ncdc.noaa.gov
http://www.nmdis.org.cn/
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Nonparametric tests were used for the data did not coin-
cide with normal distribution.

We calculated the initial bearing ranges if the birds 
were to follow the great circle (shortest distance routes) 
or rhumb line (routes with constant angle relative to mag-
netic north) towards their breeding ground. From these 
we could then determine if there was any detour in direc-
tion as the birds climbed during migratory departure. 
The two subspecies of Bar-tailed Godwits, baueri and 
menzbieri were analysed separately. Previous research 
showed that the departure peak of menzbieri was around 
15 May (Choi et al. 2015), so we also summarized depar-
ture directions of Bar-tailed Godwits’ departure flocks 
before and after this date in 2013 to assess possible differ-
ences between subspecies.

We used both Åkesson’s and Piersma’s methods 
to estimate the benefit birds may obtain from wind 
(Piersma and Jukema 1990; Åkesson and Hedenström 
2000). Åkesson’s method only includes tail wind com-
ponents upon track direction, and the wind effects 
were calculated as Vw × cos(φt – φw), where Vw is the 
wind velocity, φt is the mean preferred track direction 
of departing birds and φw is the wind direction. Piers-
ma’s method assumes that birds always try to remain 
on a fixed track direction when encountering side 
wind; the wind benefits are calculated as Vw × cos(φt 
– φw) + (Va

2 – (Vw × sin(φT – φw))0.5 − Va, where Va 
is the airspeed of the bird. In the latter formula, we 
assumed airspeed of shorebirds to be 65 km/h (Battley 
1997). To test the possible influence of wind use, we 

Fig. 1 Location of the Yalu Jiang Esturay Wetlands (YLE, the black dot) and the breeding grounds of the four species (a), and sketch map of YLE (b)
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did correlation analyses between the number of migra-
tion birds and wind benefits, and compared the wind 
benefits between days with departure and days with-
out. For Eurasian Curlew we used the actual observed 
direction of departure as the flight track direction 
for the direction we recorded was consistent with the 
direction of their breeding ground (See results below 
on departure direction). The migration goals of Bar-
tailed Godwits were set as 5° (the shortest route to the 
center of the breeding ground of subspecies menzbieri) 
and 35° (subspecies baueri). We also used the actual 
observation directions in Bar-tailed Godwits (92°, 
average direction we observed) because the depar-
ture direction deviated from their destination (See 
results below). We excluded days with precipitation as 
we found that all the birds avoided departure in rain. 
The potential departure time window of each species 
was set from the third day before the day we observed 
the  first departure flock in the year to the third day 
after the day the last departure flock was recorded.

In the analysis of relationship between departure 
decision and tide condition, we classified tide condi-
tion arbitrarily into five levels according to predicted 
tide height using 100  cm divisions (Tidal range is 
0 to around 500  cm before the tide flat was almost 
fully covered). We then conducted Pearson correla-
tion analyses between numbers of departing birds and 
tide heights to determine whether departure decisions 
were related to tide levels. For the analyses of tide 
cycle and weather, we only included Bar-tailed Godwit 
and Eurasian Curlew for which we had sufficient sam-
ples (> 50 flocks departing).

All statistics was performed in software R (R Devel-
opment Core Team 2016).

Results
Flock sizes and species composition
We recorded the departure of 10,604 Bar-tailed God-
wits, 6458 Great Knots, 2443 Eurasian Curlews, and 
1208 Grey Plovers. A total of 266 out of 272 departure 
flocks were composed of a single species. In the six 
mixed-species flocks, three were composed of Bar-tailed 
Godwits and Grey Plovers, two with Bar-tailed Godwits 
and Eurasian Curlews, and one with Bar-tailed Godwits 
and Dunlins (Calidris alpina). Great Knots occurred in 
the largest flocks (150 ± 114 individuals, medium = 100, 
range: 12‒495, n = 23), followed by Grey Plovers (91 ± 48, 
medium = 75, range: 20‒170, n = 10), Bar-tailed Godwits 
(66 ± 40, medium = 55.5, range: 12‒300, n = 104) and 
Eurasian Curlews (31 ± 21, median = 22.5, range:3‒65, 
n = 32). Flock sizes of Grey Plovers were not significantly 
different from Bar-tailed Godwits or Great Knots; flock 
sizes between any other two species were significantly 
different (χ2= 43.137, p < 0.01, Fig.  2a; Dunn test results 
see Additional file 1: Table S1).

Departure time and directions
All four species tended to depart from YLE in the late 
afternoon (Fig.  2b). Departure time of Eurasian Cur-
lews (1518  h ± 161  min, n = 50, GTM + 8) was signifi-
cantly earlier than Great Knots (1651 h ± 68 min, n = 36) 
and Bar-tailed Godwits (1657  h ± 62  min, n = 166), but 
not Grey Plovers (1627  h ± 59  min, n = 14; χ2= 19.67, 
p < 0.01, Fig.  2b; Dunn test results see Additional file  1: 
Table S2). Departure time of Eurasian Curlews was also 

Fig. 2 Flock sizes and departure time of the four shorebirds. a Flock size, b departure time
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more widely dispersed than other species, occurring in 
both the morning and around midday, as well as in the 
afternoon.

The average departure direction of Eurasian Curlew 
was 292° (SD = 20°, n = 32; Fig.  3a), which is within the 

range of the rhumb line (267°–46°) towards the breed-
ing grounds, but not within the range of the great cir-
cle routes (320°‒42°). Great Knots had a similar pattern: 
average departure direction (54° ± 31°, n = 18, Fig.  3b) 
within the rhumb line range (0°‒55°), but not of the 

Fig. 3 Departure headings of Eurasian Curlew (a), Great Knots (b), Bar‑tailed Godwits (c), Godwits departing before 15 May (d) and Godwits 
departing after 15 May (e). Black dots outside circles show departure direction of each flock, while the rose diagrams inside the circles show the 
distribution of individual departure direction. Arrows are the mean directions of all individuals. Light green sectors (light blue for menzbieri godwits 
in c–e) are the orientation range if birds fly following a rhumb line towards the breeding ground; orange sectors show the orientation range if 
following a great circle route (buff for menzbieri godwits in c–e)
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great circle (0°–35°). The trajectory patterns of Bar-
tailed Godwits were distinctly different: they exhibited 
a southeastern detour (103° ± 16°, n = 57, Fig. 3c), fitting 
neither the rhumb line (53°‒73° for baueri, and 304°‒56° 
for menzbieri), nor the great circle line range (25°‒45° for 
baueri and 328°‒39° for menzbieri). There was only one 
dominant departure direction before late May (107° ± 9°, 
n = 26, Fig. 3d) while two direction peaks were found in 
late May (96.48° ± 11.43°, n = 31, Fig. 3e) in 2013, with the 
average direction turned northwards.

Wind effects and tide cycle
No departures occurred during periods of rainfall. One 
flock of Eurasian Curlews and two flocks of Bar-tailed 
Godwits migrated in the afternoon after a rainy morning.

The only significant positive relationship between 
wind benefit and number of individual birds migrat-
ing occurred in the day with the wind at 1500 h in 2013, 
with the migration goal set as 35° in Bar-tailed Godwits: 
wind benefit explained 39% (Åkesson’s method, n = 25, 
p = 0.06) and 42% (Piersma’s method, n = 25, p = 0.04; 
Table S3) of variation in the migration. There was no sig-
nificant difference in wind benefits between days with 
and without migration in both Eurasian Curlews and 
Bar-tailed Godwits (Additional file 1: Table S3).

A total of 22 out of 43 flocks (51.2%) of Eurasian Cur-
lew and 99 out of 173 flocks (57.2%) of Bar-tailed God-
wit departed during an incoming flood tide. Flocks of 
Bar-tailed Godwits was not significantly related to tide 
heights (p = 0.29), while Eurasian Curlews departure 
flocks departed more frequently at higher tide levels 
(p = 0.04).

Discussion
Interspecific differences in migration departure behaviors
It appeared that both flock size and departure time were 
related with body sizes of the four species we analyzed: 
the largest-sized, Eurasian Curlew, formed the small-
est flocks, and had a distinct pattern in departure time 
selection. This might be related to various extent of 
predator pressure among species. Generally smaller spe-
cies are more vulnerable to predators, performing large 
flock and night migration to avoid predation (Gotmark 
and Post 1996; Møller and Nielsen 2007). Large flock 
size could be a by-product of clustered foraging and/or 
roosting. However, even when thousands of godwits for-
aged and roosted together, they separated into relatively 
small flocks when departing on migration from YLE; 
while the Grey Plovers, which foraged in relatively small, 
and scattered groups (usually less than 20 individuals), 
departed in relatively large flocks (K Tan, field observa-
tion). Although a bird in a large group is not necessar-
ily better than a solo bird in terms of energy saving on 

a long, non-stop migration (Kshatriya and Blake 1992), 
we cannot exclude the possibility that birds used aerody-
namic up-wash from fellow birds, especially in Bar-tailed 
Godwits which usually flew in a V-shaped or echelon for-
mation when departing (K Tan, field observation). Our 
result is contradicted in the flock size-body size relation-
ship reported in former study (Piersma et al. 1990), which 
might be because either most of former records came 
from post-breeding migration when birds were more 
dispersed in migration date; or the smaller species, such 
as Ringed Plovers (Charladies hiaticula), Sanderlings 
(Calidris alba) were not tend to aggregate at stopover site 
before their departure.

All four species tended to depart in late afternoon, 
which is consistent with previous studies (Piersma et al. 
1990). In our records, only the largest species, Eurasian 
Curlew, had a distinct pattern in departure time selec-
tion: they also departed in the morning or around mid-
day. Additionally, we might have missed night-time 
departures of some shorebirds, especially Great Knots: in 
May 2013 we found that the population of Great Knots 
at YLE had decreased by about a half before we observed 
the first departure of a migratory flock. Furthermore, we 
rarely observed smaller waders, such as Dunlins, Red-
necked Stints (Calidris ruficollis), and Sharp-tailed Sand-
pipers (Calidris acuminata) departed even though more 
than 50,000 individuals were counted in YLE during the 
boreal spring (Bai et  al. 2015). This may occur because 
these species did not embark on long-distance departure 
from here, performed inconspicuous departure behav-
iors, or started migration at dusk. In fact, night depar-
tures in small birds have been recorded by radar and 
radio tracking extensively (Myres and Apps 1973; Åkes-
son et al. 2002). Higher predation pressure in the daytime 
could contribute to night departure of small birds (Aler-
stam 2009). Confronting a long non-stop journey, plus 
uncertainty of the duration caused by potentially adverse 
weather en route, neither the time saved for diurnal for-
aging before the migration nor gaining energy right after 
were expected to influence the departure decisions. 
Although departure in late afternoon has been connected 
with orientation use in sunset (Muheim et  al. 2006), it 
remains unclear whether it is involved during the day 
time departure by shorebirds.

None of the departure directions of the four species 
coincided with the shortest route to the breeding ground. 
A possible explanation is wind use during their ascend-
ing stage. Some waders, such as Red Knots have been 
observed using soaring and gliding during the climb-
ing phase (Alerstam et al. 1990). We have no records of 
this, however, we observed that the departure direction 
of Great Knots usually varied during ascent while other 
species maintained a consistent direction (K Tan, field 
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observation), possibly suggesting differences in aerody-
namic tactics. Bar-tailed Godwit was the only species 
which exhibited a deviation from the direct route to the 
breeding ground. The more southerly departure track is 
consistent with satellite tracks of subspecies baueri flying 
to Alaska (Battley et al. 2012), which could be related to 
benefitting from greater wind assistance (Gill et al. 2014). 
The second direction peak in late May, which is thought 
to relate principally to migration of menzbieri, devi-
ated from satellite tracking paths, being more southerly 
than expected (Battley et  al. 2012). Part of this may be 
accounted for by the fact that some baueri are still pre-
sent in the second half of May, which is to be expected 
as birds breeding on the North Slope of Alaska migrate 
some 30  days later than birds breeding in the southern 
part of the range (Conklin et  al. 2010). However, the 
departure tracks of presumed menzbieri are still more 
southerly than expected, which may suggest that this only 
occurred in the initial climbing period. The detour could 
be the result of searching for favorable wind (Green et al. 
2004), godwits have to be capable to “predict” prevailing 
wind on the ocean, realize the true navigation and change 
direction during migration on the ocean. Hence, it is not 
proper to deduce destination from departure direction.

The influence of tide and weather
Bar-tailed Godwit departures occurred equally in all tide 
conditions, but there was a positive relationship of tide 
height and observed Eurasian Curlew departing flocks. 
That difference might be due to different migratory 
stages between the two species: Bar-tailed Godwits use 
YLE as the final staging site (Gill et al. 2014), while Eura-
sian Curlews might make a further stopover after depart-
ing from YLE. However, we are inclined to consider the 
significant correlation as discovery bias of departing Eur-
asian Curlews: it is easier to notice the departure flocks 
when tide level was high and birds were aggregating in 
small and remaining dry area than those departed all over 
the bare mudflat during low tide. Meanwhile Godwits 
tended to aggregate on the mudflat beside the seawall 
before migration even during low tide (CY Choi and DS 
Melville, field observation), so that this kind of bias was 
likely to be much smaller. Strong selection for the time 
of day, together with the semidiurnal tide with a cycle of 
12 h and 25 min, can reduce the chance of detecting cor-
relation between departure and tidal height.

Wind benefits were not strongly related to departure 
dates of the species considered (Eurasian Curlews and 
Bar-tailed Godwits). Migration dates from the final stop-
over site can be constrained by the narrow optimal time 
window for arriving at breeding ground (Green et  al. 
2004; Both 2010). In addition, following a rigorous fuel 
deposition schedule at a stopover site (Schaub et al. 2008; 

Hua et  al. 2013) can reduce the date flexibility of pre-
breeding departure. Departure in favorable winds does 
not mean they can always retain a tailwind during long 
migratory flight: wind is unstable in the middle latitude 
and it is more efficacious for birds to adjust their altitude 
and route to optimize wind assistance rather than day 
selection (Green 2004). Gill’s analysis based on individual 
show godwits departing Yellow Sea selected dates which 
provided significant wind assistances in their subse-
quent fly (Gill et al. 2014). It should be noted that analy-
ses based on individuals assumed a specific time window 
around the actual migration date so it potentially ruled 
out part of the endogenous schedule constraint.

Conclusions
Our results suggest that for birds at the final pre-breeding 
stopover sites, the departure decisions are less sensitive 
to exogenous factors, which is different from departure 
decision at other stopover or nonbreeding sites. Moreo-
ver, departure behaviors were different  among species 
with different body sizes and wind use strategies. This 
study highlights that understanding the spatial and tem-
poral characteristics of the influence of endogenous and 
exogenous factors is important for clarifying the migra-
tory strategies of birds.

Authors’ contributions
KT and ZM designed the experiment, KT, HP, CC and DM conducted fieldwork, 
KT and ZM analyzed the data, KT led the writing with contribution from ZM, 
CC, DM and HP. All authors read and approved the final manuscript.

Author details
1 Ministry of Education Key Laboratory for Biodiversity Science and Ecologi‑
cal Engineering, Institute of Biodiversity Science, Fudan University, Shang‑
hai 200433, China. 2 Centre for Integrative Ecology, Deakin University, Geelong, 
VIC, Australia. 3 NIOZ Royal Netherlands Institute for Sea Research, Depart‑
ment of Coastal Systems and Utrecht University, P.O. Box 59, 1790 AB Den 
Burg, Texel, The Netherlands. 4 Global Flyway Ecology, Conservation Ecology 
Group, Groningen Institute for Evolutionary Life Sciences (GELIFES), University 
of Groningen, P.O. Box 11103, 9799 CC Groningen, The Netherlands. 5 Nelson, 
New Zealand. 

Acknowledgements
We thank the Yalu Estuarine Wetland Nature Reserve for their support for our 
fieldwork. We thank Qingquan Bai for his assistance in the field.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Additional file

Additional file 1. The test results of flock sizes, departure time and wind 
benefits.

https://doi.org/10.1186/s40657-018-0108-7


Page 9 of 10Tan et al. Avian Res  (2018) 9:15 

Consent for publication
Not applicable.

Ethics approval and consent to participate
All the fieldwork was conducted with the permission and support of the 
Yalujiang Estuarine Wetland Nature Reserve and was strictly complied with the 
requirement of Chinese Wild Animal Protection Law.

Funding
This study was financially supported by the National Natural Science Founda‑
tion of China (31071939, 31572280, and 31772467).

Received: 18 November 2017   Accepted: 10 May 2018

References
Åkesson S, Hedenström A. Wind selectivity of migratory flight departures in 

birds. Behav Ecol Sociobiol. 2000;47:140–4.
Åkesson S, Hedenström A. How migrants get there: migratory performance 

and orientation. Bioscience. 2007;57:123–33.
Åkesson S, Walinder G, Karlsson L, Ehnbom S. Nocturnal migratory flight initia‑

tion in reed warblers Acrocephalus scirpaceus: effect of wind on orienta‑
tion and timing of migration. J Avian Biol. 2002;33:349–57.

Alerstam T. Flight by night or day? Optimal daily timing of bird migration. J 
Theor Biol. 2009;258:530–6.

Alerstam T, Gundmundsson GA, Jönsson PE, Karlsson J, Lindström Å. Orienta‑
tion, migration routes and flight behaviour of Knots, Turnstones and 
Brant Geese departing from Iceland in spring. Arctic. 1990;43:201–14.

Alves JA, Dias MP, Méndez V, Katrínardóttir B, Gunnarsson TG. Very rapid long‑
distance sea crossing by a migratory bird. Sci Rep. 2016;6:38154.

Bai F, Gao J, Wang Y, Cheng Y, Lin T. Tidal characteristics at Yalu River estuary. 
Mar Sci Bull. 2008;27:7–13.

Bai QQ, Chen JZ, Chen ZH, Dong GT, Dong JT, Dong WX, Fu V, Han YX, Lu G, Li 
J, et al. Identification of coastal wetlands of international importance for 
waterbirds: a review of China coastal waterbird surveys 2005–2013. Avian 
Res. 2015;6:12.

Barter M, Wilson J, Li Z, Dong Z, Cao Y. Yalu Jiang National Nature Reserve, 
north‑eastern China—a newly discovered internationally important Yel‑
low Sea site for northward migrating shorebirds. Stilt. 2000;37:13–20.

Battley PF. The northward migration of arctic waders in New Zealand: 
departure behaviour, timing and possible migration routes of Red Knots 
and Bar‑tailed Godwits from Farewell Spit, north‑west Nelson. Emu. 
1997;97:108–20.

Battley PF, Warnock N, Tibbitts TL, Gill RE, Piersma T, Hassell CJ, Douglas DC, 
Mulcahy DM, Gartrell BD, Schuckard R, et al. Contrasting extreme long‑
distance migration patterns in bar‑tailed godwits Limosa lapponica. J 
Avian Biol. 2012;43:21–32.

Beauchamp G. Long‑distance migrating species of birds travel in larger 
groups. Biol Lett. 2011;7:692–4.

Both C. Flexibility of timing of avian migration to climate change masked by 
environmental constraints en route. Curr Biol. 2010;20:243–8.

Choi CY, Battley PF, Potter MA, Rogers KG, Ma Z. The importance of Yalu Jiang 
coastal wetland in the north Yellow Sea to Bar‑tailed Godwits Limosa lap-
ponica and Great Knots Calidris tenuirostris during northward migration. 
Bird Conserv Int. 2015;25:53–70.

Choi CY, Battley PF, Potter MA, Ma Z, Melville DS, Sukkaewmanee P. How migra‑
tory shorebirds selectively exploit prey at a staging site dominated by a 
single prey species. Auk. 2017;134:76–91.

Cochran WW, Mouritsen H, Wikelski M. Migrating songbirds recalibrate their 
magnetic compass daily from twilight cues. Science. 2004;304:405–8.

Conklin JR, Battley PF, Potter MA, Fox JW. Breeding latitude drives individual 
schedules in a trans‑hemispheric migrant bird. Nat Commun. 2010;1:67.

Conradt L, Roper TJ. Consensus decision making in animals. Trends Ecol Evol. 
2005;20:449–56.

Gill RE, Tibbitts LT, Douglas DC, Handel CM, Mulcahy DM, Gottschalck JC, 
Warnock N, McCaffery BJ, Battley PF, Piersma T. Extreme endurance flights 
by landbirds crossing the Pacific Ocean: ecological corridor rather than 
barrier? Proc R Soc B. 2009;276:447–57.

Gill RE, Douglas DC, Handel CM, Tibbitts LT, Hufford G, Piersma T. Hemispheric‑
scale wind selection facilitates bar‑tailed godwit circum‑migration of the 
Pacific. Anim Behav. 2014;90:117–30.

Gotmark F, Post P. Prey selection by sparrowhawks, Accipiter nisus: relative pre‑
dation risk for breeding passerine birds in relation to their size, ecology 
and behaviour. Philos Trans R Soc B. 1996;351:1559–77.

Green M. Flying with the wind‑spring migration of arctic‑breeding waders and 
geese over South Sweden. Ardea. 2004;92:145–59.

Green M, Alerstam T, Gudmundsson GA, Hedenstrom A, Piersma T. Do Arctic 
waders use adaptive wind drift? J Avian Biol. 2004;35:305–15.

Greenberg R, Marra PP, editors. Birds of two worlds: the ecology and evolution 
of migration. Baltimore: John Hopkins University Press; 2005.

Grönroos J, Muheim R, Åkesson S. Orientation and autumn migration routes 
of juvenile sharp‑tailed sandpipers at a staging site in Alaska. J Exp Biol. 
2010;213:1829–35.

Gudmundsson GA, Lindstrom A. Spring migration of Sanderlings Calidris alba 
through SW Iceland‑wharefrom and whereto. Ardea. 1992;80:315–26.

Gudmundsson GA, Sandberg R. Sanderlings (Calidris alba) have a magnetic 
compass: orientation experiments during spring migration in Iceland. J 
Exp Biol. 2000;203:3137–44.

Horváth G. Polarized light and polarization vision in animal sciences. Berlin: 
Springer; 2014.

Hua N, Piersma T, Ma ZJ. Three‑phase fuel deposition in a long‑distance 
migrant, the Red Knot (Calidris canutus piersmai), before the flight to High 
Arctic breeding grounds. PLoS ONE. 2013;8:6.

Hua N, Åkesson S, Zhou Q, Ma Z. Springtime migratory restlessness and 
departure orientation of Great Knots (Calidris tenuirostris) in the south 
compared to the north Yellow Sea. Avian Res. 2017;8:20.

Kshatriya M, Blake R. Theoretical model of the optimum flock size of birds fly‑
ing in formation. J Theor Biol. 1992;157:135–74.

Lank DB. Why fly by night? Inferences from tidally‑induced migratory depar‑
tures of sandpipers. J Field Ornithol. 1989;60:154–61.

Liechti F, Bruderer B. The relevance of wind for optimal migration theory. J 
Avian Biol. 1998;29:561–8.

Lisovski S, Gosbell K, Hassell C, Minton C. Tracking the full annual‑cycle of the 
Great Knot, Calidris tenuirostris, a long‑distance migratory shorebird of the 
East Asian–Australasian Flyway. Wader Study. 2016;123:177–89.

Ma ZJ, Hua N, Zhang X, Guo HQ, Zhao B, Qiang M, Xue WJ, Tang CD. Wind con‑
ditions affect stopover decisions and fuel stores of shorebirds migrating 
through the south Yellow Sea. Ibis. 2011;153:755–67.

Møller AP, Nielsen JT. Malaria and risk of predation: a comparative study of 
birds. Ecology. 2007;88:871–81.

Moore FR. Solar cues in the migratory orientation of the Savannah sparrow, 
Passerculus sandwichensis. Anim Behav. 1980;28:684–704.

Moore FR. Sunset and the orientation behaviour of migrating birds. Biol Rev. 
1987;62:65–86.

Muheim R, Moore FR, Phillips JB. Calibration of magnetic and celestial compass 
cues in migratory birds—a review of cue‑conflict experiments. J Exp Biol. 
2006;209:2–17.

Myres MT, Apps RF. Migration of birds over the South Coast of China recorded 
by radar. Nature. 1973;241:552.

Nemeth Z, Moore FR. Information acquisition during migration: a social per‑
spective. Auk. 2014;131:186–94.

Newton I. The migration ecology of birds. London: Academic press; 2010.
O’Reilly KM, Wingfield JC. Spring and autumn migration in arctic shorebirds: 

same distance, different strategies. Am Zool. 1995;35:222–33.
Piersma T, Jukema J. Budgeting the flight of a long‑distance migrant: changes 

in nutrient reserve levels of bar‑tailed godwits at successive spring stag‑
ing sites. Ardea. 1990;78:315–37.

Piersma T, van de Sant S. Pattern and predictability of potential wind assistance 
for waders and geese migrating from West Africa and the Wadden Sea to 
Siberia. Ornis Svec. 1992;2:55–66.

Piersma T, Zwarts L, Bruggemann JH. Behavioural aspects of the departure of 
waders before long‑distance flights: flocking, vocalizations, flight paths 
and diurnal timing. Ardea. 1990;78:157–84.

Piersma T, Van Gils J, Wiersma P. Family Scolopacidae (sandpipers, snipes and 
phalaropes). In: del Hoyo J, Elliott A, editors. Handbook of the birds of the 
world. Barcelona: Lynx Editions; 1996. p. 444–533.

R Development Core Team. R: a language and environment for statistical 
computing. R version 3.4.2 ed. Vienna (Austria): R Foundation for Statisti‑
cal Computing. 2016.



Page 10 of 10Tan et al. Avian Res  (2018) 9:15 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

Richardson WJ. Timing and amount of bird migration in relation to weather: a 
review. Oikos. 1978;30:224–72.

Riegen A, Vaughan G, Rogers K. Yalu Jiang Estuary shorebird survey report 
1999–2010. Yalu Jiang Estuary Wetland National Nature Reserve, Dan‑
dong, China, and Miranda Naturalists’ Trust, Auckland, New Zealand. 2014.

Schaub M, Jenni L, Bairlein F. Fuel stores, fuel accumulation, and the decision 
to depart from a migration stopover site. Behav Ecol. 2008;19:657–66.

Shamoun‑Baranes J, Leyrer J, van Loon E, Bocher P, Robin F, Meunier F, Piersma 
T. Stochastic atmospheric assistance and the use of emergency staging 
sites by migrants. Proc R Soc B. 2010;277:1505–11.

Shamoun‑Baranes J, Liechti F, Wmg V. Atmospheric conditions create freeways, 
detours and tailbacks for migrating birds. J Comp Physiol A Neuroethol 
Sens Neural Behav Physiol. 2017;203:509–29.

Simons AM. Many wrongs: the advantage of group navigation. Trends Ecol 
Evol. 2004;19:453–5.

Tulp I, Mcchesney S, De Goeij P. Migratory departures of waders from North‑
western Australia: behavior, timing and possible migration routes. Ardea. 
1994;82:201–21.

Warnock N. Stopping vs. staging: the difference between a hop and a jump. J 
Avian Biol. 2010;41:621–6.

Ydenberg RC, Butler RW, Lank DB, Smith BD, Ireland J. Western sandpipers have 
altered migration tactics as peregrine falcon populations have recovered. 
Proc R Soc B. 2004;271:1263–9.


	Migration departure strategies of shorebirds at a final pre-breeding stopover site
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Species
	Study site and field observation
	Data analysis

	Results
	Flock sizes and species composition
	Departure time and directions
	Wind effects and tide cycle

	Discussion
	Interspecific differences in migration departure behaviors
	The influence of tide and weather

	Conclusions
	Authors’ contributions
	References




