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Summary

The natural coastal wetlands of the East Asian-Australasian Flyway (EAAF) are disappearing at 
alarming rates, leading to rapid declines of many populations of waterbirds in the most species-
rich flyway in the world. The identification and assessment of possible alternative habitats that 
may buffer the loss of natural wetlands should, therefore, be a priority for the conservation of 
migratory waterbirds using this flyway. Coastal saltpans are functional wetlands that support 
large numbers of waterbirds worldwide. The Nanpu Saltpans in the northern Bohai Bay of the 
Yellow Sea in China are one of the largest (290 km2) saltpan complexes in the world. In this paper, 
we document the value of the Nanpu Saltpans for supporting waterbirds. The surveys, carried out 
from 2013 to 2016, included waterbird counts in the saltpans (93 km2) at high and low tide and on 
the adjacent natural tidal flats (57 km2) at low tide. Of the 89 waterbird species recorded, 27 had 
maximum counts exceeding the 1% threshold value of estimated flyway populations. The maxi-
mum counts of waterbirds in northward migration and southward migration in the Nanpu 
Saltpans were 96,000 and 93,500, respectively, including both foraging and roosting birds; these 
figures do not account for turnover, so the total number of birds using the site is likely to be 
higher. The maximum counts on the adjacent tidal flats at low tide amounted to 73,000 and 20,000 
waterbirds during northward and southward migration, respectively, and most of them were for-
aging birds. In the boreal winter, few birds fed in the saltpans, but several thousand fed on the tidal 
flats. Waterbirds used the inland ponds (2.0–18.0 km from the intertidal area) mainly for feeding 
both during low tide and high tide and used the nearshore ponds (0.3–4.3 km from the intertidal 
area) mainly for high-tide roosting. Some species, such as Black-tailed Godwit Limosa limosa, 
Marsh Sandpiper Tringa stagnatilis, Pied Avocet Recurvirostra avosetta, and Black-winged Stilt 
Himantopus himantopus, occurred mainly in the saltpans; other species preferred tidal flats, 
such as Red Knot Calidris canutus, Great Knot Calidris tenuirostris, Bar-tailed Godwit Limosa 
lapponica, Eurasian Curlew Numenius arquata, Relict Gull Larus relictus, and Grey Plover 
Pluvialis squatarola. This study clearly demonstrates the joint ecological function of the Nanpu 
Saltpan complex and adjacent tidal flats as a key staging area for waterbirds in the EAAF, and 
as such both urgently warrant protected status.

Introduction

The East Asian-Australasian Flyway (EAAF) supports more waterbird species and is facing 
greater threats with more threatened species than any other flyway in the world (Kirby 2010, 
Wetlands International 2017). The shores of the Yellow Sea are a particularly important com-
ponent of the EAAF, with internationally significant staging areas for at least 24 migratory 
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shorebird species (Barter 2002, Bamford et al. 2008, MacKinnon et al. 2012). However, the tidal 
flat ecosystems along the Yellow Sea are disappearing at an alarming rate: 28% of tidal flats exist-
ing in the 1980s had disappeared by the late 2000s, indicating an annual rate of loss of 1.2% 
(MacKinnon et al. 2012, Ma et al. 2014, Murray et al. 2014, Melville et al. 2016). Meanwhile, 
measurable correlated population and survival declines of the shorebirds and other waterbirds 
that rely on intertidal areas as feeding habitat were detected (Amano et al. 2010, Wilson et al. 
2011, Piersma et al. 2016). These studies highlight the question of whether these waterbirds can 
use alternative habitats, for example human-made saltpans (Hua et al. 2015, Studds et al. 2017).

Anthropogenic wetlands, created or extensively modified by humans, are rapidly expanding 
and replacing natural wetlands worldwide (Czech and Parsons 2002, Ma et al. 2010). Although 
anthropogenic wetlands cannot completely replace the functions of natural ones as waterbird 
habitat (e.g. Ma et al. 2004, Desrochers et al. 2008, Choi et al. 2014, Sebastián-González and 
Green 2016), they can provide alternative or supplemental habitats for waterbirds. Examples of 
anthropogenic wetlands used by waterbirds include rice fields (Elphick 2000, Sanchez-Guzman 
et al. 2007), coastal grazing marshes (Milsom et al. 2000, Rhymer et al. 2010), extensive aquacul-
ture ponds (Ma et al. 2002, Li et al. 2013, Navedo and Fernández in press), and coastal saltpans 
(Warnock and Takekawa 1995, Masero et al. 2000). Although the effective management of these 
anthropogenic wetlands can help to mitigate the adverse effects of natural wetland loss or degra-
dation (reviewed by Ma et al. 2010, Navedo et al. 2017), in the EAAF many salt ponds, for exam-
ple, are being converted to modern aquaculture or industrial land (Flaherty and Karnjanakesorn 
1995, Sripanomyom et al. 2011).

In China, the total area of coastal saltpans increased from 1,639 km2 in 1985 to 2,413 km2 in 
2010 and the total area of aquaculture ponds increased from 2,606 km2 to 12,099 km2 (Yao et al. 
2016). However, during this century the area of coastal saltpans decreased owing to competing 
land uses driven by urbanisation and economic growth (Li et al. 2011).

Coastal saltpans are anthropogenic wetlands used for producing salt by the solar evaporation of 
seawater (Rocha et al. 2016). They are often classified as ‘functional wetlands’ with a high biologi-
cal richness and support large numbers of shorebirds and other waterbird groups worldwide (e.g. 
Masero 2003, Sripanomyom et al. 2011, Houston et al. 2012, Green et al. 2015, Rogers et al. 
2015). Their role in providing foraging and/or resting grounds for waterbirds varies according to 
species, time of year and tidal cycle. Many shorebirds feed on the tidal flats at low tide and move 
to adjacent supratidal saltpans to continue feeding or resting at high tide, while many others pre-
fer to spend most of their time in the saltpans (Masero et al. 2000, Dias 2009). Likewise, waterbirds 
such as herons and gulls respond to the tide cycle in a similar way to shorebirds, and ducks and 
grebes use the supratidal ponds throughout the tide cycle (Warnock et al. 2002). Coastal saltpans 
also provide breeding grounds for waterbirds (Ramírez et al. 2011, 2012, Rocha et al. 2016).

The Nanpu Saltpan complex in Bohai Bay of the Yellow Sea, North China, is one of the larg-
est coastal saltpans in the world, occupying an area of 290 km2 (Figure 1). In 2010, the adjacent 
intertidal zone was documented as a critical foraging ground for 62% of the Red Knot Calidris 
canutus, and 23% of the Curlew Sandpiper Calidris ferruginea flyway populations during 
northward migration (Rogers et al. 2010, Yang et al. 2011). In 2012, in the Nanpu Saltpans, 
large numbers of Curlew Sandpipers, Marsh Sandpipers Tringa stagnatilis, Black-tailed Godwits 
Limosa limosa, and White-winged Terns Chlidonias leucopterus were counted in the north-
ward migration, comprising up to 11%, 1%, 3%, and 4% of their flyway populations, respec-
tively (Hassell et al. 2012). However, these counts were only performed during the northward 
migration in the supratidal ponds, and they did not cover the whole of the Nanpu Saltpans. 
Therefore, we do not know the relative importance of these supratidal ponds in relation to the 
natural tidal flats, and it is likely that the true peak numbers present in these saltpans are 
higher than the peak numbers reported previously.

Here, we investigate the role of the Nanpu Saltpans for waterbirds during the northward 
migration, southward migration and boreal winter. We report, for the first time, the waterbird 
numbers using the entire Nanpu Saltpans at both high and low tide, as well as on the adjacent 
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tidal flats at low tide. These comparative counts will improve our understanding of how migratory 
waterbirds use the system and the current international importance of these unprotected saltpans 
for migratory waterbirds in the East Asian-Australasian Flyway.

Methods

Study area

The study area comprised most ponds available for waterbirds as feeding and/or roosting grounds 
in the Nanpu Saltpans (93 km2), as well as the adjacent tidal flats (57 km2) in the north of Bohai 
Bay (39°–12’N, 118°8’-28’E) and other supratidal anthropogenic habitats in the area such as 
shrimp and fish ponds (Figure 1). Similar to other industrial saltpans, the Nanpu Saltpans consist 
of shallow, interconnected pans of varying sizes separated by dikes. There are three types of ponds: 
storage, evaporation, and crystallization ponds (Figure 1). Briefly, seawater flows into the storage 
ponds with the rising tide and circulates through a series of evaporation ponds until it reaches 
many small crystallization ponds (Britton and Johnson 1987, Masero 2003). The evaporation 
ponds are operated in two ways: one maintains a high water level (60–100 cm) and one maintains 

Figure 1. Map of Nanpu wetlands. The surveyed areas included inland and nearshore ponds and 
tidal flats. See legend and text for details.
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a low water level (40–60 cm) (salt worker Mr. Hu, pers. comm.). Shorebirds normally use water 
levels < 10 cm (Ntiamoa-Baidu et al. 1998). The low water level ponds can fall below 20 cm in the 
water transfer process, but the water in high water level ponds rarely falls to levels allowing 
waterbirds to feed. We focused our survey effort on the evaporation ponds because most water-
birds used these ponds during previous counts. We classified these ponds into two groups accord-
ing to their distances to the tidal flats: inland ponds (86 km2; 2.4–18.0 km from the tidal flats) and 
nearshore ponds (Nanpu: 3.50 km2, Zuidong: 3.64 km2; 0.3–4.3 km from the tidal flats). Due to 
saltpan management, the south inland ponds had restricted access in northward migration but 
free access in southward migration, and the north inland ponds had free access throughout the 
year (Figure 1). The tidal flats are 1–3 km wide at low tide and are completely submerged from 
about two hours before high tide (Yang et al. 2011). For the counts, the tidal flats were divided 
into four sectors: Beipu (14 km2), Nanpu (22 km2), Double Bridge (10 km2), and Zuidong (11 km2) 
(Figure 1).

Surveys

To survey the saltpans, we drove along the perimeter roads and counted from the roads or pond 
levees, while the tidal flats were surveyed from a dike close to the sea. Waterbirds were counted 
using telescopes (25–60 x magnification eyepieces) or binoculars (8 x 30). The schedule of water-
bird counts and sample sizes are shown in Table 1. For more details, see Appendix S1 in the online 
supplementary materials.

Northward migration counts - Inland ponds were counted regularly at high and low tide 
(2014–2016); nearshore ponds were only counted at high tide (2015–2016) because few birds used 
them during low tide. Tidal flats were counted at low tide synchronously with the low tide counts 
in the inland ponds (2014–2016). Due to logistical constraints, on the tidal flats all waterbirds 
were counted in 2014, nine abundant or important shorebird species in 2015 and all shorebirds 
species in 2016. All counts in 2013 and a few counts in 2014 in inland ponds performed indepen-
dently of the tidal cycle were also included (Table 1); i.e. a single count included the high-tide 
period but also part of the low-tide period. All inland pond counts during northward migration 
focused only on the northern inland ponds because the southern inland ponds had restricted 
access.

Southward migration and boreal winter counts - We counted the inland ponds and tidal flats 
in southward migration in 2013–2016 and in boreal winter of 2013. Due to logistical constraints, 
the tidal flats were counted before or after the counts on the inland ponds, and the counts in the 
saltpans were performed independently of the tidal cycle. Unfortunately, we did not count 
nearshore ponds during southward migration and boreal winter because we could not catch high 
tide in these ponds. The counts in the inland ponds also included the southern inland ponds in 
2013 (southward migration and boreal winter) and in 2016 (southward migration).

During high tide, all tidal flats are submerged, so waterbirds have to move into saltpans for 
roosting or feeding (previous experience at the study site allowed us to know all large feeding 
and roosting sites). In each round of counts, the maximum number of a species in the study area 
was obtained from the high-tide counts in the saltpans or from the total number of the syn-
chronised low-tide counts on tidal flats and in saltpans. To estimate a species’ habitat usage, the 
number in the saltpans or on the tidal flats was divided by the maximum number in the study 
area (times 100%). Bird names followed the BirdLife Checklist Version 9.1 (http://datazone.
birdlife.org/species/taxonomy).

Foraging activity in the saltpans

The foraging activity of waterbirds in the saltpans during northward migration from 2014 to 
2016 was calculated at both the low- and high-tide periods, following Masero et al. (2000) and 
Masero and Pérez-Hurtado (2001). During the low- and high-tide counts we noted the activity of 
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Table 1. Waterbird numbers (mean ± SE) in Nanpu Saltpans and adjacent tidal flats. Range (minimum and 
maximum counts), date of peak counts, shorebird numbers in relation to maximum abundance (%), number 
of waterbird species using the study area, count area (km2) and number of counts per season, respectively, also 
are shown. See text for details.

2013 2014 2015 2016

NORTHWARD MIGRATION
Whole saltpans at high tide – – 19,254 ± 6,875

6,080 – 29,240
10 & 13 May
99%, 37
53, n = 3

25,014 ± 2,697
19,820 – 29,860
25 ∼ 26 Apr
98%, 47
57, n = 4

Whole saltpans at low tide – 18,837 ± 5,582
4,130 – 36,320
30 Apr ∼ 1 May
99%, 43
41, n = 6

17, 867 ± 7,117
1,830 – 64,490
19 May
97.4%, 37
41, n = 8

13,464 ± 3,737
8,130 – 24,000
17 ∼ 19 Apr
96%, 37
41, n = 4

Inland ponds at high tide – 21,680 ± 6,743
7,520 – 39,950
29 ∼ 30 Apr
99%, 36
41, n = 4

12,626 ± 3,204
2,510 – 27,530
27 Apr
98%, 32
41, n = 7

17,011 ± 2,885
10,230 – 25,100
17 ∼ 18 Apr
96%, 39
41, n = 5

Inland ponds* 40,953 ± 11,497
20,160 – 96,000
16 May
98.7%, 36
–, n = 6

17,746 ± 5,389
1,290 – 48,590
4 May
100%, 43
–, n = 8

– –

Exposed tidal flats – 39,997 ± 8,173
12,180 – 73,300
13 ∼ 14 May
99.8%, 37
57, n = 6

42,079 ± 8,714
33,360 – 50,800
4 ∼ 5 May
–, 9
57, n = 2

35,061 ± 6,891
21,600 – 51,520
8 May,
–, 34
57, n = 4

SOUTHWARD MIGRATION
Inland ponds** 23,926 ± 5,586

4,440 – 51,030
21∼22 Aug
74.6%, 57
61, n = 8

45,198 ± 8,919
18,860 – 93, 500
23 ∼ 24 Aug
51.5%, 53
44, n = 8

13,936 ± 4,406
6,040 – 21,850
25 Sep
42.7%, 32
57, n = 4

25,656 ± 4,888
20,770 – 30,540
23 Oct
6.7%, 35
69, n = 2

Exposed tidal flats*** 3,381 ± 887
940 – 5,190
22∼23 Nov
56.5%, 29
46, n = 4

13,052 ± 2,186
5,100 – 20,000
26∼27 Sep
88%, 37
46, n = 6

8,377
8,377
23 Sep
70.9%, 24
46, n = 1

8,863 ± 772
7,980 – 9,640
23 Oct
89.2%, 20
46, n = 2

BOREAL WINTER
Inland ponds** 431 ± 383

6 – 1,200
15 Dec
0%, 7
61, n = 3

– – –

Exposed tidal flats*** 5,743 ± 663
5,080 – 6,406
15 Dec
18.9%, 12
46, n = 2

– – –

* Inland ponds were surveyed independently of the tidal cycle and/or did not cover all ponds.
**Inland ponds were surveyed independently of the tidal cycle.
***Zuidong tidal flats were excluded from the counts.
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individuals as foraging or resting (including preening). For calculating the foraging activity in 
saltpans, the duration of the low-tide period in the saltpans was considered the same as the emer-
sion period on the tidal flats during low tide; the rest, up to the completion of the tidal cycle, was 
considered to be high tide (tidal flats submerged period) (Masero and Pérez-Hurtado 2001). For a 
given species, the number of foraging individuals divided by the total number was its foraging 
percentage. The overall foraging percentage is based on the average of all species in each survey.

Data analyses

We described the abundance and richness of waterbirds in the Nanpu Saltpans and on the adjacent 
tidal flats. The abundance of waterbirds was expressed as the mean abundance (MA), maximum 
abundance (MaxA) and density (birds/km2). Waterbird richness was expressed as the number of 
species. To compare the relative use of the saltpans and tidal flats during low tide we used the 
densities of waterbirds. Many ponds were not used for feeding as the water levels were too high, 
so for calculating density in the saltpans, 58 km2 of ponds were selected, usually with birds feed-
ing or roosting, with approximately 62% of the total saltpans studied (93 km2). Note that not all 
of the 58 km2 of the ponds were available for waterbirds during each survey, so this will lead to a 
conservative estimate of the density in saltpans. The area of the tidal flats used for the density 
calculation was 57 km2.

Internationally important species are defined as those that are present in numbers exceeding 
1% of their flyway populations according to the Convention on Wetlands (Ramsar Convention 
1971, Yang et al. 2011). Waterbird flyway populations followed either Hansen et al. (2016) or 
Waterbird Population Estimates Fifth Edition (WPE5) (Wetlands International 2017).

To describe the community composition during each season and habitat, we calculated the per-
centage contributed by each species. Waterbirds that were too distant to identify to species level 
were not included. The northward migration community composition of the tidal flats was based 
only on the data of 2014, because in 2015 and 2016, not all waterbird species were counted.

After checking for normality by Kolmogorov-Smirnov tests, we used independent t-tests to 
test the differences between the densities in saltpans and tidal flats during low tide, and differ-
ences between mean foraging percentage in inland ponds and nearshore ponds during high tide. 
We used paired sample t-tests to test the total abundance in the saltpans (inland ponds or whole 
saltpans). In addition, we used non-parametric Mann-Whitney U-tests to compare the density of 
each species between the saltpans and tidal flats during low tide and Wilcoxon signed-rank tests 
to compare the abundance of each species between high tide and low tide in the saltpans (inland 
ponds or whole saltpans). Statistical analyses were carried out in IBM SPSS Statistics 20.0 for 
Windows (Armonk, NY: IBM Corp). All tests were two-tailed, and significance levels were set at 
P < 0.05. Values given are means ± SE.

Results

Northward migration started in early March and ended in early June, with the abundance and 
richness of waterbird species reaching their peaks in mid-May. Some birds remained throughout 
June - presumably subadults or weak birds that were unable to migrate further north. Southward 
migration started in late June and lasted until late November, peaking in late August (Figure 2). 
After most birds had moved on in southward migration, some Dunlin Calidris alpina, Grey 
Plovers Pluvialis squatarola, and Eurasian Curlews Numenius arquata overwintered in the study 
area.

A total of 89 waterbird species were recorded in the study area, among which 13 species were 
threatened or ‘Near Threatened’. Of these, 27 were recorded exclusively in saltpans and one 
exclusively in the adjacent tidal flats. In the saltpans, a total of 85 species occurred in inland ponds 
and 42 in nearshore ponds. During the northward migrations, the maximum number of water-
birds recorded in saltpans was 96,000 individuals on 16 May 2013 at high tide, and 64,490 on 
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19 May 2014 at low tide. The maximum number of waterbirds recorded in saltpans during the 
southward migration was 93,500 individuals on 23–24 August 2014 (Table 1). At low tide, the 
peak number of waterbirds on the tidal flats occurred on 13–14 May 2014 and 26–27 September 
2014, with 73,000 and 20,000 individuals, respectively. Among the waterbirds, shorebirds were 
the most abundant group of birds both in the Nanpu Saltpans and on the tidal flats (Table 1).

A total of 27 species exceeded the 1% threshold of the flyway populations (Table 2). Among 
them, 23 species exceeded the threshold in the saltpans (13 species only in saltpans); 14 species 
exceeded the threshold on the tidal flats (four species only on tidal flats); and 10 species exceeded 
the threshold in both habitats. Twenty-three species exceeded the threshold in northward migra-
tion; 17 species exceeded the threshold in southward migration and three species did so in boreal 
winter. Of these species, 20 were shorebirds.

The most abundant species in inland ponds were similar between high and low tides. The most 
abundant species in the inland ponds were different from the nearshore ponds, and the latter were 
similar to the tidal flats. The most abundant species were different between northward migration 
and southward migration, both in the saltpans and tidal flats (Appendix S2).

During northward migration, the density of waterbirds on the tidal flats was higher than in the 
saltpans during low tide (P = 0.001, t = -4.01, n = 12, df = 22). Species such as Red Knot and Great 
Knot Calidris tenuirostris had higher densities on the tidal flats than in the saltpans, whereas 

Figure 2. Bird numbers (A) and species (B) of waterbirds in inland ponds and tidal flats of Nanpu 
wetlands. Data are the maximum count and the maximum number of species found in each month.
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Table 2. Waterbirds exceeding 1% of the flyway estimate population (FEP) in Nanpu Saltpans and adjacent tidal flats. Maximum abundance (MaxA) were obtained from the 
high tide and low tide counts in Nanpu Saltpans, low tide counts on tidal flats, or the sum of both habitats during low tide synchronized counts (the percentage of FEP is 
shown between parenthesis after MaxA numbers). Peak counts during northward and southward migration in both saltpans and tidal flats also are shown.

Specie name Scientific name MaxA  
(Percentage %)

FEP Saltpans Tidal flats

Northward  
migration

Southward  
migration

Northward  
migration

Southward  
migration

Curlew Sandpiper (NT) Calidris ferruginea 61,890a (69) 90,000b 61,890 2,460 16,080 50
Red Knot (NT) Calidris canutus 44,460 (40) 110,000b 35,280 210 44,430 160
White-winged Tern Chlidonias leucopterus 26,030 (3 ∼ 26) 100,000 – 1,000,000 5,850 26,030 0 5
Black-headed Gull Larus ridibundus 21,880 (2 ∼ 22) 100,000 – 1,000,001 5,690 21,840 6 1,170
Common Shelduck Tadorna tadorna 21,090 (14 ∼ 21) 100,000 – 150,000 660 21,090 28 170
Red-necked Stint (NT) Calidris ruficollis 20,590a (4) 475,000b 20,590 1,670 1,940 3
Black-tailed Godwit (NT) Limosa limosa 17,480 (11) 160,000b 17,480 5,248 14,040 1,350
Great Knot (EN) Calidris tenuirostris 16,760 (4) 425,000b 7390 12 16,764 420
Marsh Sandpiper Tringa stagnatilis 15,850 (12) 130,000b 15,850 12,360 270 410
Black-winged Stilt Himantopus himantopus 15,190 (15 ∼ 61) 25,000 – 100,000 712 15,190 4 1
Pied Avocet Recurvirostra avosetta 14,250 (14 ∼ 57) 25,000 – 100,000 3,440 14,250 360 800
Spotted Redshank Tringa erythropus 13,490 (13 ∼ 54) 25,000 – 100,000 860 13,490 11 140
Dunlin Calidris alpina 10,500 (0.4 ∼ 1.9) 553,900 – 2,674,900 6,640 800 10,180 10,500
Sharp-tailed Sandpiper Calidris acuminata 9,470 (11) 85,000b 9,470 8,380 210 140
Eurasian Curlew (NT) Numenius arquata 8,270 (8) 100,000 1,250 440 8,270 1,540
Kentish Plover Charadrius alexandrinus 6,900 (7) 100,000 3,630 2,323 4,360 6,900
Relict Gull (VU) Larus relictus 5,160c (43) 12,000 160 1,430 2,000 3,000
Sanderling Calidris alba 4,320 (14) 30,000b 1,380 1 4,320 0
Black-necked Grebe Podiceps nigricollis 3,810 (4 ∼ 38) 10,000 – 100,000 1 3,810 0 0
Grey Plover Pluvialis squatarola 3,620 (5) 80,000b 930 10 3,620 1,380
Great Cormorant Phalacrocorax carbo 2,480 (3∼ 10) 25,000 – 100,000 1,060 2,480 0 130
Mew Gull Larus canus 1,300 (1∼5) 25,000 – 100,000 1,300 360 1 14
Broad-billed Sandpiper Calidris falcinellus 730 (2) 30,000b 76 200 730 1
Caspian Tern Hydroprogne caspia 590 (0.6 ∼ 2.4) 25,000 – 100,000 590 110 0 140
Ruddy Turnstone Arenaria interpres 360 (1) 30,000b 210 25 360 0
Asian Dowitcher (NT) Limnodromus semipalmatus 260 (2) 14,000b 56 107 260 22
Nordmann’s Greenshank (EN) Tringa guttifer 7 (1 ∼ 2) 400 – 600 0 0 7 0

NT — Near Threatened, VU — Vulnerable, EN — Endangered, as listed by (IUCN 2015). a data from GFN; b FEP followed Hansen et al. (2016), other species followed WPE5. 
c MaxA counted during boreal winter on tidal flats.
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Black-tailed Godwit, Pied Avocet Recurvirostra avosetta, and Black-winged Stilt Himantopus 
himantopus had higher densities in the saltpans than on the tidal flats (Appendix S3).

The number of birds in the saltpans during high tide was higher than during low tide (P = 0.002, 
t = -5.18, n = 7, df = 6), but the number of birds on the inland ponds did not differ between high 
and low tide (P = 0.119, t = 1.68, n = 13, df = 12). Few birds used nearshore ponds during low tide 
(one count recorded 814 birds on 9 May 2016). When comparing the number in all the saltpans 
during high and low tide, Red Knot (P = 0.018, Z = -2.37), Great Knot (P = 0.018, Z = -2.37), 
Black-headed Gull Larus ridibundus (P = 0.028, Z = -2.20), Eurasian Curlew (P = 0.043,  
Z = - 2.02), and Bar-tailed Godwit Limosa lapponica (P = 0.028, Z = 2.20; all n = 7) were more 
abundant during high tide. For the inland ponds only, Black-tailed Godwit (P = 0.023, Z = -2.27), 
Common Shelduck Tadorna tadorna (P = 0.034, Z = -2.12), Dunlin (P = 0.028, Z = -2.20), Red 
Knot (P = 0.021, Z = -2.31), Red-necked Stint Calidris ruficollis (P = 0.019, Z = -2.35), and White-
winged Tern (P = 0.028, Z = -2.20; all n = 13) were more abundant during high tide. Black-tailed 
Godwit, Curlew Sandpiper, Dunlin, Marsh Sandpiper, Pied Avocet, Red Knot, Red-necked Stint 
also were abundant during low tide (> 500 birds on average). During high tide, species like Red 
Knot and Great Knot were mainly present in nearshore ponds (Figure 3).

During northward migration, most waterbirds in the inland ponds were actively feeding (except 
for Great Cormorant Phalacrocorax carbo which were just roosting), while the waterbirds (mainly 
shorebirds) in the nearshore ponds were roosting during high tide (Figure 4). However, Great 

Figure 3. Bird numbers of the main species using inland and nearshore ponds during northward 
migration. High tide and low tide surveys were conducted in consecutive days or in days as close 
as possible. CAST= Caspian Tern, for other acronyms, see legend in Appendix S2. See text for 
methodological details.
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Figure 4. Feeding percentage of waterbirds in inland and nearshore ponds during northward 
migration. CAST = Caspian Tern, for other acronyms, see legend in Appendix S2. See text for 
methodological details.

Cormorants were found feeding in a storage pond in southward migration, which were dry in 
northward migration. The mean foraging percentage (average of each count) in the inland ponds 
was high during both high tide (80.7 ± 3.9%, n = 8) and low tide (91.2 ± 0.8%, n = 8). The forag-
ing rate in the nearshore ponds is lower than in the inland ponds during high tide (10.4 ± 4.2%, 
n = 5, P < 0.001, t = -11.69, df = 11).

The percentage of birds using different habitats and during different tides grouped into 
three categories (Figire 5). White-winged Tern, Pied Avocet, Marsh Sandpiper, Spotted 
Redshank Tringa erythropus, Black-winged Stilts, Common Shelduck, Black-tailed Godwit, 
Black-headed Gull, and Caspian Tern Hydroprogne caspia mainly used saltpans. Bar-tailed 
Godwit, Grey Plover, Eurasian Curlew, Great Knot, and Red Knot mainly used tidal flats, and 
they also used nearshore ponds during high tide. The remaining species occurred in both 
habitats (Figure 5).

Discussion

This study demonstrates the important role of the Nanpu Saltpans for migratory waterbirds 
using the East Asian-Australasian Flyway. Large numbers of many waterbird species used the 
Nanpu Saltpans as feeding and/or roosting sites during both the northward migration and south-
ward migrations. A total of 89 species was recorded, of which 27 occurred in numbers of interna-
tional importance, with 13 threatened or ‘Near Threatened’ species. Saltpans are not only 
supplementary feeding grounds for some waterbirds during high tide but also major feeding 
grounds for some species throughout the tidal cycle.

Habitat use

There are no natural wetlands in Nanpu, except the tidal flats, and all supratidal natural habitats 
had been converted into saltpans or aquaculture ponds. Both tidal flats and saltpans can provide 
feeding grounds for waterbirds; however, during high tide, when tidal flats are totally submerged, 
only saltpans can provide roosting and foraging grounds.

We showed that saltpans and tidal flats use patterns by waterbirds varied among species and 
seasonally. Thus, both habitats were used heavily by waterbirds during migration, but only a few 
species used Nanpu as a wintering area. The abundance of waterbirds recorded on southward 
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migration 2015 and 2016 was lower than on southward migration 2013 and 2014, perhaps because 
there were fewer surveys in 2015 and 2016 than in 2013 and 2014. We did not count the nearshore 
ponds during southward migration and boreal winter, so the number of waterbirds in saltpans in 
both seasons may be higher than we recorded.

Migratory shorebirds were the most abundant group during northward migration. On 
southward migration, the percentage of shorebirds was lower than on northward migration, 
because the most abundant species on northward migration such as Red Knot, Great Knot and 
Curlew Sandpiper seldom used the study area on southward migration. We also noted during 
the counts that Pied Avocet, Black-winged Stilt, Kentish Plover, Common Redshank Tringa 
totanus, Little Tern Sterna albifrons, Common Tern Sterna hirundo, Gull-billed Tern 
Gelochelidon nilotica, and Eastern Spot-billed Duck Anas zonorhyncha breed in Nanpu 
Saltpans.

There are three hypotheses on why shorebirds feed in saltpans adjacent to natural intertidal 
areas: the ‘supplementary food hypothesis’, the ‘preference hypothesis’, and the ‘disturbance 
hypothesis’ (Masero et al. 2000). Although the shellfish harvest on tidal flats may affect the for-
aging activities of waterbirds (Navedo and Masero 2007), the number of shellfish collectors was 
few (Yang et al. 2016) and the tidal flats seem large enough for birds to feed free from humans 
(pers. obs.). Therefore, this hypothesis should be rejected.

The use of saltpans by Red Knots, Relict Gull Larus relictus, Dunlin, and Sanderling was con-
sistent with the ‘supplementary food hypothesis’, as most birds used the tidal flats as foraging 
grounds and only fed in the saltpans at high tide. Other species such as Great Knot, Eurasian 
Curlew, Grey Plover and Bar-tailed Godwit almost only used the saltpans as roosting sites during 
high tide.

The ‘preference hypothesis’ seems to explain the foraging patterns of White-winged Tern, 
Pied Avocet, Marsh Sandpiper, Spotted Redshank, Black-winged Stilt, Common Shelduck, 
Black-tailed Godwit, and Black-headed Gull as they foraged in the inland ponds throughout 
the tidal cycle. The habitat use patterns of Curlew Sandpiper, Red-necked Stint, Sharp-tailed 
Sandpiper Calidris acuminata, and Kentish Plover were variable because many individuals 
fed on tidal flats during low tide, but many others also fed in saltpans during both high tide 
and low tide.

Figure 5. Percentage of birds using saltpans or tidal flats during northward migration at low or 
high tide. In these foraging behaviour data, there were no Great Knot and Grey Plover recorded 
during low tide, no Bar-tailed Godwit during both low tide and high tide in inland ponds, no 
White-winged Tern, Caspian Tern, and Spotted Redshank in nearshore ponds during high tide. 
The foraging percentages of Great Knot, Sanderling, Eurasian Curlew, and Common Shelduck in 
nearshore ponds were zero. CAST= Caspian Tern, for other acronyms, see legend in Appendix B. 
See text for methodological details.
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The findings of previous studies on the foraging use of coastal saltpans in other parts of the 
world were generally similar (e.g. Velasquez and Hockey 1992, Masero et al. 2000, Warnock et al. 
2002, Dias 2009). Black-tailed Godwit, Black-winged Stilt, Pied Avocet, Spotted Redshank, Kentish 
Plover (Masero et al. 2000, Dias 2009), Black-necked Stilt Himantopus mexicanus, and American 
Avocet Recurvirostra americana (Warnock et al. 2002) preferred saltpans for foraging, while 
Grey Plover, Ruddy Turnstone Arenaria interpres, Bar-tailed Godwit, and Red Knot used saltpans 
as supplementary feeding grounds (Masero et al. 2000, Dias 2009).

The number and behaviour of waterbirds in inland ponds and nearshore ponds showed that 
these two groups of ponds had different functions for waterbirds in daytime. Inland ponds were 
mainly used as feeding grounds, whereas nearshore ponds were mainly used as high-tide roosting 
sites by shorebirds. High-tide roost sites are important to waterbirds because roosting sites can 
constrain their use of forage areas (Dias et al. 2006, Rogers et al. 2006b). These constraints are 
particularly relevant in the context of Nanpu, since as stated previously, this area is densely popu-
lated and there are few sites available for roosting. We found a large number of shorebirds roost-
ing in the nearshore ponds at high tide during daylight. These ponds are also used as high-tide 
roosting sites at night (Chris Hassell pers. comm.). Distance is an important factor affecting high-
tide roosting site selection, and shorebirds using these ponds would be minimising the costs of 
flying from tidal flats to roost sites (Rogers et al. 2006a).

That saltpans may buffer the loss of natural habitats is supported by a large amount of evidence 
(Masero and Pérez-Hurtado 2001, Masero 2003, Sripanomyom et al. 2011, Dias et al. 2014). The 
use patterns of saltpans and tidal flats by waterbirds found in this study indicate that the buffer 
role of saltpans varies among species and relies on the extent to which they use the saltpans. For 
the species preferring to feed in saltpans, such as Black-tailed Godwits and Black-winged Stilts, 
the loss of natural tidal flats could be largely compensated if the conditions in saltpans are suitable 
for feeding. For the species that use both saltpans and tidal flats, such as Curlew Sandpiper and 
Red-necked Stint, the loss of natural tidal flats can be partly compensated. This is important for 
those species that rely heavily on the Yellow Sea and whose flyway populations are dramatically 
declining (Studds et al. 2017). However, for the species that seldom feed in the saltpans, such as 
Great Knot and Red Knot, the role of saltpans for feeding is limited, although they are important 
high-tide roosting sites.

International importance

Our findings confirmed the international importance of the Nanpu Saltpans for migrating 
waterbirds in the East Asian-Australasian Flyway. The Nanpu Saltpans provided feeding and 
roosting sites for large numbers of waterbirds and supported species of conservation concern. 
Thirteen threatened or ‘Near Threatened’ species on the IUCN Red List were recorded in salt-
pans or on tidal flats. One is Critically Endangered (Spoon-billed Sandpiper Calidris pygmaea). 
Four are ‘Endangered’ (Great Knot, Nordmann’s Greenshank Tringa guttifer, Far Eastern Curlew 
Numenius madagascariensis, and Oriental White Stork Ciconia boyciana). Two are ‘Vulnerable’ 
(Relict Gull and Saunders’ Gull Chroicocephalus saundersi). Six are ‘Near Threatened’ (Curlew 
Sandpiper, Red-necked Stint, Red Knot, Black-tailed Godwit, Eurasian Curlew, and Asian 
Dowitcher Limnodromus semipalmatus). The number of Great Knot, Nordmann’s Greenshank, 
Relict Gull, Curlew Sandpiper, Black-tailed Godwit, and Eurasian Curlew also exceeded 1% of 
their flyway populations (Hansen et al. 2016, Wetlands International 2017). The Nanpu tidal 
flats and saltpans were listed in China’s top 21 priority coastal wetlands for waterbird conserva-
tion (Xia et al. 2017).

From 1993 to 2012, 10 shorebird taxa that refuel on the Yellow Sea tidal mudflats have declined 
by 65% (Studds et al. 2017). These taxa include species that also showed a declining trend in this 
study, such as Curlew Sandpiper. The latter has been listed as a ‘Critically Endangered’ species in 
Australia under its Environment Protection and Biodiversity Conservation Act 1999 and as ‘Near 
Threatened’ on the IUCN Red List (IUCN 2017). This species has suffered an 80.5% population 
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decline over the last three generations (a generation time of 7.6 years), with an annual rate of 
decline of 7.5% (Garnett et al. 2011, BirdLife International 2016a, Studds et al. 2017). The maxi-
mum number of Curlew Sandpipers in the Nanpu Saltpans was 61,890 (May 16, 2013) recorded 
in a single pond (3.27 km2) (Hassell et al. 2013), which comprised approximately 69% of the 
flyway population (Hansen et al. 2016). Together with 20,580 Red-necked Stints and other spe-
cies that fed in the same ponds, this single pond held more than 90,000 birds (Hassell et al. 2013). 
However, the maximum percentages of the estimated flyway population of Curlew Sandpiper 
recorded in the saltpans were only 26% (23,700 birds) in 2014, 39% (35,270) in 2015, and 18% 
(16,570) in 2016. Although four years of data are too short to detect population declines, given the 
high natural variability of shorebird numbers from year to year, the decline of the Curlew 
Sandpiper in this area is still of concern. This is because the environmental factors in the saltpans 
and tidal flats were similar for four years, and a decline was also found in other species, such as 
Red-necked Stint, Black-tailed Godwit, and Red Knot. Flyway populations of these species have 
declined sharply in recent decades (Studds et al. 2017, Wetlands International 2017)

The maximum count of Black-tailed Godwit in the Nanpu Saltpans was 17,480 (22–23 April 
2013), comprising approximately 11% of the flyway population (Wetlands International 2017). 
The global population of Black-tailed Godwits may have declined by approximately 25% since 
1990 (BirdLife International 2016b). The maximum count of Black-tailed Godwits in northward 
migration declined during the study period, with 14,790 in 2015 and 10,180 in 2016.

Approximately 34,200 Red Knots (90% were the subspecies piersmai) were recorded feeding 
or roosting in a single pond (3.30 km2) on 29 May 2013, an estimated 51% of the world popula-
tion of the subspecies piersmai (Hassell et al. 2013). The summer survival of Red Knot has sharply 
declined since 2012, and coastal intertidal habitat loss in the Yellow Sea is the most likely cause 
(Piersma et al. 2016). The maximum number of Red Knot in the study area decreased from 44,430 
(2014) to 30,750 (2015) and 15,340 (2016), suggesting that the summer survival of Red Knot is 
probably still declining. The flyway population of Red Knots in the study area sharply increased 
from 13% in 2007 to 62% in 2010 due to tidal flat loss in the surrounding area (Yang et al. 2011), 
and the recent decrease suggests that their prospects are not good.

Conservation implications

Despite its conservation importance, the birds and their habitats in the Nanpu Saltpans have not 
been properly protected to date. Habitat loss and human disturbance are increasing in recent years 
in our study area. For instance, in the adjacent Tianjin Municipality, and Fengnan, Tangshan City, 
Hebei Province, more than 100 km2 of saltpans have been lost since Barter et al. (2001) identified 
the international importance of this area for shorebirds (Melville et al. 2016). Since 2010, at least 
20 km2 in the Nanpu Saltpans have been converted to industrial land. In addition, another large 
project plans to use 100 km2 of the Nanpu Saltpans (Hebei Daily 2015). Moreover, construction 
of a new road across the Nanpu Saltpans starting in 2015 has cut through many ponds, including 
the one with 96,000 birds on 16 May 2013. This has caused sharp declines of waterbirds in these 
ponds (pers. obs.). Therefore, an urgent need exists to prevent further loss of the remaining salt-
pans and adjacent tidal flats. Other options include restoring lost habitats and modifying existing 
artificial coastal habitats to maximise shorebird foraging and roosting opportunities (Studds et al. 
2017). However, we do not suggest building more saltpans to replace natural feeding habitats 
because the saltpans attract different species to the tidal flats and this habitat is not suitable for all 
(Masero 2003).

Today, some of the most important areas for shorebirds include coastal saltpans (Rogers et al. 
2015). It has been suggested that the presence of coastal saltpans could increase the carrying 
capacity of some estuarine systems for non-breeding shorebirds (Batty 1992, Masero et al. 2000). 
However, across the world, large saltpans are disappearing or are being abandoned due to chang-
ing economics driven by industrialisation, urbanisation and competing land uses (Masero 2003). 
Saltpans do not only produce salt (see review by Rocha et al. 2012). In the Nanpu Saltpans, 
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