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Abstract Variable and unpredictable food resources at stopover sites bring severe challenges to migrating
shorebirds. Opportunistic foraging strategies, referring to shorebirds consuming prey in proportion to
their availability, allow shorebirds to replenish fuel and nutrient reserves efficiently for continuing their
migration. Chongming Dongtan, located in the Yangtze River estuary of eastern China, is the first major
stopover site of shorebirds on the Chinese mainland during their northward migration. We investigated
the diet of Great Knots (Calidris tenuirostris) at Chongming Dongtan during the spring stopovers of
2009 and 2010 through benthos sampling and dropping analysis. The benthos samples were categorized
into gastropods, bivalves, polychaetes, crustaceans and insect larvae. Dropping analysis indicated that
gastropods and bivalves constituted more than 70% of the diet of the Great Knot, with Assiminea violacea
and Corbicula fluminea being the most frequently consumed. Chi-square tests indicated that for each
prey category, there was no significant difference between the frequency of its occurrence in the benthos
samples and dropping samples during the early stopover periods of 2009 and 2010 and during the late
stopover periods of 2010. Although there was a statistically significant difference between the frequency
of occurrence of prey in the total macrobenthos and in the droppings of the Great Knots during the late
stopover period in 2009, the more abundant prey were more frequently consumed by the Great Knots. This
suggests that Great Knots adopted an opportunistic foraging strategy during their stopover at Chongming
Dongtan.
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Introduction
Most shorebirds need to replenish energy and nutrient
reserves at one or more stopover sites during their longdistance migration. The quality of stopovers affects not
only the success of migration but also the body condition
when shorebirds arrive in the breeding grounds (Davis
and Smith, 1998). Since the habitat quality at stopovers
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is highly dynamic, the availability of food resources for
shorebirds is usually unpredictable. Thus, “opportunistic
foraging”, i.e. birds consuming prey in proportion to its
availability, should be the optimal strategy in order to store
fuel as soon as possible (Davis and Smith, 2001).
Millions of shorebirds stage at the coastal and estuarine
wetlands in East Asia during their northward migration.
The Great Knot (Calidris tenuirostris) is one of those long-distance migratory species along the East Asian-Australasian
Flyway. In the breeding season, the adults and fledglings
consume both berries and invertebrates, while the nestlings feed exclusively on insects and spiders (Higgins and
Davies, 1996; Tomkovich, 1996). At stopover sites, bivalves
constitute more than 60% (Wang and Qian, 1988) of the
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diet of Great Knots and 90% in their wintering grounds
(Tulp and de Goeij, 1994). Red Knots (Calidris canutus), a
species similar to the Great Knot, also prefer bivalves even
though gastropods were available throughout the autumn
stopover in the Wadden Sea (Dekinga and Piersma, 1993).
These suggest that Great Knots might not be opportunistic
foragers, but largely depend on the bivalves in non-breeding grounds and stopover sites. However, the temporary
dynamics of their diet and the relationship between food
use and food availability are still unknown.
In this paper, we demonstrate the diet composition and
food resources of Great Knots in detail during their spring
stopover at Chongming Dongtan, located in the Yangtze
River estuary of eastern China. We also test whether Great
Knots forage opportunistically or prefer bivalves during
their stopover.

Study area
Chongming Island, with an area of 1200 km2, is the third
largest island in China and the largest alluvial island in
the world. Chongming Dongtan (31°29′N, 121°58′E) is located at the eastern end of the island and covers estuarine
wetlands of 242 km2. Many birds depend on the wetlands
during migration, wintering and breeding periods (Xu and
Zhao, 2005). Chongming Dongtan is also the first major
stopover site for shorebirds during their northward migration (Barter and Wang, 1990). Because of its importance
for bird conservation, Chongming Dongtan has been designated as one of the wetlands of international importance
(Ramsar sites) in 2002.
The estuarine wetlands at Chongming Dongtan are
composed of bare mudﬂats in the low tidal zone and salt
marshes in the middle and high tidal zones (Xu and Zhao,
2005). Most of the shorebirds, especially of the genus
Calidris, inhabit and feed on plenty of macrobenthos in
the intertidal zone during their stopover. The Great Knot
is one of the most abundant Calidris species in the spring
(Ma et al., 2004; Hui et al., 2009). Every year approximately 110000 Great Knots arrive at Chongming Dongtan in
late March and leave before May (Barter, 2002).

Methods
Sampling
Macrobenthos and dropping samples were collected in
2009 and 2010 during the spring stopovers of Great Knots
at Chongming Dongtan. Given the migratory phenology
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of the Great Knot, sampling was carried out twice each
spring during the early (5 April in 2009 and 31 March
in 2010) and late (18 April in 2009 and 19 April in 2010)
stopover periods. All field work was carried out at low tide
when the tidal flats were exposed and available for shorebirds to forage.
Binoculars (8 × 40) were used to search for the feeding
area of Great Knots. After a flock of Great Knots left an
area where they had foraged for at least half an hour, the
time needed for food to pass through the digestive tract
(Dekinga and Piersma, 1993), we collected droppings of
Great Knots using medical spoons. Because Great Knots
do not forage in fixed sites, our sampling also varied over
the sampling periods. The samples were collected in sea
bulrush marshes in both years, except for the late stopover
period in 2009, when we took samples on the bare mudflats. Sometimes Great Knots foraged in mixed flocks with
Dunlins (Calidris alpina), but the different size of droppings and footprints allow us to distinguish their droppings. About 30 droppings were sealed in a plastic bag as
one sample.
Macrobenthos were sampled in the same feeding area
where droppings were collected. To avoid the impact of
bird foraging on benthos density, samples were taken on
the mudflats where footprints and pecking marks of birds
were absent. Ten benthos samples were randomly collected
each time with metal corers (10 cm diameter) to a depth
of 10 cm (Jing, 2005), with an interval of at least 10 m
(González et al., 1996; D’Amico and Bala, 2004). The core
samples were sieved on the spot through a 0.3 mm mesh
and the macrobenthos were collected in plastic bottles. All
samples were frozen at –20°C until analyzed.
At the laboratory, the benthos samples were thawed in
75% ethanol. In each sample the prey items were identified
to species level and counted under a binocular dissecting
microscope (10 × 5) in a petri dish.
The composition of the diet of Great Knots was determined by faecal analysis. The dropping samples were dried
at 60°C and sieved through a 0.3 mm mesh to remove
sediments (Dekinga and Piersma, 1993). We viewed dropping samples in a petri dish using the microscope (10 ×
5) as mentioned earlier. Under the magnification used,
one dropping sample could be scanned in about 30 scope
fields. We quantified prey as the average per cent coverage of each field seen under the microscope, thus incorporating prey volume into this percentage measurement
(Tsipoura and Burger, 1999). All representative hard prey
remains were identified to the lowest possible taxon. Species identification was based on recognizable parts, such
as hinges and shell fragments of bivalves, crab pincers and
intact or broken shells of small gastropods.
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Data analysis

Results

Each prey category was summed up according to the sampling periods. The macrobenthos with a circumference
of over 38 mm were excluded from analysis because food
intake is limited by the gape width of the Great Knots
(Tulp and de Goeij, 1994). By multiplying the sample size,
the per cent coverage of each prey species in the droppings
was converted into the frequency of its occurrence in the
diet. Chi-square tests were used to determine whether the
frequency of occurrence of prey in the droppings varied with the abundance of the same prey in the benthos
samples, in 2009 and 2010. Crabs and polychaetes were excluded from the analysis because crabs moved rapidly and
were difficult to detect while polychaetes could be completely digested by the Great Knots. Therefore, chi-square
tests were based on the frequency of the occurrence of
gastropods and bivalves, which occurred most frequently
in the droppings of Great Knots (see Table 2). The level of
statistical significance was set at 0.05.

The potential food sources for Great Knots at Chongming
Dongtan were composed of gastropods, bivalves, crustaceans, polychaetes and insect larvae (Table 1). The most
abundant species were Assiminea violacea (Gastropoda),
Corbicula fluminea (Bivalvia), Notomastus latericeus (Polychaeta), and Corophium volutator (Crustacea). Gastropods
occurred at high density in both spring stopovers, while
the density of the other three categories fluctuated. In
spring 2009, bivalves increased sharply in the late stopover, while very few bivalves were collected in spring 2010.
In contrast, the density of polychaetes changed in the
two years and ranked second in 2010. There was a small
amount of crustaceans in both years. Insect larvae occurred only accidentally.
A total of 44 dropping samples (1100 droppings in
total) were collected in two years. Dropping analysis indicated that the diet of Great Knots consisted of gastropods
(Assiminea violacea), bivalves (Corbicula fluminea) and

Table 1 Prey density (ind.·m–2) in the feeding areas of Great Knots at Chongming Dongtan in 2009 and 2010. All data are presented as
average ± SD.
2009

Species

2010

Early stopover

Late stopover

Early stopover

Late stopover

394.9 ± 394.9

76.4 ± 165.6

4535.0 ± 2165.6

1172.0 ± 1605.1

25.5 ± 76.4

127.4 ± 127.4

25.5 ± 51.0

229.3 ± 191.1

Mollusca
Gastropoda
Assiminea violacea
Assiminea latericea
Stenothyra glabra

38.2 ± 89.2

Bivalvia
Corbicula fluminea
Sinonovacula constricta

12.7 ± 38.2

12.7 ± 38.2

25.5 ± 51.0

25.5 ± 51.0

Crustacea
Corophium sinensis

38.2 ± 63.7

Corophium volutator

203.8 ± 598.7

Gnorimosphaeroma rayi

12.7 ± 38.2

12.7 ± 38.2

12.7 ± 38.2

Chinomantes dehaani

12.7 ± 38.2

Polychaeta
Dentinephtys glabra

140.1 ± 280.3

Notomastus latericeus

140.1 ± 140.1

Harmothoë imbricata

101.9 ± 318.5

Insect larvae

12.7 ± 38.2

38.2 ± 63.7

25.5 ± 51.0

1923.6 ± 1452.2

980.9 ± 828.0

12.7 ± 38.2
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some small crabs (Ilyoplax deschampsi). The composition
of the diet was different between the spring of 2009 and
2010 (Table 2). Gastropods dominated the diet almost
during the entire stopover period, except for the late stopover in 2009, when bivalves became the main prey instead.
The data of Assiminea violacea and Corbicula fluminea
was used in chi-square tests. There was no significant difference between the frequency of the occurrence of two
prey in the diet of Great Knots and their abundance in
benthos in both years except for the late stopover period
of 2009 (Fig. 1; χ2early, 2009 = 3.23, p > 0.05; χ2late, 2009 = 13.19, p
< 0.05; χ2early, 2010 = 1.55, p > 0.05; χ2late, 2010= 1.56, p > 0.05. df
= 1 for all).

Discussion
Gastropods were the major benthos group at the feeding
areas of Great Knots during the entire stopover period in
2010. However, in 2009, gastropods only dominated in the
early stopover period and were later overtaken by bivalves.
This might be caused by the change of feeding areas (from
sea bulrush habitats to bare mudflats) in late 2009 when
no foraging flocks were found in the former area. It also
reflects a heterogeneous distribution of macrobenthos at
Chongming Dongtan, with gastropods dominating the sea
bulrush habitats while bivalves dominate the bare mudflats (Zhu et al., 2007).
Our results indicated that the frequency of occurrence
of prey in the diet of Great Knots was not significantly different from their abundance, implying that the composition of the diet of Great Knots varied with the fluctuation
of benthic fauna. This suggests that Great Knots adopt an
opportunistic foraging strategy during their spring stopover at Chongming Dongtan.
Although dropping analysis indicated that the Ilyoplax

deschampsi could be consumed by the Great Knots during
spring stopovers, they were not detected in the macrobenthos samples. This species is likely to be underestimated
as they can escape quickly during benthos sampling. In
addition, polychaete worms could be fully digested by
the Great Knots without leaving a trace in the droppings,
which probably caused an undervaluation of the frequency
of occurrence of such prey in the diet (Tulp and de Goeij,
1994; Barrett et al., 2007). Further studies, such as stable
isotope analysis, might provide more information about
the diet of Great Knots during stopovers.
The composition of the diet of Great Knots in this
study is consistent with previous findings that bivalves,
gastropods and crabs are prevalent invertebrates in stomach contents (Wang and Qian, 1988). However, we have
established, for the first time, that gastropods are the
most important prey for the Great Knots, especially during the early stopover period at Chongming Dongtan. In
Roebuck Bay of Australia, the results of dropping analysis
showed that 90% of the diet of Great Knots was made up
of bivalves (Tulp and de Goeij, 1994). Such a contrast may
arise due to the different macrobenthos composition between Chongming Dongtan and Roebuck Bay. In Roebuck
Bay polychaetes are the most abundant with 70% of the
benthic individuals, followed by bivalves (12.5%), while
gastropods accounted for only 2.5% (Pepping et al., 1999).
Because polychaetes can be digested without leaving a
trace, it is not surprising that bivalves make up most of the
diet in Roebuck Bay. Such variation in the composition of
their diet also provides further evidence of the opportunistic foraging strategy of Great Knots.
Since shorebirds typically migrate across vast landscapes
where wetlands are temporally and spatially dynamic
(Skagen and Knopf, 1993; Farmer and Parent, 1997), it
might be costly to discriminate between profitable and
unprofitable prey (Davis and Smith, 2001). Consequently,

Table 2 Cumulative percentage of prey items found in the droppings of Great Knots during spring stopovers at Chongming Dongtan
2009

Species

2010

Early stopover

Late stopover

Early stopover

Late stopover

73.4

4.9

92.9

61.6

4.1

95.1

7.1

6.6

22.5

0.0

0.0

31.8

Mollusca
Gastropoda
Assiminea violacea
Bivalvia
Corbicula fluminea
Crustacea
Ilyoplax deschampsi
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Fig. 1 Food availability and food use of Great Knots at Chongming Dongtan in four stopover periods. (a) early 2009; (b) late 2009; (c) early
2010; (d) late 2010.

the flexibility of an opportunistic foraging strategy enables
shorebirds to replenish energy and nutrient reserves rapidly, which is important for them to complete their migratory flights and arrive on the breeding grounds in good
condition as well (Davis and Smith, 1998).
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春季迁徙停歇期大滨鹬在中国崇明东滩的食物分析
张璇1，华宁1，马强2，薛文杰2，冯雪松2，吴巍2，汤臣栋2，马志军1
（1 复旦大学生物多样性科学研究所，生物多样性与生态工程教育部重点实验室，长江河口湿地生态系统野外科
学观测研究站，上海，200433；2 崇明东滩鸟类国家级自然保护区，上海崇明，202183）

摘要：迁徙停歇地多变而难以预测的食物资源给鸻鹬类的觅食活动带来了严峻挑战。机会主义觅食策略，即鸻鹬
类摄取食物的比例与食物可利用性的高低相一致，可以使鸻鹬类高效地补充能量和营养物，尽快为下一阶段的迁
徙活动做好准备。崇明东滩位于中国东部的长江口，该区域是鸻鹬类北迁途中在中国大陆的第一个重要迁徙停歇
地。通过底栖动物调查和粪便分析，我们在2009年和2010年春季对大滨鹬（Calidris tenuirostris）在崇明东滩停歇
期的食物进行了研究。在大滨鹬的觅食地，底栖动物有腹足类、双壳类、多毛类、甲壳类和昆虫幼虫5类。粪便
分析表明，腹足类和双壳类占大滨鹬食物组成的70%以上，其中堇拟沼螺（Assiminea violacea）和河蚬（Corbicula
fluminea）是出现频次最高的底栖动物种类。χ2分析显示，除2009年后期之外，在其他的停歇期，每种食物在粪便
中出现的频次和在底栖动物中所占的比例之间没有显著差异。尽管在2009年后期，每种食物在粪便中出现的频次
与在底栖动物中所占的比例在统计学上具有显著差异，但是大滨鹬依然更多地摄取丰度较高的食物。这暗示着大
滨鹬在崇明东滩采取的是机会主义觅食策略。
关键字：Calidris tenuirostris，崇明东滩，食物，觅食策略，大滨鹬
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