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Abstract
Natural wetlands in coastal areas have been reclaimed in China and other regions of
Asia. The reclaimed lands have been used for large-scale industrial farming, repla-
cing traditional farming methods, especially in rice fields. To understand the impact
of land-use conversion on biodiversity, particularly of coastal migratory waterbirds,
we selected two study sites in Chongming Island, China, representing traditional rice
fields versus industrial rice farms. At each site, we carried out waterbird population
surveys, measured the environmental factors hypothesized to be important in deter-
mining waterbird abundance, and analyzed the effects of the different farming pat-
terns on waterbird populations. Over two annual cycles (from August 2013 to May
2015), 39 waterbird species were observed, with a mean density of 29.3 � 5.4/ha,
on traditional rice fields, compared with 16 species with a mean density of
2.8 � 0.4/ha on large-scale industrial rice farms. Our results demonstrated that
waterbird diversity was higher on traditional rice fields than on industrial rice farms.
Analyses of habitat characteristics and waterbird populations showed that traditional
rice fields had more preferred habitats for waterbirds, such as more open-water cover
areas, lower bare mud cover areas, lower rice plant density, no concrete-covered
areas and flooding in the winter. The results suggested that the replacement of tradi-
tional rice fields with large-scale industrial rice farms has had a significantly nega-
tive impact on migratory waterbirds using the East Asian–Australasian Flyway;
such a change could also have detrimental effects on waterbird conservation efforts
in China and other countries along this important migration route.
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1 | INTRODUCTION

Globally, migratory waterbirds are facing serious threats,
and declines in waterbird populations are widespread among
the nine major flyways of the world (Szabo, Battley,
Buchanan, & Rogers, 2016; Wetlands International, 2014).
The East Asian–Australasian Flyway (EAAF) is one of the
world's most important shorebird flyways, and has the high-
est proportion (19%) of threatened waterbird populations
(MacKinnon, Verkuil, & Murray, 2012). The EAAF begins

in overwintering sites in Australia and New Zealand, skirts
the coastline of China and other regions of Southeast Asia
and East Asia to reach the breeding sites in Siberia and
Alaska (Szabo, Battley, et al., 2016). A higher number and
greater proportion of waterbirds are globally threatened in
the EAAF than in any of the other major flyways of the
world (Studds et al., 2017; Yong et al., 2018). Observed per-
centages of waterbird species decline in the EAAF are
among the highest of any major flyway worldwide (Amano,
Székely, Koyama, Amano, & Sutherland, 2010). The annual
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of traditional rice fields is low, with a mean density of
1.5 × 105 plants/ha. Roads and drainage channels in tradi-
tional rice fields are nonconcrete.

By contrast, Site B (Figure 1), located between Dyke
1998 and Dyke 1992, with a total area of approximately
1,500 ha, is owned by the local government and managed
by a local farming company using an industrial farming
model. In general, industrial rice farms are rice monocul-
tures, occur on a large scale and are managed by collabora-
tions with mechanized planting. The rice planting density of
industrial rice farms is high, with a mean density of
2.4 × 105 plants/ha. Roads and drainage channels in indus-
trial rice farms are concrete-covered.

Traditional rice fields and industrial rice farms have the
same rice planting and harvesting times, with rice seedlings
planted during early May and transplanted during early June,
and tassels form during late August and harvesting begins
during late October. Traditional rice fields remain flooded
after harvesting, with a water level of 5 and 25 cm, whereas
industrial rice farms are drained during the nongrowing
season.

2.2 | Data collection

2.2.1 | Sampling methods

Rice field units in traditional rice fields and on industrial rice
farms have the same construction, with a length of approxi-
mately 120 m, width of approximately 70 m, and an area of
0.9 � 0.1 ha. Both rice field units include a rice paddy with
roads and irrigation canals, and surrounded by levees. We
chose one rice field unit as a study quadrat, and three quad-
rats were randomly selected in each study site (Figure 1).
Each quadrat was located in the distance of 0.5 and 1 km
from the intertidal zone; this zone was characterized by mud-
flats and shallow water, and provides an optimal foraging
habitat for waterbirds, according to previous studies in
Chongming Dongtan (Ma et al., 2009; Zou et al., 2014). For
systematic and comparable investigations, we selected three
quadrats within a 600 × 600 m2 zone in each site; to mini-
mize the effects of quadrats on each other and the autocorre-
lation of differences between quadrats, each quadrat was
separated from the next by at least 500 m; to minimize the
marginal habitat effect on waterbird abundance and
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FIGURE 1 The location of the study area (Chongming Dongtan, Shanghai) and study quadrats. The inset shows the study area in the Yangtze River Estuary.
Site A represents traditional rice fields, located between Dyke 1998 and Dyke 2010, and Site B represents industrial rice farms, located between Dyke 1998
and Dyke 1992. Three quadrats were selected in each study site
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diversity, no quadrats were placed on field margins in either
study site (Figure 1).

2.2.2 | Waterbird surveys

Surveys were performed over two complete years. Four sea-
sons were identified according to the patterns of spring and
autumn migration and the arrival of winter migrants: autumn
(mid-August–early November), winter (early November–
mid-March), spring (mid-March–mid-May) and summer
(mid-May–early August) (Wang & Qian, 1988). Previous
reports showed that waterbirds were most abundant in
spring, autumn and winter in the study area, with only a few
migrants and residents occurring during the summer
(Ma et al., 2004; Zou et al., 2014). Therefore, we surveyed
the waterbird population during the autumn and winter of
2013 and 2014, and the spring of 2014 and 2015. Five
waterbird surveys were performed semimonthly in each sea-
son, making a total of 30 waterbird surveys across the
2 years.

Surveys began 2 hrs after sunrise so that enough light
was available to aid species identification (Ibáñez, Curcó,
Riera, Ripoll, & Sánchez, 2010). Each quadrat was scanned
for at least 2 minutes; there was no maximum time limit for
completing a count, although we completed the count as rap-
idly as possible to avoid double counting birds (Strum et al.,
2013). All quadrats were surveyed from around the paddies
(along either the levees or roads). All waterbirds were identi-
fied to species level and all individuals in the survey area
were counted; however, any waterbird that only flew over
the survey area was not included in the survey.

Waterbirds in rice fields in Chongming Dongtan are
dominated by four main waterbird groups: shorebirds
(Charadriidae), dabbling ducks (Anatidae), long-legged
waders (Ardeidae) and “Others,” including other waterbird
orders, such as Gaviiformes (little grebe [Tachybaptus rufi-
collis]), Pelecaniformes (great cormorant [Phalacrocorax
carbo]) and Gruiformes (common moorhen [Gallinula
chloropus] and Eurasian coot [Fulica atra]). Therefore,
these four waterbird groups were the main groups studied
here. The names of the waterbird species were taken from
the IOC World Bird List (version 8.2) (Gill & Dons-
ker, 2018).

2.2.3 | Environmental characteristics

Habitat characteristics were measured in the quadrats where
waterbirds were counted during each survey. The environ-
mental characteristics monitored at each study site are shown
in Table 1. We visually estimated the percentage of open-
water cover areas, bare mud cover areas and rice cover areas
in each survey area. With little microtopography, rice fields
have no significant fluctuations in water levels; thus, we
recorded water depth to the nearest centimeter during each
survey using two color-coded wooden stakes placed along

the center of each survey quadrat at 10 and 20 m from the
survey point (Strum et al., 2013).

Concrete-covered areas in industrial rice farms included
roads and drainage areas. There were no concrete-covered
areas on traditional rice fields. GPS trajectory calculations
and tape measures were used to estimate the percentage of
concrete-covered areas only once during the study period,
because it was unlikely to change year by year.

In the study region, the rice growing season covers both
summer and autumn. Rice planting density and the percent-
age of rice cover areas in each rice paddy were measured
once during each autumn; we selected three 2 × 2 m2 rice
paddy quadrats to calculate the mean density of rice planting
in the six study quadrats. The percentage of open-water
cover areas, bare mud cover areas, and water level were
measured once during each survey (Table S1).

2.3 | Data analysis

The distribution of waterbirds in each study site was
described using the following measures: (a) species richness,
expressed as the number of species: the total number of
waterbird species observed over five repeated surveys was
treated as waterbird species richness in one study quadrat in
each season; and (b) waterbird density, expressed as the
number of individuals/ha both in total and for each of the
four waterbird groups (Charadriidae, Anatidae, Ardeidae and
Others): the mean waterbird density over five repeated sur-
veys was treated as the waterbird density in one study quad-
rat in each season, and the mean environment variable over
five repeated surveys was treated as one environment vari-
able in one study quadrat in each season.

The data of species richness and waterbird densities were
analyzed using the Shapiro–Wilk test to determine whether
they conformed to the assumptions of normality, and an
independent t test was used to determine any differences
between traditional rice fields versus industrial rice farms.
To examine any differences in species richness and

TABLE 1 The environmental characteristics measured at each study site

Environmental
characteristic Description

Measuring
unit

Open-water cover areas Percentage of open-water cover
areas in each rice paddy

%

Water level Water depth in each rice paddy cm

Rice cover areas Percentage of rice cover areas in
each rice paddy

%

Rice planting density Row spacing and planting
distance of rice units used to
calculate mean density of rice
in each rice paddy

No./ha

Bare mud cover areas Percentage of bare mud cover
areas in each rice paddy

%

Concrete-covered areas Percentage of concrete roads and
drainage areas in each rice
paddy

%
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waterbird densities between the first and second years, we
used a nonparametric two related samples test followed by a
sign test.

Pearson correlation was used to calculate the correlation
coefficients between waterbird variables and environmental
variables. Redundancy analysis (RDA) was used to investi-
gate the relationship between species richness, waterbird
densities, the densities of four waterbird groups
(Charadriidae, Anatidae, Ardeidae, and Others), and six
environmental variables at the sampling stations to deter-
mine which environmental variables were the major factors
influencing the waterbird populations in the rice fields
(Choi, Battley, Potter, Ma, & Liu, 2014). RDA was calcu-
lated using CANOCO (version 5.1).

The statistical analyses were carried out using the soft-
ware package SPSS (version 23.0). A significance level of
p < 0.05 was used for all statistical tests. Data were
expressed as the mean � SE.

3 | RESULTS

There was no significant difference in the species richness
(40 species recorded in each year) and waterbird densities
(p = 0.692, n = 18, seasonal times = 5) between the first
and second years. Therefore, we used the total number of
waterbirds recorded across the 2 years in the statistical ana-
lyses, the test sample size was 6 (two rice farming patterns ×
three quadrats) with five repeated surveys in each season
across the 2 years.

3.1 | Species richness

A total of 43 waterbird species were recorded during the
study, 39 species from traditional rice fields and 16 species
from industrial rice farms (Table S2). Thus, the total number
of species observed per quadrat in traditional rice fields in
1 year was 25.7 � 1.4, which was significantly higher than
in industrial rice farms (9.5 � 1.9) (t = 6.775, p < 0.001,
n = 6, seasonal times = 5).

When seasonal variation was taken into account, during
the autumn, there were 27 waterbird species, with a species
richness of 13.7 � 1.8 in each quadrat on traditional rice
fields and 12 species with a species richness of 6.5 � 1.1 on
industrial rice farms. During the winter, there were 21 water-
bird species with a species richness of 13.8 � 0.3 in each
quadrat on traditional rice fields and nine species with a spe-
cies richness of 4.2 � 1.4 in each quadrat on industrial rice
farms. During the spring, there were 20 waterbird species
with a species richness of 10.7 � 1.3 in each quadrat on tra-
ditional rice fields and eight species with a species richness
of 3.8 � 1.1 in each quadrat on industrial rice farms. Tradi-
tional rice fields had significantly more species than indus-
trial rice farms during autumn (t = 3.380, p = 0.010, n = 6,
seasonal times = 5), winter (t = 6.972, p < 0.001, n = 6,

seasonal times = 5), and spring (t = 4.080, p = 0.002,
n = 6, seasonal times = 5) surveyed across the two study
years.

Over the study period, the most abundant species on tra-
ditional rice fields were: green-winged teal (Anas carolinen-
sis) (22.9% of the total number of waterbirds recorded at Site
A), eastern spot-billed duck (Anas zonorhyncha) (12.7%),
spotted redshank (Tringa erythropus) (8.6%), common
greenshank (Tringa nebularia) (7.2%), wood sandpiper
(Tringa glareola) (5.8%), and dunlin (Calidris alpina)
(5.3%). Near-threatened species were found on traditional
rice fields, such as curlew sandpiper (Calidris ferruginea),
rufous-necked stint (Calidris ruficollis) and falcated duck
(Mareca falcata), as well as endangered species, such as
black-faced spoonbill (Platalea minor) (IUCN, 2018).

The most abundant species on industrial rice farms over
the study period were: little egret (Egretta garzetta) (22.2%),
little grebe (17.8%), eastern cattle egret (Bubulcus coroman-
dus) (13.0%), common moorhen (12.5%), common sand-
piper (Actitis hypoleucos) (5.3%), and northern lapwing
(Vanellus vanellus) (5.3%). Near-threatened species were
found on industrial rice farms, such as northern lapwing
(V. vanellus) (IUCN, 2018).

3.2 | Waterbird densities

Over the 2-year study, a total of 2,405 individuals was
recorded by the 30 surveys; 2,197 individuals (91.6% of the
total number of waterbirds recorded in the survey) were
recorded from traditional rice fields, with a density of
29.3 � 5.4/ha, whereas only 208 individuals (8.6%) were
recorded on industrial rice farms, with a density of
2.8 � 0.4/ha. Thus, most waterbirds showed a preference
for traditional rice fields rather than industrial rice farms
(t = 4.879, p < 0.001, n = 18, seasonal times = 5)
(Figure 2).

Waterbird densities were significantly higher on tradi-
tional rice fields (31.5 � 14.3/ha) than on industrial rice
farms (4.0 � 0.5/ha) during the autumn (t = 2.947,
p = 0.015, n = 6, seasonal times = 5). Waterbird densities
were significantly higher on traditional rice fields
(36.0 � 7.7/ha) than on industrial rice farms (2.6 � 1.0/ha)
during the winter (t = 6.067, p < 0.001, n = 6, seasonal
times = 5). Similarly, waterbird densities were significantly
higher on traditional rice fields (20.4 � 3.2/ha) than on
industrial rice farms (1.8 � 0.5/ha) during the spring
(t = 7.880, p < 0.001, n = 6, seasonal times = 5)
(Figure 2).

3.3 | Density of waterbird groups

Most of the waterbirds recorded by the 30 surveys,
regardless of study site, were Charadriidae (47.8%) and
Anatidae (39.8%), followed by Ardeidae (7.7%) and
Others (4.7%). Most of the waterbirds on traditional rice
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3.4 | Impacts of environment characteristics on
waterbird community composition

The correlation coefficient matrix of six environmental vari-
ables showed that there were correlations between environ-
mental variables (Table S3). The results of the RDA
ordination showed that all the canonical axes explained
approximately 59.6% of the explained variation in the water-
bird data and 99.9% of the explained fitted variation in the
environment data; the cumulative explanation of the first
two axes reached 51.0% of the explained variation (approxi-
mately 39.9 and 11.1% of the variation were explained by
axis 1 and axis 2, respectively) and 85.6% of the explained
fitted variation. Monte Carlo permutation tests for all canoni-
cal axes were significant (F = 8.8, p = 0.002) (Table S4).
On the whole, the first two canonical axes explained the
relationship between waterbird variables and environmental
variables well.

The results of RDA suggested that species richness was
significantly positively correlated with open-water cover
areas (r = 0.564, p < 0.001) and water level (r = 0.643,
p < 0.001), whereas it was significantly negatively corre-
lated with concrete-covered areas (r = −0.789, p < 0.001)
and bare mud cover areas (r = −0.597, p < 0.001). Water-
bird densities were significantly positively correlated with
open-water cover areas (r = 0.527, p = 0.001) and water
level (r = 0.677, p < 0.001), whereas they were signifi-
cantly negatively correlated with concrete-covered areas
(r = −0.641, p < 0.001) and bare mud cover areas
(r = −0.442, p = 0.007) (Figure 3, Table S5).

Charadriidae densities were significantly negatively cor-
related with concrete-covered areas (r = −0.426,

FIGURE 3 First and second axis of the redundancy analysis involving
waterbird and environmental variables in rice fields in reclaimed coastal
areas. Red arrows are the explanatory variables of environment factors.
AnatDens, Anatidae density; ArdeDens, Ardeidae density; BareMud, bare
mud cover areas; CharDens, Charadriidae density; ConcCovr, concrete-
covered areas; OthrDens, others density; OpenWatr, open-water cover
areas; RiceCovr, rice cover areas; RicPlnDn, rice planting density;
SpecRich, species richness; WatrDens, waterbird density; WatrLevl, water
level. The “Others” group comprises other waterbird orders, such as
Gaviiformes (little grebe), Gruiformes (common moorhen and Eurasian
coot) and Pelecaniformes (great cormorant)

FIGURE 2 Boxplot of the relative density of waterbirds differentiation in 
traditional rice fields versus industrial rice farms in different seasons. The 
relative densities were transformed from waterbird densities [log10(x + 1)]. 
Asterisks denote significant differences (*: p < 0.05; **: p < 0.01) from
t test. Upper and lower borders of the box, 75th percentile and 25th 
percentiles; horizontal line, median; upper and lower whiskers, maximum 
and minimum; asterisks, outliers defined as values above or below the box 
by a > 1.5-fold of the interquartile range

fields were Charadriidae (50.3%) and Anatidae (43.4%). 
On industrial rice farms, most of the waterbirds were 
Ardeidae (44.7%), followed by Others (32.2%), and Char-
adriidae (21.6%).

During the autumn, most of the waterbirds on traditional 
rice fields were Charadriidae (95.7%), whereas on industrial 
rice farms, most of the waterbirds were Ardeidae (66.7%), 
Charadriidae (18.2%) and Others (15.2%), with no Anati-
dae. During the winter, most of the waterbirds were Anati-
dae (72.1%) and Charadriidae (18.6%) on traditional rice 
fields, whereas on industrial rice farms, most of the water-
bird were Others (58.5%), Ardeidae (21.5%) and Charadrii-
dae (16.9%). During the spring, most of the waterbirds were 
Anatidae (58.7%) and Charadriidae (36.0%) on traditional 
rice fields, whereas on industrial rice farms most of the 
waterbirds were Charadriidae (36.4%), Ardeidae (31.8%) 
and Others (29.6%).

Charadriidae density on traditional rice fields 
(14.7 � 5.1/ha) was significantly higher than on industrial 
rice farms (0.6 � 0.1/ha) (t = 2.744, p = 0.014, n = 18, 
seasonal times = 5). Anatidae density on traditional rice 
fields (12.7 � 3.6/ha) was significantly higher than on 
industrial rice farms (0.1 � 0.1/ha) (t = 3.519, p < 0.003, 
n = 18, seasonal times = 5). There was no significant differ-
ence in Ardeidae density on traditional rice fields 
(1.2 � 0.3/ha) compared with industrial rice farms 
(1.2 � 0.3/ha) (t = 0.000, p = 1.000, n = 18, seasonal 
times = 5). Similarly, there was no significant difference in 
“Others” density on traditional rice fields (0.6 � 0.1/ha) 
compared with industrial rice farms (0.8 � 0.3/ha)
(t = −0.735, p = 0.457, n = 18, seasonal times = 5).
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p = 0.010). Anatidae densities were significantly positively
correlated with open-water cover areas (r = 0.808,
p < 0.001) and water level (r = 0.843, p < 0.001), but sig-
nificantly negatively correlated with concrete-covered areas
(r = −0.517, p < 0.001), rice cover areas (r = −0.362,
p = 0.030), and rice planting density (r = −0.354,
p = 0.034). Ardeidae densities and “Others” densities were
correlated neither significantly positively nor significantly
negatively with environmental variables (Figure 3,
Table S5).

4 | DISCUSSION

4.1 | The replacement of traditional rice farming with
industrial rice farming has had a significant negative
impact on migratory waterbirds

Chongming Dongtan is a wintering area for waterbirds, and
an important refueling site in the EAAF for migratory shore-
birds (Wang & Qian, 1988; Zou et al., 2016). Waterbird
abundance has decreased markedly at Chongming Dongtan
over the past two decades (Tian et al., 2008; Zou et al.,
2016). From 1988 to 2009, wetlands have been gradually
converted into traditional farmland and aquaculture ponds
(Ma et al., 2009) and, from 2009 to 2014, more than 80% of
farmland had been converted into industrial rice farms. In
2006, a total of 123,593 waterbirds was recorded in
Chongming Dongtan, but this had dropped to only 85,512
waterbirds by 2014 (data from SCDNNR annual report 2006
to 2014; www.dongtan.cn/sites/dongtan/chubanwu.aspx),
representing a loss of approximately 30% of the total water-
bird population in just 8 years.

Our research suggests that waterbird diversity was higher
on traditional rice fields (species: 39; waterbird density:
29.3 � 5.4/ha) than on industrial rice farms (species: 16;
waterbird density: 2.8 � 0.4/ha), and traditional rice fields
are a higher value habitat for waterbirds versus industrial
rice farms. These results support the hypothesis that the
change from a traditional to an industrial rice farming system
could be a cause of the decline of waterbird population in
Chongming Dongtan over the past two decades.

Among the global flyways, the EAAF is a migratory
route for the highest proportion (19%) of threatened water-
bird populations (MacKinnon et al., 2012). The annual rate
of decline in waterbird species along the EAAF is 5 to 9%,
which is among the highest of any ecological system on
Earth (MacKinnon et al., 2012). Among all the explanations
for waterbird declines, coastal reclamation is the main driver,
resulting in the decline of natural wetlands and in the quality
of waterbird habitats (Ma et al., 2014; MacKinnon et al.,
2012; Tian et al., 2016). However, the impacts of land-use
conversion on biodiversity, particularly of coastal migratory
waterbirds in the coastal reclaimed areas, should also not be
ignored.

Both coastal reclamation and agricultural industrializa-
tion have occurred in Chongming Dongtan (Ma et al., 2009),
as in other coastal regions of China (Ma et al., 2014), and in
other counties in Asia (Haq, Eiam-Ampai, Ngoprasert,
Sasaki, & Shrestha, 2018; Moores, Rogers, Rogers, & Hans-
bro, 2016; Szabo, Choi, Clemens, & Hansen, 2016). Tradi-
tional farmland converted into industrial rice farms is a
common occurrence along the EAAF (Szabo, Choi, et al.,
2016), such as the Saemangeum region of Korea (Moores
et al., 2016), northeastern Thailand and the Mekong Delta
(Frei & Becker, 2005). Thus, we suggest that the decline of
waterbird populations along the EAAF could be related to
the large-scale conversion of traditional rice fields to indus-
trial rice farms along the coastline of Asia, the impact of
which requires further investigation.

4.2 | The key environmental factors influencing
waterbird community composition

4.2.1 | Winter floods

In this study, waterbird densities were higher on traditional
rice fields than on industrial rice farms all year round, espe-
cially during the winter (Figure 2). Species richness and
waterbird density, especially of Anatidae, were significantly
positively correlated with open-water cover areas and water
level (Figure 3, Table S5).

Anatidae prefer open-water cover areas for foraging
(Elphick, Baicich, Parsons, Fasola, & Mugica, 2010; Toral &
Figuerola, 2010) and feed on aquatic vegetation and rice
grains or fish and snails (Elphick & Oring, 1998, 2003;
Tourenq et al., 2001; Tourenq, Sadoul, Beck, Mesléard, &
Martin, 2003). Winter flooding benefits aquatic vegetation
and animals, providing a rich food source for waterbirds
(Elphick, Taft, & Lourenco, 2010; Strum et al., 2013; Zhang
et al., 2016). Our results showed that open-water cover areas
of rice paddies (i.e., traditional rice framing pattern) are suit-
able habitats for dabbling ducks, in agreement with previous
results for waterbird richness (e.g., Martínez-Abraín, Jimé-
nez, Gómez, & Oro, 2016; Strum et al., 2013; Sulai et al.,
2015). Conversely, drought fields have low waterbird con-
servation value, and our results are in agreement with those
from studies of waterbirds in rice fields in other regions
(Fujioka, Lee, Kurechi, & Yoshida, 2010; Maeda, 2001;
Natuhara, 2013).

Water level is an important factor that influenced the use
of rice fields by waterbirds (Figure 3, Table S5), and it could
affect waterbird foraging in, and inhabiting, these areas
(Baschuk, Koper, Wrubleski, & Goldsborough, 2012; Bol-
duc & Afton, 2008). Our results indicated that open-water
cover areas with high water levels in rice fields during the
nongrowing season were determining factors for waterbirds
(Figure 3, Table S5).
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4.2.2 | Concrete-covered and bare mud cover areas

Species richness and waterbird density were significantly
negatively correlated with concrete-covered areas and bare
mud cover areas (Figure 3, Table S5). On industrial rice
farms with concrete roads and drainage channels, there is
only one crop per year followed by a long fallow period,
where the fields are abandoned and remain bare mud, with
no irrigation during the winter and early spring; therefore,
this has a negative impact on waterbirds (Figure 3,
Table S5). This could explain the exceptionally lower use of
industrial rice farms by wintering waterbirds in reclaimed
coastal areas.

4.2.3 | Rice planting density

Anatidae density was negatively correlated with rice planting
density (Figure 3, Table S5). In the current study, rice plant-
ing density (1.5 × 105 plants/ha) on traditional rice fields
was lower than on industrial rice farms (2.4 × 105 plants/
ha), because of the RFCSs in the former. The RFCSs enables
the cultivation of fish and other aquatic fauna, resulting in
rest sites, foraging sites and a rich food resource for water-
birds (Stafford, Kaminski, & Reinecke, 2010; Tsuruta,
Yamaguchi, Abe, & Iguchi, 2011). Waterbirds avoid fields
with dense vegetation (Elphick, 2008; Huner, Jeske, & Nor-
ling, 2002), and it is not surprising that waterbirds avoid
industrial rice farms, which have a high rice planting
density.

4.3 | Waterbird community composition on traditional
rice fields and industrial rice farms

In the current study, most of the waterbirds on traditional
rice fields were Charadriidae (50.3%) and Anatidae (43.4%).
The waterbird community composition on traditional rice
fields was the same as that reported for natural marshes in
the surrounding area (Ma et al., 2004; Zou et al., 2014). The
black-faced spoonbill and Eurasian spoonbill (Platalea leu-
corodia), both under state protection (category II), were
exclusively found on traditional rice fields. In particularly,
the black-faced spoonbill is classified as an endangered spe-
cies by the IUCN (IUCN, 2018), with an estimated global
population in 2018 of approximately 3,941 individuals
(Hong Kong Bird Watching Society, 2018). This suggests
that traditional rice fields on Chongming Island are impor-
tant habitats for these rare species.

On industrial rice farms, most of the waterbirds recorded
during the study were Ardeidae (44.7%) and Others (32.2%).
In this study, Ardeidae were found to select industrial rice
farms as feeding habitats, because Ardeidae have stronger
adaptability to a variety of environments (Ma et al., 2004).
The gray-headed lapwing was also found on industrial rice
farms, and they might nest on dry rice fields (Fujioka, Arma-
cost, Yoshida, & Maeda, 2001).

4.4 | Reasons why industrial rice farming is replacing
traditional rice farming

Previously, because produce from farmland was the only
income source for farmers, RFCSs were developed, which
maintained flooded fields after the rice harvest, even during
winter. This resulted in ecosystems on such farms, with a
high diversity of environmental characteristics, establishing
them as preferred habitats for many waterbirds. However,
economic development has led to increased labor costs in
China (almost fivefold from 1995 vs. 2012), whereas the rice
yield has increased by only 13% (6,024.8 kg/ha in 1995
vs. 6,813.2 kg/ha in 2014, data.stats.gov.cn/index.htm).
Thus, it has become difficult for farmers to earn a living only
by rely on agricultural income, resulting in many farmers
abandoning their farmlands. These farmlands have been
merged and transformed into large-scale industrial rice
farms, with mechanized planting and low habitat diversity,
with a resulting negative impact on the biodiversity of such
areas. Thus, governments should consider incorporating a
land-sparing/sharing perspective when planning agricultural
land, especially as part of the current period of organic agri-
culture encouraged in China. Another suitable approach
would be to enhance agricultural intensification, while main-
taining and restoring natural habitats.

5 | CONCLUSIONS

This study confirms that waterbird diversity in rice fields is
linked to rice farming patterns. There were significant differ-
ences in species richness, waterbird density across the two
patterns of rice farming, with both being generally higher on
traditional rice fields. Traditional rice fields, with more
open-water cover areas, lower rice plant density and no
concrete-covered areas, with flooding in the winter, provided
more of habitats preferred by waterbirds. The results of this
study suggest that replacing traditional rice farms with large-
scale industrial rice farms has had a significant negative
impact on migratory waterbirds using the EAAF over the
past two decades, and that such a change has also had a det-
rimental effect on waterbird conservation efforts in China
and other countries along this important migration route.
These findings are also of regional importance because they
provide important baseline information for the long-term
monitoring of waterbirds in an ecosystem disturbed by
anthropogenic activities.

ACKNOWLEDGMENTS

This study was funded by the Science and Technology Com-
mission of Shanghai Municipality (No. 12231204703 and
18DZ1205003), the Shanghai Key Lab for Urban Ecological
Processes and Eco-Restoration (No. SHUES2018A02), and
the National Natural Science Foundation of China

8 XIE ET AL.



(No. 31800350). We would like to thank the management
office of the Shanghai Chongming Dongtan National Nature
Reserve for supporting our fieldwork.

ORCID

Hanbin Xie https://orcid.org/0000-0002-0076-0793

REFERENCES

Altieri, M. A. (2004). Linking ecologists and traditional farmers in the search for
sustainable agriculture. Frontiers in Ecology and the Environment, 2, 35–42.

Amano, T., Székely, T., Koyama, K., Amano, H., & Sutherland, W. J. (2010). A
framework for monitoring the status of populations: An example from wader
populations in the East Asian–Australasian Flyway. Biological Conservation,
143, 2238–2247.

Baschuk, M. S., Koper, N., Wrubleski, D. A., & Goldsborough, G. (2012).
Effects of water depth, cover and food resources on habitat use of marsh
birds and waterfowl in Boreal Wetlands of Manitoba, Canada. Waterbirds,
35, 44–55.

Bolduc, F., & Afton, A. D. (2008). Monitoring waterbird abundance in wetlands:
The importance of controlling results for variation in water depth. Ecological
Modelling, 216, 402–408.

Cai, F., van Vliet, J., Verburg, P. H., & Pu, L. (2017). Land use change and
farmer behavior in reclaimed land in the middle Jiangsu coast, China. Ocean
Coast Manage, 137, 107–117.

Choi, C. Y., Battley, P. F., Potter, M. A., Ma, Z. J., & Liu, W. L. (2014). Factors
affecting the distribution patterns of benthic invertebrates at a major shore-
bird staging site in the Yellow Sea, China. Wetlands, 34, 1085–1096.

Elphick, C. S. (2008). Landscape effects on waterbird densities in California rice
fields: Taxonomic differences, scale-dependence, and conservation implica-
tions. Waterbirds, 31, 62–69.

Elphick, C. S., Baicich, P., Parsons, K. C., Fasola, M., & Mugica, L. (2010). The
future for research on waterbird in rice fields. Waterbirds, 33, 231–243.

Elphick, C. S., & Oring, L. W. (1998). Winter management of California rice
fields for waterbird. Journal of Applied Ecology, 35, 95–108.

Elphick, C. S., & Oring, L. W. (2003). Conservation implications of flooding
rice fields on winter waterbird communities. Agriculture, Ecosystems &
Environment, 94, 17–29.

Elphick, C. S., Taft, O., & Lourenco, P. M. (2010). Management of rice fields
for birds during the non-growing season. Waterbirds, 33, 181–192.

Frei, M., & Becker, K. (2005). Integrated rice-fish culture: Coupled production
saves resources. Natural Resources Forum, 29, 135–143.

Fujioka, M., Armacost, J. W., Yoshida, H., & Maeda, T. (2001). Value of fallow
farmlands as summer habitats for waterbird in a Japanese rural area. Ecologi-
cal Research, 16, 555–567.

Fujioka, M., Lee, S. D., Kurechi, M., & Yoshida, H. (2010). Bird use of rice
fields in Korea and Japan. Waterbirds, 33, 8–29.

Gill, F. D., & Donsker, D. (Eds). (2018). IOC World Bird List (v8.2). Retrieved
from http://www.worldbirdnames.org/

Haq, R. U., Eiam-Ampai, K., Ngoprasert, D., Sasaki, N., & Shrestha, R. P.
(2018). Changing landscapes and declining populations of resident water-
birds: A 12-year study in bung Boraphet Wetland, Thailand. Tropical Con-
servation Science, 11, 1–17.

Hong Kong Bird Watching Society. (2018). The International black-faced
spoonbill census 2018. Retrieved from https://cms.hkbws.org.hk/cms/index.
php/bfs-census-2018

Hu, L. L., Ren, W. Z., Tang, J. J., Li, N. N., Zhang, J., & Chen, X. (2013). The
productivity of traditional rice-fish co-culture can be increased without
increasing nitrogen loss to the environment. Agriculture, Ecosystems & Envi-
ronment, 177, 28–34.

Huner, J. V., Jeske, C. W., & Norling, W. (2002). Managing agricultural wet-
lands for waterbird in the coastal regions of Louisiana, USA. Waterbirds, 25,
66–78.

Ibáñez, C., Curcó, A., Riera, X., Ripoll, I., & Sánchez, C. (2010). Influence on
birds of rice field management practices during the growing season: A
review and an experiment. Waterbirds, 33, 167–180.

IUCN. (2018). The IUCN red list of threatened species. Version 2018-1.
Retrieved from http://www.iucnredlist.org

Lu, J. B., & Li, X. (2006). Review of rice-fish-farming systems in China - one of
the Globally Important Ingenious Agricultural Heritage Systems (GIAHS).
Aquaculture, 260, 106–113.

Ma, Z. J., Li, B., Zhao, B., Jing, K., Tang, S. M., & Chen, J. K. (2004). Are arti-
ficial wetlands good alternatives to natural wetlands for waterbird? A case
study on Chongming Island, China. Biodiversity and Conservation, 13,
333–350.

Ma, Z. J., Melville, D. S., Liu, J. G., Chen, Y., Yang, H. Y., Ren, W. W., …
Li, B. (2014). Rethinking China's new great wall. Science, 346, 912–914.

Ma, Z. J., Wang, Y., Gan, X. J., Li, B., Cai, Y. T., & Chen, J. K. (2009). Water-
bird population changes in the wetlands at Chongming Dongtan in the Yang-
tze River Estuary, China. Environmental Management, 43, 1187–1200.

MacKinnon, J., Verkuil, Y. I., & Murray, N. (2012). IUCN situation analysis on
East and Southeast Asian intertidal habitats, with particular reference to the
Yellow Sea (including the Bohai Sea) (Occasional Paper of the IUCN Species
Survival Commission No. 47). IUCN, Gland, Switzerland.

Maeda, T. (2001). Patterns of bird abundance and habitat use in rice fields of the
Kanto Plain, Central Japan. Ecological Research, 16, 569–585.

Martínez-Abraín, A., Jiménez, J., Gómez, J. A., & Oro, D. (2016). Differential
waterbird population dynamics after long-term protection: The influence of
diet and habitat type. Ardeola, 63, 79–101.

Moores, N., Rogers, D. I., Rogers, K., & Hansbro, P. M. (2016). Reclamation of
tidal flats and shorebird declines in Saemangeum and elsewhere in the
Republic of Korea. Emu, 116, 136–146.

Natuhara, Y. (2013). Ecosystem services by paddy fields as substitutes of natural
wetlands in Japan. Ecological Engineering, 56, 97–106.

Pernollet, C. A., Simpson, D., Gauthier-Clerc, M., & Guillemain, M. (2015).
Rice and duck, a good combination? Identifying the incentives and triggers
for joint rice farming and wild duck conservation. Agriculture, Ecosystems &
Environment, 214, 118–132.

Stafford, J. D., Kaminski, R. M., & Reinecke, K. J. (2010). Avian foods, forag-
ing and habitat conservation in world rice fields. Waterbirds, 33, 133–150.

Strum, K. M., Reiter, M. E., Hartman, C. A., Iglecia, M. N., Kelsey, T. R., &
Hickey, C. M. (2013). Winter management of California's rice fields to maxi-
mize waterbird habitat and minimize water use. Agriculture, Ecosystems &
Environment, 179, 116–124.

Studds, C. E., Kendall, B. E., Murray, N. J., Wilson, H. B., Rogers, D. I.,
Clemens, R. S., … Fuller, R. A. (2017). Rapid population decline in migra-
tory shorebirds relying on Yellow Sea tidal mudflats as stopover sites.
Nature Communications, 8(14895), 1–7.

Sulai, P., Nurhidayu, S., Aziz, N., Zakaria, M., Barclay, H., & Azhar, B. (2015).
Effects of water quality in oil palm production landscapes on tropical water-
birds in peninsular Malaysia. Ecological Research, 30, 941–949.

Szabo, J. K., Battley, P. F., Buchanan, K. L., & Rogers, D. I. (2016). What does
the future hold for shorebirds in the East Asian-Australasian Flyway? Emu,
116, 95–99.

Szabo, J. K., Choi, C. Y., Clemens, R. S., & Hansen, B. (2016). Conservation
without borders – Solutions to declines of migratory shorebirds in the East
Asian-Australasian Flyway. Emu, 116, 215–221.

Tian, B., Wu, W., Yang, Z., & Zhou, Y. (2016). Drivers, trends, and potential
impacts of long-term coastal reclamation in China from 1985 to 2010. Estua-
rine, Coastal and Shelf Science, 170, 83–90.

Tian, B., Zhou, Y. X., Zhang, L. Q., & Yuan, L. (2008). Analyzing the habitat
suitability for migratory birds at the Chongming Dongtan Nature Reserve in
Shanghai, China. Estuarine, Coastal and Shelf Science, 80, 296–302.

Toral, G. M., & Figuerola, J. (2010). Unraveling the importance of rice fields for
waterbird populations in Europe. Biodiversity and Conservation, 19,
3459–3469.

Tourenq, C., Bennetts, R. E., Kowalski, H., Vialet, E., Lucchesi, J. L.,
Kayser, Y., & Isen-mann, P. (2001). Are rice fields a good alternative to nat-
ural marshes for waterbird communities in the Camargue, southern France?
Biological Conservation, 100, 335–343.

Tourenq, C., Sadoul, N., Beck, N., Mesléard, F., & Martin, J. L. (2003). Effects
of cropping practices on the use of rice fields by waterbird in the Camargue,
France. Agriculture, Ecosystems & Environment, 95, 543–549.

Tsuruta, T., Yamaguchi, M., Abe, S., & Iguchi, K. (2011). Effect of fish in rice-
fish culture on the rice yield. Fisheries Science, 77, 95–106.

Vromant, N., Duong, L. T., & Ollevier, F. (2002). Effect of fish on the yield and
yield components of rice in integrated concurrent rice-fish systems. Journal
of Agricultural Science, 138, 63–71.

XIE ET AL. 9

https://orcid.org/0000-0002-0076-0793
https://orcid.org/0000-0002-0076-0793
http://www.worldbirdnames.org/
https://cms.hkbws.org.hk/cms/index.php/bfs-census-2018
https://cms.hkbws.org.hk/cms/index.php/bfs-census-2018
http://www.iucnredlist.org


Wang, T. H., & Qian, G. Z. (1988). Shorebirds in the Yangtze Estuary and
Hangzhou Bay. Shanghai: East China Normal University Press.

Wetlands International. (2014). Retrieved from https://www.wetlands.org/
Wood, C., Qiao, Y., Li, P., Ding, P., Lu, B. Z., & Xi, Y. M. (2010). Implications

of rice agriculture for wild birds in China. Waterbirds, 33, 30–43.
Yong, D. L., Jain, A., Liu, Y., Iqbal, M., Choi, C. Y., Crockford, N. J., …

Provencher, J. (2018). Challenges and opportunities for transboundary con-
servation of migratory birds in the East Asian-Australasian Flyway. Conser-
vation Biology, 32, 740–743.

Zhang, C., Yuan, Y. J., Zeng, G. M., Liang, J., Guo, S. L., Huang, L., …
Zhang, L. H. (2016). Influence of hydrological regime and climatic factor on
waterbird abundance in Dongting Lake Wetland, China: Implications for bio-
logical conservation. Ecological Engineering, 90, 473–481.

Zhao, B., Kreuter, U., Li, B., Ma, Z. J., Chen, J. K., & Nakagoshi, N. (2004). An
ecosystem service value assessment of land-use change on Chongming
Island, China. Land Use Policy, 21, 139–148.

Zheng, R., Zhao, J. L., Zhou, X., Ma, C., Wang, L., & Gao, X. J. (2016). Land
use effects on the distribution and speciation of heavy metals and arsenic in
coastal soils on Chongming Island in the Yangtze River Estuary, China.
Pedosphere, 26, 74–84.

Zou, Y. A., Liu, J., Yang, X. T., Zhang, M., Tang, C. D., & Wang, T. H. (2014).
Impact of coastal wetland restoration strategies in the Chongming Dongtan

wetlands, China: Waterbird community composition as an indicator. Acta
Zoologica Academiae Scientiarum Hungaricae, 60, 185–198.

Zou, Y. A., Tang, C. D., Niu, J. Y., Wang, T. H., Xie, Y. H., & Guo, H. (2016).
Migratory waterbird response to coastal habitat changes: Conservation impli-
cations from long-term detection in the Chongming Dongtan Wetlands,
China. Estuaries and Coasts, 39, 273–286.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

How to cite this article: Xie H, Zhang W, Li B,
Ma Q, Wang T. Industrial rice farming supports fewer
waterbirds than traditional farming on Chongming
Island, China. Ecol. Res. 2018;1–10. https://doi.org/
10.1002/ere.1056

10 XIE ET AL.

https://www.wetlands.org/
https://doi.org/10.1002/ere.1056
https://doi.org/10.1002/ere.1056



