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The diverse habitat of the coastal areas of Guangdong, China, supports important
waterbird populations, thereby contributing to the conservation of waterbirds in China
and globally. The sensitivity of different waterbirds to environmental driving factors results
in differences in habitat selection, which in combination affect waterbird abundance.
This study investigated the effects of environmental and human disturbance factors
on the abundance of waterbirds based on a survey of waterbirds in coastal areas of
Guangdong Province, China. Redundancy analysis (RDA) was mainly used to study
the relationships between the abundance of waterbirds and environmental and human
factors. The results showed that the areas of mangrove and tidal flats were the main
factors driving the abundance of shorebirds and open water waterbirds, whereas the
areas of mangrove and water bodies were the main factors driving the abundance of
wading birds and waterfowl, respectively. Road length and the areas of construction
land were found to have negative effects on the abundance of waterbirds. A waterbird
protection and management strategy was proposed based on the results.

Keywords: waterbird, conservation, habitat, diversity, environmental factors

INTRODUCTION

Global waterbird diversity has shown a declining trend in recent decades, which has been attributed
to a changing natural environment and human disturbance (Yasué, 2006; Ma et al., 2014; Hamza
et al., 2015; Tavares et al., 2015; Wei et al., 2017; Jackson et al., 2021). A decline in waterbirds
diversity has been particularly prominent in the coastal areas of China. The coastal wetlands of
China host 230 waterbird species, accounting for over 25% of the global total. However, ∼19% of
waterbirds abundance in China have suffered significant declines (Ma et al., 2014). Previous studies
have shown that waterbirds in coastal areas are affected by environmental factors and human
disturbance (Ge et al., 2006; Yasué, 2006; Hamza, 2020; Wang et al., 2020). These factors include
the areas of water (Wang et al., 2020), mangrove (Acevedo and Aide, 2008; Huang et al., 2012;
Mancini et al., 2018), tidal flat (Burger, 2018), and aquaculture ponds (Walton et al., 2015; Wei
et al., 2017; Fonseca and Navedo, 2020; Wang et al., 2020), as well as roads and land for construction
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(Ma et al., 2014). An understanding of the key factors driving the
abundance of waterbirds in coastal areas of China is important
for adopting feasible waterbird conservation measures.

The same environmental and human disturbance factors may
have very different effects on different waterbird guilds (Hamza
et al., 2015; Tavares et al., 2015). Open water waterbirds are less
sensitive to spatial changes in habitat characteristics compared
to other groups (Hamza et al., 2015). Although mangroves
may encroach on shorebird feeding grounds (Leung, 2015;
Zhang et al., 2019), mangroves provide the optimal breeding
ground for some large waders, such as herons (Etezadifar and
Barati, 2013). While mudflats provide favorable habitat for
curlew species (Dias et al., 2006), open mudflats may increase
predation risk. In addition, while aquaculture ponds can provide
potentially important feeding grounds for some shorebirds
(Walton et al., 2015; Wei et al., 2017; Fonseca and Navedo,
2020; Wang et al., 2020), these ponds have detrimental effects
on some other species. It is generally accepted that human
activity may disturb some species, while having a beneficial effect
on others, with shorebirds possibly benefitting from sediment
generated by aquaculture since it allows them to forage more
efficiently (Lunardi and Macedo, 2013). Different waterbirds
show significantly different responses to environmental and
human disturbance factors. Therefore, there is a need for
models to help researchers to fully understand these differences.
These efforts can provide guidance for future coastal waterbird
conservation and habitat restoration.

The coastal areas of Guangdong Province, China, are rich
in wetlands, including open beaches, vast mudflats, mangroves,
estuaries, and aquaculture. In addition, this region is located
along the “East Asia—Australia” migratory bird routes, thereby
providing diverse habitat for supporting important waterbird
populations (Zou et al., 2008; Zhang et al., 2019) and acting
as an important stopover, breeding, and wintering habitat
for endangered waterbirds (Hong et al., 2017). Therefore,
the coastal areas of Guangdong Province play a key role
in the protection of waterbirds in China and even globally.
Many coastal wetlands within Guangdong Province have been
identified as key bird protection areas, including Shenzhen
Bay, Haifeng Wetland, Nansha Wetland, Na’nao Migratory
Bird Reserve, and Zhanjiang Mangrove Reserve. However,
changes to the ecological environment of the coastal areas of
Guangdong Province resulting from disturbance by human
activities over the past 40 years have resulted in a decline
in ecological resources required by waterbird populations.
Consequently, the sustainable development of resources
required by waterbirds has come under increasing threat.
Mitigating this decline is the basis of waterbird conservation
in China and globally. However, further study of the factors
driving the abundance of waterbirds in the coastal areas of
Guangdong Province is required to develop effective waterbird
conservation strategies.

The aim study was to investigate the effects of environmental
and human disturbance factors on the abundance of
waterbirds in the coastal areas of Guangdong province.
(1) identifying the relationship between the abundance of
wintering waterbirds and environmental and human factors;

(2) determining the effects of environmental and human factors
on waterbirds guilds; and (3) identifying critical variables of
waterbird abundance.

METHODS AND STUDY SITE

Study Site
Guangdong Province is in the southernmost part of mainland
China, between latitude 20◦13′–25◦31′ north and longitude
109◦39′–117◦19′ east and is known to be a region of abundant
light, heat, and water resources (Figure 1). The annual average
precipitation in Guangdong Province is 1,300–2,500 mm. This
province also has the longest continental shoreline in China at
3,368.1 km, including 1,288 km of muddy shoreline. Mangrove
forests of 27,778.3 hm2 are distributed along the coastline,
accounting for approximately half of the mangrove forest area
in China. In addition, Guangdong Province falls along the
“East Asia—Australia” bird migratory route. Therefore, the
province serves as a suitable waterbird stopover and feeding area
during the winter migration. The coastal regions of Guangdong
Province contain many aquaculture ponds and rapid economic
development has increased the heterogeneity of the landscape,
providing for a wide variety of habitats.

Methods
Quadrats and Transects
Previous studies have demonstrated that the foraging radii of
most shorebirds do not exceed 5 km (Lange et al., 2018; Gutowsky
et al., 2019). Therefore, the present study divided the coastal
area of Guangdong Province into 10 km × 10 km grids using
the kilometer grid method, resulting in the establishment of
87 quadrants (Figure 1). A 6 km survey transect was set
inside each quadrat.

Waterbird Survey and Waterbirds Guilds
The optimal period for conducting a shorebird species abundance
survey is during low tide (Jimenez et al., 2015; Fonseca et al.,
2017; Horn et al., 2020). Therefore, the present study scheduled
shorebird surveys during low tide through consultation with the
tide table on the official website of the China Maritime Services
Network (Ocean.cnss.com.cn). The survey was conducted during
daylight hours from December 2018 to February 2019, and from
December 2019 to February 2020. A telescope (PENTAX-PF-
65ED II) was used during the survey and scientific researchers
with rich field experience and knowledge of bird identification
participated in the field work. The book “A Field Guide to the
Birds of China” was also consulted for the identification of bird
species (MacKinnon and Phillipps, 2000). Data collected during
the coastal winter waterbird survey in Guangdong Province from
2016 to 2018 were also included in the analysis.

Waterbirds were grouped into guilds reflecting the foraging
habits and morphology of species (Hamza et al., 2015; Tavares
et al., 2015). Four guilds of waterbirds were identified: (1)
shorebirds, (2) wading birds, (3) open water waterbirds, and (4)
waterfowl (Table 1).
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FIGURE 1 | Schematic diagram of Guangdong Province, China, showing locations of 87 coastal quadrat sampling survey points.

Environmental and Anthropogenic Variables
The simulation of the spatial abundance of species requires
consideration of characteristic scales of habitat factors
associated with different levels of organization of the species

TABLE 1 | List of waterbird species recorded during a field survey of coastal sites
in Guangdong Province, China classified by foraging guilds.

Guild Scientific name

Shorebirds Phalacrocorax pelagicus, Egretta sacra, Pluvialis squatarola,
P. fulva, Charadrius alexandrines, C. dubius, C. mongolus,
Numenius minutes, N. phaeopus, N. madagascariensis,
N. arquata, Limosa limosa, L. lapponica, Tringa erythropus,
T. tetanus, T. nebularia, T. ochropus, T. glareola,
T. stagnatilis, T. guttifer, Actitis hypoleucos, Heteroscelus
brevipes, Xenus cinereus, Eurynorhynchus pygmeus,
Arenaria interpres, Limnodromus semipalmatus, Calidris
ruficollis, C. alpine, C. temminckii, C. ferruginea, Crocethia
alba, Himantopus himantopus, Recurvirostra avosetta,
Haematopus ostralegus.

Wading birds Pelecanus onocrotalus, Ardea cinerea, A. intermedia,
A. purpurea, Butorides striata, Ardeola bacchus, Bubulcus
ibis, Egretta alba, E. garzetta, Nycticorax nycticorax,
Ixobrychus sinensis, I. cinnamomeus, Botaurus stellaris,
Gorsachius magnificus, Platalea leucorodia, P. mino.

Openwater
waterbirds

Larus ridibundus, L. saundersi, L. crassirostris, Chlidonias
hybrida, C. leucopterus, C. niger, Gelochelidon nilotica,
Sterna caspia.

Waterfowl Podiceps cristatus, Tachybaptus ruficollis, Phalacrocorax
carbo, Anas acuta, A. crecca, A. formosa, A. platyrhynchos,
A. poecilorhyncha, A. strepera, A. penelope, A.querquedula,
A. clypeata, Aythya marila, A. fuligula, Tadorna ferruginea,
T. tadorna,Dendrocygna javanica, Melanitta fusca, Gallinago
megala, G. stenura, G. gallinago, Eurasian Coot.

(Latimer et al., 2006). The present study considered positive
and negative environmental impact factors. Considered
positive environmental impact factors included the areas of
mangroves, tidal flats, and water bodies, whereas negative
environmental impacts included the areas of aquaculture ponds
and construction land and the length of roads (Table 2).

The areas of mangrove forests, tidal flats, water bodies, and
aquaculture ponds were identified from vector data obtained
from the second Wetland Resource Survey of Guangdong
Province (30 m × 30 m, 2017, Guangdong Forestry Bureau).
Remote-sensed multi-period land use/land cover data (30
m × 30 m, 2018), and road data (30 m × 30 m, 2018) were
provided by the Data Center for Resources and Environmental
Sciences, Chinese Academy of Sciences (RESDC).1 These data
were extracted from each quadrat using Arc GIS 10.02 and
field corrected.

Data Processing Methods
Spatial Autocorrelation Analysis
The present study applied Moran’s I test in the R package
to determine the presence of spatial autocorrelation
(Cliff and Ord, 1981). Results display that most of the data
showed non-significant spatial autocorrelation.

Redundancy Analysis
Redundancy analysis (RDA) was performed to reveal the factors
that influenced the abundance of waterbirds (Gil-Tena et al.,

1http://www.resdc.cn
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TABLE 2 | Environmental and anthropogenic variables considered in
the present study.

Factor Description of the habitat factor Data type Unit

Environmental
factors

Area of mangroves The area of mangrove in quadrat. Positive hm2

Area of tidal flats The area of beach in quadrat, including
silt beach, sand beach, etc.

Positive hm2

Area of water
bodies

The area of water in a quadrat, including
lakes, rivers, reservoirs, etc.

Positive hm2

Anthropogenetic
factors

Area of aquaculture
ponds

The area of aquaculture in quadrat. Positive hm2

Road length Total length of road in each pixel. Road
includes primary highways, secondary
highways, improved roads, light-duty
paved roads, improved light-duty gravel
roads, and improved light-duty dirt
roads.

Negative km

Built-up land The land on which buildings and
structures are built were regarded as
urban and rural residential land and
public facilities.

Negative hm2

The data were gridded in Arc GIS 10.02 (10 km × 10 km pixels). The
data were sourced from the second Wetland Resource Survey of Guangdong
Province (2017, Guangdong Forestry Bureau) and the Data Center for
Resources and Environmental Sciences, Chinese Academy of Sciences (RESDC;
http://www.resdc.cn).

2015; Zhang et al., 2016; Wang et al., 2021). The specific methods
were as follows:
ÀStandardization of assessment indicators

During RDA analysis, assessment indicators were considered
as explanatory variables. Since explanatory variables did not
share the same units, zero-mean normalization was applied using
Canoco5.0 for uniformity of input data (Wang et al., 2021).
Quantitative indices were standardized by the range method. The
values of positive indices are proportional to the strength of their
function. Eqs. (1 and 2) show the standardized calculations of
positive and negative indicators.

Zij=
Xij−Xjmin

Xjmax−Xjmin
(1)

Zij=
Xjmax−Xij

Xjmax−Xjmin
(2)

In Eqs. 1 and 2, Zij is the standardized value of an
environmental factor, ranging from 0 to 1, Xij is the jth value of
index i, Xjmin is the minimum value of index i, and Xjmax is the
maximum value of index i.
ÁRedundancy analysis

During RDA analysis, abundances of waterbirds were taken
as response variables, and no data transformation was applied.
The significance of canonical axes was evaluated using the Monte
Carlo test with 499 permutations under the reduced model.

RESULTS

Abundance of Waterbirds and Waterbird
Guilds
The survey conducted in the present study identified 80 species,
accounting for∼34.78% of coastal waterbird species (230 species)
in China. The identified species were divided into four guilds:
(1) shorebirds (34 species); (2) wading birds (17 species);
(3) open water waterbirds (8 species), and (4) waterfowl (21
species) (Table 1).

Sixteen of the recorded species are listed in “China’s National
Key Protected Species List,” including Xenus cinereus, Pelecanus
onocrotalus, Larus saundersi, Tringa guttifer, Platalea leucorodia,
and Limnodromus semipalmatus. Of the recorded species, 56
are listed in the “Agreement Between the Government of the
People’s Republic of China and the Government of Japan for
the Protection of Migratory Birds and Habitat Environment”
(1981), including Phalacrocorax pelagicus, Pluvialis squatarola,
Numenius phaeopus, Ardea purpurea, Larus ridibundus, Anas
acuta, and Gallinago megala etc. In addition, 32 of the recorded
species are listed in the “Agreement Between the Government
of the People’s Republic of China and the Government of
Australia for the Protection of Migratory Birds and Their Habitat
Environment” (1986), including Egretta alba, Platalea leucorodia,
Anas querquedula, Charadrius dubius, Numenius arquata, and
Sterna caspias. The results of the field survey indicate that the
coastal areas of Guangdong Province play a key role in protecting
the biodiversity of waterbirds in China and around the world.

Habitat Characteristics and Human
Factors
Table 3 shows a statistical summary of measured habitats and
anthropogenic variables in the 87 sampled sites.

Redundancy Analysis of Waterbird
Abundance and Environmental Factors
RDA was used to investigate the effects of environmental and
human disturbance factors on the abundance of overwintering

TABLE 3 | A summary of ecological and anthropogenic factors influencing the
abundance of waterbirds in Guangdong Province, China.

Variable Min. Max. Mean ± standard error (SE)

The area of
mangroves (hm2)

0 1,538.21 139.79 ± 242.87

The area of tidal
flats (hm2)

0 3,265.59 328.49 ± 511.30

The area of water
bodies (hm2)

0 5,717.87 928.75 ± 978.17

The area of
aquaculture ponds
(hm2)

0 4,986.78 974.92 ± 1,038.99

Road length (km) 0 6,356.53 720.03 ± 1,074.05

The area of built-up
land (hm2)

0 192.54 23.43 ± 30.81
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waterbirds, shorebirds, wading birds, open water waterbirds, and
waterfowl, with the results shown in Supplementary Appendix 1.

For all waterbirds, the cumulative explanation of the variances
of the species-environment relationship for all typical axes was
∼95.19%. Monte Carlo permutation tests for all positive axes
were significant (F = 3.1, P = 0.002). The eigenvalues of the
first two canonical axes far exceeded those of the other axes,
indicating that these two axes were the main explanatory axes,
explaining ∼47.48 and 31.75% of variation by axis 1 and axis
2, respectively. This result indicated that the first two typical
axes explained most of the relationship between species and
environmental variables.

Similar results were obtained for the other waterbirds guilds,
with the cumulative explanation of variances of the species-
environment relationship for all typical axes exceeding 95% and a
significant result of the Monte Carlo alignment test (P < 0.005).
The first two typical axes explained most of the relationship
between species and environmental variables.

Relationships Between Waterbirds and
Habitat Characteristics
The areas of mangrove and tidal flats had positive influences
on the abundance of all waterbirds (Figure 2A); the areas of
mangroves and tidal flats were the main factors driving the
abundance of shorebirds (Figure 2B); the area of mangroves
was the main factor driving the abundance of wading birds
(Figure 2C); the areas of mangroves and tidal plain were
important factors driving the abundance of open water
waterbirds (Figure 2D); the area of water was an important factor
driving the abundance of waterfowl (Figure 2E).

DISCUSSION

The coastal areas of Guangdong Province support a variety
of waterbird populations with different ecological needs (Zou
et al., 2008; Zhang et al., 2019). Therefore, the province provides
an important habitat for many endangered waterbirds and
plays a key role in the protection of waterbirds to China
and globally. The different waterbird guilds show preferences
for different environmental factors, leading to differences in
habitat selection. Consequently, the combination of multiple
driving factors affects the abundance of waterbirds. Identifying
the main factors driving the abundance of coastal waterbirds
in Guangdong Province is therefore of great consequence for
developing effective waterbirds conservation measures.

Driving Factors
An analysis of the factors influencing the abundance of all
waterbirds in Guangdong Province found that the areas of
mangroves, tidal flats, water bodies, and aquaculture ponds had
positive impacts on most waterbirds, whereas the length of roads
and the area of construction land had negative impacts on
most waterbirds.

As shown in Figure 2A, the areas of mangrove and tidal
flats were the main factors driving the abundance of waterbirds.
The area of mangrove was positively correlated with waterbird

abundance up until a certain threshold of area (Zou et al.,
2008), above which the abundance of waterbirds decreased. This
result can be attributed to the encroachment of mangroves on
tidal flats, which some waterbirds rely on for food (Leung,
2015; Zhang et al., 2019). Tidal flats are a rich source of
food for some waterbirds (Burger, 2018), with the area of
tidal flat positively correlated with benthic organism abundance
(Fonseca et al., 2017). However, foraging by waterbird abundance
in open tidal flats typically increases their vulnerability to human
disturbance (Dias et al., 2006). In contrast, mangroves can shield
waterbirds from human disturbance (Ma et al., 2010; Zhang et al.,
2019). Therefore, there is an ideal trade-off between areas of tidal
flats and mangroves that provide food and shelter to waterbirds,
respectively. Some studies have suggested a ratio of tidal flat area
to mangrove area in the coastal areas of Guangdong, China, of
∼4:1, which is conducive to the protection of waterbirds (Yang
et al., 2021). Because of this interplay between mangrove and
tidal flat areas, these have become the main factors driving the
abundance of waterbirds.

The area of water bodies is another key factor driving the
abundance of waterbirds. A water body with a large area and
shallow depth of 0.1–2 m can provide a complex habitat for
waterbirds, thereby meeting the habitat requirements of many
waterbirds, including small waders, large waders, rangers, and
pochards (Zhang et al., 2016; Wei et al., 2017). In addition,
the likelihood of sediment exposure increases with increasing
waterbody area, thereby attracting more waterbirds (Wei et al.,
2017). The rainy season in the coastal areas of Guangdong
Province occurs over summer, which is conducive to the
enrichment and exposure of nutrients. The transition to winter
results in the gradual formation of a large area of shallow
water, exposing nutrient-rich sediment, which provides optimal
waterbird foraging areas.

The area of aquaculture ponds was also found to be
an important factor driving the abundance of waterbirds.
Aquaculture practices can result in the production of artificial
waterbird habitats, which fulfill an important role for some
waterbirds (Yasué and Dearden, 2009; Lehnen and Krementz,
2013; Navedo et al., 2013; Fonseca and Navedo, 2020). As
the main habitat for waterbirds, the supratidal region hosts
high densities of foraging waterbirds (Mander et al., 2007; Ehmke
et al., 2016). Large areas of aquaculture ponds in these supratidal
habitats can provide alternative or complementary feeding
habitats for migratory waterbirds at all life stages (Walton et al.,
2015; Wei et al., 2017; Fonseca and Navedo, 2020; Wang et al.,
2020). Fish and shrimp left over from harvested aquaculture
ponds can be an important source of food for waterbirds.

Finally, road length and area of construction land had negative
impacts on the abundance of waterbirds. The coastal area of
Guangdong Province supports waterbirds as well as human
development. In particular, the increases in the length of road
and area of construction land have resulted in the encroachment
of habitat suitable for waterbirds (Ma et al., 2014). Human
disturbance has resulted in the loss of suitable habitat for
waterbirds, which in most cases will have negative impacts on the
abundance of waterbirds, with only a few waterbirds showing a
low sensitivity to anthropogenic disturbances.
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FIGURE 2 | RDA biplot of habitat variables and the abundances of waterbird. The red arrows indicate environment factors, the blue lines indicate species factors,
and the length of each arrow indicates the strength of the relationship between an environmental factor and abundance. The angle of the arrow indicates the strength
of the environmental factor. Explanatory variables: M, the area of mangroves (hm2); F, the area of tidal flats (hm2); W, the area of water bodies (hm2), A, the area of
aquaculture ponds (hm2); R, road length (km); B, the area of built-up land (hm2). (A) Biplot of habitat variables and the abundances of all waterbirds. (B) Biplot of
habitat variables and the abundances of shorebirds. Shorebirds: S1-Pelecanus crispus, S2-Egretta sacra, S3-Pluvialis squatarola, S4-P. fulva, S5-Charadrius
alexandrines, S6-C. dubius, S7-C. mongolus, S8-Numenius minutes, S9-N. phaeopus, S10-N. madagascariensis, S11-N. arquata, S12-Limosa limosa,
S13-L. lapponica, S14-Tringa erythropus, S15-T. tetanus, S16-T. nebularia, S17-T. ochropus, S18-T. glareola, S19-T. stagnatilis, S20-T. guttifer, S21-Scolopax
rusticola, S22-Heteroscelus brevipes, S23-Xenus cinereus, S24-Eurynorhynchus pygmeus, S25-Arenaria interpres, S26-Limnodromus semipalmatus, S27-Calidris
ruficollis, S28-C. alpine, S29-C. temminckii, S30-C. ferruginea, S31-C. alba, S32-Himantopus himantopus, S33-Recurvirostra avosetta, S34-Haematopus
ostralegus. (C) Biplot of habitat variables and the abundances of wading birds. Wading birds: Wb1-Pelecanus onocrotalus, Wb2-Phalacrocorax carbo, Wb3-Ardea
cinerea, Wb4-A. purpurea, Wb5-Butorides striata, Wb6-Ardeola bacchus, Wb7-Bubulcus ibis, Wb8-Egretta alba, Wb9-E. garzetta, Wb10-Ardea intermedia,
Wb11-Nycticorax nycticorax, Wb12-Ixobrychus sinensis, Wb13-I. cinnamomeus, Wb14-Botaurus stellaris, Wb15-Gorsachius magnificus, Wb16-Platalea leucorodia,
Wb17-P. mino. (D) Biplot of habitat variables and the abundances of open water waterbirds. Open water waterbirds: O1-Larus ridibundus, O2-Chlidonias hybrid,
O3-C. leucopterus, O4-C. niger, O5-Larus saundersi, O6-Gelochelidon nilotica, O7-Sterna caspia, O8-Larus crassirostris. (E) Biplot of habitat variables and the
abundances of waterfowl. Waterfowl: Wf1-Great Crested Grebe, Wf2-Tachybaptus ruficollis, Wf3-Eurasian Coot, Wf4-Anas acuta, Wf5-A. crecca, Wf6-A. formosa,
Wf7-A. platyrhynchos, Wf8-A. poecilorhyncha, Wf9-A. strepera, Wf10-A. penelope, Wf11-A. querquedula, Wf12-A. clypeata, Wf13-Aythya marila, Wf14-A. fuligula,
Wf15-Tadorna ferruginea, Wf16-T. tadorna, Wf17-Dendrocygna javanica, Wf18-Melanitta fusca, Wf19-Gallinago megala, Wf20-G. stenura, Wf21-G. gallinago.

Factors Driving the Abundance of
Different Waterbird Guilds
The areas of mangroves and tidal flats were the main factors
driving the abundance of shorebirds. The plover and sandpiper
species make up most shorebirds. Most shorebirds are migratory,

small in size, and mainly inhabit tidal flat environments with
mangrove vegetation (Zou et al., 2008). Mangroves provide
refuge functions for shorebirds (Ikuta and Daniel, 2003;
Thompson and Rog, 2019; Zhang et al., 2019), including shielding
them from human activity (Ma et al., 2010; Zhang et al., 2019).
Mudflats in contrast provide rich food resources for shorebirds
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(Mander et al., 2007; Burger, 2018). The ebbing tide results in the
stranding of invertebrates, thereby providing rich food resources
for foraging shorebirds (Jimenez et al., 2015). For the above
reasons, the areas of mangrove and tidal flats have an important
impact on the abundance of shorebirds.

The area of mangrove was the main factor influencing the
abundance of wading birds. The wading waterbirds are mainly
egret species. These egret species are relatively large and prefer to
nest in mangroves (Etezadifar and Barati, 2013). Larger areas of
mangrove tend to be more attractive to egrets.

The areas of mangrove and tidal flats were the main
factors driving the abundance of open water waterbirds.
These open water waterbirds are mainly gull species, and
as migratory birds, they mainly gather in the tidal flat
environment with mangrove vegetation cover. A significant
positive correlation between the composition of gulls and the
density of macrobenthos has previously been demonstrated in
the forest area of Minjiang River, Fujian Province of China
(Lin, 2003). The composition and density of macrobenthos
were significantly correlated with the areas of mangrove
and tidal flats (Zou et al., 2008). Therefore, the areas of
mangrove and tidal flats were key factors affecting the
abundance of gulls.

The area of water bodies was found to be a key factor
driving the abundance of waterfowl. The identified waterfowl
were mostly goose and duck species. These species require large
areas of water that can provide a complex water environment
and rich food resources (Zhang et al., 2016; Wei et al., 2017).
Food resources provided by large areas of water in Guangdong
Province include the seeds, bulbs, and roots of Scirpus mariqueter
and the tender roots and leaves of other aquatic plants.

MEASURES NEEDED FOR WATERBIRD
CONSERVATION

The conservation of waterbirds requires consideration of the
needs of various waterbird guilds, as explained below.

(1) Restoration of mangroves in the coastal areas of
Guangdong Province in combination with the maintenance of a
certain area of tidal flats.

The Chinese government has issued the Special Action Plan
for Mangrove Conservation and Restoration (2020–2025) with
the aim of protecting and restoring the coastal mangrove
ecosystem in Guangdong Province. It is hoped that this plan
can result in the restoration of 18,800 ha of mangrove forest
nationally by 2025, with 8,000 ha restored in Guangdong
Province, 42.55% of the national total. Although this plan is an
important measure for waterbird conservation, the ratio of beach
area to mangrove area should be maintained at approximately
4:1 to maintain the maximum abundance of waterbirds in the
region (Yang et al., 2021). This ratio between areas of mangrove
and tidal flat is required since mangrove can erode the habitats
of non-mangrove waterbird species (Zhai et al., 2019), thereby
reducing waterbird biodiversity (Lewis, 2005) or affecting the
patterns of utilization of mangrove ecosystems by waterbirds
in a variety of ways (Kober and Bairlein, 2009; Huang et al.,

2012; Lunardi et al., 2012). For example, waterbirds that depend
on mudflats for food and shelter may be detrimentally affected
by the encroachment of mangroves (Leung, 2015; Zhang et al.,
2019).

(2) The formulation of effective engineering measures to
adjust hydrological processes in appropriate coastal areas of
Guangdong Province.

Many coastal wetlands in Guangdong Province have been
identified as key waterbird protection areas, including Shenzhen
Bay, Haifeng Wetland, Nansha Wetland, Nanao Migratory bird
Reserve, and Zhanjiang Mangrove Reserve. The artificial control
of regional water levels is necessary to maintain depths and
areas of waterbodies that are suitable for waterbirds. These
measures are relevant to areas of open water regulated by
hydrological control facilities such as sluices and embankments.
Therefore, a rational hydrological regulation mechanism should
be established to artificially regulate the areas and depths of
water bodies according to the habitat requirements of resident
waterbird communities.

(3) The establishment of aquaculture facilities in coastal areas
and a gradual shift from intensive aquaculture to traditional
aquaculture to provide alternative or complementary feeding
habitats for migratory waterbirds.

Aquaculture ponds can act as important artificial habitats
for many waterbirds (Yasué and Dearden, 2009; Lehnen and
Krementz, 2013; Navedo et al., 2013; Fonseca and Navedo, 2020).
The coastal supratidal area is the main habitat of waterbirds
and hosts high densities of foraging waterbirds (Mander et al.,
2007; Ehmke et al., 2016). The breeding mode of traditional
aquaculture in the coastal regions of Guangdong Province relies
on the ebb and flow of the tide to seed the ponds with fish
and shrimp. This mode of aquaculture differs from intensive
aquaculture as some fish and other sea life are left in the
aquaculture ponds after the harvest. These leftover resources can
act as complementary sources of food for migratory waterfowls.
However, these traditional aquaculture methods are gradually
shifting to intensive aquaculture (Guangdong Rural Statistical
Yearbook).2 Intensive aquaculture does not allow the foraging
of waterbirds in aquaculture ponds. Therefore, there is a need
to establish a sound mode of aquaculture in the coastal areas
of Guangdong Province that maintains benefits to migratory
waterbirds. Operators of intensive aquaculture ponds should be
encouraged to transition to traditional aquaculture to increase
feeding habitat for waterbirds.

(4) The establishment of sound laws and regulations to protect
the habitats of waterbirds from human activities.

Guangdong Province is currently undergoing rapid economic
development. There have been increases in road length and
area of construction land in coastal areas, thereby greatly
encroaching on suitable waterbirds habitat. Therefore, there is
an urgent need for regulatory authorities and environmental
protection agencies to formulate relevant laws or regulations
to protect waterbirds habitats from human activities, and
particularly from human activities that may alter tidal flats and
hydrological regimes.

2http://stats.gd.gov.cn/
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CONCLUSION

The present study investigated the effects of environmental and
human disturbance on the abundance of waterbirds in coastal
areas of Guangdong Province based on a field survey. The areas
of mangrove and tidal flats were the main factors driving the
abundance of shorebirds and open water waterbirds, whereas the
areas of mangrove and water bodies were the main factors driving
the abundance of wading birds and waterfowl, respectively. Road
length and construction land were found to have negative effects
on the abundance of waterbirds. Therefore, the conservation
of waterbirds requires consideration of the needs of various
waterbird guilds.
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