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Avian Conservation and Management

Diet composition based on stable isotopic analysis of fecal samples reveals
the preference of Black-faced Spoonbill (Platalea minor) for natural
wetlands and fishponds

La composicion de la dieta basada en el analisis de isotopos estables de muestras
fecales revela la preferencia de la espatula negra (Platalea minor) por los humedales
naturales y los estanques de peces

Angiang Zhou', Yitong WangzI and Ying Chen’

ABSTRACT. The Black-faced Spoonbill (Platalea minor; BES) is a globally endangered species that is distributed only in the coastal
zones of East Asia. Xinghua Bay is one of the main wintering sites and migration stopovers of BFS in mainland China. However, with
the reduction and degradation of natural wetlands, it is uncertain whether artificial wetlands can provide habitat for the endangered
BFS. Research on the diet of BFS will help to understand their preferences between natural and artificial wetlands and provide a
reference for their conservation and habitat restoration. From December 2017 to February 2020, 45 potential food samples and 199
fecal samples of BFS were collected during six sampling periods, of which Cyprinidae, Mugilidae, Portunidae, Gobiidae and
Palaemonidae were collected from natural wetlands and Crucian (Carassius auratus) and whiteleg shrimp (Litopenaeus vannamei) were
collected from fishponds. Their stable isotope values (e.g., 8'*C and §'°N) were measured to obtain the food composition information
for BFS. In early winter, the proportion of Palaemonidae in BFS food was as high as 74.4%, while those of other foods were only 3.0%
to 6.0%. In late winter, the food contributions for BFS were as follows: Portunidae 39.3% > Palaemonidae 26.1% > Cyprinidae 8.8%
> Mugilidae 8.5% > Gobiidae 7.3% > Crucian 5.1% > whiteleg shrimp 4.8%. The proportion of Portunidae exceeded that of
Palaemonidae, and together with Palaemonidae, it became the main food of BFS in late winter. The diet compositions of BFS between
early and late winter were significantly different, which may be due to seasonal changes in food resources. Natural wetlands are the
main feeding grounds of BFS, but fishponds also provide them with supplementary feeding grounds and resting places. Fishponds
play an important ecological function in maintaining the overwintering population of BFS in Xinghua Bay.

RESUMEN. Laespatula negra (Platalea minor; BFS) es una especie en peligro de extincion a nivel mundial que se distribuye unicamente
en las zonas costeras de Asia oriental. La bahia de Xinghua es uno de los principales lugares de hibernacion y parada migratoria de
la BFS en China continental. Sin embargo, con la reduccion y degradacion de los humedales naturales, no se sabe con certeza si los
humedales artificiales pueden proporcionar un habitat a la amenazada BFS. La investigacion sobre la dieta del BFS ayudara a entender
sus preferencias entre los humedales naturales y artificiales y proporcionara una referencia para su conservacion y restauracion del
habitat. Desde diciembre de 2017 hasta febrero de 2020, se recogieron 45 muestras de alimentos potenciales y 199 muestras fecales de
BFS durante seis periodos de muestreo, de las cuales Cyprinidae, Mugilidae, Portunidae, Gobiidae y Palaemonidae se recogieron en
humedales naturales y Pez dorado (Carassius auratus) y camaron de pata blanca (Litopenaeus vannamei) se recogieron en estanques de
peces. Se midieron sus valores de isdtopos estables (p. €j., 813C y §15N) para obtener informacion sobre la composicion del alimento
para la BFS. A principios del invierno, la proporciéon de Palaemonidae en el alimento de la BFS llego a ser del 74,4%, mientras que la
de otros alimentos fue sélo del 3,0% al 6,0%. A finales del invierno, las contribuciones alimentarias para la BFS fueron las siguientes:
Portunidae 39,3% > Palaemonidae 26,1% > Cyprinidae 8,8% > Mugilidae 8,5% > Gobiidae 7,3% > Pez dorado 5,1% > camardn de
pata blanca 4,8%. La proporcion de Portunidae supero a la de Palaemonidae y, junto con ésta, se convirtio en el principal alimento de
las BFS a finales del invierno. Las composiciones de la dieta de las BFS entre el principio y el final del invierno fueron significativamente
diferentes, lo que puede deberse a los cambios estacionales en los recursos alimentarios. Los humedales naturales son las principales
zonas de alimentacion de las BFS, pero los estanques piscicolas también les proporcionan zonas de alimentacion y lugares de descanso
suplementarios. Los estanques piscicolas desempefian una importante funcion ecoldgica en el mantenimiento de la poblacion invernante
de BFS en la bahia de Xinghua.
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INTRODUCTION

The Black-faced Spoonbill (Platalea minor; BFS) is an
endangered waterbird belonging to Ciconiiformes and
Threskiorothidae (Jin et al. 2009). Because the population
decreased far lower than the historical number (Pickett et al.
2018), with an increase in protection, the BFS population has

been increasing in recent years, i.e., changed from less than 1000
individuals in 2002 to 5222 individuals in 2021 (Yu et al. 2021).
However, BFS is still listed as endangered, which is largely due to
its narrow distribution area and threats from human living
activities. BFS are distributed only in the coastal zones of East
Asia and forage and rest only in intertidal zones or within 2-3 km
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of tidal areas. However, the high-intensity development of coastal
zones in recent years has greatly reduced the area or quality of
coastal wetlands (Yu and Swennen 2004). According to Pickett
et al.’s prediction, climate change and habitat loss together
threaten the recovery of the BFS population such that, by 2050,
population declines of BFS might be apparent as a consequence
of these cumulative impacts (Pickett et al. 2018).

It is a global phenomenon that natural wetlands are being
transformed into artificial wetlands, such as rice fields, artificial
ponds, or reservoirs (Li et al. 2013). Ornithologists have
conducted much research on whether artificial wetlands can
replace natural wetlands to provide suitable habitats for
waterbirds. Some studies have shown that well-protected natural
wetlands provide more suitable habitats for waterbirds than
artificial wetlands with more species and higher densities of
waterbirds (Ma et al. 2004, Li et al. 2013, Lou et al. 2019).
Although other studies have shown that artificial wetlands can
provide alternative habitats for the breeding, wintering, and
migration of waterbirds (Masero 2003, Rajpar and Zakaria 2013),
newly built or poorly managed artificial wetlands cannot
maintain stable biological communities because of a lack of stable
food resources (Choi et al. 2014). The BFS makes use of artificial
wetlands as resting grounds and opportunistically chooses
natural and artificial wetlands for foraging (Swennen and Yu
2005), but their preference for using these two types of wetlands
isnot clear. It is difficult to directly determine the foraging habitat
of BFS by conventional observation methods because they mainly
forage at dawn, dusk, and night and rest most of the day (Ruan
etal. 2006). The differences in bird utilization of different habitats
in the same geographical area are the result of the comprehensive
effect of many environmental factors, and food resources are the
decisive factors affecting the habitat utilization mechanism of
birds (Luo et al. 2013). Therefore, based on the stable isotope
technique, we used fecal samples to study the food compositions
of BFS and attempted to determine their preference for natural
wetlands and fishponds, as well as the survival status of BFS in
Xinghua Bay.

In the past, most studies on the dietary compositions of birds
have mainly used stomach content analysis (Lilliendahl and
Solmundsson 2006) and fecal microscopic analysis (Gasperin and
Pizo 2009). However, both methods have some limitations, which
may overestimate the indigestible resources. Moreover, collecting
stomach contents may harm individuals and is not suitable for
rare and endangered birds. For fecal microscopic examinations,
the labor and time costs are high, and the accuracy of food
determinations is very low because of the limitations of debris
identification (Nielsen et al. 2018). By measuring the stable
isotope values in bird tissues or feces and in potential food sources
and establishing a linear mixed model (such as a Bayesian model)
between them, the food composition of birds can be obtained
through the model. The stable isotopes commonly used in diet
research consist of carbon (e.g., *C/'?C) and nitrogen (e.g.,
ISN/MN). The fractionation effect of stable carbon isotopes is not
obvious, and the discrimination factor is small, which makes it
an ideal element for studying the food compositions of animals.
Stable nitrogen isotopes have stable and large trophic grade
discrimination factors between food and their predator tissues,
so they are often used for analyzing food composition and trophic
structures (Boecklen et al. 2011, Wang et al. 2015). Generally, the
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tissues used in the study of bird diets by applying the stable isotope
technique include blood, muscle, and feathers (Inger and Bearhop
2008, Wanget al. 2015). As BFS are endangered, obtaining blood
and muscle samples may cause great harm to individual birds,
and feces are the most nondestructive samples that reflect bird
diets. Moreover, the sample size of feces accumulates rapidly
compared with blood, muscle, or other tissues.

Ueng et al. analyzed the stomach contents of more than 40 BFS
that were poisoned in Chinese Taiwan (Ueng et al. 2006). This
result showed that fish and shrimp were the main foods of BFS,
which was confirmed by studies in other distribution areas, such
as the coasts of the Chinese mainland, Hong Kong, South Korea,
Japan, and Vietnam (Swennen and Yu 2005, Takano et al. 2014,
Huang et al. 2021). However, their research did not show the
relative proportions of the food compositions of BFS, nor could
they show the relative utilization preference of BFS for natural
and artificial wetlands. Jeong et al. compared the stable isotope
values at the beginning and end of broiler feathers of BFS
breeding at oftshore sites in South Korea and found that the food
of chicks mainly came from freshwater environments, and the
proportion of freshwater food in the early stage was higher than
that in the later stage (Jeong et al. 2021). The food composition
of the BFS varies with different habitat types and distribution
areas. Xinghua Bay in Fujian Province is an important migration
stopover site and wintering ground for BFS where 238 individuals
were recorded in January 2021, exceeding 20% of the
overwintering population in mainland China (Yu et al. 2021). For
this research, we collected feces and potential food samples of
BFSin Xinghua Bay through three winters and analyzed the stable
isotope (e.g., §'*C and §°N) values of samples to study the relative
preference of BFS for natural wetlands and fishponds.

METHODS

Study site

Xinghua Bay is located on the middle coast of Fujian Province
(25°147-25°37'N, 119°00"-119°37°E). It is the largest semi-enclosed
bay in Fujian Province, covering an area of approximately 620
km? (Li et al. 1999; Fig. 1). It contains a high diversity of
waterbirds because of its large area of shallow-water wetlands
and rich food resources. In a single survey conducted in Xinghua
Bay, the largest wintering population of waterbirds reached
31,275 (Wang and Zhang 2012). The populations of Saunders’s
Gull (Saundersilarus saundersi), BFS, Kentish Plover (Charadrius
alexandrinus), and Eurasian Curlew (Numenius arquata)
accounted for more than 1% of the global population (Zhang et
al. 2019), which met the standards for internationally important
wetlands (Xia et al. 2017). Therefore, the establishment of a
provincial waterbird nature reserve in Xinghua Bay was approved
in January 2022. Large numbers of waterbirds overwinter in
Xinghua Bay and use not only natural wetlands but also the large
areas of aquaculture ponds that have been operated in this area
for a long time.

Sample collection

The BFS arrives at Xinghua Bay in early November and leaves at
the end of March of the following year. Among them, after
omitting the autumn and spring migrations, we divided the
overwintering period into early (e.g., November to December)
and late parts (e.g., January to February). Samples were collected
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six times from December 2017 to February 2021, including 45
potential food samples and 199 fecal samples. The potential food
samples were purchased from local fishermen, and their fishing
locations were specified to distinguish whether the food samples
came from natural wetlands or fishponds. When collecting fecal
samples, we observed resting BFS groups for half an hour and
then approached and carefully scraped the feces with plastic sheets
and placed them into 5-ml centrifuge tubes. To avoid pollution
by impurities such as soil, we scraped only the middle parts of the
feces. BFS often mingle with other waterbirds to rest on the ridges
of aquaculture ponds, mainly with Gray Herons (Ardea cinerea).
Unlike other waterbirds, BFS like to gather as a single species,
while herons spread and rest at equal distances to bask in the sun.
Moreover, the feces of these two species look very different. The
feces of BFS are relatively small, and there are solid blocks in the
middle of a white liquid, whereas the feces of herons are formed
in the shape of large pools of liquid jets. Therefore, as long as we
fully understand the relative positions and fecal differences, we
can ensure that the collected fecal samples belonged to BFS. All
samples were stored in a freezer at -20 °C.

Fig. 1. Fecal and potential food sampling sites in Xinghua Bay.
Figure created in ArcGIS Version 10.4.1.
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Stable isotopic analysis (SIA)

After rinsing with distilled water, the food samples were marked
and photographed. Then, we measured their lengths, widths, and
weights. The photos were given to experts for species
identification. When taking thumb-sized muscle samples, the
back muscle was taken from fish, the abdominal muscle was taken
from shrimp, and the leg muscle was taken from crabs. The
samples were then soaked in 1 mol/L HCI for 2 hours to remove
inorganic carbon from the sample surfaces, rinsed again with
distilled water, and dried in an oven at 60 °C for 12 hours. Because
the degreasing procedure may affect the true nitrogen isotope
values of samples, it is necessary to divide the samples into two
categories: one category uses direct measurements, the 5'°N stable
isotope values, and the other measures these values after
degreasing. Degreasing was performed by soaking the samples in
0.25 mol/L NaOH solution for 2 hours (Li et al. 2016, Wang et
al. 2017).
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After being powdered, the samples were analyzed using a stable
isotope ratio mass spectrometer (EA-IRMS) at the Stable Isotope
Center at Fujian Agriculture and Forestry University, and the
instrument manufacturers were Elementar (Germany) and
Isoprime (UK). The formula for calculating the stable carbon and
nitrogen isotope values is as follows:

d3X=(R /R

sample

1) x 1000 (1)

standard

where X refers to *C or N, Rsa‘mple refers to the stable isotope
ratios, *C/">C or "N/™N, of the measured samples, R . . refers
to the stable isotope ratio, BC/'2C or N/MN, of the international
standard substance. The *C/"*C and '’N/'"N ratios are reported
relative to the Vienna PeeDee Belemnite and atmospheric N,
standards, respectively.

Data analysis

The means and standard deviations of the stable isotope values
of samples were calculated, and the outliers that deviated from
the mean by more than twice the standard deviation were screened
out. A total of 14 potential food sources were divided into 7
groups, of which Cyprinidae, Mugilidae, Portunidae, Gobiidae,
and Palaemonidae were collected from natural wetlands and
Crucian and whiteleg shrimp were collected from fishponds.

The differences in §'°C and §'°N values between fecal samples
and potential food samples were compared by one-way ANOVA.
All isotope data are expressed as the mean + standard deviation
(mean * SE), and p < 0.05 was considered significant.

The most commonly used model to study food compositions by
stable isotope analysis is the Bayesian mixing model. It can
consider the variable nondeterministic factors with relatively high
accuracy and has a broad range of application. We used the R
package simmr, which can be used to process the mixing equations
of stable isotope data within a Bayesian mixing model framework
(Parnell et al. 2010, 2013). The fecal values were calibrated by the
discrimination factors (§'*C = 1.15%o0 and §'°N = 2.91%o), which
were estimated for fecal samples of birds in general (Caut et al.
2009).

RESULTS

Stable isotope characteristics of BFS feces and potential food
samples

The §"°C values of BFS feces were mainly distributed within the
ranges of the 7 groups of potential foods, which showed that the
collected potential foods can represent the diet composition of
BFS overwintering in Xinghua Bay (Fig. 2). The §"°C values of
the 7 potential foods ranged from -26.55%o to -17.26%o with very
significant differences (FG’ 19 = 5.98, p < 0.01), while the SN
values ranged from 7.92%o to 13.98%. with significant differences
(Fg.19 = 3.34, p < 0.05). The §'°C values of the potential foods
from natural wetlands and fishponds separately ranged from
-25.28%o0 to -15.95%0 and -26.55%o to -26.20%o, respectively, while
the §"°N values ranged from 7.92%o to 15.41%0 and 13.30%o to
13.98%0, respectively. There were no significant differences in §'°N
values (F, ,,=9.56, p>0.05) but there was a significant difference
in 8"C values (F,,4 = 9.56, p < 0.01) between natural wetlands
and fishponds. Therefore, §"°C and §"°N may be combined to
indicate the feeding preferences of BFS. The differences in fecal
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values between early and late winter were significant (§'°C:
F ,=20.49, p < 0.001, 8"N: F, ,,=71.25, p < 0.001). The fecal
§'3C values were concentrated in the range of the §'>C values of
Cyprinidae, Mugilidae, and Palaemonidae in early winter, while
they were concentrated in the range of the §°C values of
Mugilidae, Portunidae, and Gobiidae in late winter (Table 1),
which means that BFS may have transformed their food habits
throughout the overwintering period.

Fig. 2. The distributions of stable isotope values in Black-faced
Spoonbill (Platalea minor; BFS) feces and their potential foods.
Mixtures 1 represents the stable isotope values of BFS feces in

early winter, and Mixtures 2 represents the values in late winter.
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Table 1. Mean and standard deviation values of foods and feces
after correction. BFS = Black-faced Spoonbill (Platalea minor).
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late winter. These results showed that BFS mainly used natural
wetlands for foraging grounds while overwintering in Xinghua
Bay, whereas fishponds could also provide a small part of the
food supply.

Fig. 3. Represents the contribution rates of seven potential
foods in early winter.
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Table 2. Contribution rates of the potential foods of Black-faced
Spoonbill (Platalea minor) in Xinghua Bay.

Source Samples Number 8C1%o 8" N/%o
Natural Cyprinidae 3 -22.48+1.32  11.80£3.01
wetland Mugilidae 7 -19.62+5.15  13.76+2.75
Portunidae 4 -15.95£1.76  12.34%0.67
Gobiidae 5 -17.26£2.21  15.41%£3.45
Palaemonidae 3 -25.2810.22  7.92£0.20
Fishponds Crucian 2 -26.20+0.03  13.30+0.18
Whiteleg shrimp 2 -26.55+£0.01 13.98%0.01
BFS Feces (early winter) 31 -23.28+3.30  3.08%1.50
Feces (late winter) 26 -18.92+3.10  6.99%1.63

Species Contribution rates Contribution rates
(early winter) (late winter)
Mean (%) = 95% CI Mean (%) = 95% CI
SD SD
Cyprinidae 5.1%0.05 0.5-18.6 8.810.08 0.8-31.5
Mugilidae 4.210.04 0.4-13.9 8.51£0.09 0.7-34.3
Portunidae 6.0£0.05 0.6-16.9 39.310.18 2.1-67.4
Gobiidae 3.7£0.03 0.4-11.6 7.3£0.07 0.7-27.5
Palaemonidae 74.4%0.11 49.1-91.4 26.1£0.22 2.1-85.4
Crucian 3.0£0.03 0.4-11.8 5.1£0.04 0.6-16.0
Whiteleg 3.0£0.03 0.4-10.6 4.810.04 0.6-14.8
shrimp

Fig. 4. Represents the contribution rates of seven potential
foods in late winter.

Diet composition inferred by SIA

The stable isotope analysis showed that in early winter,
Palaemonidae contributed the most to the diet of BFS, with
74.4%, while the contribution rates of the other foods were
smaller, ranging from 3.0% to 6.0% (Fig. 3). In late winter, the
contribution rates of the various foods were as follows:
Portunidae (39.3%) > Palaemonidae (26.1%) > Cyprinidae (8.8%)
> Mugilidae (8.5%) > Gobiidae (7.3%) > Crucian (5.1%) >
whiteleg shrimp (4.8%; Table 2, Fig. 4). The combined
contribution rate of Portunidae and Palaemonidae reached 65.4%
and became the most important food of BFS in late winter. The
contribution rates of foods coming from natural wetlands were
93.4% in early winter and 90.0% in late winter, while those
collected from fishponds were 6.0% in early winter and 9.9% in
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DISCUSSION

The food composition of BFS overwintering in Xinghua Bay

Jin et al. (2010) investigated the potential foods of BFS in the
coastal wetlands of Xinghua Bay from 2007 to 2008 and estimated
that their potential foods might include 19 species of fish and 6
species of shrimp. Among these potential foods, Mugilidae and
Gobiidae were the most abundant (Jin et al. 2010). In our results,
fishes represent only a small proportion among the foods of BFS,
which indicated that it is not adequate to estimate the diet of BFS
by only using the species of potential foods because BFS may
have some foraging strategies and habits that we are not aware of.
In addition, the fecal samples used in the SIA contain indigestible
parts such as bone and scale of fishes and shell of shrimp and
crabs. However, only the muscle in the potential preys were
extracted. Fractionation of stable isotopes result in small
differences between the muscle values and the hard part values,
which will impact the proportion of potential prey. Our results
might underestimate the contribution of fishes with low rate of
hard part of body material.

The low proportion of fishes might be due to the reduction of
fish resources in the coastal wetlands of Xinghua Bay, while the
reduction of shrimp and crabs were relatively small. Over the past
decade, coastal development of Xinghua Bay has increased, and
many projects have been or are under construction, such as ports,
wind farms, and nuclear power plants (Wu et al. 2019).
Agricultural, domestic, and industrial pollution are continuously
decreasing the quality of wetlands because of their weak self-
purification ability (Liu 2006). Eutrophication of the Xinghua
Bay coastal wetlands is very serious, and both the inorganic
nitrogen and organic phosphorus concentrations exceed the
standard (Zhong et al. 2011). With the continuous deterioration
of wetland quality and long-term high-intensity fishing, the
fishery resources along the coasts of Fujian Province are
significantly depleted (Huang et al. 2010, Luo 2018). In addition,
dams built on rivers in Fujian Province have affected the breeding
activities of migratory fishes, such as Gobiidae (Li et al. 2007),
which might also be one of the reasons for the decline in fish
sources. Meanwhile, the shrimp and crabs were not affected by
the dams so their reduction of number might be relatively small.
The coastal animal resources in Xinghua Bay need to be
investigated.

Our results showed that the food composition of BFS has
significant differences between early and late winter. In early
winter, Palaemonidae was the only main food, with a contribution
rate of 74.4%. In late winter, the proportion of Palaemonidae
decreased to 26.1%, while that of Portunidae increased to 39.3%
from 6.0% and that of fishes increased to 29.7% from 16.0%. BFS
is an opportunistic predator (Swennen and Yu 2005). The change
in overwintering diets probably reflects the change in relative
abundances of food resources. Some studies have shown that the
biomass of crabs in intertidal zones increases gradually from
summer to winter and reaches a peak in winter (Chen and Xu
1992). On the other hand, the shrimp in the intertidal zone may
migrate to deep-water areas in late winter to avoid low
temperatures (Xu and Sun 2013). With the progression of winter,
the number of shrimp in the offshore area decrease, while the
number of crabs might increase, which is likely to be the reason
why BFS changes its feeding habits in Xinghua Bay.
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Comparison of feeding habits of BFS in different wintering areas
Studies have shown that the feeding habits of BFS in different
wintering areas are different. In Chinese Taiwan and Vietnam,
fish and shrimp are the main food sources of BFS (Swennen and
Yu 2005). In Hong Kong, fishes such as Mugiliformes,
Cichliformes and Gobiiformes, are the main foods of BFS (Huang
et al. 2021). Our results based on stable isotope analysis showed
that Palaemonidae and Portunidae provide a greater contribution
to the food composition of BFS in Xinghua Bay, which is quite
different from other wintering areas. The reasons may include the
different composition of food resources in both natural and
artificial wetlands, and the latter is mainly caused by different
management methods.

There are large areas of aquaculture ponds in the Chiku Wetland
in Taiwan and Mai Po Wetland in Hong Kong, most of which are
used to raise Mugilidae, Cyprinidae, and tilapia. By adjusting the
appropriate water depth, these aquaculture ponds can provide
foraging habitat for BFS. However, most of the ponds in Xinghua
Bay are deep-water aquaculture ponds, which can only be used
by BFS when drained for fishing close to the Chinese Spring
Festival. At other times, the overwintering BFS population
experiences difficulty using aquaculture ponds but prefers to
forage in natural wetlands. In addition, because of the scarcity of
fish resources in the intertidal zone of Xinghua Bay, BFS here
prefers to feed on shrimp and crabs.

Relative utilization preference of BFS to natural wetlands and
fishponds

The traditional, extensive fish ponds in Haifeng, Guangdong
Province attract large numbers of waterbirds to spend the winter
here every year, so this wetland is also an important wintering
area for BFS (Hu et al. 2009). Zenget al.’s (2019) research showed
that maintaining the original ecological function of coastal
wetlands can provide good habitat and rich food resources for
BFS, while intensive aquaculture ponds have been separated from
the tides, resulting in the degradation of wetland function. As a
result, the ecological habits of BFS were limited by the loss of
habitat (Zeng et al. 2019). According to Jin et al.’s (2009) field
observations, the aquaculture ponds in Xinghua Bay are generally
drained and cleaned in winter. At this time, the BFS stay on ponds
to rest during the day and rarely look for food. Only at dusk does
the BFS fly to nearby tidal wetlands to obtain food (Jin et al.
2009). Our research supports Jin et al.’s observation that BFS
mainly rest on fishponds and fly to nearby tidal wetlands for food.
Furthermore, we use direct dietary evidence to suggest that the
foods of BFS in Xinghua Bay mainly come from natural wetlands
rather than from fishponds.

The types of artificial wetlands that can be used by waterbirds
include rice fields, salt ponds, aquaculture ponds, and reservoirs.
Different types of artificial wetlands provide different ecological
functions for waterbirds because of the different management
modes. Because of the seasonal drainage of rice fields, such
wetlands are often used by waterbirds such as egrets and herons
as migration supply and wintering sites, while other waterbirds
may use them as breeding habitats (Wood et al. 2013).
Aquaculture and salt ponds can provide resting sites and
alternative feeding grounds for shorebirds at high tide (Li et al.
2013). Because the management mode will deeply affect the
carrying function of artificial wetlands on waterbird diversity,
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reasonable planning and management, especially controlling
water depths (Ma et al. 2004), can effectively improve the
supplementary function of artificial wetlands to natural wetlands.
The Mai Po Nature Reserve in Hong Kong has adopted measures
such as regulating the water levels of ponds, regularly desilting
ponds, and pruning plants on embankments to create suitable
habitats for large numbers of waterbirds (He et al. 2016). In
Xinghua Bay, with the continuous deterioration in the quality of
natural wetlands caused by the surrounding development, the
existing aquaculture ponds should be retained and scientifically
managed to alleviate the survival pressure for large numbers of
wintering waterbirds, especially to protect rare species such as
BFS.

Responses to this article can be read online at:
https://journal.afonet.org/issues/responses.php/170
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