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Rice fields are important habitats for a variety of water birds, and this importance is increasing with
the destruction of natural wetlands. This study was conducted to understand the foraging strategy of
the black-faced spoonbill, an internationally endangered species, in rice fields. To achieve this
objective, the feeding success rate of black-faced spoonbills in rice fields was analyzed considering
the species’ feeding behavior, environmental factors, and external factors. The number of sweeps
per minute and number of steps per minute were evaluated as features of feeding behavior; rice field
type, water level, and rice height as environmental factors; and the size of a flock and number of
other species in the fields when black-faced spoonbills were feeding as external factors. The feeding
success rate of the black-faced spoonbills increased as they were feeding while moving at a fast
pace in a rice field with a water level of 10 cm or below, rice height of 15 cm, and without herons
(competitor species). These factors may be an effective strategy to increase the probability of food
acquisition by black-faced spoonbills in rice fields. Therefore, to allow black-faced spoonbills in
breeding season to use the rice fields for feeding, it is necessary to maintain a water level of 15 cm
or less before transplanting rice. Moreover, the use of pesticides must be minimized to increase
abundance of the food resources in rice fields.
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BACKGROUND
Rice fields account for 15% of the world’s wetland area and, more than other crops,
contribute to the conservation of birds by being used as their habitat (Fasola and Ruiz 1996; Lawler
2001; Elphick 2010). In particular, rice fields located near the coast are important foraging sites for
water birds, whose populations are declining (Europe: Lourenço and Piersma 2008; North America:
Elphick and Oring 2003; and Asia: Maeda 2001; Choi et al. 2014a). With the decline of natural
habitats, rice fields have been providing essential habitats for species of high conservation interest
(Sánchez-Guzmán et al. 2007; Stafford et al. 2010) or acting as an alternative to insufficient natural
wetlands in some areas (Elpick 2010). The environmental characteristics (e.g., water depth and
vegetation) of rice fields and artificial wetlands greatly change as cultivation progresses,
considerably affecting the richness of shellfish, fish, and amphibians, which are food sources of
birds inhabiting agricultural waterways and paddies (Lane and Fujioka 1998). As water birds are
highly affected by the changes in water depth, vegetation, and food sources in wetlands (Gawlik
2002; Stafford et al. 2010), the management of rice fields is important for conservation of water
birds (Elphick 2010).
Rice fields located in the midwestern region of South Korea are known as representative
habitats used by various water birds according to their circannual cycle (i.e., migration, breeding,
and wintering) (Barter 2002; Choi et al. 2014b; Hua et al. 2015; Nam et al. 2015). Shorebirds use
these locations as stopovers to replenish the energy needed to migrate to their final destination
during their migration period (Choi et al. 2021a). Herons obtain the energy necessary for breeding
during the breeding period (Nam et al. 2015). Waterfowls spend the wintering period in rice fields
to secure energy for breeding in the following year (Choi et al. 2012). With the destruction of
natural wetlands, the breeding-related importance of rice fields for water birds is increasing (Moser
et al. 1996; Pierluissi 2010).
The black-faced spoonbill (Platalea minor) is a medium-to-large-sized water bird
belonging to Threskiornithidae (Pelecaniformes). It has been classified as endangered (EN) in the
Red List of the International Union for Conservation of Nature (IUCN) with only 4,864 living
individuals worldwide (Yu et al. 2020; Birdlife International 2021). A total of 93% of individuals of
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the species have been reported to breed in South Korea, and in particular, the island area in the
midwestern region of the Korean Peninsula is a key area where 86% of all black-faced spoonbill
breed (Kwon 2017). They are known to use tidal flats around their breeding grounds as their main
foraging site, as well as freshwater wetlands such as rice fields and river estuaries (Kim 2006, Yoo
et al. 2019). Unlike tidal flats, which have different foraging area availabilities depending on the
tide, rice fields allow black-faced spoonbills to continuously forage for food (Yoo et al. 2019).
Freshwater areas such as rice fields have also been reported to be important as a source of lowsalinity food from May on, when the hatchlings start to appear (Jeong et al. 2021). However, most
studies on foraging sites of black-faced spoonbills have focused on tidal flats, fisheries, and coasts
at wintering sites (Choi 2004; Swennen and Yu 2005; Yu and Swennen 2004), and there are not
enough studies on foraging sites during the breeding period, especially regarding the species’
foraging strategies in freshwater wetlands.
This study was conducted to identify the factors affecting the foraging success rate of
black-faced spoonbills by analyzing the characteristics of their foraging strategy in rice fields. With
this, this study aims to contribute to the conservation of the endangered black-faced spoonbill by
understanding the species’ foraging strategy in rice fields and by proposing an appropriate
management plan for these areas.

MATERIALS AND METHODS
Study area
This study was conducted in rice fields (10.4 km²) located in Buleun-myeon, Seonwonmyeon, and Gilsang-myeon on the east coast of Ganghwa Island, in the midwestern region of the
Korean Peninsula (37°41'N, 126°30'E; Fig. 1). The foraging range of black-faced spoonbills during
the breeding period has been reported to be 20 km from the breeding site (Kim 2006). In 2017, three
breeding sites were located within a 20 km radius from the study sites, with 156 breeding pairs
(unpublished data). The rice fields (100 m × 50 m) are separated by roads and banks. Some of them
were filled with water from March on, before rice transplantations, and were used as a foraging
ground by black-faced spoonbills, which started to breed in early April (Kim 2006; Yoo et al. 2019).
Rice transplanting mainly started in early May and was mostly completed in mid-May. All rice
fields were filled with water in early May, just before transplantation.
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Fig. 1. Map of study area. During survey period we observed three active breeding sites of black-faced spoonbills within a 20 km radius of the study
area. Open circles indicate non-breeding islets during the survey period.
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Bird and habitat survey
The survey was conducted three times per month from April to May 2017, at the beginning,
middle, and end of each month (six times in total). The distribution of black-faced spoonbills was
observed with binoculars (Kowa, 8 × 32) using a line-transect method along a farm road in the
survey area, and the number of black-faced spoonbills was recorded. If a black-faced spoonbill was
seen foraging, its behavior was recorded using a camcorder (Samsung HMX-216). If multiple
individuals were observed at the same time, each individual was recorded separately. To avoid the
potential effects of pseudoreplication, we tried to ensure that sampled individuals were not recorded
more than once. If we could not identify individuals, we never recorded further. Before data
collection, the minimum distance between a black-faced spoonbill and humans was measured (20–
40 m distance) and recorded as a vigilant behavior against humans; the behavior of the black-faced
spoonbill was then recorded after approximately 10 min later and at least 20 m from the black-faced
spoonbill to minimize human influence. Type of rice field, water level, rice height, flock size, and
number of individuals of other species were recorded for each filmed individual. Three lot types
were considered according to the degree of cultivation (Fujioka et al. 2001; Choi et al. 2014a): (1)
flooded paddy after plowing (FAP), (2) flooded paddy after puddling (PAP), and (3) rice
transplanted paddy (RP) (Table 1). Only species of Ardeidae and Anatidae, which are highly
dependent on rice fields during the breeding season, were recorded in the present study (Shin et al.
2016; Choi et al. 2021b).
Table 1. Environmental characteristic of field types and abbreviations in surveyed rice fields.
Water level and rice height were presented as mean ± SE
Abbreviation
Field type
Water level (cm)
Rice height (cm)
FAP
Flooded paddy after plowing
12.75 ± 1.92 (n = 16)
PAP
Flooded paddy after puddling
14.58 ± 5.23 (n = 15)
RP
Rice planted paddy
5.75 ± 1.96 (n = 14) 13.21 ± 4.28 (n = 14)
Recorded videos were played at 0.6× speed, and a feeding attempt was considered as the
moment the bird put its beak in the water until it was taken out of the water (feeding bout; Swennen
and Yu 2005). The following features were recorded: (1) time taken, (2) steps, (3) sweeping event,
(4) number of feeding attempts, and (5) number of successful feeding attempts. One sweeping event
was defined as one movement of the beak from left to right or from right to left in the water. The
feeding success rate was calculated as the ratio of the number of successful feedings to the number
of feeding attempts.
In order to compare the amount of food item in rice fields where both used and unused
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(separated by ridges more than 100 m away from the rice fields spoonbills were found) by blackfaced spoonbills on the daytime survey, potential food resources were collected by setting up four
fish traps (length = 32 cm, width = 18 cm, and hole size = 3 cm) with fish meal in each paddy from
7 pm to 6 am on the next day. We basically selected unused rice fields with habitat homogeneity
located in four directions. The number of selected rice fields was different because sampling was
not performed in the case of existence of roads or streams within 100 m of the used rice fields.
The biomass of benthic invertebrates (> 1.5 cm; except for shellfish), fish, and amphibians was
measured; the food sources were released after measurement (Swennen and Yu 2005; Kim 2006).
Statistical analysis
A generalized linear mixed model (GLMM) was used to identify the factors affecting the
feeding success rate of the black-faced spoonbills observed in rice fields. The GLMM used a
binomial distribution, treating the feeding success rate as a dependent variable. The independent
variables were the number of steps per minute (numeric), number of sweepings per minute
(numeric), field type (categorical), water level (numeric), rice height (numeric), size of a blackfaced spoonbill flock, and the number of other birds (i.e., herons and ducks). Survey time was
treated as a random effect. Mann-Whitney U test was used to compare the log transformed biomass
of potential food sources between rice fields used and unused by black-faced spoonbills. All
statistical analyses were performed using R (version 4.0.4; R Core Team 2020), and statistical
significance was determined at alpha = 0.05. The ‘lme4’ package was used for the GLMM (Bate et
al. 2015). Mean and standard error values are herein provided.

RESULTS
During the study period, 45 black-faced spoonbills were observed showing feeding
behaviors. The mean recorded time of their feeding bouts was 372 ± 58 seconds. The number of
sweepings per minute, number of steps per minute, number of successful feedings per minute, and
feeding success rate of the filmed black-faced spoonbills were 4.78 ± 0.92, 59.93 ± 1.88, 7.54 ±
1.19, and 49.04 ± 5.84%, respectively. The mean water level of rice fields used by black-faced
spoonbills was 11.18 ± 0.75 cm. A total of 15, 16, and 14 individuals were observed in PAP, FAP,
and RP, respectively. Grey herons (Ardea cinerea), great egrets (A. alba), intermediate egrets (A.
intermedia), and little egrets (Egretta garzetta) were among the Ardeidae birds in the rice fields
where black-faced spoonbills were feeding. Moreover, eastern spot-billed ducks (Anas
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poecilorhyncha) were observed among the Anatidae birds in these fields. The numbers of Ardeidae
and Anatidae observed in fields with black-faced spoonbills were 2.89 ± 0.72 and 0.24 ± 0.14,
respectively. Among the 45 observed black-faced spoonbills, 32 (71.11%) fed in groups of two or
more individuals. Moreover, 77.78% of the black-faced spoonbills were observed with herons,
11.11% of them with ducks, and the remaining 13.3% fed alone.
The GLMM showed that number of steps per minute, water level, rice height, size of the
flock, and number of herons affected the feeding success rate (Table 2). The feeding success rate
was positively correlated with number of steps per minute, size of the flock, and rice height, but it
was negatively correlated with water level and number of herons (Fig. 2).
The mean biomass (log transformed) of rice fields with black-faced spoonbills was
significantly greater than that of rice fields without black-faced spoonbills (Mann-Whitney U test,
W= 599.5, p < 0.05; Fig. 3).
Table 2. Results of the generalized linear mixed model that examined the impact of foraging
variables on foraging success rate of black-faced spoonbills Platalea minor (n = 45). The response
variable was foraging success rate of each black-faced spoonbill, and explanatory variables were
number of sweepings/minute, number of steps/minute, field type (flooded paddy after plowing
[FAP], flooded paddy after puddling [PAP], and rice planted paddy [RP]), water level, rice height,
flock size (solitary = 0, group = 1), abundance of herons and abundance of ducks. The random
variables were survey period. SE indicates standard error
Variable
Estimated
S.E.
χ2
df
p
Intercept
-0.350
0.566
Number of sweepings/minute
-1.808
0.589
0.012
1
0.911
Number of steps/minute
0.990
0.693
5.719
1
< 0.05
Field type
-2.499
0.494
2.317
2
0.314
Water level
-1.263
0.580
6.341
1
< 0.05
Rice height
1.784
0.592
9.813
1
< 0.01
Group/Solitary
1.630
0.588
32.947
1
< 0.001
Herons
-1.612
0.597
8.526
1
< 0.01
Ducks
-1.796
0.626
0.524
1
0.469
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Fig. 2. Effects of (a) Steps per minute, (b) Water level (cm), (c) Rice height (cm), (d) Abundance of herons, (e) Abundance of black-faced spoonbills
on the foraging success rate of black-faced spoonbills (n = 45). Dot lines show the mean predicted probability of each variable.
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Fig. 3. Wet weight (log transformed) of potential prey in rice fields that black-faced spoonbills
non-occurred and occurred (Mann-Whitney U test, p < 0.05).

DISCUSSION
Over 86% of the black-faced spoonbill breeding population is concentrated in the area near
Ganghwa Island, located in the midwestern region of Korea Peninsula (Kwon 2017). This species
uses various habitats such as rice fields and tidal flats near their breeding site during the breeding
season (Kim 2006). This study was conducted to understand the foraging strategies of black-faced
spoonbills in rice fields, which are representative freshwater habitats. The results revealed that the
factors affecting the feeding success rate were steps per minute (a direct feeding behavior), water
level (a rice field environmental factor), rice height (a rice field environmental factor), and the
presence of the same or other species (an external factor).
The black-faced spoonbills increased their feeding success rate by striding through the
available space in the feeding area (see Fig. 2a). This may be a strategy to increase the probability
of finding food while moving quickly over a large area (Sweenen and Yu 2005) as: 1) the number of
steps per minute may increase to chase a fast swimming fish such as crucian carp Carassius
auratus, asian weather loach Misgurnus anguillicaudatus, and chinese loach Misgurnus mizolepis
(Yoo et al. 2019); or 2) the bird may move to another location to find prey quickly after constantly
failing to find a prey at the present location (Sweenen and Yu 2005). The increase in steps per
minute is considered an important direct feeding behavior. Because the furrows in the plowed and
planted rice field may provide limited space to sweep, the sweeping, a typical feeding behavior of
black-faced spoonbills, was found to be ineffective in rice fields, although advantageous in open
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freshwater wetlands. While foraging in the rice field, the black-faced spoonbills clearly explore the
bottom of the rice field, furrows, and rice stalks with their beaks rather than sweeping (personal
observation). Therefore, using fast movement appears to be more efficient in finding food than
sweeping in rice fields.
The water level of the rice field was found to be an important environmental factor
influencing the feeding success rate of black-faced spoonbills. Water level has been reported as a
factor that greatly affects the foraging ground use of wading birds, which mainly use their beaks to
hunt for food while walking along the edge (Powell 1987; Sung et al. 2009). In addition, as the
water level increases, the resistance of water increases, and prey easily escape in the vertical and
horizontal directions, which in turn decreases the feeding success rate of water birds (Ma et al.
2010). Black-faced spoonbills mainly feed at depths of 6–21 cm (Yu and Swennen 2004), and they
detect and capture prey faster at depths below 15 cm than at depths above 15 cm (Choi 2004). The
results of the present study also showed that the feeding success rate decreased as water level
increased, which is consistent with the results of previous studies.
Transplanting of rice was also found to affect the feeding success rate of black-faced
spoonbills, and the feeding success rate in rice fields with rice was higher than that in rice fields
without rice. Although Yu and Swennen (2004) reported that black-faced spoonbills generally
forage in open waters with little vegetation, the results of the present study showed that vegetation
height had a positive effect on the feeding success rate of these birds during the spring. Since midMay, the survey area had vegetation, after rice was transplanted; vegetation height and density may
have been low enough to not affect the feeding behavior of the black-faced spoonbills. Fish are the
main food source of black-faced spoonbills, and they tend to hide under vegetation (Huang et al.
2021). Therefore, it would be easier for black-faced spoonbills to obtain food after transplanting as
the fish would be gathered at the bottom of the planted rice (Angermeier and Karr 1984).
The presence of other water birds in the feeding group also influenced the feeding success
rate of black-faced spoonbills. Black-faced spoonbills generally forage in small groups rather than
hunting alone (Swennen and Yu 2005). It was often observed that black-faced spoonbills gathered
to forage together (personal observation). Although a direct relationship between size of a flock and
feeding success rate has not been shown for Platalea, Hafner et al. (1982) reported that little
egrets—known to feed mainly on small fish while walking through wetlands, similar to the blackfaced spoonbill—showed a higher hunting efficiency when the number of birds hunting together
increased. As black-faced spoonbills, similar to little egrets, also use the sense of touch of their
beaks, it is possible that they increase their chances of feeding by frightening their prey and
directing it to other black-faced spoonbills in the same group. Conversely, the number of herons in
the same field were found to lower the feeding success rate of black-faced spoonbills. Grey herons,
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large egrets, intermediate egrets, and little egrets, which were observed in the same fields as the
black-faced spoonbills, prey on fish, amphibians, and benthic invertebrates in wetlands and are also
known to use rice fields for foraging (Lourenço and Piersma 2009; Choi et al. 2016; Choi et al.
2021b). Thus, their ecological niche largely overlaps that of black-faced spoonbills (Kim 2006; Yoo
et al. 2019). Most black-faced spoonbills were herein observed to share the rice fields with herons,
and these two species were frequently observed hunting together (personal observation). This same
behavior has already been reported in Roseate spoonbills (P. ajaja), African spoonbills (P. alba),
and Eurasian spoonbills (P. leucorodia), all congeners of black-faced spoonbills (Russell 1978; Kyle
2005; Hamza and Selmi 2016). Studies have shown that herons gain advantages in feeding success
rate and energy consumption by forming a group with spoonbills (Russell 1978; Kyle 2005; Hamza
and Selmi 2016). The unique foraging behavior of spoonbills (i.e., sweeping while walking) may
increase the movement of hidden potential preys and provide additional feeding opportunities for
herons, which capture food using their sight (Russell 1978; Hamza and Selmi 2016). This
opportunistic foraging behavior of herons may increase competition in rice fields, which are
isolated and have limited food resources, and consequently, lower the feeding success rate of blackfaced spoonbills. Conversely, the presence of Anatidae birds in the same field did not affect the
feeding success rate of black-faced spoonbills. Ducks feed on herbivorous food sources such as
water plants and down grains, so their ecological niche does not overlap (Rodrigues et al. 2002;
Nam et al. 2012; Shin et al. 2016).
Comparing with previous studies related to foraging behavior of Ardeidae birds in rice
fields, it was confirmed that black-faced spoonbills showed a lower feeding success rate, the ratio of
the number of successful feedings to the number of feeding attempts, than that of herons and egrets.
The feeding success rate of black-faced spoonbills was close to 50% in rice fields, whereas great,
intermediate, and cattle egrets, have been reported to be at least 60%, 60%, and 85%, respectively
(Choi et al. 2010, 2014b). During the breeding season, nest attendance time of black-faced
spoonbills decreases due to searching food for their chicks (Park 2019). However, black-faced
spoonbills that breed in inshore colonies use mainly tidal flats as feeding areas, and the feeding time
is limited according to tidal cycle (Kim 2006; Jeong et al. 2021). Black-faced spoonbills need
feeding areas that can continuously obtain the food to increase the breeding success rate (Yoo et al.
2019). Because rice fields are stable and continuous feeding areas for black-faced spoonbills to
obtain food, they can compensate for the tidal flats where limit the time owing to tidal cycle (Kim
2018). Therefore, despite the feeding success rate of spoonbill in paddy fields was lower than that
of other waterbird species from the result of this study, rice fields are still considered to be
important feeding grounds for spoonbill in the breeding season.
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CONCLUSIONS
The objective of the present study was to evaluate the feeding behavior of black-faced
spoonbills foraging in rice fields as well as the environmental characteristics of these fields and
external factors affecting the feeding success rate of the birds. The results showed that the blackfaced spoonbill increased its feeding success rate when the water level was 10 cm or less, rice
height was approximately 15 cm, and multiple black-faced spoonbills walked together at a fast
pace. The latter may be a strategy for these birds to increase the probability of acquiring food.
Because rice fields are artificial wetlands managed for cultivation, the water level, vegetation status,
and physical structure change depending on the cultivation stage, and the biomass in the field varies
as fish tend to move as the water level changes (Lane and Fujjoka 1998; Kim et al. 2016;).
Therefore, to allow black-faced spoonbills to use the rice fields for feeding, it is necessary to
maintain a water level of 15 cm or less before transplanting rice. Yoo et al. (2019) reported that the
fish biomass in the rice field increased before April, when the field was inundated by flooding
agricultural waterways and the breeding season of fish such as loaches (main food source of blackfaced spoonbills) began. Moreover, the use of pesticides must be minimized to increase abundance
of the loaches in rice fields. Therefore, an artificial supply of water to the rice field in early spring
and eco-friendly cultivated field can create a foraging space for black-faced spoonbills and
contribute to their conservation greatly.
List of abbreviations
FAP, flooded paddy after plowing.
PAP, flooded paddy after puddling.
RP, rice transplanted paddy.
Acknowledgments: We thank Kisup Lee, Jong-Hyun Park, Jin-Geum Kim and Ji-Yeon Lee for
their advice on the field work.
Authors’ contributions: I-KK, H-KN and S-YY designed the study. S-YY and I-KK performed
the field work. S-YY and H-KN analyzed the data and wrote draft of the manuscript. I-KK and JKH edited the manuscript. J-CY and I-KK supervised this study.
Competing interests: The authors declare that they have no conflicts of interests.

Zoological Studies 61:35 (2022)

Availability of data and materials: Supplementary materials are provided for download. The other
datasets used and analyzed during the current study are available from the first or corresponding
author on request.
Consent for publication: Not applicable.
Ethics approval consent to participate: Not applicable.

REFERENCES
Angermeier PL, Karr JR. 1984. Relationships between woody debris and fish habitat in a small
warmwater stream. T Am Fish Soc 113:716–726.
Barter M. 2002. Shorebirds of the Yellow Sea: importance, threats and conservation status.
Wetlands International Global Series 9, International Wader Studies 12, Canberra, Australia.
Bates D, Mächler M, Bolker B, Walker S. 2015. “Fitting Linear Mixed-Effects Models Using
lme4.” J Stat Softw 67(1):1–48. doi:10.18637/jss.v067.i01.
BirdLife International. 2021. Species factsheet: Platalea minor. Available at:
http://www.birdlife.org. Accessed 19 June 2021.
Choi CY. 2004. Wintering Ecology and Management of the Black-faced Spoonbill (Platalea minor)
in Seongsanpo, Jeju Province, Korea. MSc Thesis, Seoul National University, Republic of
Korea. (in Korean with English abstract)
Choi G, Nam H-K, Son S-J, Do MS, Yoo J-C. 2021a. The impact of agricultural activities on habitat
use by the Wood Sandpiper and Common Greenshank in rice fields. Ornithol Sci 20(1):27–37.
doi:10.2326/osj.20.27.
Choi G, Nam H-K, Son S-J, Do MS, Yoo J-C. 2021b. Effects of Pesticide Use on the Distributions
of Grey Herons (Ardea cinerea) and Great Egrets (Ardea alba) in Rice Fields of the Republic of
Korea. Zool Sci 38(2):162–169. doi:10.2108/zs200079.
Choi S-H, Nam H-K, Yoo J-C. 2014a. Characteristics of population dynamics and habitat use of
shorebirds in rice fields during spring migration. Korean Journal of Environmental Agriculture
33(4): 334–343. doi:10.5338/KJEA.2014.33.4.334.
Choi Y-S, Kim S-S, Yoo J-C. 2010. Feeding activity of cattle egrets and intermediate egrets at
different stages of rice culture in Korea. Journal of Ecology and Environment 33(2):149–155.
doi:10.5141/JEFB.2010.33.2.149.

Zoological Studies 61:35 (2022)

Choi Y-S., Kim S-S, Yoo J-C. 2014b. Feeding efficiency of Great Egrets (Ardea alba modesta) in
two different habitats, rice fields and a reservoir, during the breeding season. Korean Journal of
Ornithology 21(1):41–48. (in Korean with English abstract)
Choi Y-S, Kwon I-K, Yoo J-C. 2016. Nestling diet of three sympatric egret species: rice fields
support breeding egret populations in Korea. Ornithol Sci 15(1):55–62.
Choi Y-S, Hur W-H, Kim S-H, Kang S-G, Kim J-H, Kim H-J, Son J-S, Park J-Y, Yi J-Y, Kim C-H,
Kang J-H, Han S-H. 2012. Population Trends of Wintering Ducks in Korea. Korean Journal of
Ornithology 19(3):185–200. (in Korean with English abstract)
Elphick CS. 2010. Why study birds in rice fields? Waterbirds 33(sp1):1–7.
doi:10.1675/063.033.s101.
Elphick CS, Oring LW. 2003. Conservation implications of flooding rice fields on winter waterbird
communities. Agriculture, Ecosystems and Environment 94(1):17–29. doi:10.1016/S01678809(02)00022-1.
Fasola M, Ruiz X. 1996. The value of rice fields as substitutes for natural wetlands for waterbirds in
the Mediterranean region. Colon Waterbird 19(sp1):122–128. doi:10.2307/1521955.
Fujioka M, Armacost Jr JW, Yoshida H, Maeda T. 2001. Value of fallow farmlands as summer
habitats for waterbirds in a Japanese rural area. Ecol Res 16:555–567. doi:10.1046/j.14401703.2001.00417.x.
Gawlik DE. 2002. The effects of prey availability on the numerical response of wading birds. Ecol
Monogr 72(3):329–346. doi:10.1890/0012-9615(2002)072[0329:TEOPAO]2.0.CO;2.
Hafner H, Boy V, Gory G. 1982. Feeding methods, flock size and feeding success in the Little Egret
Egretta garzetta and the Squacco Heron Ardeola ralloides in Camargue, southern France.
Ardea 70:45–54.
Hamza F, Selmi S. 2016. Co-occurrence and commensal feeding between Little Egrets Egretta
garzetta and Eurasian Spoonbills Platalea leucorodia. Bird Study 63(4):509–515.
doi:10.1080/00063657.2016.1238035.
Hua N, Tan K, Chen Y, Ma Z. 2015. Key research issues concerning the conservation of migratory
shorebirds in the Yellow Sea region. Bird Conserv Int 25:38–52.
doi:10.1017/S0959270914000380.
Huang PY, Poon ESK, Wong ATC So IWY, Sung YH, Sin SYW. 2021. DNA metabarcoding reveals
the dietary composition in the endangered black-faced spoonbill. Sci Rep-UK 11(1):1–12.
doi:10.1038/s41598-021-97337-w.
Jeong M-S, Chio C-Y, Lee W-S, Lee K-S. 2021. Age-dependent shifts and spatial variation in the
diet of endangered Black-faced Spoonbill (Platalea minor) chicks. PLoS ONE 16(7):e0253469.
doi:10.1371/journal.pone.0253469.

Zoological Studies 61:35 (2022)

Kim IC. 2006. Breeding status and feeding ecology of black-faced spoonbill (Platalea minor) in
South Korea. Master thesis, Korea National University of Education, Korea (in Korean with
English abstract)
Kim JK. 2018. Researches on the habitat status and characteristics of Black-faced Spoonbill
(Platalea minor) during breeding season in Ganghwa province. Master thesis, Korea National
Open University, Korea. (in Korean with English abstract)
Kim S-K, Park H-S, Park S-R. 2016. Distribution of fish and amphibian in rice fields near the
Yedang Reservoir in Korea. Korean Journal of Environment and Ecology 30(1):48–57.
doi:10.13047/KJEE.2016.30.1.048.
Kwon I-K. 2017. Breeding and Conservation Biology of the Black-faced Spoonbill Platalea minor
in Korea. PhD dissertation, Kyung Hee University, Republic of Korea.
Kyle R. 2005. Co-operative feeding by Black Egrets, Little Egrets and African Spoonbills in
Ndumo Game Reserve, South Africa. Ostrich-Journal of African Ornithology 76(1-2):91–92.
doi:10.2989/00306520509486479.
Lane SJ, Fujioka M. 1998. The impact of changes in irrigation practices on the distribution of
foraging egrets and herons (Ardeidae) in the rice fields of central Japan. Biol Conserv
83(2):221–230. doi:10.1016/S0006-3207(97)00054-2.
Lawler SP. 2001. Rice fields as temporary wetlands: a review. Isr J Zool 47(4):513–528.
Lourenço PM, Piersma T. 2008. Stopover ecology of Black-tailed Godwits Limosa limosa limosa in
Portuguese rice fields: a guide on where to feed in winter. Bird study 55(2):194–202.
doi:10.1080/00063650809461522.
Lourenço PM, Piersma T. 2009. Waterbird densities in South European rice fields as a function of
rice management. Ibis 151(1):196–199. doi:10.1111/j.1474-919X.2008.00881.x.
Ma Z, Cai Y, Li B, Chen J. 2010. Managing wetland habitats for waterbirds: an international
perspective. Wetlands 30(1):15–27. doi:10.1007/s13157-009-0001-6.
Maeda T. 2001. Patterns of bird abundance and habitat use in rice fields of the Kanto Plain, central
Japan. Ecol Res 16:569–585. doi:10.1046/j.1440-1703.2001.00418.x.
Moser M, Prentice C, Frazier S. 1996. A global overview of wetland loss and degradation.
Proceedings of the 6th Meeting of the Conference of Contracting Parties, Brisbane, Australia,
Ramsar Convention Bureau, Gland, 19–27 March 1996.
Nam H-K, Choi S-H, Choi Y-S, Yoo J-C. 2012. Patterns of waterbirds abundance and habitat use in
rice fields. Korean Journal of Environmental Agriculture 31(4):359–367. (in Korean with
English abstract). doi:10.5338/KJEA.2012.31.4.359.
Nam H-K, Choi Y-S, Choi S-H, Yoo J-C. 2015. Distribution of waterbirds in rice fields and their use
of foraging habitats. Waterbirds 38(2):173–183.

Zoological Studies 61:35 (2022)

Park J-H. 2019. Breeding biology of the black-faced spoonbill (Platalea minor) in Incheon, Korea.
PhD dissertation, Sahmyook University, Republic of Korea. (in Korean with English abstract)
Pierluissi S. 2010. Breeding waterbirds in rice fields: a global review. Waterbirds 33(sp1):123–132.
Powell GV. 1987. Habitat use by wading birds in a subtropical estuary: implications of
hydrography. The Auk 104(4):740–749. doi:10.1093/auk/104.4.740.
R Core Team. 2020. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.
Rodrigues D, Figueiredo M, Fabião A. 2002. Mallard (Anas platyrhynchos) summer diet in central
Portugal rice fields. Game and Wildlife Science 19(1):55–62.
Russell JK. 1978. Effects of interspecific dominance among egrets commensally following Roseate
Spoonbills. The Auk 95(3):608–610.
Sánchez-Guzmán JM, Morán R, Masero JA, Corbacho C, Costillo E, Villegas A, Santiago-Quesada
F. 2007. Identifying new buffer areas for conserving waterbirds in the Mediterranean basin: the
importance of the rice fields in Extremadura, Spain. Biodivers Conserv 16:3333–3344.
doi:10.1007/s10531-006-9018-9.
Shin Y-U, Shin M-S, Lee H-S, Kang Y-M, Moon O-K, Park H-S, Oh H-S. 2016. Study for habitat
usage of Spot-billed duck in Korea, using GPS-Mobile Telemetry (WT-200). Korean Journal of
Environment and Ecology 30(2):146–154. (in Korean with English abstract)
doi:10.13047/KJEE.2016.30.2.146.
Stafford JD, Kaminski RM, Reinecke KJ. 2010. Avian foods, foraging and habitat conservation in
world rice fields. Waterbirds 33(sp1):133–150. doi:10.1675/063.033.s110.
Sung H, Kim J, Cheong S, Kim S, Jo J, Cheong M, Choi Y-S, Park S-R. 2009. A case study on
foraging behavior of oriental white storks (Ciconia boyciana) in the variation of prey density
and water depth. Korean Journal of Environmental Biology 27(2):155–163. (in Korean with
English abstract)
Swennen C, Yu Y-T. 2005. Food and feeding behavior of the Black-faced Spoonbill. Waterbirds
28(1):19–27. doi:10.1675/1524-4695(2005)028[0019:FAFBOT]2.0.CO;2.
Yoo S-Y, Kwon I-K, Yoo J-C. 2019. Feeding behavior of Black-faced Spoonbills Platalea minor on
rice paddy in Gangwha Island, Korea. Korean Journal of Environmental and Ecolgy 33(2):168–
177. (in Korean with English abstract) doi: 10.13047/KJEE.2019.33.2.168.
Yu Y-T, Swennen C. 2004. Habitat use of the Black-faced Spoonbill. Waterbirds 27(2):129–134.
doi:10.1675/1524-4695(2004)027[0129:HUOTBS]2.0.CO;2.
Yu Y-T, Li C-H, Tse IWL, Fong HHN. 2020. International Black-faced Spoonbill Census 2020.
Black-faced Spoonbill Research Group, The Hong Kong Bird Watching Society, Hong Kong.

Zoological Studies 61:35 (2022)

Supplementary materials
Table S1.

Results of black-faced spoonbill's potential prey collection at rice fields, Ganghwa,

Korea from April to May 2017. ID consists of the order of survey, the name of captured area (N:
Nupseong-ri; O: Odoo-ri; Y: Yeon-ri; C: Choji-ri), and the identification code of rice paddy.
(download)
Table S2.

Dataset of recorded feeding behaviors of black-faced spoonbills and results of field

surveys. ID consists of the order of survey, the name of filmed area (N: Nupseong-ri; O: Odoo-ri; Y:
Yeon-ri), and the identification code of rice paddy and recorded spoonbills. (download)

