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Coastal wetlands are among the most modified habitats because of the loss and
degradation of tidal flats, resulting in a rapid decline in waterbirds migrating along
flyways. Understanding the relative importance of multiple types of wetlands as
habitats for waterbirds and the factors influencing their utilization could improve
management effectiveness. During the wintering seasons of 2021-2022 and
2022-2023, we documented the distribution of Eurasian spoonbills (Platalea
leucorodia), a wetland specialist, in the Yancheng National Nature Reserve
(YNNR) and quantified the surrounding environments as influencing factors to
assess the relationship between their habitat use patterns and environmental
characteristics. Our results showed that spoonbills inhabit common seepweed
(Suaeda glauca) marshes, reed (Phragmites australis) ponds, aquaculture ponds,
and agricultural channels. Although natural wetlands supported a greater number
of spoonbills in the YNNR, spoonbills were able to forage in artificial wetlands.
The environmental features where the spoonbills were distributed were found to
influence their habitat use, and the most important factor was water depth,
followed by species richness and vegetation cover. These results demonstrated
that spoonbills rely on both natural and artificial wetlands in the core and buffer
zones of the YNNR. Our research thus underlined that conservation interventions
of natural and artificial wetlands, such as controlling the water depth and
diminishing human activities, might maximize the effects of total conservation
outcomes for the Eurasian spoonbills, as well as for various coastal waterbirds
with similar ecological requirements.
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1 Introduction

Land-use change is considered a driver of biodiversity loss (Cai
etal, 2017; Regos et al., 2018). Coastal wetlands are among the most
modified habitats because of the loss and degradation of tidal flats
(Studds et al., 2017; Choi et al., 2018), resulting in a rapid decline in
waterbirds migrating along flyways worldwide (Amano et al., 2012;
Fan et al,, 2021). While wetlands play an important role in the life
cycle of waterbirds, the quality of coastal wetlands as habitats is
particularly pivotal for their survival and physiological conditions,
especially during winter when temperatures drop and food is scarce
(Piersma et al., 2017). It may also affect reproduction rates during
the subsequent breeding season. Therefore, attention must be paid
to coastal wetland conservation for the rapid expansion of artificial
environments. There is also a need to improve the habitat quality of
waterbirds based on their ecological requirements (Jackson
et al., 2020).

Considerable research has been conducted on the advances in
and the suitability of altered habitats for coastal waterbirds (Navedo
et al,, 2017; Jackson et al,, 2021). Artificial environments, including
aquaculture ponds, farmlands, and saltpans around natural tidal
flats, are frequently used, although their functions for waterbirds are
not sufficient to replace natural wetlands (Yu et al., 2019; Xu et al,,
2020; Takehiko et al,, 2023). The potential use of anthropogenic
habitats by waterbirds is affected by their physical features (such as
water areas, bare lands, and water depth) and the surrounding
environmental conditions. Understanding the relative importance
of anthropogenic habitats and the factors affecting waterbird use
could improve the effectiveness of targeted conservation actions
(Wang et al,, 2022; Takehiko et al., 2023). Many waterbird species
occur regularly in artificial wetlands, including those associated
with agriculture (Elphick and Taft, 2010), aquaculture (Basso et al.,
2017; Navedo et al, 2017), and salt production (Athearn et al,
2012). Habitat conditions may change over a short period of time
because of human activities, which could largely affect waterbird
use. For example, coastal aquaculture ponds are harvested by
draining the water to low levels to concentrate fish and shrimp
(Green et al,, 2015). Waterbirds gather in the ponds and forage
opportunistically. Waterbirds prefer habitats with relatively high
safety and low human disturbance, where they can easily detect
approaching dangers.

In recent years, the waterbird decline has been particularly
severe in the East Asian-Australasian Flyway (Yu et al, 2019
Jackson et al., 2020). The research and conservation communities
along this flyway have focused on the negative effects of increasing
reclamation in intertidal areas (Chen et al., 2019). Eurasian
spoonbills (Platalea leucorodia), wetland specialists, have a broad
distribution range and a large population size. Three subspecies and
four biogeographical populations have been identified. Among
them, the East Asian population, whose breed range mainly
covers Northeast Asia, Mongolia, and China, winters in Southeast
China, South Korea, and Japan (Xi et al., 2021; Fu et al,, 2023).
Recent surveys have considerably improved our knowledge of the
Eurasian spoonbill ecology in terms of breeding, feeding habits, and
behavioral patterns (Hu et al., 1999; Veen et al., 2012; Li et al., 2014).
This species has been listed as a species of least concern (LC) on the
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International Union for Conservation of Nature (IUCN) Red List
(BirdLife International, 2019). It is listed as a second-class protected
wild animal in China. It is assessed as “Vulnerable” in the Chinese
red list of endangered animal species and also listed in the CITES
(the Convention on International Trade in Endangered Species of
Wild Fauna and Flora) Appendices II. However, current knowledge
regarding their detailed habitat use patterns of natural and artificial
environments in winter remains limited.

With the deployment of satellite tracking technology, the
migration flyway structure of Eurasian spoonbills has been
reported (Jelena et al., 20125 Xi et al,, 2021). They prefer to roost
in and near wetlands. In China, the wintering range includes the
lower reaches of the Yangtze River, South China, and southeast
coastal areas. For example, the Yancheng National Nature Reserve
(YNNR) in East China, known as the largest wintering area for the
red-crowned crane (Grus japonensis), is an important wintering
area and stopover site for waterbirds along East Asian-Australasian
Flyway. Based on research on the degradation and loss processes of
coastal land use types, natural coastal wetlands have mainly been
transformed into artificial lands to meet the needs of agriculture and
aquaculture (Cai et al, 2017; Chen et al, 2019). The reserve is
considered a stable coastal wintering area for the Eurasian
spoonbill, based on location information from satellite tracking
and regular monitoring (Xi et al., 2021), although there is no
reported information related to this population. The Eurasian
spoonbill is considered to be threatened because of its narrow
feeding niche and reliance upon threatened and degrading
wetlands (Xi et al., 2021; Takehiko et al., 2023). Therefore, human
modifications of the land in the YNNR might have had a negative
impact on the survival of the Eurasian spoonbill.

In this study, we documented the abundance and general behavior
of Eurasian spoonbills to determine their use at specific sites in the
YNNR. We also quantified the surrounding environment features as
influencing factors in both natural and artificial wetlands to examine
the relationships between spoonbill habitat use patterns and
environmental characteristics. Information on their habitat use in the
YNNR would help improve the conservation status and wintering
conditions by guiding conservation management.

2 Materials and methods
2.1 Study site

The YNNR extends approximately 580 km from north to west (32°
35'-34°28'N, 119°37'-120°53'E, Figure 1) along the coast of the Yellow
Sea, and is the largest coastal zone reserve in China (Duan and Yu,
2023). It comprises offshore mud-flats and multiple onshore habitats.
From the coast to the inland in the core zone, tidal flats dominated by
smooth cordgrass (Spartina alterniflora), common seepweed (Suaeda
glauca), and reeds (Phragmites australis) are distributed in a stratified
pattern (Li et al., 2019; Okoye et al., 2020). The water depth in this area
can be controlled using sluice gates connected to the rivers. Natural
wetlands including common seepweed marshes and reed ponds are
primarily distributed in the core zone (Xu et al,, 2019). In the buffer
zones, the artificial habitats used by waterbirds mainly include
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Maps showed the study area, distribution patterns of Eurasian spoonbills and their use of reed ponds, aquaculture ponds, and agricultural channels.
The two red rectangles showed the range of Jiangsu Province. The CZ (core zone), BZ (buffer zone), and EZ (experimental zone) of the YNNR are
also shown on the map. The black rectangle covers the core zone and buffer zones of the reserve and was the target area in this study.

aquaculture ponds and farmlands (Wang et al., 2020a; Wang et al,
2020b). Aquaculture ponds are connected to river courses to enter and
drain water. Farmland is used as paddy fields and wheat fields for crop
rotation, and agricultural channels for irrigation have been established
on the farmland. The local government built permanent roads
connecting each functional zone throughout the reserve. Lanes for
cars and trucks in the buffer zones have benefited the transportation of
agricultural and aquaculture products.

2.2 Field surveys

This study was conducted in the core and buffer zones of the
YNNR. According to the migration schedules of Eurasian
spoonbills (Fu et al., 2023), we conducted line transect surveys to
record bird distribution and habitat use in two consecutive
wintering seasons for this bird from November to March in 2021-
2022 and 2022-2023. Because of the differences among individuals
and regions, we confirmed this migration schedule based on local
climate conditions and related migration studies (Xi et al., 2021).
On clear days with good observation conditions, we applied line
transect surveys to observe spoonbills with binoculars (10x) and
telescopes (20-40x), starting in the daytime at 8:00. Each survey
lasted three days. The line transects began at the YNNR
administrative station and covered the northern buffer, the core,
and the southern buffer zones. Cars were used in the field because of
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the large survey area. In total, we conducted 12 complete surveys
(19-21 Nov, 11-13 Dec, and 25-27 Dec in 2021, 15-17 Jan, 10-12
Feb, 5-7 Mar, 12-14 Nov, 13-15 Dec, and 27-29 Dec in 2022, and 7-
9 Jan, 4-6 Feb, and 2-4 Mar in 2023).

Eurasian spoonbills could be easily recognized due to their large
body size, obvious feather characteristics, and unique foraging
behavior (Shao et al., 2016; Takehiko et al., 2023). When foraging,
spoonbills sweep their long beaks submerged in the water from left
to right. During field surveys, we recorded the number, location (by
using an Android device), habitat type, and habitat function based
on the general behavior (resting or foraging) of spoonbills. Our
investigations inevitably raised the birds’ alarm in the field, and they
would fly away when the surveyors approached too close. Thus, we
did not record their behavior when they were alert. We confirmed
their resting or foraging behavior outside their vigilance range.
Individuals that flew away as soon as they were detected were not
recorded. Each flock of spoonbills was taken as a sample unit with
one location point marked in Google Earth software.

2.3 Influence factors affecting habitat use

To determine the factors affecting the habitat use of Eurasian
spoonbills, the environmental features of their habitat were divided
into three categories: (1) habitat characteristics (water depth,
vegetation cover, and distance to nearest night roosting site),
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(2) community characteristics (species abundance, richness, and the
presence or absence of black-faced spoonbills (P. minor)), and
(3) potential disturbance (distance to road and structures) (Table 1).
Eurasian spoonbills in the YNNR are usually concentrated in the core
area, where they spend the night. The distance to the nearest night
roosting site was considered an environmental feature of the
observation points (Kong et al., 2018). Vegetation cover was
recorded to assess the habitat invisibility around where Eurasian
Spoonbills were distributed (Yu et al., 2019). Black-faced spoonbills
share similar habitat requirements and migration schedules with
Eurasian spoonbills (Yu and Swennen, 2004; Takehiko et al.,, 2023).
The presence of this species was recorded in order to estimate the
effects of competition and/or mutualism. Pond bunds, channel banks,
and vegetation edges were considered as inherent boundaries of
spoonbill habitats. For comparison, we randomly selected points
near where the spoonbills were distributed for measurement. We
measured a total of 100 points during field surveys.

2.4 Data analysis

The relationships between spoonbill abundance and the
environmental variables were estimated using linear regression.
We transformed the data to log(X) using a logarithmic method,
where X was the number of spoonbills. Generalized linear mixed
models (GLMMs) with mixed effects were employed to assess the

TABLE 1 Environmental features of habitat used by Eurasian spoonbills.

Environmental
feature

Description

Water depth Water depth was estimated by observing the tarsus
(14.8 cm) of a spoonbill. A measuring stick was used
to estimate the water depth. We also interviewed
owners of aquaculture ponds for water depth. If the
water depth was estimated to be more than 1 m, we

recorded it as 1 m.

Vegetation cover Vegetation cover around where the spoonbills were
distributed was estimated into five different classes
from zero to four. 0 represented no vegetation cover
on inherent boundaries, while 4 represented all

inherent boundaries were covered.

Distance to night
roosting site

Distance to the confirmed night roosting site in the
core zone was measured in meters using Google Earth.

The total number of all bird individuals at the site
where the spoonbills were distributed within

Species abundance

inherent boundaries.

Species richness The total number of all bird species at the site where
the spoonbills were distributed within

inherent boundaries.

Black-faced spoonbills = The presence of black-faced spoonbills was coded as 1/

0 to represent its presence/absence.

Distance to the nearest road was measured in meters
using Google Earth.

Distance to road

Structures Number of structures (buildings, feeding machines,
and wire poles) within 10 m of the

inherent boundaries
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relationship between environmental features and the utilization
probability of Eurasian spoonbills in the study area. Survey
regions (buffer and core zone of the YNNR) and years were
incorporated into each model as random intercepts. A binomial
distribution (presence or absence) was applied to the model
analysis. According to our field observations, the population of
wintering black-faced spoonbills in the YNNR was relatively small;
we only recorded three instances when they foraged or rested
together with the Eurasian spoonbills. Thus, we did not consider
the presence of this species as a variable that would affect the habitat
use of Eurasian spoonbills. Variables for the model analysis were
standardized by subtracting by its mean and dividing it by twice the
standard deviation (Gelman et al., 2008). Auto-correlated variables
were identified by evaluating the variance inflation factor (VIF)
among variables using the usdm package. The VIFs of variables in
this study were less than two, suggesting little collinearity among
the variables (O’Brien, 2007, Table 2). When models were
completed, the Akaike Information Criterion (AIC) values were
obtained by generating summary statistics (Burnham and
Anderson, 2002). Then, second-order AIC (AICc) values for
small sample sizes and Akaike weights were used for model
selection. Models with values of < 2.0, which might be complete
for best-approximating models, were further selected as equally
plausible models (Burnham and Anderson, 2002). By summing the
Akaike weights of a certain variable in all models, the relative
importance of the variables were therefore estimated. Model
accuracy was assessed by calculating the area under the curve
(AUC) of the receiver operating characteristic (ROC) using the
package pROC (Franklin, 2010). Analyses were performed in R
4.3.2 using the Ime4, MuMIn, and ggplot2 packages. Averages are
presented as mean + SE.

3 Results

3.1 Habitat utilization patterns of
Eurasian spoonbills

In total, 2,813 individuals of Eurasian spoonbills were recorded
in our 12 surveys. The number of wintering spoonbills observed
per complete field survey was 234 + 9 (range: 159-269 individuals).

TABLE 2 The variance inflation factor (VIF) values of variables affecting
habitat use of Eurasian spoonbills.

Variable VIF

Water depth 1.103
Vegetation cover 1.332
Distance to night roosting site 1.212
Species abundance 1.231
Species richness 1.166
Distance to road 1.499
Structures 1.688
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The flock size of spoonbills was 22 + 2 (range: 2-130 individuals).
Spoonbills used multiple habitats including common seepweed
marshes, reed ponds, aquaculture ponds, and agricultural
channels. More spoonbills were found in natural wetlands (11.7%
in common seepweed marshes and 48.3% in reed ponds) than in
artificial habitats (29.6% in aquaculture ponds and 10.4% in
agricultural channels) (Figure 1). Spoonbills spent more time
foraging (68.6%) than resting (31.4%) during the day, and
foraging behavior was dominant in all habitats (84.1% in
common seepweed marshes, 87.1% in aquaculture ponds, and
86.9% in agricultural channels), except in the reed ponds (49.6%).

3.2 Influence factors affecting habitat use

Eurasian spoonbills preferred habitats with shallow water (7.4 +
0.3 cm), more vegetation cover (2.1 + 0.1) around, near the night
roosting site (7.1 + 0.3 km), not immediately adjacent to roads
(672.0 + 87.3 m), and with fewer structures (4.8 + 0.4). We recorded
2.4 % 0.1 species and 41.3 + 3.1 individuals of waterbirds sharing the
same habitat with spoonbills flocks. Spoonbill abundance was
significantly correlated with the distance to road, structures,
vegetation cover, and water depth (Figure 2).

All the variables set for the GLMMs were included in nine best-
fitting models (AAICc within 2) to explain the habitat use of
spoonbills (Table 3). Water depth was included in all of the
models, indicating that the effects of this variable were always
correlated with spoonbill presence. The effects of other variables
were relatively weak (Figure 3). With a significant influence in
predicting the probability of spoonbills habitat utilization, water
depth (P=0.000, Table 4) showed a non-linear relationship with the

P=0.135, R?=0.010 P=0.013, R2=0.010

10.3389/fevo.2024.1357765

probability of spoonbill presence (Figure 4). The estimated
coefficients of vegetation cover, distance to night roosting site,
and distance to road were positive with spoonbill presence,
whereas those of species abundance, species richness, and
structures were negative (Table 4). The AUC value of the top
model was 0.9978, suggesting an outstanding predictive capacity
between habitats where spoonbills were present or absent.

4 Discussion

During our study period, we documented the wintering
distribution and assessed habitat use patterns in the coastal area
with multiple types of wetlands for the Eurasian spoonbill, a
wetland specialist, in the YNNR. Our data indicated that
spoonbills rely on both natural (common seepweed marshes and
reed ponds) and artificial wetlands (aquaculture ponds and
agricultural channels). Although natural wetlands supported a
greater number of spoonbills in the YNNR, spoonbills were
adaptable to artificial wetlands. Spoonbills spent more time
foraging than resting in the artificial wetlands. By quantifying the
characteristics of the sites used by spoonbills, we suggested that
environmental features would influence their presence.
Additionally, the most important factor was water depth, followed
by species richness and vegetation cover.

The Eurasian spoonbill is listed as a national second-class
protected wild animal in China (Xi et al., 2021). Research on its
migration routes using satellite tracking has indicated that this
species lives and feeds on wetlands during winter. Their
geographical distribution ranges only in wetlands below 100 m
above sea level (Elhacen et al., 2013; Fu et al., 2023). The YNNR

P=0.235, R?=0.003 P=0.651, R2=0.006
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FIGURE 2

Relationships between Eurasian spoonbill abundance and habitat characteristics, community characteristics, and potential disturbance.
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TABLE 3 Model selection results for GLMMs of factors influencing the presence of Eurasian spoonbills with AAICc < 2.

Model df logLik AlCc AAICc wi

Species richness + Vegetation cover + Water depth 5 53.86 -97.73 0.00 0.21

Vegetation cover + Water depth 4 52.40 -96.81 0.92 0.13

Species richness + Water depth 4 52.37 -96.74 0.99 0.13

Species richness + Structures + Water depth 5 53.20 -96.39 1.33 0.11

Species richness + Structures + Vegetation cover + Water depth 6 54.02 -96.04 1.68 0.09

Distance to night roosting site + Species richness + Vegetation cover + Water depth 6 53.95 -95.90 1.83 0.09
Distance to road + Species richness + Vegetation cover + Water depth 6 5391 -95.83 1.90 0.08
Water depth 3 50.87 -95.74 1.98 0.08

Species abundance + Species richness + Vegetation cover + Water depth 6 50.87 -95.73 1.99 0.08

df, degree of freedom; AAICc is the absolute difference in the Akaike’s Information Criterion value adjusted for small sample sizes (AICc) between the best-fitting model and the models under
consideration. The model with AAICc value 0 has the most support, and values between 0 and 2 have substantial support. wi is the Akaike weight which provides a measure of relative support for
each model.

covers most of the coastal wetlands in Yancheng City. According to  high density of plant cover, there was no space for spoonbills within
our survey, the coastal wetlands in the YNNR are regular wintering  this habitat. Moreover, the promotion of sedimentation by smooth
grounds that support a stable population. cordgrass altered the effects of tides in this area, causing water scarcity
Natural wetlands are high-quality habitats for waterbirds, with ~ (Wang et al, 2019). Thus, the water depth was maintained at an
diverse habitat types, good habitat conditions, abundant food  appropriate level in common seepweed marshes and reed ponds
resources, and minimal human interference (Ma et al, 2004).  because the water level was controlled by sluice gates connected to
Natural wetlands have been suggested as suitable habitats within the  the river, maintaining the main habitats for spoonbills.
distribution range of Eurasian spoonbills throughout Poyang Lake (Zhi After decades of intensive utilization, the YNNR has developed
et al, 2020), Dongting Lake (Yuan et al, 2013), and Shengjin Lake  a land use mode mainly consisting of aquaculture ponds and
(Zhang et al,, 2021) in the Yangtze River floodplain of China. Natural ~ farmland (accounting for 60%), resulting in the degradation of
wetlands are preserved in the core zone of the YNNR, supporting a  natural wetlands (He et al., 2021). Many studies associated with the
large number of wintering waterbirds, many of which are listed as  habitat use of Eurasian spoonbills have determined that they forage
nationally protected animals and are on the JUCN Red List (Wang  in artificial wetlands, including agricultural channels (Fujioka et al.,
et al., 2020b). Our results showed that natural wetlands in the cone  2010; Xi et al., 2021. Takehiko et al., 2023). Based on the records in
zone of the YNNR are important habitats for Eurasian spoonbills, while ~ this study, we confirmed their distribution in the agricultural
the surrounding artificial habitats in the buffer zones also play vital ~ channels in the buffer zones of the YNNR. Furthermore,
roles in supporting spoonbills and other waterbirds for their resting  aquaculture ponds were vital foraging habitats for this species. In
and foraging. A stratified pattern of tidal flats dominated by smooth ~ some regions, aquaculture ponds and agricultural channels could
cordgrass, common seepweed, and reeds is distributed in the core zone  supply spoonbills with sufficient prey items (Walton et al., 2015;
of the YNNR from the sea to inland. We did not record spoonbills in ~ Cheng et al., 2022). Fish, crabs, and snails could be obtained from
the smooth cordgrass tidal flats during our field surveys. Due to the = aquaculture ponds when these food resources were available.
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FIGURE 3
Relative importance of each variable (calculated by summing the Akaike weights [wi] across all models where a certain variable was included)
determining the occurrence of Eurasian spoonbills.
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TABLE 4 Coefficients of the variables influencing the presence of Eurasian spoonbills including standard errors and its 95% confidence intervals (Cl).

Variable Estimated coefficient SE P 95%Cl
Water depth 0.911 0.026 0.000 0.859, 0.963
Vegetation cover 0.043 0.030 0.327 -0.009, 0.095
Distance to night roosting site 0.011 0.008 0911 -0.063, 0.041
Species abundance -0.002 0.008 0.983 -0.058, 0.054
Species richness -0.044 0.029 0.237 -0.095, 0.007
Distance to road 0.009 0.008 0.931 -0.046, 0.063
Structures -0.026 0.017 0.757 -0.083, 0.032

Although natural wetlands supported a greater number of
spoonbills in the YNNR, spoonbills showed an adaptability to
artificial wetlands. Therefore, practical conservation should
concurrently focus not only on natural wetlands but also on
suitable artificial wetlands.

Human disturbances in artificial habitats was evaluated to
negatively affect coastal waterbird populations at broader spatial
scales (Jackson et al., 2020). This research showed that Eurasian
spoonbills used various habitats, including artificial ones, around
the core zone in the YNNR, for different behavioral purposes.
Spoonbills preferred to forage in habitats with suitable water
depth and low human disturbance. We did not record spoonbills
presenting in habitats with water levels > 16 cm in our field surveys.
Their foraging behavior was dominant in aquaculture ponds and
agricultural channels. The conservation of artificial habitats was
necessary to benefit this species, especially in the buffer zones.

To improve the quality of artificial habitats with effective
management and conservation interventions, more detailed
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FIGURE 4

Relationship between selection probability of Eurasian spoonbills
and water depth (cm) of the most supported model (the grey area
represents the 95% confidence intervals).
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habitat use patterns of waterbirds in artificial environments are
urgently required (Cheng and Ma, 2023). Research has shown that
manipulating the water depth of aquaculture ponds would benefit a
number of shorebirds (Walton et al., 2015; Dai et al., 2021). More
studies on how habitat functions (e.g., foraging and roosting sites)
vary before and after aquaculture activities and farmland
management, and how waterbirds respond to these changes,
would improve our understanding of their habitat use (Amano
et al., 2018). Eurasian spoonbills are recognized as specialist
waterbirds in shallow water (Sullender et al., 2016; Zhi et al,,
2020) and average higher foraging success rates in areas with
water depths of 28.1-36.6 cm. Consistent with previous results,
our study showed that spoonbills frequently used artificial habitats
with shallow water depths. However, available ponds were in short
supply because the water level of most ponds was maintained above
1 m for aquaculture. Winter farmland management led to a
decrease or even a drying up of the water levels in agricultural
channels because there was no need for irrigation in winter. Thus,
water management in farming practices had dramatic consequences
on the suitability of Eurasian spoonbills.

In the YNNR, promoting wetland habitats that maintained the
wintering populations of Eurasian spoonbills would be an effective
strategy for their protection, as well as for other overwintering
waterbirds, including cranes, storks, geese, ducks, shorebirds, gulls,
and herons. It is important to retain natural wetlands and conduct
the ecological restoration of wetlands for waterbirds. Controlling
the water depth in wetland habitats and diminishing human
activities are important measures for creating suitable habitats for
waterbirds (Zhang et al., 2021). Our research underlined that
conservation interventions of natural wetlands in the core zone,
as well as artificial habitats in the buffer zones of the YNNR, might
maximize the effects of total conservation outcomes for Eurasian
spoonbills, as well as for various coastal waterbirds with similar
ecological requirements.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fevo.2024.1357765
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Xu et al.

Author contributions

PX: Conceptualization, Investigation, Writing — original draft.
SM: Formal analysis, Investigation, Writing — original draft. SZ: Data
curation, Formal analysis, Writing — review & editing. GB: Writing -
review & editing. YZ: Data curation, Investigation, Writing — review
& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the National Natural Science Foundation of China
(32201427) and the Opening project of Jiangsu Key Laboratory for
Bioresources of Saline Soil (JKLBZ202004 and JKLBS2019009).

Acknowledgments

We thank Hong Chen, Yangyang Zhong, and Jie Gao for their
help during the field surveys. We thank the Administrative Office of
Yancheng National Nature Reserve for approval and assistance
during field surveys.

References

Amano, T., Székely, T., Koyama, K., Amano, H., and Sutherland, W. J. (2012). A
framework for monitoring the status of populations: An example from wader
populations in the East Asian-Australasian flyway. Biol. Conserv. 145 (9), 278-295.
doi: 10.1016/j.biocon.2011.06.006

Amano, T., Szekely, T., Sandel, B., Nagy, S., Mundkur, T., Langendoen, T., et al.
(2018). Successful conservation of global waterbird populations depends on effective
governance. Nature 533, 199-207. doi: 10.1038/nature25139

Athearn, N. D., Takekawa, J. Y., Bluso-Demers, J. D., Shinn, J. M., Brand, L. A.,
Robinson-Nilsen, C. W., et al. (2012). Variability in habitat value of commercial salt
production ponds: implications for waterbird management and tidal marsh restoration
planning. Hydrobiologia 697, 139-155. doi: 10.1007/s10750-012-1177-y

Basso, E., Fonseca, J., Drever, M. C., and Navedo, J. G. (2017). Effects of intertidal
habitat availability on the use of anthropogenic habitats as foraging grounds by
shorebirds: a case study on semi-intensive shrimp farms. Hydrobiologia 809, 19-29.
doi: 10.1007/s10750-017-3394-x

BirdLife International (2019)Platalea leucorodia (amended version of 2016
assessment). In: The IUCN Red List of Threatened Species 2019 (Accessed 21
November 2023).

Burnham, K. P., and Anderson, D. R. (2002). Model selection and multimodel
inference: A practical information-theoretic approach. 2nd ed (New York: Springer).

Cai, F., Van Vliet, J., Verburg, P., and Pu, L. (2017). Land use change and farmer
behavior in reclaimed land in the middle Jiangsu coast, China. Ocean Coast. Manage.
137, 107-117. doi: 10.1016/j.ocecoaman.2016.12.015

Chen, Y., Dong, J., Xiao, X., Ma, Z., Tan, K., Melville, D., et al. (2019). Effects of
reclamation and natural changes on coastal wetlands bordering China’s yellow sea from
1984 to 2015. Land Degrad. Dev. 30 (13), 1533-1544. doi: 10.1002/1dr.3322

Cheng, C,, Liu, J., and Ma, Z. (2022). Effects of aquaculture on the maintenance of
waterbird populations. Conserv. Biol. 36, e13913. doi: 10.1111/cobi.13913

Cheng, C., and Ma, Z. (2023). Conservation interventions are required to improve
bird breeding performance in artificial wetlands. Biol. Conserv. 278, 109872. doi:
10.1016/j.biocon.2022.109872

Choi, C. Y., Jackson, M. V., Gallo-Cajiao, E., Murray, N. J., Clemens, R. S., Gan, X,,
et al. (2018). Biodiversity and China's new great wall. Divers. Distrib. 24, 137-143. doi:
10.1111/ddi.12675

Dai, W., Goodale, E., He, R., Mammides, C., Liu, S., and Zhou, L. (2021). An eco-
compensation policy increases shorebird diversity during the non-farming period for
aquaculture. Wetlands 41, 4. doi: 10.1007/s13157-021-01397-7

Frontiers in Ecology and Evolution

10.3389/fevo.2024.1357765

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fevo.2024.1357765/
full#supplementary-material

Duan, H. L., and Yu, X. B. (2023). Variation of waterbird habitat in the Yellow and
Bohai Seas, China. Acta Ecologica Sinica. 43, 6354-6363. doi: 10.5846/
stxb202207202071

Elhacen, E., Overdijk, O., Lok, T., Olff, H., and Piersma, T. (2013). Home Range,
Habitat Selection, and Foraging Rhythm in Mauritanian Spoonbills (Platalea
leucorodia balsaci): A Satellite Tracking Study. Waterbirds, 36, 277-286. doi:
10.1675/063.036.0305

Elphick, C. S., and Taft, O. (2010). Management of rice fields for birds during the
non-growing season. Waterbirds 33, 181-192. doi: 10.1675/063.033.s114

Fan, J., Wang, X. D., Wu, W., Chen, W. P, Ma, Q., and Ma, Z. J. (2021). Function of
restored wetlands for waterbird conservation in the Yellow Sea coast. Sci. Total Environ.
756, 144061. doi: 10.1016/j.scitotenv.2020.144061

Franklin, J. (2010). Mapping Species Distributions: Spatial Inference and Prediction
(Cambridge: Cambridge University Press).

Fu, A, Gao, E,, Tang, X,, Liu, Z., Hu, F., Zhan, Z,, et al. (2023). MaxEnt Modeling for
Predicting the Potential Wintering Distribution of Eurasian Spoonbill (Platalea
leucorodia leucorodia) under Climate Change in China. Animals 13, 856. doi:
10.3390/ani13050856

Fujioka, M., Lee, S. D., Kurechi, M., and Yoshida, H. (2010). Bird use of rice fields in
Korea and Japan. Waterbirds 33, 8-29. doi: 10.1675/063.033.s102

Gelman, A., Jakulin, A., Pittau, M. G., and Su, Y. S. (2008). A weakly informative
default prior distribution for logistic and other regression models. Ann. Appl. Stat. 2,
1360-1383. doi: 10.1214/08-A0AS191

Green, J. M. H,, Sripanomyom, S., Giam, X., and Wilcove, D. S. (2015). The ecology
and economics of shorebird conservation in a tropical human modified landscape. J.
Appl. Ecol. 52, 1483-1491. doi: 10.1111/1365-2664.12508

He, L, Li, G. S, Cuij, L. L, Li, L. J,, Chen, Y. H, and Tu, X. S. (2021). Coupling
relationship between reclamation and social economics development in north Jiangsu
coastal area. Acta Ecologica Sin. 4 (23), 9228-9238. doi: 10.5846/stxb202007161869

Hu, W. H,, Yu, G. Q, He, S. C,, Liu, Z. Y., and Xu, W. B. (1999). Overwintering
ecology of white Spoonbill. Territ. Nat. Resour. Stud. 1, 69-71.

Jackson, M. V., Choi, C. Y., Amano, T., Estrella, S. M., Lei, W., Moores, N., et al.
(2020). Navigating coasts of concrete: pervasive use of artificial habitats by shorebirds
in the Asia-Pacific. Biol. Conserv. 247, 108591. doi: 10.1016/j.biocon.2020.108591

Jackson, M. V., Woodworth, B. K., Bush, R., Clemens, R. S., Fuller, R. A., Garnett, S.
T., et al. (2021). Widespread use of artificial habitats by shorebirds in Australia. EMU
121, 187-197. doi: 10.1080/01584197.2021.1873704

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fevo.2024.1357765/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fevo.2024.1357765/full#supplementary-material
https://doi.org/10.1016/j.biocon.2011.06.006
https://doi.org/10.1038/nature25139
https://doi.org/10.1007/s10750-012-1177-y
https://doi.org/10.1007/s10750-017-3394-x
https://doi.org/10.1016/j.ocecoaman.2016.12.015
https://doi.org/10.1002/ldr.3322
https://doi.org/10.1111/cobi.13913
https://doi.org/10.1016/j.biocon.2022.109872
https://doi.org/10.1111/ddi.12675
https://doi.org/10.1007/s13157-021-01397-7
https://doi.org/10.5846/stxb202207202071
https://doi.org/10.5846/stxb202207202071
https://doi.org/10.1675/063.036.0305
https://doi.org/10.1675/063.033.s114
https://doi.org/10.1016/j.scitotenv.2020.144061
https://doi.org/10.3390/ani13050856
https://doi.org/10.1675/063.033.s102
https://doi.org/10.1214/08-AOAS191
https://doi.org/10.1111/1365-2664.12508
https://doi.org/10.5846/stxb202007161869
https://doi.org/10.1016/j.biocon.2020.108591
https://doi.org/10.1080/01584197.2021.1873704
https://doi.org/10.3389/fevo.2024.1357765
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Xu et al.

Jelena, K., Antun, Z., Tibor, M., and Otto, O. (2012). Movements of immature Eurasian
Spoonbills Platalea leucorodia from the breeding grounds of the eastern metapopulation
in the Pannonian Basin. Waterbirds 35, 239-247. doi: 10.1675/063.035.0206

Kong, D. J., Luo, W. X,, Liu, Q, Li, Z. Q., Huan, G. Y., Zhang, J. ], et al. (2018).
Habitat use, preference, and utilization distribution of two crane species (Genus: Grus)
in Huize National Nature Reserve, Yunnan-Guizhou Plateau, China. Peer] 6, €5105.
doi: 10.7717/peerj.5105

Li, B. S, Gao, Z. S., Cui, S. B., Zhang, Y. X,, and Chen, H. (2014). Breeding season
behavior ethogram and PAE coding system of Eurasian Spoonbill (Platalea leucorodia).
Chin. Agr. Sci. Bull. 30, 259-265.

Li, N., Wang, Z,, Xia, L, Yan, F,, Xu, L., Qiao, Y., et al. (2019). Effects of long-term
coastal reclamation on suitable habitat and wintering population size of the endangered
Red-crowned Crane, Grus japonensis. Hydrobiologia 827, 21-29. doi: 10.1007/s10750-
017-3341-x

Ma, Z, Li, B, Zhao, B, Jing, K., Tang, S., and Chen, J. (2004). Are artificial wetlands
good alternatives to natural wetlands for waterbirds? A case study on Chongming Island,
China. Biodivers. Conserv. 13, 333-350. doi: 10.1023/B:BIOC.0000006502.96131.59

Navedo, J., Fernandez, G., Valdivia, N., Drever, M., and Masero, J. (2017). Identifying
management actions to increase foraging opportunities for shorebirds at semiintensive
shrimp-farms. J. Appl. Ecol. 54, 567-576. doi: 10.1111/1365-2664.12735

O’Brien, R. M. (2007). A caution regarding rules of thumb for variance inflation
factors. Qual. Quant. 41, 673-690. doi: 10.1007/s11135-006-9018-6

Okoye, O., Li, H,, and Gong, Z. (2020). Retraction of invasive Spartina alterniflora
and its effect on the habitat loss of endangered migratory bird species and their decline
in YNNR using remote sensing technology. Ecol. Evol. 10 (24), 13810-13824.
doi: 10.1002/ece3.6971

Piersma, T., Chan, Y. C, Mu, T,, Hassell, C. J., Melville, D. S., Peng, H. B,, et al.
(2017). Loss of habitat leads to loss of birds: reflections on the Jiangsu, China, coastal
development plans. Wader Study. 124, 93-98. doi: 10.18194/ws.00077

Regos, A., Louis, I, Mélanie, D., Alain, L., Michel, R., Benoit, J., et al. (2018).
Hindcasting the impacts of land-use changes on bird communities with species
distribution models of Bird Atlas data. Ecol. Appl. 28 (7), 1867-1883. doi: 10.1002/
eap.1784

Shao, M. Q., Hong, G., Binghua, Hu, and Guanjun, Yu (2016). Comparison of
wintering behaviors among three wading birds at Nanji Wetland National Nature
Reserve, Poyang Lake. Wetl. Sci. 14, 458-463.

Studds, C. E., Kendall, B. E., Murray, N. J., Wilson, H. B., Rogers, D. I, Clemens, R. S.,

et al. (2017). Rapid population decline in migratory shorebirds relying on Yellow Sea
tidal mudflats as stopover sites. Nat. Commun. 8, 14895. doi: 10.1038/ncomms14895

Sullender, B. K., Barzen, J., and Silbernagel, J. (2016). Foraging success and habitat
selection of the Eurasian Spoonbill (Platalea leucorodia) at Poyang Lake, China.
Waterbirds 39, 356-364. doi: 10.1675/063.039.0405

Takehiko, S., Masayuki, S., Yuichiro, F., and Satoquo, S. (2023). Relative importance
of tidal flats and artificial habitats for two spoonbill species and related interspecific
differences. Avian Res. 14, 100107. doi: 10.1016/j.avrs.2023.100107

Frontiers in Ecology and Evolution

09

10.3389/fevo.2024.1357765

Veen, J., Overdijk, O., and Veen, T. (2012). The diet of an endemic subspecies of the
Eurasian Spoonbill Platalea leucorodia balsaci, breeding at the Banc d’Arguin.
Mauritania. Ardea. 100, 123-130. doi: 10.5253/078.100.0203

Walton, M., Vilas, C., Coccia, C., Green, A. J., Canavate, J. P., and Prieto, A. (2015).
The effect of water management on extensive aquaculture food webs in the
reconstructed wetlands of the Donana Natural Park, Southern Spain. Aquaculture
448, 451e463. doi: 10.1016/j.aquaculture.2015.06.011

Wang, X, Li, X,, Ren, X, Jackson, M. V., Fuller, R. A., Melville, D. S,, et al. (2022).
Effects of anthropogenic landscapes on population maintenance of waterbirds. Conserv.
Biol. 36, €13808. doi: 10.1111/cobi.13808

Wang, J., Liu, H,, Li, Y., Liu, L., Xie, F., Lou, C,, et al. (2019). Eftects of Spartina
alterniflora invasion on quality of the red-crowned crane (Grus japonensis) wintering
habitat. Environ. Sci. pollut. R. 26 (21), 21546-21555. doi: 10.1007/s11356-019-05408-3

Wang, C., Wang, G., Guo, Z., Dai, L. ], Liu, H. Y., Li, Y. F,, et al. (2020a). Effects of
land-use change on the distribution of the wintering red-crowned crane (Grus
Jjaponensis) in the coastal area of northern Jiangsu Province, China. Land Use Policy
90, 104269. doi: 10.1016/j.landusepol.2019.104269

Wang, G., Wang, C., Guo, Z., Dai, L. J., Wu, Y,, Liu, H,, et al. (2020b). Integrating
Maxent model and landscape ecology theory for studying spatiotemporal dynamics of

habitat: Suggestions for conservation of endangered red-crowned crane. Ecol. Indic.
116, 106472. doi: 10.1016/j.ecolind.2020.106472

Xi, J., Deng, X., Zhao, G., Batbayar, N., Damba, I, Zhao, Q. S., et al. (2021). Migration
routes, behavior and protection status of Eurasian Spoonbills (Platalea leucorodia)
wintering in China. Avian Res. 12, 70. doi: 10.1186/s40657-021-00302-4

Xu, P., Zhang, Y., Zhang, X., Chen, H., and Lu, C. (2019). Red-crowned crane (Grus
japonensis) prefers postharvest reed beds during winter period in Yancheng National
Nature Reserve. Peer] 7, €7682. doi: 10.7717/peerj.7682

Xu, P, Zhang, X,, Zhang, F., Godfred, B., Lu, C, Lv, S, et al. (2020). Use of
aquaculture ponds by globally endangered red-crowned crane (Grus japonensis) during
the wintering period in the Yancheng National Nature Reserve, a Ramsar wetland.
Glob. Ecol. Conserv. 23, €01123. doi: 10.1016/j.gecco.2020.e01123

Yu, C., Ngoprasert, D., Round, P., Pierce, A., and Savini, G. (2019). Roost selection of
the endangered spotted greenshank (Tringa guttifer) in critical habitat in the inner gulf
of Thailand. Avian Res. 10, 9-19. doi: 10.1186/s40657-019-0148-7

Yu, Y. T., and Swennen, C. K. (2004). Habitat use of the black-faced spoonbill.
Waterbirds 27, 129-134. doi: 10.1675/1524-4695(2004)027[0129:HUOTBS]2.0.CO;2

Yuan, Y.J, Liang, J., Huang, L., Long, Y., Shen, S., Peng, Y. R,, et al. (2013). Effects of
environmental factors on the distribution of dominant wintering waterfowl species in
East Dongting Lake wetland, South central China. Chin. J. Appl. Ecol. 24 (2), 527-534.

Zhang, Y. Q., Zhou, L. Z, Cheng, L., and Song, Y. W. (2021). Water level
management plan based on the ecological demands of wintering waterbirds at
Shengjin Lake. Glob. Ecol. Conserv. 27, €01567. doi: 10.1016/j.gecco.2021.e01567

Zhi, Y. ], Yin, J. F, Liu, W,, Gong, H. L., Shao, M. Q., Dai, N. H,, et al. (2020).
Monitoring of wintering waterbirds in the Nanji Wetland National Nature Reserve of
Poyang Lake. Chin. J. Ecol. 39 (7), 2400-2407.

frontiersin.org


https://doi.org/10.1675/063.035.0206
https://doi.org/10.7717/peerj.5105
https://doi.org/10.1007/s10750-017-3341-x
https://doi.org/10.1007/s10750-017-3341-x
https://doi.org/10.1023/B:BIOC.0000006502.96131.59
https://doi.org/10.1111/1365-2664.12735
https://doi.org/10.1007/s11135-006-9018-6
https://doi.org/10.1002/ece3.6971
https://doi.org/10.18194/ws.00077
https://doi.org/10.1002/eap.1784
https://doi.org/10.1002/eap.1784
https://doi.org/10.1038/ncomms14895
https://doi.org/10.1675/063.039.0405
https://doi.org/10.1016/j.avrs.2023.100107
https://doi.org/10.5253/078.100.0203
https://doi.org/10.1016/j.aquaculture.2015.06.011
https://doi.org/10.1111/cobi.13808
https://doi.org/10.1007/s11356-019-05408-3
https://doi.org/10.1016/j.landusepol.2019.104269
https://doi.org/10.1016/j.ecolind.2020.106472
https://doi.org/10.1186/s40657-021-00302-4
https://doi.org/10.7717/peerj.7682
https://doi.org/10.1016/j.gecco.2020.e01123
https://doi.org/10.1186/s40657-019-0148-7
https://doi.org/10.1675/1524-4695(2004)027[0129:HUOTBS]2.0.CO;2
https://doi.org/10.1016/j.gecco.2021.e01567
https://doi.org/10.3389/fevo.2024.1357765
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

	Habitat utilization of the Eurasian spoonbill (Platalea leucorodia) wintering in the Yancheng National Nature Reserve: relative importance of artificial habitats
	1 Introduction
	2 Materials and methods
	2.1 Study site
	2.2 Field surveys
	2.3 Influence factors affecting habitat use
	2.4 Data analysis

	3 Results
	3.1 Habitat utilization patterns of Eurasian spoonbills
	3.2 Influence factors affecting habitat use

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


