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The Poplar Ecological Retreat (PER) project in Dongting Lake wetland is an important
measure in response to China’s ecological civilization construction policy, it aims to remove
eastern cottonwoods (Populus deltoides) that artificial large-scale planted in this area and
restore the natural state of the wetland, and has got a lot of attention by society and
scholars. However, as one of the most important wintering place for migratory birds in the
world, the impact of PER onmigratory bird habitats in Dongting Lake wetland has not been
evaluated. In this paper, we used the habitat suitability index model based on remote
sensing to explore the impact of PER on the four mainly migratory bird guilds (Anatidae,
Charadriidae, Ardeidae and Laridae) in Dongting Lake wetland. The suitability included four
grades: poorly (0–25), generally (25–50), moderately (50–75), and highly (75–100). The
results showed that the area of poplars in Dongting Lake wetland decreased significantly
after PER was implemented. There was a negative correlation between poplar area and
moderate grade habitat area of Anatidae and Ardeidae, and a positive correlation between
poplar area and general grade habitat area. However, there was no significant change in
different grades of habitat area of Charadriidae and Laridae after PER. Thus, PER improved
the habitat suitability of Anatidae and Ardeidae, but had no significant effect on the
suitability of habitat for Charadriidae and Laridae. These conclusions could provide
reference for understanding the living conditions of Dongting Lake wetland waterbirds,
determining the priority protection areas and maintaining wetland biodiversity.
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INTRODUCTION

Wetland ecosystems are known for their capacity to support biodiversity, it covers only 6.4% of
global area but supports 20% of known species on Earth (Wu et al., 2019a). There are many rare
waterfowls that rely on wetlands for breeding and migration, thus wetlands are also known as bird
paradise (Fang et al., 2006). Due to the impact of human activities and climate change, the decline of
the quantity and quality of natural wetlands has led to the rapid decrease of wetland waterbirds
worldwide (Bai et al., 2018; Ma et al., 2019; Tian et al., 2019). Waterbirds are important members of
wetland ecosystems, because they are sensitive to the external environment, they are also considered
as good indicators of wetland environmental change (Yuan et al., 2014; Wu et al., 2018; Miranda
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et al., 2019). The study on habitat change of wetland birds is not
only of great significance for bird biodiversity protection, but also
can provide reference for the health status of wetland ecosystem
(Scholtz et al., 2017).

Dongting Lake (DL) is the second largest freshwater lake in
China. It is on the list of Ramsar wetlands of international
importance and an important stopover and overwintering site
of migratory bird migration network in East Asia (Wu et al.,
2019b; Wang et al., 2019). Agriculture is well developed in DL
district and human productive activities have a great impact on
the environment. Because of the reclamation of the lake for
farmland and sediment deposition, the area of DL has been
reduced by nearly half compared with that of the 1950s (Meng
et al., 2017). At the same time, the construction of upstream dams
also has a significant impact on the hydrological cycle of DL (Xie
et al., 2015; Wu et al., 2017; Wu et al., 2020). Since the
introduction of eastern cottonwoods (Populus deltoides) in
1970s, the planting area has increased rapidly due to its strong
suitability and good economic benefits (Yanxia et al., 2014). For
example, from 1996 to 2013, the poplar planting area in the West
DL wetland increased by 9 times, and has become one of the main
local landscapes (Jing et al., 2016), which introduces great
potential ecological risk to DL wetland (Yanxia et al., 2014).

As an alien species, the poplar has powerful competitiveness
and quickly invades the living space of original plants, which may
affect the diversity of vegetation under the artificial poplar forest
(Li et al., 2014a; Ren et al., 2020). In addition, it is called wetland
pumping machine as its intense transpiration, which may
aggravate the wetland drought, change the physical and
chemical properties of soil, and make the wetland ecosystem
succession to the terrestrial ecosystem (Li et al., 2014b). Local
people describe the poplar forest as “no grass under the trees, no
birds on the trees”, which reflects that the large-scale planting of
poplar has profoundly changed the original ecological balance of
wetlands. In October 2017, poplar ecological retreat (PER) project
began to be implemented on a large scale, by the end of the year,
nearly three million poplar trees were felled within the area of
more than 50,000 ha. The same year, all poplar trees in the core
areas of nature reserves of DL wetland have been removed. From
2018 to 2020, the government issued a 3-year action plan for the
special improvement of the ecological environment of DL, and
the PER areas were further expanded to buffer zones and
experimental areas. It has been more than 3 years since the
PER was implemented in DL, but its impacts on migratory
birds has not been evaluated.

Habitat suitability refers to the ability of the environment to
provide living conditions for species (Tang et al., 2016). Habitat
suitability evaluation is an effective method to evaluate the impact
of ecological environment changes on wildlife. Habitat suitability
evaluation can use field survey method and modeling method
based on habitat variables. Compared with the traditional field
survey, the extraction of habitat variables by remote sensing
analysis overcomes the shortcomings of the former, which is
time-consuming and laborious, and is more suitable for research
in a larger range (Hu and Liu, 2014). Therefore, establish a model
based on remote sensing gradually occupies a dominant position
in the evaluation of habitat suitability.

This study would examine the impacts of PER on the habitat
suitability of four migratory bird guilds in DL wetland. It aims to:
1) explore the land cover change of DL wetland after PER; 2)
analyze the impact of PER on the habitat suitability of different
migratory bird in DL; and 3) provide reference for wetland bird
protection in DL and other areas.

METHODS

Study Area
Dongting Lake (DL) (28°30′–29°38′N, 112°18′–113°15′E) is
located in the middle reaches of the Yangtze River and in the
north of Hunan Province (Li et al., 2013). The existing natural
lake area of DL is about 2,625 km2 (Ding and Li, 2011; Hu et al.,
2020), which can be divided into three parts: East DL, South DL
and West DL. The lake body is connected by numerous river
networks and flood channels, and the bottom of the lake inclines
slightly from northwest to Southeast (Ding and Li, 2011). DL
belongs to the subtropical monsoon climate. The annual average
temperature is 16.4–17°C, the frost-free period is 258–275 days,
and the annual precipitation is 1,100–1,400 mm (Yang et al.,
2009). The rainfall from april to June accounts for more than 50%
of the total annual precipitation. Therefore, the water level of DL
begins to rise in april, the flood season is from May to October,
and the dry season is from November to april of the next year (Li
et al., 2011). The huge drop of water level (up to 18 m) in wet and
dry seasons produces unique natural conditions giving birth to
diverse landscapes and rich natural resources, providing habitat
for a large number of animals and plants (Guan et al., 2016).

In this study, in order to better explore the impact of PER on the
habitat suitability of birds in DL, we integrated the traditional DL
regional divisionmethod and the recent establishment and adjustment
of nature reserve of DL, and divided DL into four regions, including
East DL (E-DL), West DL (W-DL), South DL (S-DL) and Hengling
Lake (HL). E-DL and W-DL are national nature reserves, S-DL and
HL are provincial nature reserves (Figure 1).

Data Resource and Processing
Remote sensing is the most important data source in this work. In
view of the need to splice two images covering the study area, this
study selected 12 scenes (Supplementary Table S1) with the
resolution being 30m of 6 years from 2014-2019, which were
collected from the USGS website (https://earthexplorer.usgs.
gov/). We give priority to landsat8 (OLI) images, but our
images also include four Landsat7 (ETM+) images because of
the limitation of cloud cover, and the acquisition time span of these
images is from the end of November to the beginning of February,
but they are still in the winter dry season. All images are L1TP level
data thus don’t need geometric correction (USGS, 2019).

In this study, eCognition Developer 9.01 (Definiens Imaging
GmbH,Munich) based on object-oriented classificationwas used for
land cover interpretation (Tian et al., 2008b). Compared with the
traditional pixel-based method, the object-based method not only
includes spectral information, but also gives the object shape and
grain features, which can significantly reduce the “salt and pepper
effect” (Vieira et al., 2012; Ceccarelli et al., 2013; Jia et al., 2013). In
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this study, the multi-scale segmentation provided by eCognition is
used for image segmentation, and the ESP2 (Estimation of Scale
Parameter 2) plug-in is used to determine the optimal segmentation
scale to ensure the accuracy of classification and reduce the workload
in the later stage (Drǎguţ et al., 2010). We select the threshold
classification method to classify the land cover of DL, and then we
use visual interpretation to correct the misclassified objects.
Referring to the previous research, we divided the land cover of
DL into six types: forest (poplar accounted for more than 95%),
phragmites, grass, mudflat, shallow water and deep water (Yanxia
et al., 2014; Wu et al., 2017). Finally, we use field survey data (30
points, located by GPS) during early December 2019 and Google
Earth high-resolution historical images as the true values to establish
the confusion matrix (Tian et al., 2019). The results show that the
accuracy of classification is 86–90%, and the kappa value is between

0.83–0.86. It can be used for follow-up study (Tang et al., 2016; Hu
et al., 2020).

Establish Habitat Suitability Model
Habitat suitability index (HSI) model is a commonly used model
to study the change of habitat suitability of species (Li et al., 2019;
Powers and Jetz, 2019). In this study, HSI model was used to
quantify the habitat suitability changes of four major migratory
bird guilds in DL, including Anatidae, Charadriidae, Ardeidae
and Laridae. The first step of establishing HSI model is to select
the habitat variables closely related to the survival of the evaluated
species. According to previous studies, we selected four groups of
habitat variables that affect the foraging and roost of four
migratory bird guilds, including land cover type, altitude, slope
and human disturbance (Wu et al., 2019b; Tang et al., 2016).

FIGURE 1 | The location of Dongting Lake (DL) and the range of East Dongting Lake (E-DL), Hengling Lake (HL), South Dongting Lake (S-DL) and West Dongting
Lake (W-DL).
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In this study, the preference and selection of migratory birds
for a single habitat variable are determined based on people’s
understanding of migratory birds’ habits (expert score) (Tian
et al., 2008a; Seoane et al., 2006). For example, land cover, which
directly determines the habitat type and food availability they can
provide (Angradi et al., 2001). The suitability of different types of
land cover for four migratory bird guilds are shown in Table 1.
Similarly, we have developed a human disturbance, altitude and
slope suitability grading system for migratory birds, as shown in
Table 2, Human disturbance includes distance to resident district
and distance to road, distance to residential area includes distance
to urban resident districts and distance to township settlements,
distance to road includes distance to first grade road (railway,
highway, National Road, provincial road) and distance to
secondary road (country road). The routes of these roads and
the outline of residential areas were drawn in ArcGIS 10.7
according to Baidu map and Google map. The final score of
distance to residential area is the minimum score of its two sub
items, so as the distance to road. Elevation and slope data are from
the digital elevation model (DEM). It is downloaded from the
website: http://www.gscloud.cn/, and the resolution is also 30 m.

The score of single variable and combined score of suitability
can be divided into four grades: poorly (0–25), generally (25–50),
moderately (50–75) and highly (75–100). All data (including land
cover type) are standardized as suitability index for HSI calculation
(Zhang et al., 2017). The suitability of land cover type is
standardized as the median of suitability classification interval
(discontinuous value), and other indexes are standardized by
piecewise linear model (continuous value) (Tian et al., 2008b).

The second step of establishing HSI model is to determine the
weight of each habitat variable. In this study, the analytic
hierarchy process (AHP) coupled with entropy weight method
is used to determine the weight to enhance the robustness of the
model (Aghajani et al., 2011; Dai et al., 2013). AHP is based on
expert experience, which has certain subjectivity, but it can reduce
the inconsistency of relative importance judgment through tests.
The entropy weight rule provides an objective weighting method

by calculating the degree of dispersion between indicators.
Therefore, the final weight of each index is set as the average
value of the weight determined by the two methods, as shown in
Supplementary Table S2. Finally, the habitat suitability index of
migratory birds in DL can be calculated by formula (1)

HSIj � ∑
n

i�1
wijfij (1)

Among them, HSIj is the HSI of the jth bird (j � 1–4), n is the
number of habitat variables, wij and fij (i � 1-n) represent the
weight and suitability index of the ith habitat variables
respectively.

Landscape Pattern Calculation and
Analysis
The habitat suitability index calculated by the formula was
reclassified to obtain the habitat suitability map of each
migratory bird guild over the years. Then, the landscape index
software Fragstats (version 4.2.1) was used to calculate the three
indexes of classification scale (each grade), including total area
(TA), largest patch index (LPI), and mean patch size (MPS).

The calculated landscape index was divided into two groups:
before and after PER. The significance of the difference was
analyzed by one way analysis of variance (ANOVA). Pearson
correlation analysis was used to analyze the relationship between
each index and the area of poplar planting. All the above analyses
were analyzed by SPSS (version 25).

RESULTS

Changes of Land Cover Before and
After PER
The results of land cover classification in 6 years before and after
PER in DL are shown in Figure 2. It can be seen that poplar in DL

TABLE 1 | Suitability grade of land cover types for different migratory bird guilds in DL (Tian et al., 2008a; Wu et al., 2019b).

Birds Phragmites Grass Forest Mudflat Shallow water Deep water

Anatidae Generally Highly Poorly Poorly Moderately Poorly
Charadriidae Poorly Moderately Poorly Highly Generally Poorly
Ardeidae Generally Highly Poorly Moderately Highly Poorly
Laridae Poorly Generally Poorly Highly Highly Moderately

TABLE 2 | Suitability grade of human disturbance, altitude and slope for four migratory bird guilds in DL (Tian et al., 2008a; Wu et al., 2019b).

— Poorly Generally Moderately Highly

Distance to first grade road (m) 0–600 600–1,200 1,200–2,400 >2,400
Distance to secondary road (m) 0–250 250–500 500–1,000 >1,000
Distance to urban resident districts (m) 0–1,200 1,200–2,400 2,400–4,800 >4,800
Distance to township settlements (m) 0–400 400–800 800–1,600 >1,600
Altitude (m) <21 >35 35–28 28–21
Gradient (degree) >15 5–15 1–5 0–1
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is mainly distributed in W-DL and S-DL, while few in E-DL and
HL. The areas of various land covers are shown in
Supplementary Figure S1. It showed that Phragmites, grass
and deep water are the main land cover types of DL. The area
of each of them is more than 500 km2, and the proportion of
forest, mudflat and shallow water is small, with an area of less
than 300 km2. The poplar area from 2014 to 2016 is 235.76,
248.39 and 245.95 km2 respectively, which is close to the official
data of 260 km2 (2016), showing the accuracy of our land cover
interpretation work.

As can be seen from Supplementary Figure S1, the area of
poplar remained stable before 2016, with a significant decrease
(46.12 km2) in 2017, which shows the significant effect of PER in
2017. According to the report, three million poplar trees were
actually cut in 2017 (Xu, 2018), with an area of about 50 km2

based on 450–750 trees per hectare, which is consistent with our
analysis. Then the poplar area remained stable in 2018, and
decreased significantly in 2019 (the second stage of PER). In
order to explore the impacts of PER more clearly on the land
cover of DL, we extracted the PER area, as shown in
Supplementary Figure S2. By calculating the area, we found
that 3 years after the poplar forest felled, most of the area was
converted into Phragmites (79.75%) and a small part transformed
into grassland (15.16%), but very few parts converted into other
types (5.09%).

Dynamics in Habitat Suitability Over Time
Anatidae
Based on the raster calculation function of ArcGIS, the 6-year
habitat suitability maps of four species of birds are generated.
Figure 3 shows the dynamic changes of the habitat suitability of
Anatidae over time. Due to the uneven distribution of poplar in
DL, we calculated the changes of TA, LPI and MPS in the whole
area and each part of DL respectively. As shown in Figure 4 for

the whole study area, the TA of poor and high grade of habitat
suitability are almost unchanged, but the TA of general grade
decreased by 2.39%, while that of the moderate grade increased by
2.20%, and there was a marginal significance (p � 0.060). In the
E-DL and HL, there was no significant change in the TA of four
grades of Anatidae habitat. However, in W-DL, where there are
more poplar trees and is the focus of PER, the proportion of this
change is much larger than that of the whole DL, and the TA of
general grade decreased by 7.07% and moderate grade increased
by 5.20% in W-DL. Similarly, the TA of moderate grade in S-DL
also increased significantly (p � 0.043). The results of Pearson
correlation analysis between each index and poplar area are
shown in Table 3 and Supplementary Table S3. There is a
significant positive correlation between TA and MPS of general
grade and poplar area in W-DL and S-DL, while there is a
significant negative correlation between TA and LPI of
moderate grade and poplar area. In conclusion, PER improves
the habitat suitability of Anatidae.

Charadriidae
The habitat suitability map of Charadriidae before and after PER
is shown in Supplementary Figure S3. For the whole DL and
each part, there is no significant change in the TA of four grade of
habitat suitability. It can be seen from the Supplementary Figure
S3 that most of the moderate and high suitability of habitats of
Charadriidae in DL are located in the E-DL, accounting for about
70% of the whole DL, which shows the importance of E-DL as a
habitat for Charadriidae. It is worth noting that the TA of high
grade of Charadriidae habitat in E-DL decreased from 11.42 to
9.44%, which caused a nearly significant decline in corresponded
MPS (p � 0.102). In terms of landscape indicators, only the
decline of LPI of the high grade inW-DL and the rise of LPI of the
poor grade in E-DL were significant (Figure 5), while the changes
of other indexes were not obvious. In addition, in Pearson

FIGURE 2 | The land cover changes of DL from 2014 to 2019 includes the 3 years before PER (2014-2016) and the 3 years after PER (2017-2019).
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correlation analysis, only three indexes of poor grade had
significant correlation with poplar area. In view of the small
proportion (<2%) of poor grade habitat of Charadriidae and the
inconsistent sign of Pearson correlation coefficients, we believe
that PER has no significant effect on habitat suitability of
Charadriidae. Therefore, the decline of Charadriidae habitat
suitability should be disturbed by other factors (see discussion).

Ardeidae
The temporal and spatial changes of habitat suitability of
Ardeidae before and after PER are shown in Supplementary
Figure S4. There is no obvious change in the TA of each grade of
Ardeidae habitat in the whole area of DL, and the reason is like
that of Anatidae. Because the unobvious changes of E-DL and HL
dilute the changes of W-DL and S-DL. After PER, the general
grade of habitat changed into moderate and high grade in poplar-
retreat area. For example, in W-DL, the general grade habitat
decreased by 6.45%, and corresponded MPS has a decreasing
trend (p � 0.126), while the moderate and high habitat increased
by 5.15 and 1.25% respectively. The TA of moderate grade habitat
in S-DL also increased almost significantly (p � 0.074). Pearson
correlation analysis also showed that there was a positive
correlation between TA of general grade habitats of W-DL
and S-DL and poplar area, and a negative correlation between
TA of moderate grade habitats and poplar area. Therefore, PER
improved the habitat suitability of Ardeidae birds.

Laridae
The habitat suitability of Laridae in 3 years before and after PER is
shown in Supplementary Figure S5. For TA, LPI and MPS, no
matter in the whole DL or in each part, have almost no significant
changes (Figures 4–6), but there are still obvious changes in

individual indicators of individual grades. Firstly, the LPI of the
high grade of Laridae habitat in the whole DL has decreased
significantly, indicating that the largest habitat patch has been
fragmented by some factor (see discussion). Secondly, the MPS of
the high grade in HL increased significantly, which seems to be
contradictory, because both E-DL and HL belong to the area with
few poplars, so it can be determined that it is not poplars that
affect these indexes, but another reason (see discussion). In
Pearson correlation analysis, only MPS of high grade of E-DL
had significant correlation with poplar area. In fact, poplar area of
E-DL was less than 1% of the total area, so it can be concluded
that PER had no significant effect on habitat suitability of Laridae.

DISCUSSION

The Framework for Habitat Suitability
Assessment
In this paper, we selected the first 3 years and the last 3 years of
PER as two groups of data for comparative analysis, and
established the habitat suitability model to explore the impact
of PER on four main migratory bird guilds in DL. We selected
four groups of habitat variables, including land cover type, human
disturbance (road distance and residential distance), altitude and
slope, which are the four groups of habitat variables most used to
evaluate bird habitat (Li et al., 2019; Tian et al., 2019; Wu et al.,
2019b). Some studies also selected the normalized difference
vegetation index (NDVI) as an indicator of bird food
resources (Tian et al., 2008a); Tang et al., 2016; Ivajnšič et al.,
2017). In this study, due to the band missing in some images and
considering the strong correlation between NDVI and land cover
types (Yanxia et al., 2014; Hu et al., 2020), land cover types can

FIGURE 3 | The habitat suitability maps for Anatidae of (A) before PER (B) after PER, the habitat suitability maps for Charadriidae, Ardeidae and Laridae are
showing in Supplementary Figure S2–4.
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also be used as an indirect reflection to food resources (Gan et al.,
2009). Therefore, we did not choose NDVI.

We chose the HSI model because it is simple to run and does
not need the presence data and absence data of the research
species (Hua et al., 2012; Frantz et al., 2018; Lebeau et al., 2019).
Compared with maximum entropy (MaxEnt), general additive

model (GAM), general liner model (GLM), boost regression tree
(BRT) and other models that need these data (Zurell et al., 2012;
Brambilla et al., 2020), HSI has no training process, so it needs to
determine the weight in advance, and this weight directly affects
the accuracy of the model, so we carefully determine the weight,
combined with the analytic hierarchy process and entropy weight

FIGURE 4 | The TA (total area) of each grade of habitat suitability for (A) Anatidae, (B)Charadriidae, (C) Ardeidae and (D) Laridae of before PER and after PER in DL,
E-DL andW-DL respectively. Error bars around themean represent the maximum andminimum values of this group of data respectively. The information of TA in HL and
S-DL are showing in Supplementary Figure S6.
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method. The importance of each habitat variable in AHP is
determined according to the previous large number of studies
in the same and adjacent areas (Tian et al., 2008a; Tang et al.,
2016; Wu et al., 2019b), while the entropy weight is determined
according to the characteristics of the habitat variables of DL.
Hence, our model should be robust.

Reasons of Different Responses in Different
Partition
For the four bird guilds, the response of each grade habitat in
E-DL and HL is not significant, because the poplar area in these
two parts is very small, it has a certain relationship with the
limited water tolerance of eastern cottonwoods (Cao and Conner,
1999; Glenz et al., 2006). The elevation of E-DL and HL is lower,
and the annual flooding days are longer. The elevation of W-DL
and S-DL is higher, so they are more suitable for poplar growth.
Before PER, the area of poplar in HL accounted for only 3.39%,
and that in E-DL was even lower, while that in W-DL and S-DL
was 27.87 and 23.43% respectively. The W-DL and the S-DL
together account for only 33.91% of the total area of DL, but the
area of poplar trees distributed in them accounts for 93.35% of the
total area of DL, and the area of poplar retreated from them
accounts for 52.44 and 39.95% of the total retreated area of DL,
respectively. Therefore, the habitats of the four bird species in
E-DL and HL are mainly affected by the common interannual
fluctuation caused by other factors, so the changes are not
obvious, while the bird habitats in W-DL and S-DL are
mainly affected by the land cover type conversion caused by
PER, so there are great changes.

Effects of PER on Habitat Suitability of
Different Birds
Although the land cover types of W-DL and S-DL have changed
greatly after PER, only the habitat suitability of Anatidae and

Ardeidae has been improved in the end. This is due to the
different preferences of these birds for land cover types (Tian
et al., 2008a). After poplar trees are cut down, the roots are easy to
rot after being soaked in water, and they can return to the
previous wetland state as soon as one or 2 years (Liu et al.,
2020). The result of the image interpretation shows that most
of the poplar felled areas are converted into Phragmites areas, and
a small part into grassland, which can improve the habitat of
Anatidae and Ardeidae, but for Charadriidae and Laridae, they
prefer mudflat and shallow water habitats to Phragmites, and the
mudflat and shallow water areas are more strongly affected by
hydrological factors (Hu et al., 2015).

Influence of Other Factors
In this study, we focus on the effect of PER on the habitat
suitability of four migratory bird guilds in DL. However, it is
undeniable that our study is also affected by other factors, the
most important of which is hydrology (Wang et al., 2019). As
mentioned above, the habitat suitability of Charadriidae and
Laridae has declined slightly. Through analysis, we find that
this is caused by different water levels, and there are two main
reasons: firstly, the actual hydrological situation of DL is different
every year. Secondly, due to the limitation of the availability of the
image, there is a certain interval in the time of our selection.
According to the interpretation, the area of deep water area
increased significantly, the shallow water area changed little,
but the mudflat decreased significantly. This is obviously
caused by different water levels corresponding to images in
different years (Wu et al., 2020). For this cause, the habitat
suitability of Charadriidae and Laridae decreased. The reason
for the significant decrease of LPI of the high grade of Laridae
habitat in the E-DL is that the habitat is separated by the deep
water area. As for the increase of MPS of the high grade in HL, we
speculate that the rising of water level may make the water level of
HL more suitable for Laridae, because HL is located in the upper
reaches of E-DL with higher elevation (Yao et al., 2019).

TABLE 3 | Correlation Coefficient between Each Index of the DL (E-DL, W-DL) and their poplar area. The significance of the correlation is shown by superscript and the
significant correlation coefficients are shown in bold. The information of HL and S-DL about this is showing in Supplementary Table S3.

Birds Grade DL E-DL W-DL

TA LPI MPS TA LPI MPS TA LPI MPS

Anatidae Poorly 0.3680.473 0.1050.843 0.3940.440 0.0980.853 0.0050.993 −0.1510.775 −0.8540.030 −0.6820.135 −0.1330.801

Generally 0.7860.064 −0.4340.390 0.7760.069 −0.0220.967 0.5170.293 0.1240.816 0.9720.001 0.1500.777 0.8790.021

Moderately −0.8610.028 0.1270.811 −0.1030.846 0.1830.729 0.3460.501 0.1600.762 −0.8670.026 −0.8620.027 −0.2060.695

Highly −0.3770.461 0.0960.856 0.0180.973 −0.1280.810 −0.3440.505 0.0001.000 −0.1110.834 0.4310.393 0.5890.219

Charadriidae Poorly −0.5410.267 −0.9310.007 −0.5020.310 0.4390.383 0.9260.008 0.4290.396 −0.8230.044 −0.8100.051 −0.7060.117

Generally −0.3040.558 −0.1360.797 0.0910.864 0.6320.178 0.2900.577 −0.4010.431 −0.0990.853 −0.3830.453 −0.2610.618

Moderately −0.5740.233 0.0910.864 −0.6070.202 0.0830.875 0.0010.998 0.3480.499 −0.0810.879 −0.0640.904 −0.5980.210

Highly 0.4690.348 0.4600.359 0.5040.308 −0.5010.311 −0.4840.331 −0.6640.150 0.5190.291 0.7630.078 0.2840.585

Ardeidae Poorly −0.0030.996 −0.0440.934 0.4410.381 0.1680.750 0.0410.939 −0.2500.632 −0.8540.030 −0.6410.170 −0.4250.401

Generally 0.7050.117 −0.4280.397 0.5090.303 0.4450.377 0.4030.429 0.4140.414 0.9200.009 0.0200.970 0.7820.066

Moderately −0.4160.412 0.4590.360 0.0410.938 −0.3950.438 −0.6680.147 −0.0930.861 −0.8750.022 −0.6420.169 −0.4060.425

Highly −0.5750.232 −0.3810.456 −0.6860.133 0.0670.900 0.3590.484 0.5190.291 −0.0140.979 −0.6000.208 −0.3530.493

Laridae Poorly −0.5340.275 −0.6500.162 −0.7700.073 0.4970.316 0.6690.146 0.5360.272 0.2750.598 0.3990.433 0.5840.224

Generally −0.0700.895 −0.0620.907 0.3700.470 0.0210.968 −0.0980.853 −0.2130.686 −0.0560.916 0.3290.525 0.1230.816

Moderately −0.4470.375 −0.2760.597 −0.1360.798 0.1840.727 −0.0010.999 0.2370.651 −0.2230.671 0.1610.760 0.2720.603

Highly 0.3880.447 0.6650.149 −0.5120.300 −0.2080.693 −0.8220.045 0.2020.702 0.4610.357 0.4400.382 0.1920.716
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CONCLUSION

Climate change and human activities are the two most
important factors affecting biodiversity, and land use change
is the most important part of human activities. This study is a

typical case of the impact of land use change on the habitat
suitability of wetland birds. The results of this study show that:
1) the poplar area of DL is significantly correlated with the three
indicators of habitat suitability of Anatidae and Ardeidae; 2)
PER makes the general grade habitat of some Anatidae and

FIGURE 5 | The LPI (Largest patch index) of each grade of habitat suitability for (A) Anatidae, (B)Charadriidae, (C) Ardeidae and (D) Laridae of before PER and after
PER in DL, E-DL and W-DL respectively. Error bars around the mean represent the maximum and minimum values of this group of data respectively. The information of
LPI in HL and S-DL are showing in Supplementary Figure S7.
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Ardeidae change to moderate and the high grade, which
improves the habitat suitability of Anatidae and Ardeidae; 3)
PER had no significant effect on the habitat suitability of
Charadriidae and Laridae, and the change of habitat
suitability of Charadriidae and Laridae was mainly affected
by hydrology. PER is still being implemented, and future

studies need to continue to pay attention to the impact of
PER on habitat suitability of migratory birds in Dongting
Lake. Moreover, these studies could consider adding bird
population and distribution data to test the accuracy of the
model or establish a model which can automatically determine
weight through training by using distribution data.

FIGURE 6 | The MPS (Mean patch size) of each grade of habitat suitability for (A) Anatidae, (B) Charadriidae, (C) Ardeidae and (D) Laridae of before PER and after
PER in DL, E-DL and W-DL respectively. Error bars around the mean represent the maximum and minimum values of this group of data respectively. The information of
MPS in HL and S-DL are showing in Supplementary Figure S8.
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