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ABSTRACT. Dongting Lake and Poyang Lake, the China’s two largest freshwater lakes, are the most important wintering area and pathways
for migratory birds in East Asia. As a result of human activities (impounding of the Three Gorges Dam (TGD), and sand mining) and
climate change, the dry season of Dongting Lake and Poyang Lake came early after the impoundment of TGD. And the early dry season
(EDS) would change wildlife habitat and would have a negative effect on biology and biodiversity. In this paper, we compared the habitat
suitability for Anatidae, Charadriidae, Ardeidae and Laridae (the four main types of migratory birds) of the Dongting Lake and Poyang
Lake between three normal hydrologic years (NY) and three hydrologic years which had EDS (EY) of each lake by geo-spatial overlay
calculation, to reveal the effect of EDS on the habitat suitability for the main types of migratory birds. The grading systems of suitability
included four grades: poor (0-25), fair (25-50), good (50-75), and very good (75-100). The results showed that the EDS 1) improved the
habitat suitability for Anatidae; 2) had no significant influence on the habitat suitability for Charadriidae and Ardeidae; and 3) had an
almost significant adverse effect (would be significant in fact and in the future) on the habitat suitability for Laridae at the two wetlands.
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1. Introduction

Wetlands (rivers, lakes, bogs, etc.) provide habitats for
biota and are well-known for their key role in global biodiver-
sity protection (Wu et al., 2015; Dai et al., 2016). Because of
human activities (such as damming and water transfer) and cli-
mate change, the hydrologic cycles (flood duration, start date
of the dry season, etc.) of most large rivers around the world
were dramatically changed over the past one hundred years (Li-
gon et al., 1995; Wu et al., 2015; Xie et al., 2018; Xin et al.,
2018), and also were expected to be changed over the next one
hundred years (Milly et al., 2002; Wu et al., 2017). Changes in
the hydrologic cycle would directly impact biota, ecosystem
processes and ecosystem services of wetlands (Auble et al.,
1994; Wu et al., 2015; Wu et al., 2017; Liu et al., 2018a). It is
also particularly true that migratory birds are highly dependent
on the amplitude and timing of water level changes (Bancroft
et al., 2002; Smith et al., 2003; Zhang et al., 2007).

There are two lakes, Dongting Lake and Poyang Lake, at
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the midstream of Changjiang River (Yangtze River). They are
the two largest freshwater lakes of China and Ramsar wetlands
of international importance (Feng et al., 2013; Wu et al., 2013;
Hu et al., 2015; Zeng et al., 2015; Song et al., 2018; Guan et
al., 2019). The two lakes are the vital wintering habitats and
pathways of migratory birds in East Asia (Wu et al., 2017). The
Three-Gorges Dam (TGD, the largest hydroelectric project in
the world) was commissioned in 2003, and its reservoir had a
total capacity of 393 <108 m® and a surface area of 1,084 km?
(Huang et al., 2015; Wu et al., 2013). As a result of impounding
of TGD (Feng et al., 2013; Wang et al., 2013a; Wu et al., 2013;
Yu et al., 2019), sand mining (Lai et al., 2014), and climate
change (Feng et al., 2014), the dry season of Dongting Lake
and Poyang Lake came early after commissioning of TGD (Wu
etal., 2015; Wu et al., 2017). The early dry season (EDS) is the
leading cause of the need for construction of sluice/dam at the
outlets of two lakes to store water in the two lake wetlands (Fan
etal., 2008; Li, 2009; Wu et al., 2017). Many studies have been
reported about the EDS (Zou et al., 2000; Feng et al., 2013;
Wang et al., 2013a; Feng et al., 2014; Lai et al., 2014; Wu et
al., 2016; Liu et al., 2018b), but have primarily been focused
on the prediction, verification and analysis of the early starting
dates (Xu et al., 2012; Wu et al., 2017; Zhang et al., 2019).

However, little is known about the effect of the EDS on
migratory birds. It is very important because these lakes are
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crucial wintering habitats and pathways of migratory birds in
East Asia (Wu et al., 2017). Another study also argued that the
EDS caused the changes of landscape pattern of the two wet-
lands, which would impact migrating birds of East Asia (Wu et
al., 2017). Habitat suitability, can be analyzed using traditional
field survey methods or remote sensing techniques, is the ca-
pacity of the environment of one region to provide appropriate
conditions for wildlife (Tang et al., 2016). A habitat suitability
index (HSI) can be calculated, based on the biological and eco-
logical information of the species and the habitat conditions (Yi
et al., 2017). Habitat suitability is a sensitive index of evaluat-
ing the impact of habitat changes on biota (Hirzel et al., 2002;
Elith et al., 2006; Zeng et al., 2013b). Habitat suitability for mi-
gratory birds is sensitive to environment changes and human
activities, and is often used to evaluate the impact of habitat
changes on migratory birds (Tian et al., 2008; Liang et al.,
2015; Tang et al., 2016). Therefore, the EDS of the China’s two
largest freshwater lake wetlands would affect the habitat suit-
ability for migratory birds.

In this study, we used geo-spatial overlay calculation to in-
vestigate habitat suitability for Anatidae, Charadriidae, Ardei-
dae and Laridae (the four main types of migratory birds) of the
Dongting Lake and Poyang Lake wetlands in hydrologic year
with a normal dry season (NY) and hydrologic year with an
EDS (EY), and to analyze the effects of the EDS of the two lake
wetlands on habitat suitability for migratory birds. The objec-
tives of this study were: (1) to analyze effects of the EDS of
China’s two largest freshwater lake wetlands on habitat suit-
ability for migratory birds after the impoundment of TGD; and
(2) to provide theoretical support for biology (especially mi-

grating birds) protection and management of wetlands around
the world.

2. Study Area and Methods

2.1. Study Area

Dongting Lake (geographic coordinate: 2830’ ~29<38'N,
11218’ ~ 11315’ E) and Poyang Lake (geographic coordinate:
28<11' ~ 2951’ N, 115931’ ~ 11706’ E) (Wu et al., 2015), the
two largest freshwater lakes in China, are locate at downstream
of the TGD and midstream of Changjiang River (Feng et al.,
2013; Zeng et al., 2013a; Zhou et al., 2016a; Wu et al., 2017)
(Figure 1), which is one of the major rivers around the world
and exhibits seasonal variability in the water level and area
from monsoon-driven precipitation (Li et al., 2011; Wu et al.,
2013; Dai et al., 2016). There is a high water area and water
level from May to October (wet season) and a low water area
and water level from November to the following April (dry sea-
son) (Li et al., 2011; Zhou et al., 2014; Wu et al., 2017). The
areas of Dongting Lake and Poyang Lake are about 2,790 km?
and 3,490 km? in normal wet season (Hu et al., 2015). The two
lakes are the key wintering habitats and pathways of migratory
birds in East Asia (Zeng et al., 2015), and the important migra-
tion routes, spawning grounds and feeding grounds of migrato-
ry fishes (Zhou et al., 2016b; Wu et al., 2017). The starting date
of dry season of each year after the impoundment of the TGD
and annual average starting date of dry season before the im-
poundment of TGD of Dongting Lake and Poyang Lake are
shown on our another paper (Wu et al., 2017). The dry season
had an obvious trend of early starting dates in the Dongting
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Figure 1. Locations of Dongting Lake, Poyang Lake and Three-Gorges Dam (TGD).
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Lake wetland (3.42 days year™) and the Poyang Lake wetland
(7.35 days year™) from 2000 to 2009 (Feng et al., 2013). And
Zou et al. (2000) also predicted that the average starting date of
the dry season would arrive 35, 7 and 2 days (low-flow year,
median-water year and high-flow year, respectively) earlier in
the Dongting Lake wetland in recent years and would arrive
more earlier in the 50 years after impoundment of the TGD (Wu
etal., 2017).

2.2. Methods

According to the previous study (Wu et al., 2017), 2003,
2006 and 2013 hydrologic year (from May to next April), and
2004, 2005 and 2010 hydrologic year were designated as the
representatives of EY and NY of Dongting Lake, respectively;
2006, 2007 and 2009 hydrologic year, and 1999, 2001 and 2014
hydrologic year were designated as the representatives of EY
and NY of Poyang Lake, respectively. In this study, the grading
systems of habitat suitability included poor (0 ~ 25), fair (25 ~
50), good (50 ~ 75), and very good (75 ~100). The assessment
of habitat suitability for Anatidae, Charadriidae, Ardeidae and
Laridae of the two lakes in each hydrologic year was conducted
based on per-pixel approaches.

The selection of environmental factors, habitat preference
and the factor weightings are vital steps in habitat suitability
assessment (Tian et al., 2008; Tang et al., 2016). In this study,
the selection of environmental factors, each habitat preference
and the factor weightings were assigned based on experts mark-
ing (Tamis and Van’t Zelfde, 1998; Seoane et al., 2006; Tang et
al., 2016) and several studies about habitat suitability for mi-

gratory birds at the same and adjacent area (Tian et al., 2008;
Yuan et al., 2014; Liang et al., 2015; Tang et al., 2016). Four
groups of factors which directly influence the foraging and rest-
ing for the migratory birds, including the types of land cover,
human disturbances, altitude and gradient, were selected in this
study. The Normalized Difference Vegetation Index (NDVI)
(indicating landscape diversity) (Lakshmi Kumar et al., 2016)
was not selected as environmental factor in this study because
of the small scale of the study unit and the problem of band
missing of satellite images.

The information of land cover was obtained from our pre-
vious research (Wu et al., 2017). The resolution of land cover
was 30 <30 m, and the spatial extent and the temporal period
are shown in the previous article (Wu et al., 2017). The grad-
ing system of land cover for the four groups of migratory birds
is shown in Table 1. The indicators of human disturbances in-
clude the distance to first grade road (railway, expressway,
national road and provincial road), distance to secondary road
(county road), distance to urban resident districts and distance
to township settlements. These data was obtained with ArcGis
10.2 according to the Baidu Map (http://map.baidu.com/) and
BIGMAP (http://www.bigemap.net/). The grading system of
human disturbances for the four groups of migratory birds is
showing in Table 2. Among the four indicators of human distur-
bances, the lowest grade was defined the final grade of human
disturbances at same place. Altitude and gradient were got from
DEM data, which was got from the website: http://www.gsclou
d.cn/. The grading system of altitude and gradient for the four
groups of migratory birds is shown in Table 2.

Table 1. Suitability Grade of Land Cover Types of the Two Wetlands for Different Groups of Birds

Birds Phragmites  Carex Phalaris Sand Mudflat Shallow water Deep water
Anatidae Fair Very good  Good Poor Poor Good Poor
Charadriidae ~ Poor Good Very good Poor Very good Fair Poor
Ardeidae Fair Very good  Good Poor Good Very good Poor
Laridae Poor Fair Good Poor Very good Very good Good

* Part of it referenced Tian et al. (2008)

Table 2. Suitability Grade of Human Disturbances, Altitude and Gradient of the Two Wetlands for Different Groups of Birds

Poor Fair Good Very Good

Distance to first grade road (m) 0 ~ 600 600 ~ 1200 1200 ~ 2400 > 2400
Distance to secondary road (m) 0 ~ 240 240 ~ 480 480 ~ 960 > 960
Distance to urban resident districts (m) 0~ 900 900 ~ 1800 1800 ~ 3600 > 3600
Distance to township settlements (m) 0~ 300 300 ~ 600 600 ~ 1200 >1200
Altitude of Dongting Lake (m) <21 > 40 28 ~ 40 21~28
Altitude of Poyang Lake (m) <8 > 30 18~ 30 8~18
Gradient (degree) > 20 5~20 1~5 0~1

Table 3. Weights of Each Factor for Different Groups of Birds at the Dongting Lake and Poyang Lake Wetlands

Birds Land cover type Altitude Gradient Human disturbance
Anatidae 0.50 0.08 0.10 0.32
Charadriidae 0.53 0.05 0.07 0.35
Ardeidae 0.58 0.02 0.02 0.38
Laridae 0.60 0.01 0.01 0.38
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All data (including the categorical data) was standardized
(suitability index), then the habitat suitability index was calcu-
lated (Zhang et al., 2017). The weight of each factor for migra-
tory birds is shown in Table 3. The weight was given based on
the following factors: 1) different land cover type provided
different food and habitat for birds, and land cover type was the
most important factor; 2) human disturbance was another im-
portant factor; 3) altitude was related to water level fluctuation,
and showed the distance to water body and probability of sub-
merged; 4) birds were easier to find natural enemy with lower
gradient; 5) the investigated field data of migratory birds in
Dongting Lake; 6) life habit of migratory birds; and 7) several
studies about habitat suitability assessment for migratory birds
at the same and adjacent area (Tian et al., 2008; Yuan et al.,
2014; Liang et al., 2015; Tang et al., 2016). A comprehensive
index of habitat suitability (Equation (1)), which was a linear
function, was calculated using a method of geo-spatial overlay
calculation (using ArcGIS 10.2 software):

HSI, :Zl‘y\/ij f 1)

where HSI; is the HSI for the j (j =1, 2, ..., 4) group of migra-
tory birds; m is the total number of environmental factors; for
the j™ group of migratory birds, W;; and fi; (i=1, 2, ..., m) are
the weight and the suitability index of the i"" environmental fac-
tor, respectively (Tian et al., 2008).

The aforementioned grading systems of habitat suitability
were also adopted for presenting the final integrated index of
habitat suitability. Then, Total Area (TA), Largest Patch Index
(LPI, the percentage the total area made up by the largest patch)
and Mean Patch Size (MPS, the average area of each patch)
were calculated for each grade of habitat suitability for each
migratory birds group using Fragstats (version 4.2.1) software.

2.3. Data Analysis

The significant differences (p < 0.05) of indices (TA, LPI
and MPS) between EY and NY were tested using one way anal-
ysis of variance (ANOVA) for each grade of each migratory
birds group. The correlations between each index and the start-
ing date of dry season were analyzed by Pearson correlation
analysis for each grade of each migratory birds group. All these
analyses were conducted using SPSS (version 19) (Wu et al.,
2017).

3. Results

The habitat suitability for Anatidae at the Dongting Lake
and Poyang Lake in NY and EY are shown on Figure 2. The
TA of each grade of habitat suitability (Figure 3) indicated that
the TA of higher grade of habitat suitability in EY was
improved in the both wetlands relative to that of NY. The TA of
poor, fair, good and very good grade of habitat suitability for
Anatidae at the Dongting Lake accounted for 1.58, 33.85,
39.34, and 25.22% of the total area in NY and 1.51, 32.42,
35.51, and 30.56% of the total area in EY, respectively. That of
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Poyang Lake accounted for 1.78, 52.65, 24.28, and 21.29% of
the total area in NY and 1.48, 40.72, 34.42, and 23.39% of the
total area in EY, respectively. It was significant that the
increases of very good grade of habitat suitability for Anatidae
at the Dongting Lake wetland and the good grade of that at the
Poyang Lake wetland. The results of LPI (Figure 4) and MPS
(Figure 5) in-dicated that the patch size of higher grade of
habitat suitability of both wetlands had an increasing tendency
in EY. The results of Pearson correlation analysis between each
index and the starting date of dry season are showing in Table
4. On the whole, the EDS could improve the habitat suitability
for Anati-dae at Dongting Lake and Poyang Lake wetlands.

The habitat suitability for Charadriidae in NY and EY are
shown on Figure S1. The TA of each grade of habitat suitability
(Figure 3) indicated that there were no significant coincident
differences between that of NY and EY. The TA of poor, fair,
good and very good grade of habitat suitability for Charadriidae
at the Dongting Lake accounted for 1.25, 27.68, 40.72, and
30.35% of the total area in NY and 1.36, 33.61, 39.60, and
25.43% of the total area in EY, respectively. That of Poyang
Lake accounted for 1.32, 35.13, 36.26, and 27.28% of the total
area in NY and 1.20, 31.11, 39.73, and 27.96% of the total area
in EY, respectively. The results of LPI (Figure 4) and MPS (Fig-
ure 5) indicated that there was no significant difference be-
tween the patch sizes of each grade of habitat suitability for
Charadriidae of NY and EY. On the whole, the EDS had no sig-
nificant influence on the habitat suitability for Charadriidae at
the two wetlands.

The habitat suitability for Ardeidae at both wetlands in NY
and EY are shown on Figure S2. The TA of each grade of habi-
tat suitability (Figure 3) indicated that there were also no sig-
nifycant coincident differences between that of NY and EY at
both wetlands. The TA of poor, fair, good and very good grade
of habitat suitability for Ardeidae at the Dongting Lake
accounted for 1.82, 16.64, 47.72, and 33.82% of the total area
in NY and 1.91, 17.98, 43.11, and 37.00% of the total area in
EY, respectively. That of Poyang Lake accounted for 1.95,
30.52, 35.40, and 32.13% of the total area in NY and 1.77,
26.20, 35.78, and 36.25% of the total area in EY, respectively.
The results of LPI (Figure 4) and MPS (Figure 5) indicated that
there was also no significant difference between the patch sizes
of each grade of habitat suitability for Ardeidae of NY and EY
in the both wetlands. On the whole, the EDS also had no signif-
icant influence on the habitat suitability for Ardeidae at the
Dongting Lake and Poyang Lake wetlands.

The habitat suitability for Laridae at the Dongting Lake
and Poyang Lake in NY and EY are shown on Figure S3. The
TA of each grade of habitat suitability (Figure 3) indicated that
some area of very good grade of habitat suitability for Laridae
was turn into good grade in the both wetlands. The TA of poor
fair, good and very good grade of habitat suitability for Laridae
suitability for Laridae at the Dongting Lake accounted for 0.57,
at the Dongting Lake accounted for 0.57, 20.92, 53.82, and
24.69% of the total area in NY and 0.55, 20.22, 59.53, and
19.70% of the total area in EY, respectively. That of Poyang
Lake accounted for 0.48, 9.94, 59.09, and 30.49% of the total
area in NY and 0.47, 9.76, 65.09, and 24.68% of the total area
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(a) Normal hydrologic year (NY) of Dongting Lake

I Poor I Fair I Good Very Good

Figure 2. The habitat suitability maps for Anatidae of (a) normal hydrologic year (NY) of Dongting Lake, (b) hydrologic year
with early dry season (EY) of Dongting Lake, (c) normal hydrologic year (NY) of Poyang Lake and (d) hydrologic year with early
dry season (EY) of Poyang Lake. The habitat suitability maps for Charadriidae, Ardeidae and Laridae are showing in
Supplementary Material (Appendix Figures S1 ~ S3).
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Figure 3. The TA (total area) of each grade of habitat suitability for (a) Anatidae, (b) Charadriidae, (c) Ardeidae and (d) Laridae of
NY and EY in Dongting Lake and Poyang Lake, respectively. Significant differences between EY and NY are indicated by *** (p
<0.001), ** (p < 0.01), * (p < 0.05), while ns indicated no significant difference (p > 0.05).

in EY, respectively. The decreases of TA of very good grade of
habitat suitability for Laridae at the Dongting Lake and Poyang
Lake wetland were almost significant (p = 0.079 and 0.092
respectively), and the increases of good grade were also almost
significant (p = 0.122 and 0.077 respectively). The results of
LPI (Figure 4) and MPS (Figure 5) indicated that the patch size
of very good grade of habitat suitability of both wetland had a
decreasing tendency (not significant) in EY. On the whole, the
EDS had an almost significant adverse effect on the habitat
suitability for Laridae at Dongting Lake and Poyang Lake
wetlands.

4. Discussions

4.1. Determination of Habitat Suitability for Birds

In this study, we determined the habitat suitability for the
four main types of migratory birds (Anatidae, Charadriidae,
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Ardeidae and Laridae) of Dongting Lake and Poyang Lake in
3 NYsand 3 EYs, using a method of geo-spatial overlay calcu-
lation. The method of overlaying raster map layers of environ-
mental factors with different weights is the most commonly
used method (Tian et al., 2008; Feng et al., 2010; Guigoz et al.,
2017). It could overcome the difficulty in field surveys data
lacking and time consuming of field surveys (Barrett and
Curtis, 1999; Zohmann et al., 2013; Huang et al., 2016). Four
groups of environmental factors, including the types of land
cover, human disturbances (including the distance to first grade
road, distance to secondary road, distance to urban resident dis-
tricts and distance to township settlements), altitude and gradi-
ent, were selected in this study. Food resources also have im-
portant effects on the habitat suitability for birds (Tamisier and
Grillas, 1994; Huang et al., 2008; Gan et al., 2009). Although
food factor was not directly considered in this study because of
the absence of these data, it was indirectly considered using the
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higher weight of the types of land cover, which was because
different types of land cover provided different food for the mi-
gratory birds (Angradi et al., 2001; Gan et al., 2009). The habi-
tat suitability for birds was calculated based on experts marking
(Tamis and Van't Zelfde, 1998; Seoane et al., 2006; Tang et al.,
2016) and several studies at the same and adjacent area (Tian
et al., 2008; Yuan et al., 2014; Liang et al., 2015; Tang et al.,
2016), and its result should be credible.

4.2. Effect of EDS on Habitat Suitability
Dongting Lake and Poyang Lake wetlands are the most

important wintering area and pathways for migratory birds in
East Asia and also support many rare and threatened species
(Wu etal., 2013; Zeng et al., 2015; Dai et al., 2016; Tang et al.,
2016). Therefore, it is vital to quickly monitor and assess the
changes in the habitat quality and find out the reasons of the
changes (Xia et al., 2015; Tang et al., 2016). The EDS is one
of the main hydrological changes in the two lakes after the
com-missioning of TGD (Feng et al., 2013; Lai et al., 2014;
Wau et al., 2015; Wu et al., 2017). The current research showed
that the EDS gave rise to the changes of land cover or landscape
pattern in the two lake wetlands, which would affect the habitat
suitability for migratory birds (Wu et al., 2017). In fact, other
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Figure 4. The LPI (Largest patch index) of each grade of habitat suitability for (a) Anatidae, (b) Charadriidae, (c) Ardeidae and
(d) Laridae of NY and EY in Dongting Lake and Poyang Lake, respectively.
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Figure 5. The MPS (Mean patch size) of each grade of habitat suitability for (a) Anatidae, (b) Charadriidae, (c) Ardeidae and (d)
Laridae of NY and EY in Dongting Lake and Poyang Lake, respectively.

studies also found that the hydrological conditions highly af-
fected habitat suitability in this region (Wang et al., 2013b;
Yuan et al., 2014; Tang et al., 2016; Zhang et al., 2016).

In this study, we found that the EDS: 1) could improve the
habitat suitability for Anatidae; 2) had no significant influence
on the habitat suitability for Charadriidae and Ardeidae; and 3)
had an almost obvious adverse effect on the habitat suitability
for Laridae. Comparing with habitat suitability grade of land
cover for the four groups of migratory birds, we could find that
these changes were consistent with the expandsion of Carex
and Phalaris to mudflat zone (Wu et al., 2017). This was
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because different land cover provided different habitat and food
for migratory birds, and had different habitat suitability grade
for the four groups of migratory birds (Angradi et al., 2001,
Tang et al., 2008; Gan et al., 2009). Other studies also found
that land cover (including vegetation distribution) could affect
the habitat suitability for migratory birds in wetland (Yuan et
al., 2014; Tang et al., 2016).

Although our results displayed that the EDS had an almost
obvious adverse effect on the habitat suitability for Laridae in
the two lake wetlands, we still considered that the EDS could
have a significant adverse effect on the habitat suitability for
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Table 4. Correlation Coefficient between Each Index of the Two Lakes and Their Starting Day of Dry Season

Dongting Lake

Poyang Lake

Birds Grade
TA LPI MPS TA LPI MPS
Anatidae Poor 0.219067 -0.18207%0 0.3010562 0.966000 0.538%27 0.9440005
Fair _011320.803 0.2170.679 0.4480'373 0‘9120.011 0.7820'066 0.9140.011
Good 0.6610'153 0.8580'029 0.6780'139 _0‘7700.073 ‘0.8220'045 ‘0.9080'012
Very Good -0.6210188 -0.173074 -0.660015¢ -0.2850565 -0.46003%8 0.3920448
Charadriidae ~ Poor -0.5290280 0.091086 0.689%1% 0.5290281 -0.058%914 -0.5240286
Fair _015510.258 _0‘1970.709 0.5850'222 0.6910'128 0.1240.815 _0.3520.494
Good 0‘3440.505 0.5090.302 0.3540.491 _0‘5750.233 _0.9240.008 _0.2410.646
Very Good 0.543026 0.048%9%8 0.4220404 -0.04909% -0.1460768 0.3530492
Ardeidae Poor -0.1910716 -0.00509%3 0.13907%% 0.6280182 -0.17907% 0.2290663
Fair _013550.490 _0‘1040.845 0‘7170.109 0.8270'042 0.3840'453 _0_0940.859
Good 0.3760'462 _0‘2370.651 0.6020'206 _0‘0790.882 0.4460'376 0.5960'212
Very Good -0.32705%8 0.04109% -0.7090114 -0.638%172 -0.85000%2 -0.3240531
Laridae Poor -0.216068 0.711013 0.2620615 -0.0240964 -0.2010708 -0.5080304
Fair _012400.648 0.4160'412 0‘2130.685 _0‘1930.715 _0_5270.282 _0_3490.498
Good _013510.495 0‘1190.822 -0.0650'903 -0.6560'157 _0_0730.891 _0_2330.657
Very Good 0.5310278 0.8290041 0.84300% 0.69701 0.065%903 0.688%131

* The significance of the correlation is shown by superscript.
** The significant correlation coefficients are shown in bold.

Laridae. This is because that: 1) only mudflat and shallow wa-
ter provided very good habitat for Laridae. But the area of
shallow water was related to water level (Yang et al., 2010; Cai
et al., 2012; Hu et al., 2015; Wu et al., 2017). If the influence
of shallow water was excluded, the adverse effect of EDS on
the habitat suitability for Laridae was very likely significant; 2)
some studies considered that the lead time of the two lakes
would increase in 50 years after impoundment of the TGD (Zou
etal., 2000; Feng et al., 2013; Wu et al., 2015; Wu et al., 2017).
The adverse effect of EDS on the habitat suitability for Laridae
will be more obvious with the increase in lead time of the two
lakes. Therefore, we argued that the effect of EDS on the habi-
tat suitability for Laridae would be significant in the future.

Besides, the assessment of habitat suitability is not con-
stant for different migratory birds, and the environmental fac-
tors and weights need to be adjusted (based on sufficient re-
search) for each species (Tian et al., 2008; Lee et al.,2016; Tang
et al., 2016). This approach is thus greatly suitable for provid-
ing spatial information to assist with the bird conservation and
management in wetlands around the world (especially the lake
wetlands in the middle and lower reaches of Changjiang River).
From this study, especially the habitat suitability maps in NYs
and EYs, we could recognize the priority areas for habitat
protection and restoration. Some protection/restoration mea-
sures (such as optimize the hydrological conditions) for pro-
tecting wintering migratory bird populations in the priority
areas will be further studied.

5. Conclusions

This paper showed that the EDS in Dongting Lake and
Poyang Lake wetlands 1) improved the habitat suitability for
Anatidae: the TA of higher grade of habitat suitability was im-
proved, and the patch sizes of higher grade of habitat suitability

also had a tendency of increasing; 2) had no significant influ-
ence on the habitat suitability for Charadriidae and Ardeidae at
the two wetlands; and 3) had an almost significant adverse ef-
fect (would be significant in fact and in the future) on the habi-
tat suitability for Laridae: some area of very good grade of hab-
itat suitability for Laridae was turned into good grade, and the
patch sizes of very good grade of habitat suitability of both
wetlands had a decreasing tendency.
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