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Abstract: As an internationally important wintering region for waterfowls on the East
Asian—Australasian Flyway, the national reserve of China’s East Dongting Lake wetland is abundant
in animal and plant resources during winter. The hydrological regimes, as well as vegetation
dynamics, in the wetland have experienced substantial changes due to global climate change and
anthropogenic disturbances, such as the construction of hydroelectric dams. However, few studies
have investigated how the wetland vegetation has changed over time, particularly during the
wintering season, and how this has directly affected habitat suitability for migratory waterfowl. Thus,
it is necessary to monitor the spatio-temporal dynamics of vegetation in the protected wetland and
explore the potential factors that alter it. In this study, the data set of time-series Moderate Resolution
Imaging Spectroradiometer (MODIS) normalized difference vegetation index (NDVI) from 2000
to 2018 was used to analyze the seasonal dynamics and interannual trends of vegetation over the
wintering period from October to January. The results showed that the average NDVI exhibited an
overall increasing trend, with the trend rising slowly in recent years. The largest monthly mean NDVI
generally occurred in November, which is pertinent to the quantity of wintering waterfowl in the
East Dongting Lake wetland. Meanwhile, the mean NDVI in the wintering season is significantly
correlated to temperature and water area, with apparent lagging effects. Long-term stability analysis
presented a gradually decreasing pattern from the central body of water to the surrounding area.
All analyses will help the government to make appropriate management strategies to protect the
habitat of wintering waterfowl in the wetland.

Keywords: wintering waterfowls; habitat; wetland vegetation; water condition

1. Introduction

Wetland is recognized as one of the most important ecosystems on earth and is generally distributed
in the transitional zone between land and water, which has irreplaceable ecological value for protecting
species and maintaining biodiversity [1]. Wetlands are dynamic and diverse in not only spatial patterns
but also in hydrological conditions and vegetation communities [2]. Understanding the interrelations
between vegetation distribution and hydrologic regimes can assist in their effective management. As a
key component of wetland ecosystems, vegetation plays a vital role in environmental functions [3,4].
In particular, diverse plant communities can provide good breeding, habitat, wintering, and foraging
sites for waterfowls [5,6]. Therefore, an in-depth study upon the underlying mechanism of vegetation
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dynamics is helpful for understanding the necessary processes to ensure the stability of wetland
ecosystems and protecting the habitat of wintering waterfowl.

Traditional vegetation survey methods generally require intensive field work, and are laborious,
time consuming, and inaccessible. Cumulatively, such issues can lead to them only being used to assess
relatively small areas [7]. Alternatively, satellite remote sensing offers an economical and effective
approach to monitor the dynamics of wetland vegetation at multiple spatial and temporal scales [8]. In
addition, the associated data can be easily integrated into a geographic information system (GIS) for
spatial analysis [9]. The vegetation index is considered as a relatively mature remote sensing estimation
method with simple calculation and high accuracy [10], which has been applied in many researches. As
a typical vegetation index, the normalized difference vegetation index (NDVI) is not only an important
parameter reflecting vegetation growth status and coverage but also can represent the food abundance
for wintering waterfowl [11,12]. Hence, the application of remote sensing technology to monitor
wetland vegetation plays an important role in biodiversity protection, habitat assessment, and wetland
resource management for overwintering waterfowl.

The East Dongting Lake wetland is one of the most important wintering regions in the
Yangtze River floodplain for hundreds of thousands of migratory waterfowl traversing the East
Asian—Australasian Flyway [13]. Waterfowls are good indicators of environmental changes and
natural resources of great ecological value [14], whose abundance is positively related with the
availability of wetland habitats [15,16], such as food resources [17,18], habitat size and structure [19],
water level fluctuations [20], human disturbance [21], competitors [22], and so on. Among these
factors, water regimes and food availability are considered to be the most important factors that
influence the distribution and abundance of individual species of waterfowl [23,24]. Affected by global
climate change and annual monsoonal flooding followed by water level recession in Yangtze River
Floodplain [25,26], East Dongting Lake forms a unique landscape feature, which is open water in
summer and a wetland landform in winter. The specific hydrological cycle and climatic factor create
extensive, ephemeral, and highly productive wetlands [27]. However, with the operation of the Three
Gorges Dam (TGD) and climatic changes over the past few decades, the hydrological regime of East
Dongting Lake has endured obvious changes [28-31]. These have, in turn, severely impacted ecosystem
services of the wetland [32-35]. Under the dual effects of changes in the natural environment and
human activities [36], the vegetation characteristics and the carrying capacity of migratory birds of the
East Dongting Lake wetland are inevitably altered. Hence, in recent years, it has become a central
issue in ecology to study the effects of the hydrological regime and climatic change on the important
East Dongting Lake wetland [37].

Changes in the wetland vegetation are of great significance to ensure the biodiversity and the
restoration of wintering waterfowl habitats, as well as the rational management of wetland resources.
Previous studies have explored the environmental factors that affect waterfowl habitats as a whole,
including the effect of vegetation on an annual time scale [38]. However, in-depth analysis of vegetation
dynamics, as well as the driving forces and the related analysis of wintering waterfowl from the
perspective of the wintering season remain scarce. This is regrettable because the wintering season is a
critical period for waterfowl, which influences the water conditions, and thereby the spring departure
time and subsequent reproductive success [39]. To address this gap in the existent knowledge, the
remote sensing and GIS techniques were integrated to address the seasonal and interannual dynamics
of spatial vegetation in the East Dongting Lake wetland during the wintering season of waterfowl, from
2000 to 2018, and the interactions between climate change, hydrological conditions, and vegetation
dynamics were explored. The results provide insights into the strategies of wetland management and
the conservation of waterfowl habitats in the middle Yangtze River floodplains.
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2. Materials and Methods

2.1. Study Area

This study was conducted at the East Dongting Lake National Nature Reserve (Figure 1), which
lies on the southern bank of the middle Yangtze River, China [40]. The region possesses a subtropical
monsoon climate. The annual mean temperature ranges from 16.4 to 17.0 °C, and annual precipitations
range from 1200 to 1330 mm. The wetland is about 1900 km?2, and includes freshwater lakes,
marshes, and seasonally submerged moss meadows. As a seasonally inundated water body, the water
level fluctuates seasonally and annually, thereby creating and maintaining a dynamic landscape of
marshlands in winter and flood plains in summer [41,42]. There are abundant vegetation resources,
with more than 1000 species.
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Figure 1. Geographical location of the East Dongting Lake National Natural Reserve, Hunan Province,
People’s Republic of China.

In addition, as the major part of the Dongting Lake, the East Dongting Lake is influenced by the
periodic fluctuation of water levels of the Yangtze River, the Xiangjiang River, the Zi River, the Yuan
River, and the Li River systems. The landforms of the East Dongting Lake vary greatly throughout one
year, with the wet season from May to June, the retreating season from October to December, and the
dry season from January to March in the following year. The maximum water level drop in one year
can reach 17 m. Especially when the water level reduces in winter, large areas of resultant recessional
mudflats and sedge meadow provide critical habitat and food resources for herbivorous Anatidae
species [43,44], with the largest population among the waterfowls. The East Dongting Lake wetland
has become an important wintering habitat for migratory birds. It has recorded 14 orders, 50 families,
and 335 species of birds over the last few decades. Every year, about 30% of waterfowls reach the East
Dongting Lake wetland in October and then spread to surrounding areas; about 60% come to the East
Donting Lake to roost in November. Nearly 10% of the total waterfowls gather in this winter habitat
before migrating.

2.2. Satellite Data

NDVI is one of the most widely used parameters for vegetation remote sensing, and is also an
important indicator of vegetation growth status. Its formula is:

NIR -R

DVl = ———
N NIR + R’

)
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where NIR and R represent the reflectance in MODIS near infrared (841-876 nm) and red (620-670
nm) bands, respectively. The remote sensing data in this study are from the MODIS-Terra MOD13Q1
product provided by the United States Geological Survey. We used the 16-day MODIS NDVI and
MODIS NIR composites with a 250-m spatial resolution in a sinusoidal projection due to their capacity
to detect time-series vegetation dynamics and water areas. The product is generated using a maximum
value compositing method (MVC) in order to limit residual cloud and atmospheric effects. We finally
obtained 432 MOD13Q1 images for the period from October 2000 to January 2018 (inclusive), for
MODIS tiles h27v05, h27v06, and h28v06. As MOD13Q1 belongs to the MODIS level 3 data product,
the data is calibrated and distortion-corrected. Therefore, in this study, the MODIS Re -Projection Tools
(MRT) software was used to perform splicing, format, and projection conversion. Thereafter, the area
of the East Dongting Lake Nature Reserve was used for mask cutting to obtain the study area.

Finally, the MVC method was used to synthesize the monthly data in order to obtain the best
state of the wetland vegetation on a monthly time scale. The NDVI value of each wintering season
was calculated from the average value of the four months during October, November, December,
and January.

2.3. Meteorological Data

Climate factors are considered to be the important environmental factors that affect vegetation
dynamics [45]. The temperature and precipitation data were derived from the National Meteorological
Information Center, which undergoes strict quality control, extreme value tests, and time consistency
tests. We obtained data from a total of 10 meteorological stations in and around the study area from
October 2000 to January 2018. The long-term temperature and precipitation data were used to analyze
its impact on vegetation changes. The daily temperature and cumulative precipitation were respectively
averaged and accumulated on different time scales (monthly and seasonal). Then, the spatial analysis
tool of ArcGIS was used to carry out spatial interpolation processing on these meteorological data
using the inverse distance weighted interpolation method, with a spatial resolution of 250 m, so that
the final interpolation results matched the MOD13Q1 data.

2.4. Liner Trend Analysis

In order to study the spatial trends of the vegetation dynamics in the East Dongting Lake wetland
during a series of wintering seasons, the linear trend analysis method was used to simulate the changes
of the NDVI value for each pixel. The variation degree in NDVI is expressed by the slope of the linear
regression equation, with one variable obtained by the least square method:

nx Y ixNDVIL =Y ix Y NDVI
slope = ) )

) \2
nxyr - (Z?Zl 1)

where n is the number of wintering seasons, NDV]; is the NDVI value of the i-th wintering season;
if the slope > 0, it indicates that the NDVI value has an increasing trend during n years; otherwise,
if the slope < 0, it exhibits a decreasing trend. The trends of interannual NDVI were subjected to a
significance test, with significantly decreased (6 < 0, p < 0.01), slightly decreased (8 <0, 0.01 < p < 0.05),
basically unchanged (6 <0 or © > 0, p > 0.05), slightly increased (6 > 0, 0.01 < p < 0.05), and significantly
increased (6 > 0, p < 0.01) [46]. This enabled the vegetation trend map of the East Dongting Lake
wetland during the wintering season from 2000 to 2018 to be constructed, as well as the area statistics.
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2.5. Stability Analysis

To analyze the spatial fluctuations of long-term vegetation NDVI, the variation coefficients of
seasonal and monthly mean NDVI in the East Dongting Lake wetland during wintering seasons were
calculated on the pixel scale to evaluate the stability:

Co =0/%, ®)

where C;, is the variation coefficient, § is the standard deviation, x is the average value, and C, represents
the dispersion of the data distribution. It follows that the smaller the value of C, indicates that the
data distribution is relatively compact, the data is steady on the time series scale, and the vegetation
community state is stable. In contrast, it reflects poor stability. In this study, the stability was divided
into six grades, with C1 (0 < C, < 0.05), C2 (0.05 < C, < 0.10), C3 (0.10 < C;, < 0.15), C4 (0.15 < Cy < 0.20),
C5 (0.20 <C, < 0.25), and C6 (0.25 <C, < 0.30) [47].

3. Results
3.1. Temporal Analysis of Vegetation Variation

3.1.1. Interannual Variations

The mean NDVI during the wintering season for waterfowls was calculated to assess the vegetation
dynamics over the past 18 years. Annual mean NDVI ranged from 0.25 to 0.41 (Figure 2). The relatively
low NDVI was attributed to the large area of water distributed in the study area. In addition, the
overall trend showed a slow increase with fluctuations, but the increasing trend was not significant
over the entire period.

0.40

oss| - P \\/\/ \/\// \

0.30 = y=0.002x - 3.82
_ // y=0013x-2589 P>0.05

P<0.01
0.25 |

NDVI

0.20

o5 [ DHEHHDDH
T e

0.05 |

2000 200Y 7002 70 A0 2003 700 AT 2O AT V0 ALY AT AV VA HANS A1 V]

Figure 2. The changing trend in the annual mean NDVI of the East Dongting Lake wetland during the
wintering seasons between 2000 and 2018.

Generally, the variability in NDVI during the wintering period from 2000 to 2018 can be divided
into two stages: The first rapid growth period from 2000 to 2006 and the insignificant growth period
with fluctuations from 2007 to 2018. Among them, the NDVI value increased from 0.260 in 2000 to
0.325 in 2002, and the year-on-year growth rate of the NDVI value in the wintering seasons of 2001
to 2002 reached 76.26%, which was the highest in the 18 years. In the wintering season of 2003, the
NDVI decreased slightly to 0.311 and then gradually increased to 0.368 in 2006. The full operation
of the TGD and the commencement of water storage in 2003 reduced the amount of water released
and reduced the area of the East Dongting Lake. This, in turn, led to the early explosion of sedge
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meadows and mudflats, which is conducive to the growth of Carex plants and other water plants, such
as reeds, in low-lying beaches. From 2007 to 2017, the NDVI increased, with large fluctuations. During
this period, the NDVI value changed in the range of 0.309 to 0.400, fluctuating alternately in a stable
range. Because the clear water discharge of the TGD will reduce the sedimentation rate and sediment
volume in the East Dongting Lake, the nutrient content obtained by the wetland plants and animals
from the sediments from the Yangtze River is also reduced, and the vegetation coverage fluctuates
with regulation and storage works. In summary, during the past 18 years, the average NDVI in the
wintering season at the East Dongting Lake wetland exhibited a generally slow growth, indicating that
the overall trend of vegetation was more suitable to wintering waterfowls.

3.1.2. Inter-Monthly Dynamics

According to the statistics of monthly NDVI during wintering seasons, the multi-year mean NDVI
in October, November, December, and January of the following year were 0.371, 0.373, 0.324, and 0.280,
respectively (Figure 3). The maximum monthly average NDVI in the study area generally occurred in
November, followed by October, December, and January. Among them, the trends of monthly mean
NDVI in October and November were similar and fluctuated greatly. The trends were consistent to the
interannual variations in NDVI with two apparent stages (Figure 2). The study also indicated a steady
increase in the monthly mean NDVI in October and January during the past decades.

—0O—October y =0.0051x-9.78 P >0.05
—O—November y = 0.0041x-7.95 P >0.05
—*— December y = 0.0038x-7.38 P <0.05
045} —!—January y=0.0028x-5.42 P <0.05
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Figure 3. The changing trends in monthly mean NDVI at the East Dongting Lake wetland from 2000
to 2018.

3.2. Spatial Analysis of Vegetation Variation

3.2.1. Spatial Trend Analysis

The trend analysis of annual mean NDVI reflected the spatial pattern of vegetation dynamics in
the study area over the past 18 years. Among them, the area of vegetation exhibiting improvement was
956.5 km?, accounting for 52.81% of the total wetland. The area of obvious improvement in vegetation
was much larger than that of moderate improvement and slight improvement (Figure 4). Generally,
the improvement regions were mainly distributed in the mudflat wetlands and grassland wetlands
adjacent to the water body of the wetland. The total area of vegetation degradation is about 120.6
km?, accounting for 6.66% of the study region. The distribution is relatively scattered, with the most
degraded areas lying in the reed wetland near the Luhu Lake and the Chunfeng Lake. In the wintering
season, reed harvesting led to a decrease of the NDVI and the degradation of vegetation. The area of
land with basically unchanged vegetation is 734.0 km?, accounting for 44.53% of the total area. It is
mainly concentrated in the water and grassland wetland away from the central water body. Overall,
vegetation of the East Dongting Lake wetland improved substantially from 2000 to 2018.
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Figure 4. Spatial trend analysis of the annual and monthly mean NDVI at the East Dongting Lake
wetland during the wintering period from 2000 to 2018.

3.2.2. Stability Analysis

Using the stability analysis method, the variation coefficients of the seasonal and monthly mean
NDVI at the East Dongting Lake wetland between 2000 and 2018 were examined. On the annual
time scale, the area proportion of the variation coefficient greater than 0.10 was 79.61% (Figure 5),
which was concentrated in the central water body, mudflat wetland, and grassland wetland close to
water. The aquatic vegetation in these parts of the region changed greatly and had poor stability. The
variation coefficient showed a decreasing pattern from the central water body to surrounding areas.
The variation coefficient of 0 to 0.10 accounted for 20.39% of the study area, concentrated in the grassy
marshes far away from the central water body. It showed that in the past 18 years, the stability of
vegetation NDVI in only a few areas at the East Dongting Lake wetland has improved significantly.

In terms of monthly time scale, the stability of NDVI in the East Dongting Lake wetland was
significantly different over the four months. During the past 18 years, the area proportions with NDVI
variation coefficient less than 0.10 were 9.58% in October, 3.80% in November, 1.66% in December, and
0.90% in January. The areas with an NDVI variation coefficient larger than 0.20 were 58.99% in October,
57.69% in November, 63.66% in December, and 64.32% in January, respectively.
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Figure 5. The area proportions of different NDVI stability at the East Dongting Lake wetland from

2000 to 2018.

3.3. Effect of Climate Factors on Vegetation Dynamics

Climate change plays an important role in dominating the growth of wetland vegetation. The
multi-year mean temperature in the East Dongting Lake wetland during the wintering season is
11.04 °C. The temperature showed an upward trend, despite fluctuations from October 2003 to January
2013 (Figure 6). Especially, the temperature increased obviously from 2012 to 2013 by about 2 °C
in magnitude, which was attributed to the abnormal cold weather in the winter of 2012 in China.
The hydrological recharge effect after precipitation forms surface runoff and its contribution to the
hydrological cycle also affects the distribution and function of wetlands. The accumulated precipitation
in the East Dongting Lake wetland during the wintering season presents an obvious fluctuating trend,
with a multi-year mean value of 263.72 mm. The precipitation reached a peak in 2002, with 407.43 mm,
followed by 2005 with 336.18 mm and 2012 with 330.20 mm.
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Figure 6. Changes in temperate (a) and precipitation (b) during the wintering period of migratory
waterfowl in the East Dongting Lake wetland over the past 18 years.
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After analyzing the dynamics in the temperature and precipitation during the past decades,
this study analyzed the correlations between the monthly mean vegetation NDVI and the associated
meteorological factors. The effects of climate controls were also examined at a 16-d lag and a
32-d lag. Temperature generally exhibited a strong and positive relationship with the variability in
NDVL. Especially, the correlation coefficient between the monthly average NDVI and a lag of 32 d in
temperature reached a peak of 0.6414 (Figure 7). Generally, the precipitation showed no significant
correlations with the monthly mean NDVI. All analyses showed that compared with precipitation, the
variability in NDVI was more significantly correlated with temperature, which is the dominant factor
controlling the vegetation growth in the East Dongting Lake wetland during the wintering periods.

Pearson's r = 0.1605
P>0.05

Pearson's r = 0.1382 Pearson's r = -0.0172
P>0.05 P>0.05
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Figure 7. Correlation diagram between the meteorological factors and vegetation NDVI over different
lag periods at the East Dongting Lake wetland.

3.4. Effects of Hydrological Regime on Vegetation Dynamics

Over the past 18 years, the water area varied from 216 to 395 km? during the wintering season at
the East Dongting Lake wetland (Figure 8). It showed a significant decreasing trend from the wintering
season of 2000 to 2003. This trend ended in 2004 but fell again in 2006. Since then, the water area has
fluctuated with remarkable regularity. After the operation of the TGD in 2003, the sediments of the
reservoir alleviated the shrinkage of East Dongting Lake. The water area of the East Dongting Lake
decreased significantly in the wintering season of 2003, 2006, and 2009. During these years, the TGD
experienced important water storage. The water area of the river-communicating lake in the middle
and lower reaches of the Yangtze River, such as the East Dongting Lake, decreased significantly during
the water storage period. In addition, the unprecedented drought events in 2011 and 2013 reduced the
water area of East Dongting Lake.
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Figure 8. Changes in water area during the wintering period of migratory waterfowl in the East
Dongting Lake wetland over the past 18 years.

The effects of hydrologibal conditions on wetland vegetation are presented in Figure 9. The
variability in NDVI at the East Dongting Lake wetland showed a significant negative correlation with
the water area. The shrinking lake area, in turn, increased the area of exposed mudflat wetlands
and grassland wetlands. In addition, vegetated areas, such as the Carex, expanded, with increasing
vegetation coverage. Conversely, when the water area increased, the lake area expanded, leading to
more areas close to the water body being submerged, which was adverse for the vegetation growth for
wintering waterfowls.

] y =0.0003x + 0.4416
o % Pearson's r = -0.5193
= P <0.01
04
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@)
Z 03}
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200 400 600
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Figure 9. Correlation analysis between the water area and vegetation NDVI during the wintering
period from 2000 to 2018 at the East Dongting Lake wetland.

4. Discussion

4.1. Vegetation Response to Environmental Controls

Vegetation dynamics are affected by a variety of environmental factors. Climate change is generally
recognized as the decisive factor dominating vegetation patterns. Among all the meteorological factors,
vegetation is especially sensitive to temperature and precipitation [48]. In the East Dongting Lake
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wetland, temperature plays a leading role in the vegetation growth during the wintering period
for waterfowls. When the temperature is low, vegetation growth will be inhibited. Precipitation
decreases in the wintering season, but still meets the water consumption required for the normal
growth of vegetation in wetland, thus contributing to the persistent high level of NDVI. Previous
studies have pointed out that many environmental factors affected the East Dongting Lake wetland in
the past decades, but the specific response to temperature and precipitation usually has a certain time
lag [49,50], which is also reflected in the results of this study. October is the beginning of the wintering
season, and the temperature is relatively suitable for vegetation growth. However, due to the lagging
response of vegetation to climate, the vegetation coverage in the study area in November is better than
that in October. After November, the vegetation enters a recession, but the reduction in vegetation
coverage in the late wintering season decreases slightly. The vegetation types in the East Dongting Lake
wetland are mainly Carex, Artemisia, and Reed, and the growth of these hygrophytes is less affected
by precipitation due to their plant habits and growth rules [51]. Climate change will reduce or even
eliminate the range of some wetland plants and expand the range of others. Future research should
strengthen the comparative study of climate scenario improvement and different methods, strengthen
the test of prediction methods, and carry out research on the response of plant species diversity and
richness to climate change, so as to formulate more-resilient strategies for sustainable development.

However, the driving factors for changes in vegetation include solar radiation, human activities,
and extreme climate [52]. In 2016, the El Nifio phenomenon was strong. Due to warming of the ocean,
the winter winds weakened, so the East Dongting Lake showed signs of a warm winter [53], which
will be conducive to the growth of vegetation and the overwintering of waterfowl. At the same time,
the water area of East Dongting Lake in the wintering season of 2016 is smaller than that of 2015 and
2017. The decrease of the water area provides more growth space for wetland vegetation, such as
Carex, so the NDVI in the wintering season of 2016 was apparently higher than that in the winters of
2015 and 2017.

In addition, extensive disturbances from human activities, such as ecological protection measures
and the construction of hydroelectric dams, have exerted severe impacts on the hydrological regimes, as
well as vegetation dynamics, in the East Dongting Lake region [30]. Natural subsidence and ecological
protection policies, such as returning farmland to lakes [54], led to a significant increase in vegetation
cover between 2000 and 2002. The TGD is a dominant factor affecting the water conditions in the East
Dongting Lake and the middle and lower reaches of the Yangtze River, which plays an important role
in the trends of vegetation over different years. The TGD begins to store water in October, and the
whole impoundment process takes about two months through to early December. During the storage
period in October and November, the NDVI trend change is basically the same, and the water level in
the lake area decreases rapidly. The water area decreases, and the large area of exposed mudflat quickly
develops into grassy marshes. Therefore, the monthly average NDVI in October and November is
larger than that in the other two months, and with the increase of the water storage time, the monthly
average NDVI in November is slightly larger than that in October. Falling water levels in early October
expose sedge meadows and allow them to rapidly grow, providing a major food source for wintering
waterfowls when they arrive to the wetland.

4.2. Potential Effects on Waterfowl Populations

During the wintering seasons in past decades, the number of migratory birds in the East Dongting
Lake wetland showed a cyclical change from a decline to a rise, with an overall upward trend (Figure 10).
The policy of returning farmland to lake has enabled typical wetland plants to replace the original
artificial crops. This has not only attracted more migratory birds but also made the wetland area of
East Dongting Lake larger. This process directly provided more habitats for wild waterfowls and thus
increased their quantity. After impoundment of the TGD, the sediment transport volume dropped
sharply [55,56], the amount of sediment entering the lake decreased, and the area of the East Dongting
Lake wetland increased. It also indirectly attracted more wetland waterfowl. In recent years, the
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implementation of many measures to protect waterfowl in the East Dongting Lake wetland is another
reason for their proliferation.

Waterfow] number 226,352
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Figure 10. The populations of wintering waterfowls in January from 2006 to 2018 at the East Dongting
Lake wetland.

In the winters of 2006 and 2011, the East Dongting Lake wetland experienced severe droughts.
The wetland waterfowl populations were obviously affected in January 2007 and January 2012. In
January 2007, the water area decreased by 19.13 km? compared with January 2006, and in January 2012,
the water area decreased by 83.08 km? compared with January 2011. Thus, it can be concluded that
the East Dongting Lake was severely disturbed by extreme weather events. Drought also occurred
in 2009, but the number of waterfowl still increased in the second year. The specific reason may be
that the drought in 2009 was not as serious as those hitherto mentioned and ended in January 2010.
The number of waterfowl in the wetland in January 2013 was basically the same as that recorded
in January 2012. Because the drought in 2011 was severe and its impacts lasted until January 2013,
another severe spring drought in 2014 made the number of migratory birds in the East Dongting Lake
wetland plummet once more. Thankfully, the number of wintering waterfowl in the wetland has
gradually increased, reaching a maximum in January 2018.

Previous studies found that wintering waterfowl exhibited spatio-temporal variations in
distribution, abundance, richness and diversity, and composition. Such variations are not only
influenced by internal factors of species characteristics, such as feeding habits and individual
development, but also driven by the wetland habitat quality in the East Dongting Lake [57-59].
This paper primarily discussed the temporal and spatial dynamic changes of wetland vegetation and
its impact on waterfowl during the wintering period. In previous studies on wetland waterfowls,
environmental factors mainly included vegetation cover [60,61], sunshine [62], rainfall [33], hydrological
regime [63-65], food availability, and human disturbance [66,67]. The impact of environmental factors
on waterfowls may be significantly different among species. Such concerns do, however, lie beyond
the scope of this paper. However, in the East Dongting Lake wetland, the wintering waterfowl are
predominantly comprised of Anseriformes, while the water regime and food resource are considered
to be the most important factors affecting the distribution and quantity of waterfowls in wintering
periods. The herbivorous Anseriformes feed on recessional short grassland and sedge meadows as
food resources. Thus, study on the vegetation dynamics and its driving factors during wintering
seasons is of great significance to the suitability evaluation for waterfowl habitats.
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5. Conclusions

Wetland ecosystems comprise a whole interaction between the biological environment and the
non-biological environment. Meanwhile, the impact of human activities on wetland ecosystems
cannot be ignored, which exert severe effects on the wildlife and biodiversity, especially with rapid
development of the economy. This paper used the long-term sequence of remote sensing data
to objectively analyze vegetation dynamics during the wintering period of waterfowls in the East
Dongting Lake wetland. The results showed that in the past decades, the NDVI of the protected area
exhibited an overall increasing trend during wintering seasons, which indicated more suitable habitats
can be provided for wintering waterfowls. We also found that the NDVI in November reached the
maximum value, which is relevant to the quantity of wintering waterfowls because the well-growing
vegetation provides sufficient food resources and favorable shelter. In addition, the NDVI in wintering
seasons exhibited lagging effects of temperature responses. This study revealed that the variability
in the NDVI during wintering periods is mainly altered by the water conditions. Such research on
the impact of environmental controls on vegetation in the reserve can, therefore, provide scientific
support for improving the suitability of waterfowl habitats during winter and maintaining the stability
of wetland ecosystems.
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