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Abstract: To design a good conservation strategy for herbivorous Anseriformes wintering in Poyang
Lake, knowledge of habitat suitability is essential. Therefore, this study aimed to assess the habitat
suitability of herbivorous Anseriformes of China’s Poyang Lake. Landsat images with a resolution of
30 m downloaded from the United States Geological Survey, and other ancillary data were used. The
ENVI 5.3 software and ArcGIS 10.2 software were used for preprocessing, classifying the satellite
image, and mapping habitat suitability. The study reveals that land cover types were divided into
vegetation, mudflats, water, and sand. Similarly, the study area’s habitats were also divided into
unsuitable, fair, good, and best grades. However, the distribution of the habitat suitability for each
grade reveals significant spatial variations. For instance, vegetation indicated the areas with the
best habitat grade, followed by mudflats, and these areas cover (47.93%, 2015 and 55.78%, 2019)
the majority of the study area. The unsuitable grades cover the smallest areas (0.48%) of the lake.
Similarly, this study results showed a slight change in habitat suitability areas. Therefore, this
study highlighted that Poyang Lake has valuable importance for the conservation of herbivorous
Anseriformes. Extending the years of study and including some ecological variables from different
stopovers could improve the results.
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1. Introduction

Variability in topography and temperature is recognized as the most significant com-
mon predictors of bird species richness [1,2]. Heterogeneity of an environment (spatial
variation in habitat and local climate) can impact species distribution [3]. The seasonal
variation of rainfall and seasonal variation in the accessibility of food resources results in
regular variations in the abundance of bird species of particular areas [4,5]. Changes in
species richness and composition can also affect the community’s functional diversity [6]
and changes ecosystem services, which in turn affects humans [7]. Irrespective of their
importance, global waterbird populations are decreasing [8]. Natural wetlands loss and
degradation are threatening flora and fauna dependent on wetlands. For instance, water-
birds are one of the most sensitive and vulnerable forms of wildlife [9,10]. The growth
in humans’ land-uses reduces habitat availability at breeding and wintering sites [11–13].
Types, sizes, and quantities of available food within wetlands also affect avifauna [14].

Human activities are known to affect waterbirds [15,16] by decreasing their foraging
success [10,17], reducing breeding success [18], modifying distribution [19], decreasing
species richness [20], and also changing community composition [21,22]. Waterbird habitat
damage can result in a decline in waterbird numbers [23,24] or cause waterbirds to move
to nearby suitable habitats [25].

All species, including waterbird species, have specific optimum habitat requirements,
called habitat factors. These habitat factors regulate the habitat suitability of waterbirds.
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This habitat suitability can be measured by a habitat suitability index (hereafter denoted as
HSI). HSI is a variable describing the habitat’s priority regarding the species’ (or group of
species) under consideration [26,27]. HSI is a unitless model that can transform existing
knowledge of a species’ habitat necessities into standard, quantitative measures of habitat
quality. HSI ranges between 0 to 1, which means that the worst criterion score has a stan-
dardized value of 0, whereas the best has a standardized value of 1 [27–29]. Scholars have
developed several methods to assess habitat suitability of wildlife, including maximum
entropy models (Maxent) [30], generalized linear models [31], ecological niche variable
analysis [32,33], resource-based models [34], the hydrodynamic model, and the vegeta-
tion growth threshold [35] and habitat suitability index [36]. These models determine
terrain morphology, land cover, meteorological conditions, and distribution of anthro-
pogenic activities that significantly influence the presence, abundance, and distribution of
species [31].

Habitat suitability is also a crucial and sensitive index explaining local habitat use [37].
It could have a wide variety of applications in managing biodiversity of species and
conservation planning design [38]. Despite improving the ecological environment and bio-
diversity conservation, most traditional suitability models have focused on the occurrence
and have provided relatively qualitative information on species’ habitat suitability [39].
Qualitative information relies upon an individual’s skills and imageries, so it might not
provide accurate information. In contrast, the quantitative analysis provides relatively
precise data. Therefore, recently geographic information systems (GIS) and remote sensing
(RS) have been broadly used for the quantitative assessments of waterbird habitats [40].

Remote sensing data can help to examine habitat changes which either caused natu-
rally or by anthropologic activities [40,41]. For example, the remote sensing data such as
the normalized difference vegetation index (NDVI) as a proxy for ecosystem greenness [42]
(food abundance), satellite-based slope data indicating shelter condition [31] affecting
habitat suitability and density of settlements [43] representing a direct impact of human
disturbance on water bird habitats. They have been used extensively as predictors of wa-
terbird’s habitat characteristics. Hence, remote sensing is favored for assessing waterbird
habitats’ suitability.

East Asia’s largest freshwater lake [44] has global importance for conserving migratory
waterbirds of the East Asia-Australasian Flyway [45,46], and is called Poyang Lake. It
is known to have large seasonal water level fluctuations [47–49] and regional landscape
changes [50]. In Poyang Lake, three months, namely June, July, and August, are the months
with the highest water level while the lowest water levels are seen in January, February, and
December [51–53] (Figure S1, when the NDVI value is the lowest). The natural hydrological
changes, typically inundations and drying, manage the biodiversity distribution and
abundance of an organism and ecological processes in freshwater ecosystems [54,55].

Bird species or groups of bird species’ habitat preference can differ significantly
over various factors, including food availability, hydrological conditions, and vegetation
distribution [56]. Knowledge of waterbirds’ habitat requirements [57,58] is crucial to assess
their habitat suitability effectively. As a result, previous studies consider several factors
while determining species’ or groups’ of species habitat suitability [38,59,60]. However,
assessing waterbird habitat suitability by considering several factors has yet to be further
explored in Poyang Lake. Therefore, the objective of this study was to quantitatively assess
the current habitat suitability of herbivorous Anseriformes (henceforth Anseriformes, the
highest proportion of waterbirds in Poyang Lake) [53,61] by employing GIS and remote
sensing (RS) tools while considering several factors. The results of this study will help
to protect the herbivorous Anseriformes’ habitats and may assist as a tool for waterbird
conservation of the study area.
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2. Materials and Methods
2.1. Study Area

Poyang Lake (28◦24′–29◦46′ N and 115◦49′–116◦46′ E), the study area, is one of the
natural reserves listed in the internationally important wetland list in China, and the
most prominent waterfowl overwintering place in East Asia. In the same way, it is the
largest freshwater lake in China, located at the south bank of Changjiang in Jiangxi province
(Figure 1), covering an area of around 1000 km2–4000 km2 [44]. Mudflats and wet meadows
are the dominant habitats in the dry season, with a less than 1000 km2 surface area covered
with water [53,62].

Figure 1. Location of the study area: Poyang Lake, Jiangxi Province, China.

Poyang Lake has a humid subtropical climate with an annual average temperature of
16.7–17.7 ◦C [63] and average annual precipitation of 1400–1900 mm [63]. The dominant
vegetation types in Poyang lake are Carex spp., Potamogeton spp., and Polygonum spp.
(Table S1) [64]. These vegetation types are the essential food source of herbivorous water-
birds wintering in Poyang Lake [65], and its growth process is vulnerable to hydrological
fluctuations [66,67]. In winter, Poyang Lake supports more than 400,000 waterbirds on
average [45]. Geese are the dominant herbivorous species in Poyang Lake [61,68], namely,
the Swan Goose and Lesser White-fronted Goose (Vulnerable), Bean Goose, Greater White-
fronted Goose, and Greylag Goose (Least Concern). The wintering waterbirds’ arrival
time and leaving time at Poyang Lake mostly depend on the water level. Most wintering
waterbirds arrive at Poyang Lake when the water level starts decreasing (in late October)
and leave when the water level starts rising (in March). The vegetation index of Poyang
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lake, which could reflect the food abundance of herbivore birds, fluctuates periodically
(Figure S1).

2.2. Methods

In this study, GIS software and Remote sensing data were employed to assess the
herbivorous Anseriformes’ habitat suitability. The main environmental indicators that had
a controlling effect on the living condition herbivorous Anseriformes’ in Poyang Lake were
identified based on previous studies [45,61]. Accordingly, four indicators: Landcover types,
water abundance, food availability, and human disturbances, were identified to assess
herbivorous Anseriformes’ habitat suitability.

Two geometrically corrected Level 1T (L1T) scenes of Landsat image (cloud-free
operational land image data, OLI images (Worldwide reference system (WRS) path 121,
row 40, acquisition date: 22 December 2015–23 February 2019) with the resolution of
30 m) downloaded from USGS (http://glovis.usgs.gov/, accessed on 22 December 2015–23
February 2019) (Table S2). Similarly, Digital Elevation Model was obtained from USGS and
other ancillary data (roads data) extracted for the study area.

The land cover data which reflect the safety of shelter, were extracted from Landsat 8
image bands. Before Landsat image classification, Fast Line-of-sight Atmospheric Anal-
ysis of Spectral Hypercubes module (FLAASH) [69] was used to calibrate and remove
atmospheric and light factor effects from the objects’ reflectance of the image, which can
enhance image brightness and facilitate the classification process. A frequently used super-
vised classification (Maximum Likelihood) method [70] was performed to classify Landsat
images in ENVI software. The producer, user, overall accuracy, and Kappa coefficient
results were used to evaluate the classification results [71,72]. Finally, the output landcover
classification accuracy was assessed using relevant field data and Google Earth’s high
spatial resolution images.

The normalized difference moisture index (NDMI) values which reflect the abundance
of water, were calculated from Landsat 8 bands using the formula, NDMI = (NIR −
MIR)/(NIR + MIR), where Band 5 is the near infrared band (NIR), and Band 6 is a middle
infra-red band (MIR) [73]. Similarly, the normalized difference vegetation index (NDVI)
used to evaluate the food abundance for wintering Anseriformes were also obtained from
Landsat 8 bands by using the formula, NDVI = (NIR − R)/(NIR + R), where Band 4 is the
Red and Band 5 in the near infra-red band [40]. The slope of the study area that reflects
shelter safety was calculated from the Digital Elevation Model (DEM). All the above-
calculated data was processed on the Google Earth Engine (GEE) cloud platform [74].

Obviously, all the criteria (indicators) might not have the same importance. Therefore,
all the identified indicators were compared with each other according to experts’ advice
and assign priority (relative importance) weight by applying the analytic hierarchy pro-
cess (Hereafter called AHP) methods [75–77]. APH was conducted by an AHP priority
calculator [78] and Excel.

The step followed in this study is shown in Figure 2. Herbivorous Anseriformes loca-
tion collected in our previous study [61] was used to assess habitat suitability assessment
accuracy.

MOLUSCE (Methods of Land Use Change Evaluation) [79] of QGIS software 2.01 was
used to calculate the suitable herbivorous Anseriformes’ habitats suitability change.

http://glovis.usgs.gov/
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Figure 2. Flowchart of habitat suitability assessment of the herbivorous Anseriformes in Poyang Lake.

3. Results

This study assessed the habitat suitability of herbivorous Anseriformes in Poyang
lake. To achieve the desired goals of this study, first, the factors that are supposed to have a
controlling effect on herbivorous Anseriformes’ life were identified. Second, the relative
importance (weight) for all identified indicators were assigned using the AHP approach.
Finally, depending on the identified indicators, the study area habitat was categorized
into four grades (Figures 3–6). The detailed results of the determining factors (Land
cover, NDVI, NDMI and, slope) and the AHP used to assess the final habitat suitability of
herbivorous Anseriformes of Poyang Lake were explained as follows.
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3.1. Land Cover Extraction

Land cover data of the study area for the winter seasons of 2015 and 2019 were
obtained by processing and interpreting Landsat 8 images and are presented in Figure 3.
From Landsat 8, four major cover types were identified in Poyang Lake during the study
periods, viz. the vegetation, waterbody, mudflat, and sand, and the four types’ detailed
functions are listed in Dronva’s studies [53]. The output landcover classification accuracy
assessment shows that the overall accuracy of land cover classification of 2015 and 2019 in
this study reaches 96.27% and 97.58%, and the Kappa values are 93.31 and 96%, respectively
(Tables 1 and 2), which is satisfactorily acceptable for the research needs (Above 85%).

Table 1. Land cover accuracy of classification results in 2015.

Land Use/Land Cover Producer’s Accuracy (%) User’s Accuracy (%)

Water 98.72 99.20
Vegetation 90.57 98.73

Sand 98.74 99.42
Mudflats 98.14 75.57

Overall Accuracy 96.2746%
Kappa Coefficient 0.9331

Table 2. Land cover accuracy of classification results in 2019.

Land Use/Land Cover Producer’s Accuracy (%) User’s Accuracy (%)

Water 96.15 99.80
Vegetation 99.26 99.67

Sands 100.00 15.56
Mudflat 98.14 75.57

Overall Accuracy 97.5795%
Kappa Coefficient 0.9579

In the scenes, vegetation was the dominant cover type, followed by water bodies
(Figure 3).

3.2. Analytic Hierarchy Process (AHP) Approach
Pair-Wise Comparisons Criteria

In this study, weights for the five indicators obtained were NDVI—0.37, Land cover—
0.36, NDMI—0.13, Slope—0.07, and disturbance (road density)—0.07 (Table S3).



Diversity 2021, 13, 171 8 of 14

3.3. Habitat Suitability Index Calculating and Reclassifying

The weights obtained from the AHP for each indicator were used in the spatial analyst
tools of ArcMap 10.2 to arrive at a final suitability map. The map was divided into four
natural classes of suitability levels of herbivorous Anseriformes’ habitats (Figure 6). A
geospatial overlay tool of ArcGIS was used to calculate HSI, which was a linear func-
tion [77,80] of indictors as follows:

Habitat Suitability Index (HIS) = ∑n
i=1 wifi (1)

where wi and fi are the normalized weight, such that Σwi = 1 and value of i indicators,
respectively; n = 5 (in this study).

We assessed the Herbivorous Anseriformes habitat suitability using the land cover
types NDVI, NDMI, and slope data layers by the ArcGIS 10.2 software tool. The final
suitability map (Figure 7) reveals that the study area was divided into poor (unsuitable),
fair, good, and best (suitable) grades, which show a significant spatial variation in their
distribution across the study area (Table 3).

Figure 7. The habitat suitability map of Herbivorous Anseriformes for the 2015 and 2019 winter
seasons of the study area.

Table 3. Habitat suitability grade areas change of Herbivorous Anseriformes during winter seasons
of 2015 to 2019.

Scheme 2015 2015 2019 ∆ 2015% 2019% ∆%

Unsuitable 12.57 15.18 2.61 0.38 0.46 0.15
Fair 1119.57 1354.20 234.63 33.75 40.77 10.08

Good 594.89 99.30 −495.59 17.93 2.99 −12.59
Best (Suitable) 1589.99 1852.85 262.86 47.93 55.78 2.36

3.4. Habitat Suitability Change from 2015 to 2019

MULUSCE of QGIS software 2.01 was used to calculate the suitable herbivorous
Anseriformes’ habitats change in 2015 and 2019 of the study periods. The results showed a
slight change in habitat suitability areas (Figure 8). The overall habitat suitability changes
from 2015 to 2019 are presented in Table 3. The best (suitable) grade area increased from
47.93% to 55.78 of the study area. Meanwhile, the good grade area decreased from 17.93%
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to 2.99% of the study area. The transition matrix shows that only 23% of good grade
areas remained unchanged, and the highest portion was changed to fair grade areas (58%)
(Table 4).

Figure 8. Habitat suitability change of Herbivorous Anseriformes during winter seasons of 2015
to 2019.

Table 4. Transition matrix.

Suitability Grade Unsuitable Fair Good Best (Suitable)

Unsuitable 0.84 0.16 0.000 0.00
Fair 0.01 0.99 0.002 0.00

Good 0.00 0.58 0.187 0.23
Best (Suitable) 0.00 0.00 0.040 0.96

4. Discussions

This study assessed the habitat suitability of herbivorous Anseriformes wintering in
Poyang Lake using geographical information system tools and Landsat images.

Many studies used water resource distance, NDVI, land cover type, and water depth
as environment indicators to assess habitat suitability for migratory birds [81,82]. Similarly,
in this study, the ecological indicators that determine Anseriformes’ lives were identified
using habitat suitability analysis. To assess the habitat suitability of wildlife, including
birds, it is crucial to consider anthropogenic activity, which plays a great role in wildlife
survival. Many studies have used roads’ density as environmental disturbance factors
while studying habitat suitability assessments [83]. However, in this study, roads do not
seriously disturb herbivorous Anseriformes in our study area because they are typically
found in/near lakes surrounded by swampland/mudflats, which serve as barriers to
protect them from most communities. Therefore, for this study, land cover, NDVI, NDMI,
and slope were chosen as the most indicators for assessing herbivorous Anseriformes’
habitat suitability in this study area. These indicators are the important parameters that
help to study a quantitative way of migratory bird suitability status [38,52].

Land cover types (water body, vegetation, mudflat, and sand) were extracted from
Landsat 8 OLI, consistent with this area’s previous study [53]. However, due to the
inundation and hydrological fluctuation, the land cover types differed from time to time.



Diversity 2021, 13, 171 10 of 14

The extracted land cover classification accuracy was assessed through our knowledge of
the study area and the high-resolution images available in Google Earth Pro. The producer,
user, overall accuracy, and Kappa coefficient were used to evaluate the classification
results [71,72]. The results show that the overall accuracy of land cover classification of
2015 and 2019 in this study reached 96.27% and 97.58%, and the Kappa values were 93.31
and 96%, respectively, which are satisfactorily acceptable for the research needs (Above
85%). The higher the Kappa value, the better the classification accuracy [84].

The NDMI, and NDVI indices were obtained from Landsat 8 image. In Figure 4, the
blue regions show higher NDMI and lower/no vegetation growth, which implies higher
water availability. Figure 5 shows the spatial distribution of the NDVI, and the green
regions generally indicate higher NDVI and better vegetation growth, which implies better
food availability for herbivorous Anseriformes.

The habitat suitability map obtained in this result was graded into best, good, fair,
and poor (unsuitable) and presented in Figure 6. The study showed the distribution
of the habitat suitability for each grade shows significant spatial differences (Figure 6).
Vegetations were the areas with the best habitat grade, followed by mudflats (3%), and
these areas cover (55.78%) the majority of Poyang Lake. The poor and unsuitable grades
sites mainly existed in the northern mountainous areas of the Poyang Lake and these area
covers small portion the areas (0.48%) of the Lake. Nevertheless, due to the environmental
indicator’s differences, this area’s habitat-suitability might not be constant from year to
year. This study showed the suitable herbivorous Anseriformes’ habitats showed a slight
change in habitat suitability areas. For instance, the best (suitable) grade area increased,
whereas good grade area decreased. The transition matrix (Table 4) shows only 23% of
good grade areas remained unchanged, and the highest portion was changed to fair grade
(58%). This habitat suitability change could be associated with differences in the area’s
hydrological fluctuation [85,86].

Therefore, the present study’s findings highlight that Poyang Lake has a valuable
importance for the conservation of herbivorous Anseriformes. However, more study
is needed to identify aquaculture and boats’ effect (Pleasure boats and higher boats for
transporting goods across the country) in this area. Similarly, the present study’s findings
highlight that Poyang Lake has huge importance for the conserving wintering aquatic
bird species.

This study is limited to the winter seasons of 2015 and 2019 and to limited areas. Ex-
tending the years of study and including some ecological variables from different stopovers
such as population dynamics and navigation route factors of herbivorous Anseriformes
could improve the results.
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.3390/d13040171/s1, Figure S1: NDVI time series (2015–2017) derived from MODIS imagery obtained
from Google Earth Engine, Table S1: Three major vegetation types of Poyang Lake according to
Wan et al. (2018) [64], Table S2: Details of the Landsat 8 image data used which were downloaded from
USGS, Table S3: The criteria weights for herbivorous Anseriformes habitat suitability determined
using an AHP methods.
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