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Abstract 

Background:  Reliable information on the distribution of target species and influencing environmental factors is 
essential for effective conservation management. However, ecologists have often derived data from costly field sur-
veys. The Swan Goose (Anser cygnoides), a vulnerable Anatidae species, winters almost exclusively in China’s Yangtze 
River floodplain, but wintering numbers have been steadily decreasing. To better safeguard this unique species, mod-
ern modeling approaches can be used to quantify and predict its suitable wintering habitat. Specifically, a potential 
wintering distribution map of this species is critically important.

Methods:  This study used the maximum entropy approach to model a distribution map of this species. In total, data 
from 97 up-to-date sites were extracted from 1263 survey sites (excluding duplicate data). After eliminating spatial 
autocorrelation, 11 environmental variables, including factors related to climate, land structure, vegetation, and 
anthropogenic activities, were used for model prediction.

Results:  The prediction distribution map shows that the population has concentrated mainly in the boundary area of 
Anhui, Hubei, and Jiangxi provinces, especially along the Yangtze River. Modeling results suggest that areas within the 
middle and lower Yangtze River floodplain, such as those in Hunan and Hubei provinces and the eastern coastal area 
of Zhejiang Province, demonstrate a potential level of “medium” suitability for this species to winter.

Conclusions:  Results from this study provide fundamental information for the restoration and management of the 
Swan Goose. Our “visualized” potential distribution map can assist in planning optimal conservation strategies, and 
consequently may help to increase the number of wintering populations in China.
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Background
Wetlands play an important role in ecological diversity, 
and waterbirds are key bio-indicators for wetland health 
assessments (Wang et al. 2018). Many natural wetlands 
have been lost in China over the last 50 years with the 
rapid economic development that has taken place in 
the 20th century (An et al. 2007). In particular, between 
1990 and 2010 almost 30% of China’s natural wetlands 
have vanished (Cyranoski 2009). In recent decades, 19% 

of inland wetland habitat has been lost in eastern China 
(Gong et  al. 2010). Wetlands in China support huge 
numbers of migratory waterbirds, and China’s remain-
ing wetlands are undergoing extensive degradation due 
to increasing land reclamation, pollution, and anthro-
pogenic disturbances, leading to a dramatic decrease in 
the number of wintering Anatidae species (Lu 1996a; 
Cao et al. 2008a; Wang et al. 2017). Over the last several 
decades, policymakers and environmental managers 
have implemented numerous measures for waterbirds 
conservation in China, such as building up national 
nature reserves, designating key wetlands as Ramsar 
Sites (those designated as internationally important 
wetlands), conducting long-term  waterbird surveys, 
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and carrying out public education initiatives (The State 
Forestry Administration 2015; Zeng et  al. 2018). To a 
certain extent, these efforts have all been successful; 
however, waterbirds still face increasing pressure from 
many different directions (Yang et al. 2011; Wang et al. 
2017, 2018). Thus far, the conflict between waterbirds 
conservation and economic development has not only 
been a local issue but a national concern (Cao and Fox 
2009). There has long been a consensus of opinion that 
a sustainable solution is urgently needed in the form of 
a rectified management plan.

One of the prerequisites for developing a long-term, 
efficient management plan to resolve the conflicts 
between waterbirds conservation and anthropogenic 
demands is to gather reliable information regarding the 
current wintering sites and habitat usages of species 
under consideration (Wisz et  al. 2008). Such an over-
view can help us identify species distribution patterns 
and behavior across wetlands and consequently aid in 
the improvement of habitat management and restoration 
(Franklin and Miller 2010). However, without adequate 
information, current policies used to allocate funds for 
the construction of nature reserves as well as ecologi-
cal monitoring initiatives will fail to subsidize the cost of 
implementing species protection measures while allow-
ing migratory connectivity.

The Swan Goose (Anser cygnoides) breeds in western 
and central Mongolia, northeastern China, which bor-
ders both China and Russia, while breeding also occurs 
in Sakhalin as well as areas close to the Russian main-
land (Kear 2005). However, this species almost exclu-
sively winters in China, namely, between southern and 
eastern China, at a number of seasonal recessional wet-
lands along the middle and lower Yangtze River flood-
plain (Lu 1996b; Fox et al. 2008; Zhang et al. 2011). The 
latest population size of this species was estimated to 
range from 60,000 to 78,000 (Wetlands International 
2012), and it has been categorized as a vulnerable spe-
cies (the International Union for Conservation of Nature 
(IUCN)). Although there have been some studies on dis-
tribution changes and the population status of wintering 
Swan Goose populations in China, annual survey data 
were the only supportive evidence used in these studies 
(Zhang et  al. 2011; Wang et  al. 2012; Zhao et  al. 2012), 
and such empirical data may inadvertently lead to sub-
jective results. Thus far, no such efforts have included 
advanced technological tools, such as modeling, which is 
based on empirical data as well as habitat information at 
large spatial scales that are used to determine the popu-
lation distribution of Swan Goose populations through-
out China. Accordingly, conservation managers critically 
require a prospective species distribution map to iden-
tify as yet unidentified zones that are likely to be used by 

Swan Geese for long-term habitat conservation and res-
toration planning.

In recent years, species distribution models have been 
increasingly used to predict the potential habitats of 
many species. Such tools may be used to associate empir-
ical counting data to environmental variables. They are 
based on statistical or theoretical responses to calculate 
and infer reasonable predictions (Guisan and Thuiller 
2005). In some cases, both “present” and “absent” data 
are required for model development (Corsi et  al. 2000; 
Guisan and Zimmerman 2000; Elith 2002; Scott et  al. 
2002). However, in most cases, not all species “absent” 
data are recorded, making the maximum entropy method 
indispensable because it only requires “presence-only” 
data, which has been frequently used to forecast poten-
tial species distributions (Phillips et al. 2006).

In this study, we investigated factors associated with 
the distribution of Swan Goose populations in the mid-
dle and lower Yangtze River floodplain, China, and intro-
duced a new prediction map to determine prospective 
habitats that this species may utilize within their winter-
ing area by employing the maximum entropy modeling 
method. The objective of this study was to provide con-
sultative information to use for habitat conservation and 
species preservation measures of Swan Goose popula-
tions. Findings from our study may also contribute to the 
development of China’s “ecological redline policy”.

Methods
Study area
The middle and lower Yangtze River floodplain stretches 
from the Three Gorges Dam and across Hubei, Hunan, 
Jiangxi, Anhui, and Jiangsu provinces to the estuary in 
Shanghai, with a total length of 1850  km (Zhao et  al. 
2012). Wetlands located in this area are important for 
waterbirds, especially during the wintering season (Scott 
1989). Many globally threatened Anatidae species, such 
as a significant proportion of the Swan Goose popula-
tion, winter in this region (Cao et  al. 2008b). Poyang 
Lake (5100 km2), the largest freshwater lake in China, is 
the most important wintering area for the Swan Goose. 
Dongting Lake (4350  km2) and lakes in Anhui Province 
were once major wintering areas for the Swan Goose, 
however, only a scattering of the overall population still 
winters in these area due to changes in lake hydrol-
ogy and the loss of submerged vegetation, which likely 
resulted from the construction of the Three Gorges Dam 
in conjunction with intensive aquacultural activities (Xu 
et al. 2006; Zhang et al. 2011).

The middle and lower Yangtze River floodplain is under 
the influence of a subtropical monsoon climate, and the 
elevation of most of its area is below 50  m. The annual 
average temperature is 18  °C, while the average winter 
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temperature is approximately 5  °C. Average annual pre-
cipitation ranges from 1000 to 1400 mm, mainly occur-
ring from March to August.

Swan Goose distribution data
Swan Goose distribution records were collected from 
three major resources: synchronous waterbird surveys 
conducted throughout the Yangtze  River floodplain in 
February 2004 and 2005 (Barter et  al. 2004, 2006) and 
our field surveys conducted in lakes in Anhui Province 
between 2007‒2015 and Poyang Lake in the winter of 
2014/2015 and 2015/2016. Other databases used were 
based on published articles, specialized reports from rel-
evant organizations, and communication with experts 
(Cao et al. 2008a, b; Fox et al. 2008; Tu et al. 2009; Zhang 
et al. 2011; Zhu et al. 2012; Liao et al. 2014; Jia et al. 2016; 
Wang et al. 2017). In total, data from 97 observed winter-
ing sites were extracted from 1263 survey sites, exclud-
ing non-wintering sites and duplicates. Most coordinates 
taken at these sites were recorded at the observers’ posi-
tion. However, due to the observational scope of optical 
instruments (such as binoculalr), this study presupposed 
the presence of a Swan Goose population at a radius of 

1  km from the position of the observer. We combined 
observation records during the winters of 2003/2004–
2014/2015 with detailed maps to describe the overall 
occurrence of Swan Goose population (Fig. 1). The distri-
bution data of Swan Goose population used in this study 
were taken from November to March.

Environmental variables
The environmental variables  used in this study, which 
could potentially influence the distribution of Swan 
Goose populations, were determined by previous studies 
on geese or other waterbird species. Climate change and 
anthropogenic activity have long been thought to affect 
the winter distribution of waterbirds (Zöckler et al. 2008; 
Clausen et  al. 2013). Previous studies have shown that 
temperature, precipitation, and elevation are highly cor-
related to geese distribution and abundance (Wisz et al. 
2008; Moriguchi et  al. 2013; Zhang et  al. 2016; Cleasby 
et  al. 2017). Geese are herbivores, and, during the win-
ter, Swan Geese grub in shallow waters and bare areas 
for submerged Vallisneria spiralis tubers (Zhang et  al. 
2015a). Hence, they could easily be disturbed by frequent 
anthropogenic activities in open areas close to where 

Fig. 1  The presence of wintering Swan Goose population across South and East China (2004‒2015). Red dots represent the presence of this species 
during survey periods
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they feed. Moreover, data obtained using the normalized 
difference vegetation index (NDVI), a proxy for terres-
trial net primary production, have typically been used to 
link the distribution of herbivorous bird species (Cadahía 
et al. 2017; Suárez-Seoane et al. 2017). Thus, NDVI may 
be used as a predictor of distribution in prediction mod-
els designed for grazing waterbird species (Wu et  al. 
2014).

In total, we used 13 bioclimatic and 8 environmental 
variables as predictors in the model (Additional file  1: 
Table S1). High resolution (from 30 arcseconds to 10 arc-
minutes) bioclimatic variable layers provided by World-
Clim Data (from 1950 to 2000) obtained from weather 
stations were also used. We downloaded 13 bioclimatic 
variables at a resolution of 30 arcseconds, including 
annual mean temperature, mean diurnal range, isother-
mality (the temperature ratio between the diurnal and 
annual range), temperature seasonality, minimum tem-
perature of coldest month, annual temperature range, 
mean temperature of driest quarter, mean temperature 
of coldest quarter, annual precipitation, precipitation of 
driest month, precipitation seasonality, precipitation of 
driest quarter and precipitation of coldest quarter (http://
www.world​clim.org). Elevation data were downloaded 
from the same website as climatic variables. We used 5 
monthly mean NDVI values (January, February, Octo-
ber, November and December), which were obtained 
from the Geospatial Data Cloud of China (http://www.
gsclo​ud.cn). In this study, we integrated distance-based 
site accessibility to represent the degree of anthropo-
genic disturbance. Site accessibility was calculated as the 
radius from the road network to the center point of each 
grid, which was divided into 1  km × 1  km squares. We 
assumed that the greater the distance the more difficult it 
would be for people to access a site; in other words, such 
a site would be subject to less anthropogenic disturbance. 
This type of indicator is often used to measure anthropo-
genic pressure on birds (Tavares et al. 2015). All variables 
were re-sampled to the same spatial resolution (30 arc-
seconds) and grid cells.

Removing spatial autocorrelation
An assortment of spatial autocorrelation data is com-
bined with ecological and environmental data when val-
ues are similar to those nearby (Augustin et  al. 1996). 
Such spatial dependence data may lead to errors dur-
ing modeling (Moriguchi et al. 2013). To remove spatial 
autocorrelation data, we randomly selected 1000 grid 
points throughout the geographical range, and calculated 
the Spearman’s correlation (r) between each variable. We 
eliminated 10 variables with r > 0.75, which were consid-
ered to be significantly correlated (Dormann et al. 2013). 

These statistical analyses were carried out using R 3.2.3 
(R Development Core Team 2011).

Species distribution model
We chose the maximum entropy modeling method 
(Maxent version 3.3.3 k, Phillips et al. 2006) to predict the 
potential Swan Goose distribution using presence-only 
data. The maximum entropy modeling method has been 
widely used in species distribution prediction studies, 
and it is broadly considered the most robust and accu-
rate approach (Elith et  al. 2006; Hernandez et  al. 2006). 
According to our program settings, 75% of occurrence 
data were randomly selected to compute 20 replicates 
for model training, and the remaining 25% of occurrence 
data were used for model testing.

We evaluated modeling results with receiver operat-
ing characteristic (ROC) curves which calculate the area 
under the curve (AUC). Following random prediction, 
the AUC value ranged from 0.5 (random accuracy) to 
1.0 (perfect discrimination) (Fielding and Bell 1997). An 
AUC value greater than 0.75 was considered a creditable 
prediction (Pearce and Ferrier 2000; Elith 2002).

Results
After spatial autocorrelation analysis, we eliminated 
7 bioclimate variables and 3 environmental variables 
which were considered to be significantly correlated to 
other variables. The eliminated variables were as follow: 
annual mean temperature (Bio1), temperature annual 
range (Bio7), mean temperature of driest quarter (Bio9), 
mean temperature of coldest quarter (Bio11), annual pre-
cipitation (Bio12), precipitation of driest quarter (Bio17), 
precipitation of coldest quarter (Bio19), NDVI of Janu-
ary (NDVI01), NDVI of November (NDVI11) and NDVI 
of December (NDVI12). Results from our analysis are 
shown in Tables 1 and 2, and more detailed information 
is provided in the Spearman’s correlation matrix in Addi-
tional file 2. 

Based on model prediction results, the prospective 
Swan Goose wintering distribution areas were mainly 
located in the middle and lower Yangtze River floodplain. 
The degree of Swan Goose wintering habitat suitability 
ranged from 0 (blue color) to 1 (red color) (Fig. 2).

We derived the ROC curves and AUC value of win-
tering Swan Goose from the Maxent model. Our results 
showed an AUC value of 0.982, which represented a high 
level of reliability in the Maxent model.

After eliminating highly autocorrelated variables, 
among a total of 11 variable layers, we used climate, land 
structure, vegetation, and anthropogenic influence to 
predict wintering habitat suitability. The most important 
variables in descending order were elevation (30.9%), 

http://www.worldclim.org
http://www.worldclim.org
http://www.gscloud.cn
http://www.gscloud.cn
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precipitation of driest month (21.6%), isothermality 
(16.5%), and the vegetation biomass (NDVI) in October 
(11.9%) (Table 3).

The response curves of the four most important varia-
bles are provided in Fig. 3. Suitable habitats for wintering 
Swan Goose were plain areas with an elevation ranging 
from 0 to 500  m and winter precipitation ranging from 
40 to 50  mm. The predicted distribution of wintering 
Swan Goose was positively correlated to isothermality. 
The potential suitability of isothermality increased with 
an initial increase in the ratio, and reached a maximum 
at approximately 23%. Based on NDVI results, vegetation 
cover was not linearly correlated to the occurrence of 
wintering Swan Goose; however, this occurrence poten-
tially reached its peak with a NDVI value of approxi-
mately 0.15.

To summarize, based on our model prediction results, 
suitable habitats for wintering Swan Geese were highly 
concentrated in the boundary area of Anhui, Hubei, and 
Jiangxi provinces, especially along the Yangtze River. 
Moreover, among areas located in the middle and lower 
Yangtze River floodplain, such as in Hunan and Hubei 
provinces as well as the eastern coastal area of Zhejiang 
Province, they showed a “medium” potential level of suit-
ability for wintering Swan Geese.

Discussion
In the Maxent model, areas under the ROC curve (AUC) 
greater than 0.75 are considered useful in the prediction 
of environmentally suitable niches for Animalia (Phillips 

and Dudik 2008). Our model, with an applicable AUC 
value of 0.982, successfully predicted the wintering dis-
tribution of Swan Goose populations in South and East 
China. The potential distribution map highlighted the 
fact that the occurrence of wintering Swan Goose pre-
dominates in Jiangxi Province, mainly around Poyang 
Lake. This was followed by Dongting Lake in Hunan 
Province, the southern region of Hubei Province, and the 
Yangtze River floodplain in Anhui Province, all of which 
showed a medium potential. The coastal region of Zheji-
ang Province also showed sufficient potential of the win-
tering distribution of Swan Goose populations.

Land structure, climate, and anthropogenic distur-
bance variables are typically recognized as those that 
strongly influence bird distribution (Zhang et  al. 2012). 
In our results, the most important environmental varia-
bles affecting the prospective distribution of Swan Goose 
were elevation, precipitation of driest month, isothermal-
ity, and vegetation biomass in October. Many previous 
studies have shown that Swan Goose is a herbivorous 
waterbird species, grazing on recessional grasslands and 
lakes for submerged tubers (Fox et al. 2008; Zhang et al. 
2015a, b). It is commonly believed that grazing wildfowl 
are sensitive to forage quantity and quality (Ydenberg and 
Prins 1981; Sutherland and Allport 1994; Cromsigt et al. 
2009; Heuermann et  al. 2011). Thus, we assumed that 
vegetation-based variables may play a key role in model 
prediction.

In our modeling results, however, elevation as a land 
structure variable proved to be the most important vari-
able in our prediction model. We attributed this fact to 
the extensive area chosen for our study. In our intent to 
ascertain the greatest possible prospective potential of 
Swan Goose wintering area, the cumulative area selected 
for study included the entire middle and lower Yangtze 
River floodplain, which includes a total of six provinces. 
Such a vast territory may, for example, limit the influ-
ences of smaller scale vegetation variables. Consequently, 
variables related to geological land structure, such as ele-
vation, may appear to have a greater contribution during 
model computing processes than they actually do. Fur-
thermore, we did not consider our results in opposition 

Table 1  Matrix of bioclimate variable correlations

Variables with r > 0.75 are considered significantly correlated, and values in italics represent a high correlation between variables

Bio1 Bio7 Bio9 Bio11 Bio12 Bio17 Bio19

Bio2 ‒0.02 0.53 ‒0.2 ‒0.16 ‒0.26 ‒0.36 ‒0.25

Bio3 0.17 ‒0.28 0.18 0.31 0.25 ‒0.18 0.06

Bio4 ‒0.34 0.95 ‒0.51 ‒0.63 ‒0.71 ‒0.34 ‒0.52

Bio6 0.89 ‒0.62 0.86 0.99 0.6 0.49 0.64

Bio14 0.39 ‒0.38 0.56 0.5 0.78 0.97 0.91

Bio15 ‒0.16 0.17 ‒0.22 ‒0.19 ‒0.27 ‒0.63 ‒0.42

Table 2  Matrix of  environmental vegetation variable 
correlations

Variables with r > 0.75 are considered significantly correlated

NDVI 01 NDVI 02 NDVI 10 NDVI 11 NDVI 12

NDVI 01 1 0.9 0.8 0.91 0.96

NDVI 02 0.9 1 0.66 0.76 0.86

NDVI 10 0.8 0.66 1 0.9 0.83

NDVI 11 0.91 0.76 0.9 1 0.94

NDVI 12 0.96 0.86 0.83 0.94 1
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to those derived from traditional theories between water-
fowl distribution and food resource abundance. This is 
because our results showed that wintering Swan Geese 
prefer lower wetlands, which are typically warmer and 
may subsequently provide a variety of food resources 
compared to higher land elevations. Additionally, follow-
ing elevation, climate variables, such as precipitation of 
driest month (Bio14) and isothermality (Bio3), also had 
an important influence on the prediction of Swan Goose 
distribution. These two variables have been investigated 
in many studies, demonstrating that higher precipita-
tion and temperature may lead to increasing water lev-
els in wetlands, which would have a negative effect on 
Swan Goose density due to a decrease in submerged food 
accessibility (Nolet et al. 2006; Zhang et al. 2015a).

NDVI has been used as a useful indicator in the analy-
sis of grazing bird density (Zhang et al. 2015a). Accord-
ing to prediction results, the contribution of NDVI in 
October placed the fourth in modeling results behind 

Fig. 2  The potential wintering distribution map of Swan Goose populations in China. Potential probability distribution is shown from high (red) to 
low (blue). The red line represents the boundary of the middle and lower Yangtze River floodplain

Table 3  Rank in  importance of  environmental variables 
(ranked from top to bottom)

Variables Description Contribution (%)

Elevation Elevation from sea level (m) 30.9

Bio14 Precipitation of driest month (mm) 21.6

Bio3 Isothermality: (Mean diurnal range/
Temperature annual range) × 100

16.5

NDVI10 NDVI in October 11.9

Accessibility Distance from the road network to the 
center point of each grid

3.9

Slope Slope of geological formation (%) 3.8

NDVI02 NDVI in February 3.2

Bio15 Precipitation seasonality (coefficient of 
variation)

2.9

Bio6 Minimum temperature of coldest 
month (°C)

2.7

Bio4 Temperature seasonality 1.4

Bio2 Mean diurnal range: monthly mean 
(°C)

1.2



Page 7 of 10An et al. Avian Res            (2018) 9:43 

elevation, precipitation, and isothermality. Given that 
NDVI detection is based on near infrared imagery, it 
could represent aboveground vegetation richness (Wu 
et al. 2014). In our study, Swan Goose food sources were 
often submerged in lakes or mud. NDVI values only par-
tially identify plant cover as animal shelter; thus, this 
likely represents anthropogenic disturbances more than 
it does food abundance. It is highly reasonable to pre-
sume the abundance of plant richness in national nature 
reserves where anthropogenic influence is limited (Zhao 
et al. 2015). This could also be the reason why the con-
tribution of NDVI variables was even better compared 
to anthropogenic variables in terms of accessibility, 
which we selected for model prediction. The occurrence 
of anthropogenic disturbances is often difficult to ascer-
tain, and its degree of influences is difficult to measure. 
The accessibility variable was calculated using road dis-
tance as per fishnet in GIS. Longer distances could sig-
nify difficulty in human accessibility from roads to fields. 
Contrary to our hypothesis, however, accessibility as an 
anthropogenic variable did not have a strong contribu-
tion in the model prediction of Swan Goose distribution. 
This could be due to many factors. For example, Swan 

Goose flocks were always present in the middle of reces-
sion lakes, far away from areas that humans congregate. 
Correspondingly, roads were always far from occupied 
sites. In the future, direct anthropogenic influence such 
as the traditional autumn fishery harvest that takes place 
in these areas, could be integrated into the distribution 
model to obtain a more precise level of prediction. As for 
now, however, the geological database remains limited.

Swan Goose winters exclusively in China with the 
exception of a few vagrant individuals that winter in 
Japan and Korea (Kear 2005). According to several esti-
mation studies, Poyang Lake (in Jiangxi Province) and 
Baidang Lake (in Anhui Province) are currently the two 
most important Swan Goose wintering habitat sites 
(Zhang et al. 2011; Jia et al. 2016; Wang et al. 2017). It is 
not surprising that the hotpots in our model prediction 
map matched survey results.

Our model fortunately found many potentially suitable 
Swan Goose wintering areas when environmental vari-
ables were comprehensively taken into account, such as 
areas of medium potential suitability in Hunan, Hubei, 
and Zhejiang provinces. However, actual ecosystem con-
ditions have many uncertainties; thus, due to factors that 

Fig. 3  Response curves of environmental variables with the highest potential occurrence of Swan Goose. Red lines are the mean response curves 
and blue areas represent confidence intervals with ± 1 standard deviations (SD)
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may not have been digitalized to variables using current 
technology, it is reasonable to assume that differences 
exist between mathematically-computed results and 
real world conditions. For instance, over the past sev-
eral years, long-term waterbird fidelity to wintering sites 
could be a key factor that influences wintering site selec-
tion by geese (Hestbeck et  al. 1991). Other factors that 
may affect wintering site selection include land struc-
ture changes and interspecific competition (Zhang et al. 
2015b).

Furthermore, the Maxent model highly depends on 
occurrence data and variable inputs. Occurrence data 
are typically summarized from historical survey data, 
but it is important to point out that the reliability of his-
torical records may be diminished by rapid urbanization 
in China. For instance, Shengjin Lake, Anhui Province, 
was once an important wintering habitat for large Swan 
Goose populations, but a dramatic decline in their num-
ber has been reported in recent studies (Jia et al. 2016). 
For the future development of the distribution map, 
new satellite tracking techniques could be incorporated 
when sufficient sample numbers are available, not only 
to increase the accuracy of the occurrence site informa-
tion but also to provide more information on movement 
patterns. Together with an increase in interdisciplinary 
progress, more environmental variables may be imple-
mented at finer scale to make the prediction model more 
dynamic.

One of the major functions of this prediction distri-
bution map is to forecast where wintering Swan Goose 
populations will occur now and into the future while 
offering recommendations for conservation managers to 
formulate better conservation measures in the protection 
of this species. As an important wintering and stopo-
ver area along the East Asian-Australasian Flyway, it is 
urgent that we improve conservation effectiveness and 
formulate economical and optimal conservation policies 
for migratory species (de Boer et  al. 2011). This study 
provides a visual map for conservation managers to use 
in designing a higher-level strategy by integrating urbani-
zation demands and sustainable development as a whole. 
Besides establishing nature reserves in areas of hotpots, 
creating buffer zones and building up ecological migra-
tion corridors between urban areas and habitats desig-
nated as having a potentially medium level of suitability 
should also be considered. An increase in the investment 
of funding for suitable wintering sites is also important 
to achieve effective conservation measures. For example, 
some developed countries provide food sources for cer-
tain vulnerable migratory species in specific areas to help 
them survive difficult periods (Martin et al. 2007; Klaas-
sen et  al. 2008; Shimada 2009). To achieve an optimal 
level of conservation for migratory species, especially 

for the vulnerable Swan Goose, it is critically important 
to increase our knowledge of migratory connectivity as 
well as clarify conservation problems. For example, our 
potential distribution map would make it easier for poli-
cymakers to invest in particular areas at specific times to 
aid in the recovery of Swan Goose populations. Factors 
including the extent of available winter habitat for con-
servation, the cost of land acquisition, and the rate of 
degradation could also be incorporated into optimal con-
servation strategies to establish conservation zones from 
which to improve the survival rate of wintering Swan 
Goose populations.

Conclusions
Our prospective prediction distribution map shows that 
Jiangxi and Anhui provinces, and Poyang Lake in particu-
lar, are irreplaceable as well as being the most suitable 
areas for wintering Swan Goose populations. Also, areas 
including the middle and lower Yangtze River floodplain, 
such as Hunan and Hubei provinces and the coastal area 
of Zhejiang province, have a potential medium level 
of suitability as a wintering destination for this species. 
Results from our study provide fundamental informa-
tion for the restoration and management of Swan Goose 
wintering habitat. Our “visualized” prospective predic-
tion distribution map could help in establishing optimal 
conservation strategies, and could consequently help to 
increase the number of wintering Swan Geese in China, 
particularly in habitats with a medium level of suit-
ability after successful restoration takes place. When the 
application of efficient measures is developed through 
the involvement of reliable technologies, our national 
strategy will possess an overall higher level of ecological 
protection.
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