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Abstract
Extensive ephemeral wetlands at Poyang Lake, created by dramatic seasonal changes 
in water level, constitute the main wintering site for migratory Anatidae in China. 
Reductions in wetland area during the last 15 years have led to proposals to build a 
Poyang Dam to retain high winter water levels within the lake. Changing the natural 
hydrological system will affect waterbirds dependent on water level changes for food 
availability and accessibility. We tracked two goose species with different feeding be-
haviors (greater white-fronted geese Anser albifrons [grazing species] and swan geese 
Anser cygnoides [tuber-feeding species]) during two winters with contrasting water 
levels (continuous recession in 2015; sustained high water in 2016, similar to those 
predicted post-Poyang Dam), investigating the effects of water level change on their 
habitat selection based on vegetation and elevation. In 2015, white-fronted geese 
extensively exploited sequentially created mudflats, feeding on short nutritious grami-
noid swards, while swan geese excavated substrates along the water edge for tubers. 
This critical dynamic ecotone successively exposes subaquatic food and supports 
early-stage graminoid growth during water level recession. During sustained high 
water levels in 2016, both species selected mudflats, but also to a greater degree of 
habitats with longer established seasonal graminoid swards because access to tubers 
and new graminoid growth was restricted under high-water conditions. Longer estab-
lished graminoid swards offer less energetically profitable forage for both species. 
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1  | INTRODUCTION

The extensive and numerous ephemeral wetlands of the Yangtze 
River floodplain (YRf) are ecologically and economically important. 
Recharged by summer monsoonal rains, the river elevates water levels 
and brings nutrients and sediments, but in autumn and winter, water 
levels drop, exposing the largest concentration of shallow and sea-
sonal flooded wetlands in the world (de Leeuw et al., 2006). These 
wetlands are essential to many long-distance migrant waterbirds and 
are the main sites in China for wintering geese as “survival habitat” 
(e.g., Alerstam & Högstedt, 1982) to overwinter and prepare body 
stores for spring migration and investment in reproduction (Warnock, 
2010) on their breeding areas which extend from the high Arctic 
Russia to lower latitude Mongolia and northeast China (Cao, Barter, 
& Lei, 2008; Cao, Zhang, Barter, & Lei, 2010). Rapid economic growth 
in the YRf has caused major ecological degradation and loss of wet-
lands, in part caused by the construction of many dams, including the 
three gorges dam (TGD) in 2003, the largest hydroelectric dam in the 
world (Fang et al., 2006; Guo, Hu, Zhang, & Feng, 2012; Wu & Liu, 
2015; Wu et al., 2004; Xie, 2003). The highly biologically productive 
YRf wetlands provide ecosystem services to millions of people as well 
as wildlife in the form of food and water supply, transport, and min-



10442  |     AHARON-ROTMAN et al.

2016). Their diet is dominated by Carex spp. (Zhang & Lu, 1999; Zhao, 
Cao, Klaassen, Zhang, & Fox, 2015) which grow rapidly in autumn as 
water table recession exposes bare substrates (de Leeuw et al., 2006). 
Their numbers have declined in China since the late 1980s, especially 
at East Dongting Lake, where loss of suitable sedge swards has been 
caused by earlier water table recession following the construction of 
the TGD (Zhao, Cong, Barter, Fox, & Cao, 2012). Increases at Anhui 
lakes were associated with slower water level recession rates that 
favor growth of short Carex (Zhao et al., 2012). We therefore predict 
that the construction of Poyang Dam will reduce the extensive white-
fronted geese feeding areas, forcing them to use other (suboptimal) 
feeding areas or move elsewhere.

The larger swan geese are tuber-feeding specialists, extract-
ing storage organs of submerged macrophytes, mainly tubers of 
Vallisneria spp., by grubbing in substrates under shallow water and 
soft mud made available by winter water level recession (e.g., Barzen, 
Engels, Burnham, Harris, & Wu, 2009; Fox et al., 2008). Vallisneria 
tubers are energy-rich and low in fiber and ash (Lu & Zhang, 1996), 
making associated handling time profitable at high rhizome densities 
(Fox et al., 2008). Swan geese are highly vulnerable to hydrological 
change. High water levels put tubers beyond their reach, and too 
rapid water level recession desiccates substrates, rendering food 
inaccessible (Fox et al., 2008). Swan geese were formerly abundant 
throughout the YRf but are now confined to Poyang Lake due to the 
loss of submerged macrophytes, mainly Vallisneria spp., throughout 
the YRf (Fang et al., 2006; Fox et al., 2011; Jia et al., 2016; Zhang 
et al., 2011). Elevated water levels post-Poyang Dam construction 
will affect swan geese accessibility to tubers and food abundance, 
as Vallisneria tuber production is dependent on variable water con-
ditions (Barzen, 2008).

This study compares the winter distribution of the two special-
ist goose species (white-fronted and swan geese) in Poyang Lake, in 
relation to water levels and remotely sensed vegetation types. The 
dynamic lake hydrology provided contrasting water levels in consec-
utive winters (continuous water level recession in 2015 and consis-
tently high water levels in 2016). Using GPS loggers, we monitored 
the movements of white-fronted and swan geese within Poyang Lake 
across both years to compare their habitat selection under contrasting 
water level regimes. Our study will provide information on the likely 
responses of waterbirds to the construction of the proposed Poyang 
Dam and will contribute to making knowledge-based conservation de-
cisions on the management of future water levels.

2  | MATERIALS AND METHODS

2.1 | Study area

Poyang Lake (28º22′–29º45′N, 115º47′–116º45′E) is located in the 
mid-to-lower reaches of the Yangtze River. It has a humid subtropi-
cal climate, and water levels vary between 5 and 22 m (measured at 
Wu Song) throughout the year dependent on seasonal precipitation 
and Yangtze water levels (Lai et al., 2016). The lake area can thus 
vary from over 3,500 km2 in the wet (summer) season to <1,000 km2 

during the (winter) dry season (Feng et al., 2012; Tan, Guo, & Wang, 
2013). Winter water levels throughout the lake are highly variable 
due to its varied benthic topography, exposing a complex mosaic 
of extensive mud flats, grasslands, sedge meadows, and seasonal 
wetlands.

2.2 | Vegetation map generation

Vegetation maps of Poyang Lake were prepared using satellite images 
from HJ-1 (China Centre for Resources Satellite Data and Application 
[http://www.cresda.com/EN/]) to represent the two water level sce-
narios. Satellite images were selected based on a combination of de-
sired water level (low and high), and availability of good-quality images 
for vegetation classification (see full details on the vegetation classifi-
cation method in Appendix S1). We selected specific high water lev-
els similar to those predicted in winter following the construction of 
Poyang Dam (stabilized at 11–12 m). These criteria resulted in images 
taken for vegetation classification on 13 February 2015 (water level 
recession scenario, 7.72 m) and 8 February 2016 (high-water-level 
scenario, 12.28 m; Figure 1). The initial vegetation map was catego-
rized into 16 different classifications (Appendix S1). To avoid over-
fitting our statistical models with too many predictors, we combined 
classifications according to biological importance, phenology, and 
function and used a classification system of eight vegetation classes: 
Carex, mixed Carex, mudflats, mixed Phalaris, Polygonum, open water, 
Vallisneria, and unsuitable habitat (see details of each class in Table 1, 
Figure 1, and Appendix S1). In addition, we defined water edge as a 
separate “vegetation” class. This physical ecotone is a critical zone, 
naturally moving unpredictably in space and time, successively expos-
ing inaccessible food resources concealed under the water and sub-
strates for plant growth. The vegetation maps are limited in capturing 
the extent of this zone as it does not constitute a specific “vegetation” 
as such, but which does potentially straddle any of the defined classes. 
Because of its dynamic nature, it also lacks sharp defining boundaries. 
We defined water edge as a buffer zone 100 m to each side of the 
edge of imagery-defined open water polygons.

2.3 | GPS geese tracking

We fitted 36 individuals white-fronted geese and 14 swan geese 
with Global Positioning System (GPS) loggers to track their winter 
movements in Poyang Lake (Figure 1; GPS loggers and catching 
techniques are described in Appendix S2). We limited our analysis of 
individual goose distributions in time to correspond with the water 
level conditions in our vegetation maps (2015: 7–8 m; and 2016: 
12–13 m). This restriction resulted in analyzing goose positions dur-
ing the periods: 1–22 February 2015 (representing low water lev-
els following recession, based on positions from 12 white-fronted 
geese and four swan geese individuals) and 1–9 February 2016 (after 
consistently high water levels, 24 white-fronted geese and 13 swan 
geese individuals).

Geese forage mainly during daylight and roost at night, primar-
ily on water to avoid predation (e.g., Fox et al., 2008; Lu & Zhang, 

http://www.cresda.com/EN/
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1996), but do also feed by night (Lane & Hassall, 1996; Nolet, Bevan, 
Klaassen, Langevoord, & Van der Heijden, 2002; Tinkler, Montgomery, 
& Elwood, 2009; Ydenberg, Prins, & Van Dijk, 1984; Zhao et al., 2015). 
We therefore included day and night positions in the final analysis but 
also ran the models excluding nighttime positions to test for potential 
night time effects.

2.4 | Elevation

The elevation (i.e., height above sea level) of feeding areas in wetlands 
contributes to determining feeding accessibility through the exposure 

of recessional grasslands (Zhang et al., 2016). We therefore also con-
sidered elevation in our models, using the catchment digital elevation 
model (DEM) from the National Geomatics Centre of China (Li, Zhang, 
Yao, Werner, & Li, 2013). We overlaid geese positions on the cor-
responding vegetation and elevation maps to extract these details at 
each position.

2.5 | Statistical methods

To test whether geese selected a specific vegetation class, we devel-
oped a resource selection model by comparing the vegetation class 

F I G U R E   1   Vegetation maps of Poyang Lake under low (7.72 m) and high (12.28 m) water levels prepared from satellite images taken on 13 
February 2015 and 8 February 2016, respectively. White circles depict GPS positions of greater white-fronted geese Anser albifrons (a) and swan 
geese Anser cygnoides (b) in Poyang Lake (for details of map preparation, see the Methods section in main text and Appendix S1). Inset map 
bottom right shows the location of Poyang Lake (red square) within China
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and elevation at known GPS locations (“used”) with randomly selected 
points within the lake (“available”) in a ratio of three random points to 
every used point. Each set of random points was labeled with a corre-
sponding ID from a tracked individual. We used binomial generalized 
mixed-effect models (GLMMs) with a logit link and bird ID as random 
effect.

Water edge class was used as a binary predictor and coded 1 and 
0 if the points fell within or outside the buffer, respectively. We did 
not include it as another vegetation class due to the high collinearity 
expected with other vegetation classes which lay on the water edge.

The raster layer used to extract elevation values showed that the 
vast majority of the lake fell within the range of 5–25 m elevation with 
extreme outliers in one area of deep, fast-flowing water (−20 m) and 
an artificial island (123 m; Fig. S1). As both areas offered no forag-
ing habitat for geese and geese were never observed in these areas, 
we restricted the selection of random points to elevations of 5–25 m 
to reduce variability in this predictor. Otherwise, random points were 
constrained within the physical boundary of the lake as shown on the 
vegetation maps (Figure 1).

We expected higher goose densities at intermediate elevations 
(i.e., a dome-shaped curve), because at low elevation, plants have not 
started to grow after water recession, and in high elevation, vegetation 
growth is further advanced, making sward lengths too long for goose 
grazing (de Leeuw et al., 2006; Si et al., 2011; Zhang et al., 2016). We 
therefore included both elevation and elevation2 in our GLMMs. Our 
final full model included vegetation classes, water edge, elevation, and 
elevation2 as explanatory variables of geese densities in Poyang Lake. 
The unsuitable vegetation class was taken to be the reference category 
(see Table 1 for details of vegetation classes). We ran a series of com-
peting models with increasing numbers of predictors from vegetation 

only to a full model containing all predictors using the glmer function in 
the lme4 R package. Model selection was undertaken by ranking AICc 
values and selecting the top performing model (Appendices S3 and 
S4). All analysis was carried out in the R programming environment 
version 3.0.3 (R Core Team 2014).

3  | RESULTS

3.1 | Vegetation class changes between years

The extent of each vegetation class at Poyang Lake varied consider-
ably between the two winters (Figure 1; Table 1), with the greatest 
change in vegetation class area between low (2015) and high water 
level (2016) observed in Vallisneria (loss of 89.3%), mudflats (loss of 
48.3%), open water (increased by 51.4%), Polygonum (loss of 63.1%), 
and water edge (increased by 31.7%).

3.2 | Greater white-fronted geese

3.2.1 | Vegetation class use

During low water in 2015, white-fronted geese significantly se-
lected mudflats (p < .001), Vallisneria (p < .001), water (p < .01), 
and Polygonum (p < .001) relatively to the unsuitable areas. The 
Polygonum was not significant selected after exclusion of night posi-
tions from the model (results not shown), implying that it is used 
for roosting only. The negative correlation between white-fronted 
geese distribution and Carex (p < .001) and mixed Phalaris (p < .001) 
suggested avoidance of longer established stands of these species 
(Figure 2).

T A B L E   1   Wetland vegetation classifications at Poyang Lake based on interpretation of satellite images used in this study for habitat 
selection

Vegetation class Details
Area (km2) in February 
2015 (water level 7.72)

Area (km2) in February 2016 
(water level 12.28)

Carex Uniform area of Carex spp. 364.77 337.3

Mixed Carex Dominant Carex mixed with Phalaris arundinacea 2.49 0.5

Mudflat Mudflats 1066.9 551.6

Mixed Phalaris Dominant P. arundinacea mixed with Carex spp. 741.83 584.4

Polygonum Integration of habitats that include single stands of Polygonum 
hydropiper and habitat which is dominated by Polygonum 
mixed with Carex and P. arundinacea

148.4 54.9

Open water Open water and sandy beaches and banks 920.85 1893.8

Vallisneria Dominated by submergent Vallisneria mixed with 
Potamogeton

116.72 12.5

Unsuitable Combination of habitats that were unsuitable for foraging 
geese and include reed, forest land, areas that are domi-
nated by reed mixed with Carex and P. arundinacea, other 
Cyperacean-dominated, areas dominated by Artemisia mixed 
with P. arundinacea, paddy fields, and artificial islands

277.94 205

Water edge A buffer zone 100 m to each side of the edge of open water 
polygons

587.29 860.09

Full classification method is detailed in Appendix S1.
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During high water levels in 2016, the model resulted in high 
collinearity of the different grass classes (Carex, mixed Phalaris, and 
Polygonum), probably because the different vegetation classes have 
similar patterns of influence on geese distribution in this water level, 
which cannot be separated. We therefore combined the three grass 
vegetation classes (all containing Carex) into one “Carex” class and 
run the model again with only four vegetation classes. The model re-
sulted in white-fronted geese distribution significantly and strongly 

positively correlated with Carex (p < .001) and mudflats (p < .001) 
and negatively correlated with the water edge zone (Figure 2).

3.2.2 | Elevation

During low water levels, significant positive correlations were found 
between white-fronted geese distribution and elevation (p < .001). 
During high water, goose distribution was negatively correlated with 

F I G U R E   2   Odds ratios of fixed effect in generalized mixed-effect models considering individual use of vegetation type, water edge, 
elevation, and elevation2 in (a) greater white-fronted geese (GWFG) and (b) swan geese (SG). Black symbols depict positive effect, and gray 
symbols depict negative effect. Significant results are marked with asterisks (*** indicates p-value <.001, ** indicates p-value <.05, and * 
indicates p-value = .05). Due to high collinearity of the grass classes in the model of GWFG during high water, “Carex” includes also Phalaris mix 
and Polygonum. See main text for details
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not the source of food exposed by water level recession. This con-
trast in water level regime between the 2 years may also explain the 
increased densities of white-fronted and swan geese with elevation in 
2015 (with highest abundance in medium elevation), as they exploited 
newly exposed feeding areas. Swan geese showed a positive correla-
tion with elevation also during high water levels, possibly because they 
exploited new tuber resources at higher elevations as these were ex-
posed in bare mud and shallow water over the winter (Barzen, 2008).

Tracking two key geese species, with contrasting feeding be-
haviors, enabled some generalization of our results to other water-
bird species with similar feeding behavior such as cranes, shorebirds, 
ducks, and swans, which are affected by water level change in similar 
ways. Loss of submerged vegetation (or reduced accessibility to these 
food types) has already affected waterbirds along the YRf. For exam-
ple, the loss of tuber-producing Vallisneria at Shengjin Lake National 
Nature Reserve resulted in loss of wintering swan geese. Additionally, 
hooded cranes Grus monacha switched from feeding on tubers around 
the lake edge to split rice in lakeside paddies (Zhou, Zhou, Chen, Xu, & 
Cheng, 2009) and tundra swans Cygnus columbianus decreased at the 
site during the same period (Cheng, Cao, Barter, & Xu, 2009; Fox et al., 
2011; Zhang et al., 2011). At the same time, loss of mudflats along 
the Yellow Sea is affecting migratory shorebirds which heavily rely on 
these mudflats for resting and fueling when flying between wintering 
and breeding sites (Studds et al., 2017).

We should be cautious about overinterpreting results from vege-
tation maps based on two sets of satellite images in 2015 and 2016. 
Firstly, as Poyang Lake water levels are highly dynamic, the exact 
boundaries of the vegetation classification polygons are difficult to 
capture. For this reason, some classifications on the edge of the water 
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Appendix S2: Geese catching method and logger details 

At Nanjishan National Nature Reserve at Poyang Lake (Table S2a), geese were captured using two methods (lamping and mist-netting) to attach 

different types of GPS loggers (Table S2b). For lamping, teams in fast, light punts propelled by one oarsman travelled to known roosting goose 

areas under cover of darkness and captured geese on the water using strong (>500,000 candlepower) lamps. Geese already settled on the water to 

sleep at the roost site usually “froze” and did not normally move once caught in such light, enabling the catching crew punt to be steered towards 

the geese. The individual could be “held” within the beam until the catcher in the prow of the punt could place a long-handled hand net under the 

bird on the water. The bird could then be hooked upwards into the net for retrieval on board. The second method, mist-netting, required prior 

knowledge of the routes taken during roosting flights by geese to get from daytime feeding areas to safe night time roosts. Heavy duty wader 

netting (three-shelf three-metre high) was strung between strong bamboo poles for lengths of up to 50 metres in shallow water close to known 

roost sites, where geese were caught flying in after sunset. Teams concealed nearby would check the net lines regularly after hearing the passage 

of geese going to roost and quickly extract birds caught.  

At Poyang National Nature Reserve (Table S2a), geese were caught using both mist-net technique and leg-noose traps. Leg-nooses were set at 

dawn at feeding sites and in the edge between waterbody and feeding sites. To minimize the time a bird was trapped, the nooses were monitored 

from a distance of 1 km once set, and nooses were retrieved at dusk on each catching attempt. At Anhui Lakes (Table S2a), geese were captured 

by clap nets set in shallow water, where tame ducks were confined to an area to decoy wild ducks and geese into the catching areas. The catching 
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team watched from hides close to the catching area and quickly pulled the clap net up and over the aggregated geese from which the geese could 

be retrieved.  

In northeast Mongolia (Table S2a), geese were captured by herding flightless adults and juveniles with boats and kayaks into corral traps (Choi 

et al. 2016). 

A summary of all catching sites, periods and logger types are presented in Table S2a  
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Table S2a. Details of each of the GPS/GSM loggers fitted to Great white-fronted Geese and Swan geese in this study. 

  

Transmitter 

mounting 

type 

Manufacturer and 

country of origin 

Device mass 

(g) 

Harness Material Harness 

weight 

(g) 

Abbreviation 

Neck collar Ecotone Telemetry, 

Poland 

44 - - ET_NC 

Neck collar Hunan Global 

Messenger 

Technology Co., 

China 

26 - - HGMT_NC 

Backpack Ecotone Telemetry, 

Poland 

31 Teflon ribbon 5 ET_BP 

Backpack Hunan Global 

Messenger 

Technology Co., 

China 

27 Custom made 

compound ribbon 

10 HGMT_BP 

Backpack KoEco Inc., South 

Korea 

            

50 

Teflon ribbon 

strengthened with 

wire internally 

 5 KI_BP 
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Table S2b. Catching details and logger types for each goose species used in this study (see detailed technical data on loggers in Table S2a). Body weights 

tabulated and used in comparisons with logger weight were obtained from Johnsgard (1978).  

Species Year 

(water 

level) 

Catch sites 

(number of 

individuals per 

site) 

Location Catching dates Logger type 

(number of 

individuals) 

Body weight 

range (kg) 

Logger percentage 

body weight 

Great 

white-fronted 

geese 

2015 

(low) 

Poyang Lake (12) 29°07’N 116°06’E 2014/12/29,2015/1/29 HGMT_BP (8) 1.6-2.64 1.0-2.3% 

30/1-2/2/2015 ET_NC (4) 

2016 

(high) 

Anhui Lakes (6) 30°24’N 117°04’E 15/10/2015 HGMT_BP (6) 

Poyang Lake (19) 29°07’N 116°06’E 9-14/12/2015 HGMT_NC (18) 

KI_WT300s (1) 

Swan geese 2015 

(low)
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