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Abstract 

Background: The habitat use and foraging behaviors of waterbirds are closely related to the distribution and abun-
dance of their food resources. Reductions in food supply can cause waterbirds to shift their habitats and adjust their 
foraging behaviors to meet their nutritional requirements and increase fitness. Seasonal withdraw of the water levels 
in the river-connected lakes in the middle and lower Yangtze River floodplain provides abundant food resources for 
the wintering Greater White-fronted Goose (Anser albifrons). Sedge (Carex) meadows are critical foraging habitats for 
herbivorous waterbirds in the hydro-fluctuation belt, which changes with hydrological conditions and climate. This 
study aimed to examine the behavioral responses of the Greater White-fronted Goose to temporal- spatial changes of 
food availability in the Sedge meadows.

Methods: Fields surveys were carried out at Shengjin Lake from November 2017 to April 2018. According to the 
phenology of Shengjin Lake, we divided the wintering season into three periods. The food density, minimum temper-
ature, food items, grass height, and number of foraging geese were surveyed, and samples of the foraging behavior 
were collected. We analyzed the relationship of the foraging behavior and habitat use relative to the food resources, 
using correlation and linear regression analyses.

Results: Along with the temporal-spatial variation and exploitation of food resources, the food abundance and items 
varied widely among the foraging sites. Over the whole wintering period, the foraging habitat with the highest utiliza-
tion rate was the meadows, followed by the paddy fields, and then mudflats. Furthermore, the utilization of the mead-
ows showed a bimodal distribution trend, while the paddy fields showed a unimodal trend, and a decreasing trend 
was seen in the mudflats over the whole wintering period. The results of the generalized linear model showed that 
the foraging rate was related to the food density and grass height, with a linearly increasing trend during the winter.

Conclusions: With the change of food resources in the three habitats, the habitats used by the Greater White-fronted 
Geese shifted from meadows in the hydro-fluctuation belt to the paddy fields, and then back to the meadows. The 
time budget for foraging activities increased correspondingly, and there was an increase in the foraging rate to com-
pensate for food shortages.
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Background
Overwintering is a critical and crucial stage in the 
annual lifecycle of waterbirds (Jing et  al. 2017). Food 
plays an important role during the winter season for 
many avian species and can affect the physiology of 
waterbirds (Beerens et  al. 2011; Pearse et  al. 2011). 
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According to the optimal foraging theory, animals 
always choose the most efficient and advantageous 
habitat patches for foraging, in order to minimize 
their costs and maximize their incomes, in the form of 
energy (Páez et al. 2018). Wintering waterbirds also uti-
lize effective behavior patterns to obtain enough food 
supplies from their wetland habitats, but these can 
be affected by both food abundance and availability. 
Waterbirds must change their wintering habitats and 
behavior patterns in order to obtain sufficient energy 
during this period (Holm 2002; Kuwae et  al. 2010). 
For many waterbirds, changes in their food items on a 
temporal-spatial scale affect the selection of their for-
aging habitats (Faragó and Hangya 2012) and behaviors 
(Maheswaran and Rahmani 2001; Recher and Davis 
2018).

When accessible, some herbivorous waterbirds effi-
ciently feed on Carex and rice sprouts during different 
wintering stages. Carex and rice sprouts are highly digest-
ible and readily found in meadows, mudflats, and paddy 
fields, however, the quantity and quality of Carex changes 
throughout the wintering period (Xia et  al. 2017). It is 
reported that fiber and lignin content increases with the 
gradual increase in grass height (Wilmshurst et al. 1995), 
so waterbirds prefer to feed on slightly taller grass in a 
suitable range (Zhang et al. 2014). Waterbirds have trade-
offs between the grass height and the degree of digestion, 
therefore, the grass height is a key factor, which affects 
the foraging strategies of herbivorous waterbirds and lim-
its their food availability (Durant et al. 2003). The reduc-
tion in food availability forces waterbirds to move to new 
habitats (Toral et al. 2011), such as paddy fields after har-
vest (Shimada. 2002). If their food availability is reduced, 
waterbirds will increase their foraging rate and adjust 
their foraging time (Nolet et al. 2002; Klaassen et al. 2006; 
Guan et  al. 2014). Some external factors such as tem-
perature also directly affect their food items and foraging 
strategies (Owensmith 2010). In order to meet the energy 
requirements and obtain enough nutrients, waterbirds 
assemble in large flocks in wetland habitats, especially 
lakes with higher productivity (Li et  al. 2013a). As the 
capacity of their natural habitats decreases, waterbirds 
have demonstrated flexible foraging strategies, by forag-
ing in new habitats and changing their foraging behavior 
(Zheng et al. 2015).

Shengjin Lake, in the middle and lower Yangtze River 
flood plain, is an important wintering ground for water-
birds on the East Asian-Australasian flyway (Cao and 
Fox 2009). In recent years, the ecological processes of 
the wetlands have been seriously disturbed, resulting in 
changes of the distribution and habitat utilization of the 
wintering waterbirds (Fox et al. 2011), and adverse effects 
on their annual life cycles (Zheng et al. 2015).

The Greater White-fronted Goose is a herbivorous 
waterbird species, breeding in south-central and south-
eastern Siberia and northern America, with wintering 
grounds in Japan, South Korea, and south-eastern China 
(Zhang et  al. 2018). Due to the degradation of some 
lakes in the lower and middle Yangtze River floodplains 
and implementation of better management measures 
at Shengjin Lake, the number of Greater White-fronted 
Geese has been increasing yearly according to the moni-
toring results at Shengjin Lake. As the waterbirds have 
a relatively low foraging niche, it is important to under-
stand their behavioral strategies with regard to spatial 
and temporal variations in their food items, and it would 
also help to understand the ecological adaptability of 
the geese and the conservation measures that should 
be taken for the Greater White-fronted Goose popula-
tion. This study is mainly focused on the adaptations of 
Greater White-fronted Goose, due to changes in food 
resources and habitat. There is large area of Carex in the 
lake beach depression zones, with fewer human distur-
bances during the wintering period. The reclaimed lands 
from marshes, are dominated by paddy fields where rice 
is grown. The Greater White-fronted Goose chooses 
rice buds in paddy fields after harvest, but their forag-
ing is frequently interrupted by human activities (Maeda. 
2001). Therefore this study focuses on two assumptions: 
(1) under the influence of spatial and temporal variations 
of their food supplies in fluctuating zones, when the food 
items are less palatable, the Greater White-fronted Goose 
will forage in paddy fields and increase their activity time 
budgets for foraging, to acquire more food; and (2) there 
are some key factors influencing the efficiency of feeding, 
including grass height, food density, and temperature, of 
which, food density is thought to be the most important 
factor influencing foraging rates.

Methods
Study area
The study area was located at the upper part of Shengjin 
Lake (30.25°–30.50° N, 116.92°–117.25° E), a shallow 
lake connected to the Yangtze River on the East Asian-
Australasian flyway for birds (Fox et al. 2008; Zhou et al. 
2010; Zhang et  al. 2015). The region has a humid sub-
tropical monsoon climate, with an average annual tem-
perature of 16.1 °C and annual precipitation of 1600 mm. 
There is a clear separation between the rainy and dry 
seasons: the rainy season is from April to October, when 
the water level reaches 17.6  m and the dry season usu-
ally lasts from November to March, with the water level 
fluctuating between 8 and 11  m. The decrease in the 
water level leads to the exposure of large areas of fluc-
tuating zones, providing suitable habitats for wintering 
waterbirds.
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Greater White-fronted Geese use three major habitats 
(meadows, mudflats, and paddy fields) when wintering 
at Shengjin Lake. Due to the periodic drawdowns of the 
lake, macrophytes such as Carex tristachya, are succes-
sively exposed in the bare substrates, and henceforth in 
the autumn and winter attract a large number of geese to 
forage (Xu et al. 2008; Yang 2011). The mudflats are thus 
defined as newly exposed fluctuating zones with vegeta-
tion coverage of < 30%, while the meadows are fluctuating 
zones with vegetation coverage of > 30%. The Carex on 
the fluctuating zones began to grow with the recession, 
with an average temperature of 17.5  °C from October 
to November, then the temperature dropped gradually. 
When the temperature started to rise in mid-February, 
the Carex began to grow again on the fluctuating zones 
(Zhao et  al. 2012). Based on previous surveys and 
research, the leftover rice is known to grow into seedlings 
after the harvest in the paddy fields in November, attract-
ing waterbirds (Zhou et al. 2010). This kind of habitat was 
lost though, because residents exploited the paddy fields 
for aquaculture from February each year, so we consid-
ered the paddy fields at middle stage as the important 
habitat. In recent years, with the degradation of wetlands 
and habitat loss (Yang et  al. 2010; Zhang et  al. 2018), 
there has been a sharp decline in the vegetation of fluc-
tuating zones (Wang et al. 2015). The habitat availability 
has changed significantly, forcing wintering waterbirds 
to weigh between original foraging habitats and paddy 
fields, to obtain a sufficient amount of food (Zhao et al. 
2012), so we have used meadows, mudflats, and paddy 
fields as sampling sites to collect behavior and food item 
data for the geese (Fig. 1).

Food resources survey
During the winter period from 2017 to 2018, we divided 
the wintering season (October 2017 to early April 2018) 
into three periods: early, from October to December; 
middle, from December to February; and late, from Feb-
ruary to April, depending on the phenology and stable 
numbers of the Greater White-fronted Geese (Shimada 
et al. 2005). Based on relevant literature and field inves-
tigation, we divided the foraging habitats during the win-
tering season into three types: meadows, mudflats, and 
paddy fields. Nine quadrats were selected using a random 
sampling method in each sampling area every month. 
The area of each quadrat was 0.4  m × 0.4  m, and the 
height of the grass and local temperature were recorded, 
removing the samples taller than 14 cm. In each quadrat, 
we collected all the aboveground plant material, and the 
samples were taken to the laboratory and dried at 60 °C 
in an oven (YHG-9050A; Derip, Suzhou, China), for a 
period of 72  h or less, to a constant weight, which rep-
resented the dry weight (g). We defined the dry weight 

of the food items in a quadrat (0.16 m2) as food density 
(g/m2). In order to ensure the independence of the data 
samples, the distance between every two adjacent quad-
rats was ≥ 50 m (Jing et al. 2007).

Bird survey
Each day we used a direct counting method to survey the 
number of Greater White-fronted Geese. We began the 
survey at 7:00 in the morning each day. Once we found a 
group of geese, the entire visible site was scanned clock-
wise using a spotter telescope (Swarovski, 30 × 60). The 
number of foraging geese in each habitat was recorded. 
In order to reduce the effects of severe weather on our 
observations, the survey was postponed to the next day 
on days with strong winds, thick fogs, or heavy snows (Jia 
2013).

Behavior observations
Behavior observations were carried out on sunny days 
from October 2017 to April 2018. Focal sampling was 
conducted with binoculars (8 × 42) and a telescope (20–
60 × 63) to record behavior from 07:00 to 17:00 (Yang 

Fig. 1 Foraging habitats for the White-fronted Goose in the upper 
part of Shengjin Lake (A, B, C, D, E, and F indicate the study sites)
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2011). At the beginning of each focal observation, the 
date, time, location, and habitat type (paddy, meadow, or 
mudflat) were recorded. The object of the observations 
in each group was usually a single adult (≥ 3 birds). All 
observations were taken from a relatively remote loca-
tion, to avoid the presence of the investigators impact-
ing the behavior of the geese (De Azevedo et  al. 2010). 
A voice recorder (DVR-990, JNN) was used to record 
their vocal behavior for 20 min, unless sight of the focal 
individuals was lost. Referring to Zhou et al. (2010), the 
ethogram comprised the following types of behavior: 
foraging, alert, social behaviors, moving, and resting. 
Obvious swallowing behavior was a sign of successful 
foraging. When the grass was over 14 cm high, it would 
cover the geese, and the relevant behaviors were difficult 
to observe, and these observations were abandoned.

Data analysis
The relative abundance of the geese in each habitat patch 
was estimated using the percentage of the number of 
geese in each habitat, as a proportion of the total num-
ber of geese in all habitats during a specific period (Jing 
et al. 2007; Gyimesi et al. 2012). We defined the ratio of 
the number of foraging individuals present in the habi-
tat divided by the total number of individuals using the 
foraging habitat during the same period. Each sam-
ple was typically videotaped for about 20  min. Video 
records shorter than 20  min were discarded in order 
to increase the data reliability and representativeness, 
as suggested in various studies (Zheng et  al. 2015). The 
survey results from each 20-min period were used as a 
behavior samples, from which we calculated the forag-
ing rate (the number of pecks during a foraging bout) 
and activity time budget for foraging (Lafever 2006; De 
Azevedo et  al. 2010; Li et  al. 2013b). Foraging success 
was quantified by analyzing the recordings of the forag-
ing geese and budgeting their time for foraging bouts 
(Kuwae et al. 2010). The Kruskal–Wallis H test was used 
to determine the differences in food density and habitat 
use, and time budgets in the three habitats at the three 
stages of the wintering period, because the data is not 
normally distributed. In addition, the effect of the food 
resources during the three stages of winter and the habi-
tat types, on foraging behavior (foraging time budget, 
foraging rate), were analyzed using a generalized linear 
regression model. Akaike’s Information Criterion (AICc) 
adjusted for small sizes and Akaike weights (wi) was used 
to evaluate the importance among the competing models 
(Akaike 1973). The minimum value of the AICc was con-
sidered the best model. The probability of various mod-
els was evaluated using the model weight (wi) (Anderson. 
2008), but when no single model was clearly superior, in 
comparison with the others (ΔAICc > 2), all candidate 

models must be model-averaging including the models 
of low Akaika weight (Symonds and Moussalli. 2011). 
Model-averaging estimates were used for the average 
of the parameter estimates or model predictions, based 
on the model of 95% confidence set, which started with 
the highest Akaike weight, and adding the model with 
the next highest weight, until the cumulative sum of the 
weights exceeded 0.95 (Symonds and Moussalli. 2011). 
All analyses were performed using SPSS Statistics 22 
(IBM SPSS Inc., Chicago, IL, USA). A significance level 
of 0.05 (P) was used for all statistical tests, with means 
expressed as mean ± SE.

Results
Food density and habitat utilization
During the early winter period, the food density was high-
est in the meadows (295.64 ± 46.07  g/m2, n = 30), lower 
in the paddy fields (110.17 ± 32.40 g/m2, n = 27), and low-
est in the mudflats (19.23 ± 6.78 g/m2, n = 27). During the 
middle of the winter period, the food density in the paddy 
fields decreased significantly (45.22 ± 20.57 g/m2, n = 27), 
while the food density in the meadows increased signifi-
cantly (595.88 ± 27.08 g/m2, n = 27). During the late win-
ter period, the food density decreased significantly in all 
three habitats (Table 1). Along with the temporal varia-
tions and the exploitation of the food resources, the food 
density varied widely among the three study sites. It was 
concluded that there was a gradual increase in food den-
sity followed by a decrease in the meadows while in the 
paddy fields and mudflats there was a gradual decrease in 
food density.

The maximum number of individuals we observed was 
10,000 in the early winter, 18,500 in the middle of winter, 
and 12,000 in late winter, at the upper part of Shengjin 
Lake, and this showed the changing trends of the uni-
modal distribution. Utilization of foraging habitats by 
the Greater White-fronted Goose showed no significant 
differences over the three stages of the wintering period 
besides mudflats (Table 2). Over the whole winter period, 
the habitat utilization rate was the lowest in the paddy 
fields, with the meadow habitats being most utilized, fol-
lowed by the mudflats. Furthermore, the utilization of 

Table 1 Food density at  each stage of  winter at  Shengjin 
Lake

If P > 0.05, then there was no statistically significant difference, according to the 
Kruskal–Wallis H test

Habitat 
type

Food density (g/m2) Statistical test

Early winter Middle winter Late winter χ2 P

Mudflat 19.23 ± 6.78 19.08 ± 1.87 12.21 ± 5.10 3.07 0.21

Meadow 295.64 ± 46.07 595.88 ± 27.08 304.35 ± 136.58 5.98 0.05

Paddy field 110.17 ± 32.40 45.22 ± 20.57 13.83 ± 4.09 8.02 0.018
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the meadows showed a trend of bimodal distribution, the 
utilization of paddy fields showed a unimodal distribu-
tion trend, and the utilization of the mudflats showed a 
decreasing trend over the whole wintering period (Fig. 2).

Activity time budget
Foraging behavior accounted for the highest proportion 
of the geese throughout the wintering ethogram, includ-
ing the early (41.33 ± 28.08%), middle (29.09 ± 17.44%), 
and late (39.15 ± 11.01%) periods, and there were no 
significant differences in the foraging during the three 
wintering stages (Table  3). The results of the K–W test 
and multiple comparisons indicated that there were sig-
nificant differences in the moving behaviors during the 
three different wintering periods. During the three win-
ter stages, the geese spent most of their time foraging, 
and a lot of time moving (6.21 ± 3.01%, 10.25 ± 8.01%, 
and 29.00 ± 10.14%, for the early, middle, and late peri-
ods, respectively), and the geese spent the least amount 
time ‘on alert’ during the winter period (Table 3). During 
the winter period at Shengjin Lake, the time devoted to 
foraging behavior increased gradually with the reduced 
food resources (Fig.  3). The geese spent the most time 
foraging in meadows, and the least time in the paddy 
fields (Table  2), but from early to middle winter, there 
was a significant increase in the use of paddy fields in the 
foraging time budget, compared with the other foraging 

habitats (Table  2). There was no significant difference 
(P = 0.118 and P = 0.214, respectively) in the foraging 

Table 2 Foraging habitat uses of the geese over the three 
different stages of winter

If two stages have the same lowercase letters, they were not statistically 
significantly different (P > 0.05), according to the Kruskal–Wallis H test

Habitat types Foraging habitat uses (%) Statistical 
test

Early winter Middle 
winter

Late winter χ2 P

Meadow 53.21 ± 9.21a 51.91 ± 6.85a 56.04 ± 12.06a 2.18 0.118

Mudflat 17.01 ± 8.52a 5.20 ± 1.11ab 2.15 ± 2.17b 4.25 0.021

Paddy field 1.01 ± 0.45a 15.21 ± 4.33a 2.12 ± 1.04a 1.98 0.214

Fig. 2 The use of the habitat in each stage (a Meadow, b Paddy field, 
c Mudflat.; a1, a2, a3 early winter, b1, b2, b3 middle winter, c1, c2, c3, 
c4 late winter; the 1, 2, and 3 represent time series)

Table 3 Activity time budgets of the Greater White-fronted Goose in each of the three different stages of winter

If two stages have the same lowercase letter, they were not statistically significantly different (P > 0.05) according to the Kruskal–Wallis H test

Behavior types Activity time budgets (%) Statistical test

Early winter Middle winter Late winter χ2 P

Foraging 41.33 ± 28.08a 29.09 ± 17.44a 39.15 ± 11.01a 0.41 0.566

Alert 3.12 ± 2.47a 0.29 ± 1.10a 1.25 ± 0.28a 2.21 0.338

Social behavior 2.34 ± 1.02b 3.25 ± 4.21a 3.11 ± 2.06a 7.12 0.014

Moving 6.21 ± 3.01c 10.25 ± 8.01b 29.00 ± 10.14a 15.001 0.001

Resting 32.10 ± 11.01a 41.21 ± 6.08a 29.54 ± 10.54a 1.114 0.254
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time distribution between the meadow and paddy field 
(Table 2), while there was a significant difference with the 

mudflat habitat (P = 0.021) (Table 2). 

Foraging rate and influencing factors
Based on univariate linear regression analysis, the grass 
height (R2 = 0.869, F = 106.387, P = 0.000) and food den-
sity (R2 = 0.550, F = 19.585, P = 0.000) were found to have 
a good degree of fitting with the foraging rate (Fig.  4). 
However, the average lowest temperature (R2 = 0.126, 

F = 1.154, P = 0.314) did not fit well with the regression 
of the foraging rate. We found that the food resources 
and grass height were the most important variables 
(RI = 1.000, RI = 0.997) (Table 4) and statistically signifi-
cant (Table  5), so we obtained the optimal model (food 
resources + grass height) according to the AIC criteria. 
The result was the same as a single-factor linear regres-
sion analysis, indicating that the grass height and food 
density could explain the foraging behaviors of the win-
tering geese.  

Discussion
Effect of food resources on habitat use
The quantity and quality of the food resources in the 
wetlands has become an indication of habitat quality 
(Coops et  al. 2003; Wantzen et  al. 2008; Steuer et  al. 
2015). During early wintering period, high density 
foods in the meadows attracted many Greater White-
fronted Geese to forage (Fig. 2), and due to man-made 
disturbances, only a small number of geese foraged 
in the paddy fields. As the aboveground Carex grass 
grew, secondary metabolites and cellulose gradually 
increased, and the protein content dropped, making 
the grass unpalatable. Winter rice matured in Decem-
ber, and fresh rice sprouts began to appear in the paddy 
field after the rice was harvested in the middle of the 
winter period (Fox and Abraham 2017). The geese had 
a preference for this kind of food, compared to the old 
Carex, and the paddy fields offered a far superior qual-
ity of foraging habitat and higher foraging rates than 
the natural mudflats and meadows, so some geese went 
to the paddy fields to forage (Fox and Abraham 2017). 
However, the year-round human activities in the buffer 
zone, that included the cultivating, harvesting, and 
daily routines, created high levels of interference that 
limited the use of the paddy field habitats, and thus 
there were only a few geese going to forage (Table  2). 
The rice sprouts then disappeared from the paddy fields 
because of the artificial water injections and rainwater 
in the late winter. At this time, Carex began to grow 
again on the lake beach, so some geese had to forage 
in the meadows and mudflats in the late winter period. 
Recently, due to early recessions and long dry seasons, 
the Carex habitats in the fluctuating zones at Shengjin 
Lake increased sharply, and the number of Greater 
White-fronted Geese foraging in the meadows has 
increased considerably. Although the meadows failed 
to provide sufficient food during certain periods, the 
geese have not yet given up this optimal foraging habi-
tat. This was mainly because the meadows and mudflats 
provided a wider range of habitats. The foraging strat-
egy for the seasonal changes, allows the geese to use 
the food resources over all of the wetlands, during the 

Fig. 3 The time budget of foraging behaviors related to the food 
density in each stage (a1, a2, a3 early winter, b1, b2, b3 middle winter, 
c1, c2, c3, c4 late winter)

Table 4 Model-averaged coefficients estimates, standard 
errors (SE), and  relative importance (RI) for  the  variables 
examined for all variables in the models

Variable Estimate SE RI

Food resource 0.134282 0.002432 1.000

Grass height 0.054821 0.0001754 0.997

Minimum temperature 0.003324 0.000728 0.785

Habitat area 0.000192 0.000012 0.014

Population size 0.000476 0.000006 0.074

Table 5 Candidate linear regression models for predicting 
the wintering White-fronted Goose foraging rates

Models with ΔAICc > 4.00 are not shown (n = 11)

Model Lik AICc ΔAICc wi

Food resources + grass height − 1.47 14.25 0.00 0.41

Food resources + minimum tempera-
ture + grass height

− 2.56 16.34 1.24 0.11

Food resources − 1.82 18.24 1.49 0.14

Grass height − 4.31 21.12 2.34 0.16

Grass height + minimum temperature − 3.21 24.52 3.21 0.08
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course of the wintering period (Aharon-Rotman et  al. 
2017).

Effect of food resources on activity time budgets
In the early winter, the Greater White-fronted Goose 
needs plenty of food resources to make up for the energy 
loss in the process of migration and a large amount of 
time is consequently spent foraging in the meadows. 
In the middle of the winter period, the Carex entered 
the mature stage, with a low protein and high cellu-
lose content, in order to make up the energy balance 
(Wang et  al. 2014), and the geese moved to the paddy 
fields where they spent a large amount of time foraging. 
The time budget of the movement is related to the food 
resources in various habitats at Shengjin Lake (Fox et al. 
1991). In the early stages of winter there were abundant 
food resources, so the geese spent less time searching for 
food. During the winter period, when the food resources 
were scarce, the geese would increase their foraging time 
budgets. The geese found risk in time through alerting, 
which is an important behavior of escape from danger 
(Long et al. 2009), but with decreased food resources, the 
geese would increase their time budget for foraging by 
reducing their alert time.

Effect of key factors on the foraging rates 
of the White‑fronted Goose
If there was low food density conditions, the White-
fronted Geese at Shengjin Lake would change their for-
aging behaviors in response (Beerens et  al. 2011). Our 

results indicated that in the early, middle, and late win-
ter stages, there was a positive correlation between the 
foraging rates and the grass height, while Therkildsen 
and Madsen (2000) found that the foraging rate and the 
height of the grass had direct negative correlations with 
the Pink-footed Goose (Anser brachyrhynchus), within a 
certain height of the grass. As the geese need to bow their 
heads to peck, the shorter the Carex is, the more time 
they spend pecking (Van der Graaf et  al. 2006). Based 
on the observed data, during the wintering period, the 
foraging rate of the geese would increase with increased 
grass height in a certain height range for the food den-
sity, and we found that the foraging rate of the geese 
had a positive correlation with the food density, Bautista 
et  al. (1995) found that the foraging rates of the Com-
mon Crane (Grus grus) decreased with the availability of 
the food resources gradually and reduced over the whole 
winter period, and the pecking rate of the Greylag Geese 
(Anser anser) had decreased owing to the reduced food 
resources (Woog et al. 2012), which was consistent with 
our research results during the wintering stages. Due to 
the lack of the food resources in the middle winter stage 
and the need to migrate in late stage, the more abundant 
the food resources, the higher the foraging rates of the 
geese. For the minimum temperature, our results showed 
no correlation with the foraging rates. According to the 
Akaike information criterion, the optimal model was 
established, which further proved that the grass height 
and food density were the two most important fac-
tors influencing the foraging efficiency of the wintering 
Greater White-fronted Goose.

Fig. 4 Linear regression of the White-fronted Goose foraging rates correlated with a grass height, and b food density. Figures with black line 
showed independent variable has a significant effect on foraging rate (P < 0.05). Since the units of independent and dependent variables are not 
uniform, data normalization processing (Z-score), which is a numerical measurement of a value’s relationship to the mean in a group of values, is 
carried out
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Conclusions
The main habitat used by the Greater White-fronted 
Goose, shifted from the meadow to the paddy field, 
and then to the meadow, owing to the temporal-spatial 
changes of the food resources. The geese also increased 
their foraging rates if there was a shortage of food 
resources in any of the three habitats, during the winter 
period. Among the factors of grass height, food density, 
and temperature, we found that food density was the 
most important factor that influenced the foraging rates. 
When the food resources decreased, the geese would 
increase the allocation of foraging time correspondingly, 
to meet their energy demands during the overwintering 
period.
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