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Abstract  The loss and degradation of wetlands have adversely affected waterbirds, which depend on 
wetland habitats. Interspecific competition has an important effect on habitat utilization of winter-
ing waterbirds. Resource utilization, including partitioning, in degraded wetlands has become a hot 
issue in ecological studies of wintering waterbirds. In order to have an insight into the habitat utiliza-
tion and resource partitioning between a Hooded Crane (Grus monacha) population and the guild 
of three goose species, i.e., Anser fabalis, A. albifrons and A. erythropus wintering in lake wetlands, we 
carried out a study at Shengjin Lake National Nature Reserve from November 2011 to April 2012. We 
surveyed the Hooded Cranes and goose guild foraging in various habitats during the wintering peri-
ods with a combined method of fixed route searching and fixed site observations. Resource partition-
ing was studied by means of calculating habitat utilization rates and the width and overlap of spatial 
niches. The results showed that the habitat utilization rate and the width of spatial niches of the 
Hooded Crane population and goose guild shifted with the season. The habitat utilization rates of the 
cranes in grasslands were high at all three wintering stages. The habitat utilization rates were 0.454, 
0.435 and 0.959 respectively for the Hooded Cranes and 0.627, 0.491 and 0.616 for the goose guild. 
This suggests that the overlap in grasslands was higher between cranes and goose guild. Most habitats 
were accessible at the middle stage, so the width of the spatial niche of the cranes (1.099) and goose 
guild (1.133) both reached their peak at this stage. The greatest niche overlap was 0.914 for these two 
groups at the late stage, followed by 0.906 at the middle stage and the smallest was 0.854 at the early 
stage. Ecological response to the changes in habitats of wintering waterbirds was clearly shown in the 
dynamic variations of the niche of both the Hooded Cranes and the three goose species. Coexistence 
among waterbirds was achieved by regulation of niche width to reduce niche overlap and relieve in-
terspecific resource partitioning.
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Introduction

The lake wetlands in the middle and lower Yangtze 
River floodplain are important stopover and wintering 
sites for migratory waterbirds on the East Asian-Austra-
lian flyway. In recent years, due to the over-exploitation 

of lake resources, wetland degradation has become a 
serious issue and habitats, suitable for these migratory 
waterbirds, are disappearing. Food resource utilization 
is characterized by interspecific competition among 
wintering waterbirds, which may be intensified by food 
shortages (Xiang and Wang, 2005; Jiang et al., 2007; 
Wang et al., 2011). The wintering period is a critical pe-
riod in the yearly cycle of waterbirds. Sufficient energy 
supplements in this period are critical to their migra-
tion, reproduction and survival (Morrison et al., 2007; 
Anna, 2010; Both et al., 2010). Food, space and other 
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resources are extremely limited in degraded wetlands, 
especially in cold and severe winters. Their competitive 
intensity usually reaches its peak at this time (Oksanen, 
1987). The mechanism of resource partitioning for 
waterbirds inhabiting the lake wetlands has attracted 
considerable attention of late.

Species coexist through resource partitioning, includ-
ing the partition of habitat, food and habitat utilization 
time (Schoener, 1974; Mittelach, 1984; Reinert, 1984). 
Variations of habitat utilization and foraging behavior 
of coexisting species have been considered evolutionary 
strategies to partition limited resources and to mini-
mize potential interspecific competition (Jenni, 1969; 
Willard, 1977; Ishtiaq, 2010). Temporal-spatial varia-
tions of habitats are the main factors affecting habitat 
utilization (Kelly et al., 1996; Ribeiro, 2004). In a highly 
degraded wetland ecosystem, common resources are 
shared by large flocks of migratory waterbirds. These 
high-density waterbird flocks may induce greater inter-
specific competition (Burger et al., 1977; Alatalo et al., 
1985; Beerens et al., 2011). As a result, significant dif-
ferences may be found in microhabitat utilization and 
food selection (Davis and Smith, 2001; Vahl et al., 2005; 
Kober and Bairlein, 2009).

Cranes and geese are common wintering waterbirds 
inhabiting the lakes of the middle and lower Yangtze 
River floodplain. The Hooded Crane (Grus monacha) 
is a vulnerable species (VU) on the IUCN red list and 
a species of wildlife under first class state protection 
in China. The Bean Goose (Anser fabalis), the Greater 
White-fronted Goose (A. albifrons) and the Lesser 
White-fronted Goose (A. erythropus) are three common 
goose species in the wetlands of the middle and lower 
Yangtze River floodplain. They are regarded as indica-
tor species of lake ecosystems due to their sensitivity to 
habitat change. These waterbirds migrate southwards to 
the wintering grounds in the middle and lower reaches 
of the Yangtze River in late October every year. The 
main habitat of Hooded Cranes and these three goose 
species in winter are the grasslands, farmlands and 
shallow-water areas. In general, the wintering Hooded 
Cranes occupy the dry lakeshores, grasslands and paddy 
fields. They mainly feed on tubers of Vallisneria natans, 
as well as on seedlings of Polygonum lapathifolium, oc-
casionally on Potamogeton malainus, Phalaris arundina-
cea, Cynodom dactylon, Carex unisexualis, Cyperus sp., 
as well as on wheat seedlings, rice grains, spiral shells 
and mussels. Their diet is affected by the availability of 
food resources in their wintering habitat (Wang and 

Hu, 1986; Liu et al., 2001). The three goose species of-
ten assemble in mixed flocks, as a guild with extremely 
similar characteristics of habitat utilization (Yang, 2011; 
Chen and Zhou, 2011). Some of their food resources 
overlap with those of the Hooded Cranes, such as Carex 
spp., Phalaris arundinacea, rice grains and Cynodom 
dactylon (Fox et al., 2008; Zhao et al., 2010). Hence, 
geese are the major competitors of Hooded Cranes. 
This study aims: (a) to gain an insight into the char-
acteristics of habitat utilization of wintering Hooded 
Cranes and the goose guild in lake wetlands and (b) to 
explore resource partitioning between Hooded Cranes 
and the goose guild.

Methods

Study area

Shengjin Lake (116°55′–117°15′E, 30°15′–30°30′N), 
located to the south of the Yangtze River bank, is a shal-
low-water, river-connecting lake. A river is connected to 
the lake via the Huangpen Sluice built in 1965. The lake 
area is at its largest at 14000 ha in the high water season, 
while it is smallest at 3400 ha in the low water season. 
The lake usually is divided into two parts: the upper part 
and lower part from south to north. The region where 
the lake is located belongs to the northern subtropical 
humid zone with an annual mean temperature of 16.1
°C and precipitation of 1600 mm. Shengjin Lake is one 
of the most important wintering and stopover grounds 
along the Yangtze River for waterbirds, especially Hood-
ed Cranes, Bean Geese, Greater White-fronted Geese 
and Lesser White-fronted Geese. As one of the major 
wintering grounds for migratory waterbirds, it was ap-
proved in 1986 to be established as a provincial nature 
reserve and in 1997 it became a national nature reserve.

The present study was carried out in the upper part 
of Shengjin Lake, which is located in the southern 
part, a core area of this nature reserve. The lake bed is 
smooth and flat, while the terrain is higher towards the 
southeast. Cage aquaculture operations had been estab-
lished at Shengjin Lake for more than ten years, while 
pond and enclosure culture are commonly seen in the 
lake. In the low water season, the lake water retreats and 
a large mudflat is exposed to provide a foraging habitat 
for the Hooded Crane and other wintering waterbirds. 
The foraging habitats, consisting of water areas, mud-
flats, grasslands and paddy fields (Fig.1), show periodic 
and dynamic changes.
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Wintering stages and habitat types

The habitat utilization of Hooded Cranes and geese are 
affected by periodic changes in the hydrology and mud-
flat exposure of Shengjin Lake. We divided the winter-
ing period into three stages according to the hydrologi-
cal variations in the lake. The early stage was before late 
December. During this time the lake, still at a high wa-
ter table, started to recede. The middle stage was from 
the early January to late February in the following year, 
when the water level dropped quickly and large areas of 
the lake shore became exposed. The late stage was from 
late February to the end of March, during which the 
lake shore had become dry and the water level began to 
rise again.

The habitat types of the upper Shengjin Lake varied 
with the hydrological conditions during the low water 
season. At the middle stage, habitats were plentiful, 
including deep-water areas, shallow-water areas, mud-
flats, grasslands and paddy fields. The deep-water area 

in the lake was only 0.5 m deep. The shallow-water area 
refers to the water body with a depth of less than 0.5 
m. The mudflats are tidal flats with large areas of the 
lake beach exposed, when the water has retreated. Some 
smartweeds, sedges and other plants grow in areas 
where the water retreats early. Grasslands are mudflats 
with a vegetation cover of more than 20%, dominated 
by herbaceous plants. Paddy fields are in polders where 
rice is planted in the spring and summer and harvested 
in autumn and then wheat is planted in late winter.

Foraging habitats for Hooded Cranes and geese are 
relatively stable at a certain wintering stage at Shengjin 
Lake (Cao et al., 2010; Zhou et al., 2010). These forag-
ing habitats are centralized in Xinjun village, as well 
as in the range between Yang’etou and Shegan villages 
(Fig. 1).

Data collection

We combined the methods of fixed route and fixed site 

Fig. 1  Foraging habitats for Hooded Cranes and other waterbirds at the upper part of Shengjin Lake
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observations to investigate the habitats at the upper 
part of Shengjin Lake from November 15, 2011 to April 
1, 2012. Each survey covered the whole array of habi-
tat types. Four routes were included in one sampling 
survey, which lasted from 1 to 3 days. Sampling surveys 
which were not completed were excluded from the final 
samples. Therefore, the sample sizes of Hooded Crane 
and geese were equal. The valid data collection con-
sisted of a total of 59 days and 38 samples, including 
15 samples collected in 30 days for the early wintering 
stage, 13 samples collected in 19 days for the middle 
wintering stage and 10 samples in 10 days for the late 
wintering stage. The distribution of Hooded Cranes 
and geese at the upper lake were determined by means 
of a fixed route survey. The surveyed routes were from 
Xinjun to Xiaoluzui village, Xiaoluzui to Shegan village, 
Xinjun to Shenshanzui village and from Shenshanzui 
to Shegan village. Fixed site observatione were carried 
out when we focused on Hooded Cranes and/or geese. 
The area within a radius of 1 km was observed by a 
binocular telescope (BOWAS 8 × 42) and a monocular 
telescope (SWAROVSKI 20-60 × 80); we recorded the 
number and habitat types. A direct counting method 
was employed for small number of cranes and geese 
(generally less than 300 birds). For large flocks, a group 
counting method was adopted. That is, the flock was 
divided into several smaller individual groups such as 
10, 50 to 100. The number of birds in the whole flock 
was estimated by counting the number of birds in each 
smaller flock (Howes and Bakewill, 1989; Ma, 2006). 
Since the diets of the three goose species are similar and 
often mixed in high-density flocks, the three goose spe-
cies were treated as one guild for the purpose of count-
ing.

 
Data analysis

Based on the distribution of the populations of Hooded 
Cranes and geese in each survey, the utilization rates 
(U) of all habitat types by Hooded Crane or goose guild 
were calculated as: U

i
 = N

i
/N, where U

i
 is the utilization 

rate of the ith habitat type by waterbirds; N
i
 the number 

of the waterbirds in the ith habitat type and N the total 
number of waterbirds in all habitat types. 

The mean utilization rate (Mean) and standard error 
(SE) in all habitats and all wintering stages were calcu-
lated.

The utilization rates of habitats by the waterbirds 
at the same wintering stage were compared with a 

Kolmogorov-Smirnov test in SPSS17.0. The utiliza-
tion rates in five habitat types were checked to see if 
the assumption of a normal distribution were met. If 
met (p > 0.05), an independent-sample t test was per-
formed; if not (p < 0.05), the Mann-Whitney U test was 
used. The significance level was set as α = 0.05.

The Shannon-Weiner diversity index was used to 
measure the width of the spatial niche (Krebs, 1989; 
Davis and Smith, 2001; Kober and Bairlein, 2009) of the 
Hooded Crane and goose guild. 
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where B
i
 is width of the niche; P

i
 the percentage of in-

dividual birds observed in the ith habitat type from the 
total number of Hooded Cranes or goose guild.

The spatial niche overlap of the Hooded Crane and 
the goose guild was calculated using Pianka’s (1974) 
equation (Isacch et al., 2005; Kober and Bairlein, 2009). 
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where P
ik
 and P

jk
 are the proportions of Hooded Crane 

(i) and goose guild (j) observed in the kth habitat type. 

O
ij
 = 0  when no niche overlap; 

O
ij
 = 1  when complete overlap.

Results

Habitat utilization of Hooded Crane population
and goose guild

The four major habitat types for Hooded Cranes at 
Shengjin Lake consisted of shallow-water areas, mud-
flats, grasslands and paddy fields. The most utilized 
habitat type was grasslands at the early wintering stage, 
with a utilization rate of 0.454 ± 0.083 (n = 15), fol-
lowed by 0.427 ± 0.088 (n = 15) for the paddy fields. 
The utilization rates of shallow-water areas and mud-
flats were relatively low, i.e., 0.053 ± 0.024 (n = 15) and 
0.066 ± 0.021 (n = 15), respectively. The most frequent-
ly utilized habitats were grasslands with a utilization 
rate of  0.435 ± 0.115 (n = 13) and mudflats of 0.363 ± 
0.101 (n = 13) at the middle wintering stage, followed 
by 0.190 ± 0.091 (n = 13) for the shallow-water areas 
and 0.012 ± 0.008 (n = 13) for paddy fields. The uti-
lization rate of grasslands was 0.959 ± 0.015 (n = 10), 
which was clearly higher than that of other habitats at 
the late wintering stage. The utilization rate was 0.033 
± 0.011 (n = 10) for shallow-water areas and 0.008 ± 
0.007 (n = 10) for mudflats. The paddy fields were not 
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utilized (Fig. 2).
The major habitat types utilized by the goose guild 

included deep-water and shallow-water areas, mudflats 
and paddy fields. The grassland habitat was mainly uti-
lized at the early wintering stage, with a utilization rate 
of 0.627 ± 0.036 (n = 15), followed by shallow-water 
areas of 0.201 ± 0.033 (n = 15), paddy fields of 0.161 
± 0.038 (n = 15), deep-water areas of 0.009 ± 0.005 (n 
= 15) and mudflats of 0.001 ± 0.000 (n = 15). At the 
middle wintering stage, the utilization rate was 0.491 
± 0.069 (n = 13) for grasslands, 0.323 ± 0.059 (n = 
13) for shallow-water areas, 0.147 ± 0.069 (n = 13) for 
mudflats and 0.034 ± 0.018 (n = 13) for paddy fields. 
The deep-water areas were rarely utilized, with a utiliza-
tion rate of 0.004 ± 0.004 (n = 13). At the late wintering 
stage, the major habitat utilized was grassland with a 
utilization rate of 0.616 ± 0.072 (n = 10), followed by 
0.277 ± 0.052 (n = 10) for the shallow-water area and 
0.107 ± 0.051 (n = 10) for the deep-water area. The 
mudflat and paddy field habitats were basically not uti-
lized (Fig. 3).

At the early wintering stage, significant differences 
for habitat utilization rates between the Hooded Crane 
and goose guild were found (deep-water: df = 28, 
Z = −2.105, p = 0.035; shallow-water: df = 28, t = 3.505, 
p = 0.002; mudflat: df = 28, t = −2.931, p = 0.007; pad-
dy field: df = 28, t = −2.686, p = 0.012) in the five types 
of habitats except for grassland (df = 28, t = 1.849, 
p = 0.075). Significant differences were also observed in 
the utilization rates of shallow-water habitat at the mid-
dle wintering stage (df = 24, Z = −2.590, p = 0.010), but 
not in other habitats (deep-water: df = 24, Z = −1.000, 
p = 0.317; mudflat: df = 24, t = −1.690, p = 0.104; grass-
land: df = 24, t = 0.403, p = 0.690; paddy field: df = 24, 
Z = −0.633, p = 0.526). Extremely significant differenc-
es were found in the utilization of the deep-water areas, 
shallow-water areas and grasslands at the late wintering 
stage (df = 18, Z = −2.796, p = 0.005; df = 18, t = 4.382, 
p = 0; df = 18, t = −4.436, p = 0, respectively). No sig-
nificant difference was found in the utilization of the 
mudflats (df = 18, Z = −1.000, p = 0.317) (Table 1). 

Width of spatial niche and overlap of Hooded 
Crane population and goose guild

The width of the spatial niche of Hooded Cranes and 
goose guild varied during the wintering stage. This 
niche width of the Hooded Cranes was 1.057 at the 
early stage, 1.099 at the middle stage and 0.191 at the 

late stage. The width of the spatial niche was the high-
est at the middle stage, followed by the early and late 
stages. The width of the spatial niche of the goose guild 
was 0.959 at the early stage, 1.133 at the middle stage 
and 0.893 at the late stage. The width was the highest at 
the middle stage, followed by the early and late stages 
(Table 2).

A difference was found in the niche overlap of the 
Hooded Crane and goose guild at the three wintering 
stages. The greatest niche overlap was 0.914 found at 
the late stage, followed by 0.906 at the middle stage and 
0.854 at the early stage (Table 2).

Discussion

Characteristics of habitat utilization of Hooded 
Crane population and goose guild

Waterbirds have to select suitable habitats when fac-
ing constantly changing habitats during the winter 
(Warnock and Takekawa, 1995; Long and Ralph, 2001; 
Beerens et al., 2011). Resource partitioning is related to 
its availability in habitats (Kober and Bairlein, 2009). 
For the waterbirds assembling in flocks, the availability 
of resources is an important factor affecting flock dy-
namics (Gawlik, 2002). Therefore, changes in resource 

Fig. 2  Habitat utilization rates of wintering Hooded Crane at three 
wintering stages

Fig. 3  Habitat utilization rates of wintering geese at three wintering 
stages
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availability would cause dynamic changes of the niche 
of waterbirds (Pearman et al., 2008). When the number 
of suitable habitats is reduced, the utilization of other 
habitats will inevitably increase as a compensation for 
habitat loss (Gerstenberg, 1979; Warnock and Takeka-
wa, 1995; Long and Ralph, 2001). In our study, the 
variation in water level and seasonal changes of vegeta-
tion structure and human activities jointly affected the 
availability of wetland resources at Shengjin Lake. Thus, 
the characteristics of habitats and microhabitats would 
change, further causing dynamic changes in habitat 
utilization and width of the spatial niche of the Hooded 
Crane and goose guild.

Habitat and food availability of waterbirds is closely 
related to water levels (Safran et al., 2000; Zhao et al., 
2010). At the middle wintering stage when the Huang-
pen Sluice was opened for fishing, the water level of 
Shengjin Lake dropped quickly and large areas of mud-
flats became exposed. The underground parts of some 
aquatic plants were readily accessed, which was favor-
able for both cranes and geese. At the late wintering 
stage, the water level rose substantially due to the con-
tinuous rainfall in the spring, which submerged most 
of the mudflats and part of the grasslands. The habitats 
readily utilized by the waterbirds were reduced and the 
width of the spatial niches was narrowed (Table 2).

The seasonal changes of vegetation structure might 
induce changes in the strategy of resource utilization on 
the part of birds (Kushlan, 1981; Thomson and Fergu-
son, 2007). At the early stage, vegetation flourished in 
the grasslands. The temperature declined at the middle 
stage and the withering of plants reduced the avail-
ablity of the aboveground parts of plants to waterbirds. 
Therefore, the habitat utilization of the grasslands by 
Hooded Cranes and geese was somewhat reduced at the 
middle stage (Figs. 2, and 3). During the late stage, the 
vegetation in the grasslands began to germinate, provid-
ing favorable foraging habitats for grazing waterbirds.

Grassland reclamation in wetlands, livestock grazing 
and an enclosure culture resulted in habitat loss, which 
lowered the resource availability for waterbirds (Wang 

et al., 2011). Resource-exploiting aquaculture resulted 
in severe degradation of submerged vegetation, an im-
portant food source for waterbirds (Xu et al., 2008). 
Agricultural activities by farmers usually interfered with 
the behavior pattern and foraging rate of waterbirds 
(Luo et al., 2012). Waterbirds foraging in the paddy 
fields had to face considerable levels of disturbance 
(Reif et al., 2008). At the early stage, the rice grains were 
scattered at high density over the newly-harvested fields 
with few human disturbances. Therefore, the paddy 
fields were much utilized by the cranes and geese. At 
the middle stage, human disturbances in the fields, 
which had been cultivated and changed to wheat fields, 
increased in intensity. Simultaneously, the middle stage 
was also a stage for massive fishing. The fishermen 
usually exploded firecrackers to drive the waterbirds 
(mainly Phalacrocorax carbo) away from their cage and 
pond aquaculture, causing the utilization rate to decline 
in the paddy fields by the cranes and geese. At the late 
stage, the frequent agricultural activities and dispelling 
activities may have added to the difficulty of food re-
source utilization by waterbirds in the paddy field cul-
tivated into winter wheat (Figs. 2 and 3). The density of 
rice grains scattered in the fields declined as a result of 
consumption and soil turning (Lee et al., 2001; Amano 
et al., 2006). If this happened, the paddy field habitats 
were abandoned gradually by the cranes and geese.

Resource partitioning of Hooded Crane 
population and goose guild

When the food resources were limited, the waterbirds 
concentrated within this limited space to search for 

Table 1  Comparison of habitat utilization rates of Hooded Cranes and goose guild in the winter

Wintering period Deep water Shallow water Mudflat Grassland Paddy field

Z p  Z/t p Z/t p Z/t p Z/t p

Early n = 30 −2.105 0.035 3.505 0.002 −2.931 0.007 1.849 0.075 −2.686 0.012

Middle n = 26 −1.000 0.317 −2.590 0.010 −1.690 0.104 0.403 0.690 −0.633 0.526

Late n = 20 −2.796 0.005 4.382 0.000 −1.000 0.317 −4.436 0.000 0.000 1.000

Note: Independent sample t test or Mann-Whitney U test, 0.01 ≤ p < 0.05 significant difference, p < 0.01 extremely significant difference.  

Table 2  Width of s patial niche and overlap (O
ij
) of Hooded Cranes 

and goose guild at three wintering stages

Width of spatial niche 

Early stage Middle stage Late stage

Hooded Crane 1.057 1.099 0.191

Goose guild 0.959 1.133 0.893

Spatial niche overlap (O
ij
) 0.854 0.906 0.914
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available food sources, which increased niche overlap 
and intensified resource partitioning (Kober and Bair-
lein, 2009). The width of the spatial niche of the Hood-
ed Cranes and goose guild presented similar tendencies 
of dynamic change in different winter periods (Table 
2). This indicates that they had similar requirements for 
the resources, thereby leading to resource partitioning. 
The widths of the spatial niche of the goose guild at all 
stages were all higher than those of the cranes except 
at the early wintering stage. This shows that the spatial 
niche of the Hooded Cranes was restricted due to the 
interspecific competition, compared with geese in a 
larger group (O’Connor et al., 1975).

Hooded Cranes and geese shared four common 
habitat types at Shengjin Lake, i.e., shallow-water areas, 
mudflats, grasslands and paddy fields. Both used the 
grasslands intensively with subsequent high utilization 
rates (Figs. 2 and 3), showing that the greatest habitat 
competition occurred in the grasslands. Significant 
differences were found in the utilization rates of all 
habitats at the early and late stages by the cranes and 
goose guild (Table 1). This suggests the separation in 
space, especially when the resource was insufficient. It 
is a result of different patterns of resource utilization 
by coexisting species (Oksanen, 1987). It has something 
to do with the feeding behavior of these cranes and 
geese, which, in turn, is determined by the morphology 
of birds, such as the length, width and shape of the bill 
(Kober and Bairlein, 2009; Aplin and Cockburn, 2012). 
We discovered in our survey that Hooded Cranes for-
aged by digging out the underground tubers of plants. 
The geese mainly feed by biting the aboveground parts 
of plants. There was spatial separation between the 
cranes and goose guild. Spatial separation reduces the 
intensity of resource partitioning (González-Solís et al., 
2007). At the early winter, besides grassland habitat, the 
Hooded Cranes also had a high utilization rate in the 
paddy fields. The grassland with its abundant Carex was 
the main habitat utilized by the goose species. Only a 
small number of Bean Geese utilized the paddy fields. 
Because the Greater White-fronted Goose is a habitat 
specialist in China, it prefers to graze on short-sward 
recessional Carex sedge meadows. The Lesser White-
fronted Goose has a short bill and therefore favors 
grassland where Carex sedges grow (Zhao et al., 2012; 
Wang et al., 2012). Their number was low and unstable 
at Shengjin Lake (Cheng et al., 2009; Wang et al. 2012). 
At the late wintering stage, the water level rose mark-
edly and the temperature increased. As swimming birds, 

geese prefer a water habitat. But the cranes were mostly 
concentrated in the grasslands (Figs. 2 and 3, Table 1).

The lowest spatial niche overlap at the early stage 
might be explained by the fact that the number of 
waterbirds at the site had not reached its peak. Besides, 
human disturbances to the paddy fields were few dur-
ing the early winter, corresponding to high availability. 
The lake water retreated at the middle wintering stage, 
exposing a large number of mudflats, providing forag-
ing habitats for the cranes and geese. Significant dif-
ferences were found in the utilization rates of shallow-
water areas but not in other habitats (Table 1). How-
ever, the niche overlap was slightly higher than that at 
the early winter. This is mainly due to the fact that the 
harvested paddy fields were planted with winter wheat 
with an increased level of human disturbances, causing 
a decline in the utilization rate. The maximum spatial 
niche overlap was found at the late stage (Table 2). This 
is because most mudflats and part of the grasslands 
were flooded due to a heavy rainfall during this period. 
Agricultural activities on the paddy fields, where now 
the winter wheat grew, had clearly increased and the 
number of usable habitats was reduced. The cranes and 
geese could only find their energy supply in a limited 
number of habitats before further migration. When the 
resources were abundant, competitive release would 
strengthen the niche overlap (Martínez, 2004). How-
ever, the effect of competition usually occurs after some 
time (Pearman et al., 2008). Obviously, the high niche 
overlap of Hooded Cranes and the goose guild in our 
study cannot be classified into this category. Rather, 
they competed violently for the limited amount of re-
sources.

Although the cranes and geese have different forag-
ing strategies, they share similar food requirements and 
wetland resources. The niche overlap was high between 
them, resulting in severe interspecific competition. The 
study of the foraging niche overlap is essential between 
Hooded Crane population and goose guild that will 
directly imply an important ecological response to the 
degraded lake.
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升金湖越冬白头鹤与3种雁的生境利用和资源分割

赵凤婷1，周立志1，徐文彬2

（1 安徽大学资源与环境工程学院，合肥，230601；2 安徽升金湖国家级自然保护区，东至，247200 ）

摘要：湿地丧失与退化已经严重影响了依赖湿地生存的水鸟。种间竞争对越冬水鸟的生境利用产生重要影响。

越冬期集群水鸟的资源利用和分割已经成为水鸟生态学研究的热点问题。2011 年 11 月至 2012 年 4 月在升金

湖国家级自然保护区，对白头鹤（Grus monacha）及与其在同一区域越冬的豆雁（Anser fabalis）、白额雁（A. 

albifrons）、小白额雁（A. erythropus）雁群的生境利用和资源分割进行了研究。采用固定路线寻查和定点观察相

结合的方法调查觅食白头鹤与雁群在不同时期各种生境中出现的数量，记录生境特征，计算生境利用率、空间

生态位宽度和重叠研究资源分割。结果表明，随着越冬时间的推移，白头鹤种群与雁类集团对各种生境的利用

程度和空间生态位宽度随之发生相应变化。3 个越冬阶段白头鹤与雁群对草滩生境的利用率均较高，白头鹤对

草滩生境利用率分别是 0.454，0.435，0.959，雁群对草滩生境利用率分别是 0.627，0.491，0.616，说明草滩生境

是二者重叠最大的越冬资源。白头鹤与雁群的空间生态位宽度均在越冬中期最高，分别是 1.099 和 1.133，表明

中期可获得的生境最多。二者间的空间生态位重叠在越冬后期最大为 0.914，中期次之 0.906，前期重叠值则最小，

为 0.854。白头鹤和雁群生态位的动态变化体现水鸟对环境变化的生态响应，水鸟之间通过调整生态位宽度来缓

解种间竞争，从而达到共存。

关键词：生境利用，生态位，越冬生态，白头鹤（Grus monacha），雁群


