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Abstract

Background: The Yangtze River floodplain provides important wintering habitats for Hooded Cranes (Grus monacha)
in China. Fluctuations in the water level change foraging habitat and food availability, affecting their temporal-spatial
patterns of foraging activities. It is of considerable importance to investigate the effect of these fluctuations on food
availability for wintering Hooded Cranes and their foraging response to these changes. Understanding their behavior
patterns is beneficial in protecting the wintering crane population and restoring their wintering habitats.

Methods: A field survey of the winter behavior of cranes was carried out at Shengjin Lake from November in 2013

to April in 2014. Habitat variables, as well as the spatial distribution and behavior patterns of wintering cranes at their
foraging sites during five stages of water level fluctuation were collected. Based on this data we analyzed the relation-
ship of foraging behavior relative to water level fluctuations and habitat types.

Results: The foraging habitats used by Hooded Cranes varied at the different water level stages. As the water level
decreased, the use of meadows and mudflats increased. When the water dropped to its lowest level, the use by the
Hooded Crane in the mudflats reached a peak. There were statistically significant differences in time budget in the
three types of habitats over the five stages of the water level. In the mudflats, the foraging behavior and maintenance
behavior varied significantly with the water level, while the alert behavior showed little variation. Analysis of a general-
ized linear model showed that the five water level stages and three habitat types had a significant effect on forag-

ing behavior, while the combined effect of these two variables was significant on the foraging time budget and the
length of foraging activity of the Hooded Crane.

Conclusions: With the decrease in the water level, the use of mudflats by Hooded Cranes increased correspondingly.
Food availability in different habitats was affected by changes in the water level. The Hooded Crane adjusted its forag-
ing patterns and made full use of the three available types of habitat in order to acquire enough food in response to
fluctuations in the water level.
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Background patterns of many avian species, especially those of water-
Seasonal variation in food availability plays an important ~ birds [1]. Winter is a critical period for waterbirds with
role in population dynamics and adjustment in behavior  its considerable effect on their annual life cycle [2].

According to the optimal foraging theory, animals choose

the highest efficiency and the most advantageous patches
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variation in food availability, waterbirds have to change
their wintering habitats and behavior patterns in order
to obtain sufficient energy for wintering [1, 4]. For many
waterbirds, fluctuations in water levels change bird-
perched micro-habitats [5] and directly affect the length
of exposure to and availability of food in these habitats
[6, 7]. Their foraging activities are also affected by human
disturbance [8, 9]. The ‘water recession’ model suggests
that during the dry season, lowering of water levels and
surface cover will aggregate food resources in small areas,
which provide extremely efficient foraging sites. Water-
birds gather in areas of rich food resources to meet their
energy demand by adjusting their behavior patterns as
much as possible [1, 10-12]. Studies have shown that
waterbirds have the ability to adapt to changes in water
levels, food resources and environmental changes of wet-
lands [13, 14], but this ability is relatively limited [8].

The habitat of a dynamic wetland is a model ecosystem
to observe varying behavioral responses to food limita-
tion, because wetland-dependent species such as water-
birds must adjust to food resources that change daily [1].
Hydrological cycles and microtopography determine the
spatial and temporal availability of aquatic food resources
and the rate of replenishment of foraging patches after
they are depleted [12]. Food abundance in this system
is largely affected by the duration of marsh inundation,
vegetation structure and nutrient levels. Food supply
becomes available to wading birds when changes in the
water level result in the aggregation of food and interacts
with the vegetation to provide an open foraging habi-
tat [1, 15]. This changes the use of different habitats for
waterbirds and limits their foraging behavior. Division of
food resources leads waterbirds to take various strategies
in different types of habitat [16]. In addition to biological
factors, abiotic environmental factors may also strongly
affect foraging and time budgets [16], e.g., temperature,
wind and precipitation probably increase the need for
temperature regulation to adjust foraging activities [17,
18].

The shallow lake wetlands along with the middle and
lower Yangtze River flood plain are wetlands of interna-
tional importance [19]. They contain abundant aquatic
resources and are important stopover and wintering
grounds for large numbers of East Asian-Australasian
migratory waterbirds, including several endangered spe-
cies [20]. The unique hydrological processes of the river,
connecting shallow lakes, bring improved productivity
and enable the accumulation of rich nutrients [21]. After
the water recedes, the roots of submerged and hygro-
philous plants, exposed in the riparian zone, will attract
large numbers of waterbirds [22]. In recent years, these
wetlands have become exposed to rapid exploitation.
Seine fishery and the construction of water conservation
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projects have changed natural hydrological fluctuations
[23, 24]. Aquatic vegetation resources have decreased
sharply, especially submerged vegetation [25]. These
changes have severely disrupted the ecological process of
some wetlands [22]. The habitat types and food availabil-
ity have changed significantly for wintering waterbirds.
Due to the degradation of the original foraging habitat,
waterbirds have to turn to artificial habitats for food, such
as paddy fields, resulting in changes in behavior patterns
in order to adapt to the new environment [26, 27]. The
existing studies showed that the behavior of wading birds
is responsive to spatial and temporal variations in the
quality, quantity and availability of their food resources
[28, 29]. Foraging selection patterns can be used to assess
the effects of these transient conditions.

The Hooded Crane (Grus monacha) is a large migrating
wader, declared a vulnerable species by the IUCN and a
national grade I protected bird in China. Its global popu-
lation consists of about 11,600 birds [30]. Breeding sites
are located in the eastern part of Siberia and extend to
China’s Lesser Khingan mountains and wintering sites
for the cranes in Japan, South Korea and the middle and
lower reaches of the Yangtze River in China [23, 31].
Most of the wintering population of the Hooded Crane
in China assembles in the inland lakes of the Yangtze
River flood plain. The food resources and their availabil-
ity affect the habitat use and behavior patterns of these
cranes, which have now chosen rice paddies instead of
mudflats as their foraging habitat [32]. The driver of the
changes in their foraging strategy merits further study.
In our investigation we pay particular attention to hydro-
logical changes and their effect on the habitat use and
foraging activities of these cranes. Our aim is to shed
light into: (1) the characteristics of habitat selection by
the wintering Hooded Crane during different water level
periods and (2) the changes in the behavior patterns
of these cranes and the relationship between foraging
behavior and water levels.

Methods

Study area

The study area was located at 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 fly-
way [33-35]. The region belongs to a humid subtropical
monsoon climate, with an average annual temperature
of 16.1°C and annual precipitation of 1,600 mm. There
is a clear separation between the rainy and dry seasons.
The rainy season is from April to the following October,
when the water level reaches 17.6 m. The dry season
usually lasts from November to March in the following
year, with the water level fluctuating between 8 and 11 m.
Because of the dam at the end of the upstream Shengjin
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Lake, the water level is maintained, in the early winter,
at around 11 m or lower till late December. In the mid-
dle of January, the water drops to its lowest level, 8.18 m
(Fig. 1). This decrease leads to the exposure of large areas
of tidal flats, providing suitable habitats for wintering
waterbirds. The submerged macrophytes, such as Carex
tristachya, Phalaris arundinacaea and Polygonum crip-
olitanumare, successively exposed in the bare substrates
of the lake bottom during the water recession in autumn
and winter, attract a large number of waterbirds to winter
here [36, 37]. In recent years, however, rapid economic
development in this wetland area has led to changes in
natural hydrological fluctuation [23, 24], causing a sharp
decline in aquatic vegetation [25]. The habitat availability
has changed significantly, forcing wintering waterbirds
to abandon their original foraging habitat that has been
degraded and turn to the rice paddies to obtain a suffi-
cient amount of food.

Stages of the water level

The water level in upstream Shengjin Lake is controlled
by a dam at Shengjin Lake bridge and the Huang-
pen sluice. Depending to the way the water level rises
upstream at the lake, we defined five stages of the water
level during the wintering period (November 2013 to
early April 2014): (a) a stable stage, from early Novem-
ber to late December when, due to the interception of
the dam at Shengjin Lake bridge, the water level was
kept at 11.04 m; (b) a receding stage, from late Decem-
ber to early January: after the dam was opened, the water
level dropped rapidly to 9 m; (c) a drought stage, from
early January to the end of January, when the water level

Water level (m)
O
(=}

Fig. 1 Water level fluctuation upstream of Shengjin Lake during the
2013-2014 wintering period.
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fluctuated at a stable level between 8 and 9 m; (d) an early
recovery stage, from early February to mid-March, when
the water level began to rebound, reaching 9-10 m; (e) a
late recovery stage, from late March to early April, when
the Hooded Cranes gradually flew away and the water
level continued to rebound to 11 m.

Habitat surveys

Based on the differences in vegetation and micro-geo-
morphological features, foraging habitats are distin-
guished into three types, i.e., mudflats, meadows and
paddy fields. Within each stage of the water level, 30
quadrats of 0.5 m x 0.5 m with a depth of 0.15 m were
arranged at the foraging range of the cranes [38], located
with a handheld global positioning system (GPS, eTrex
30, Garmin, China). The recorded habitat variables con-
sisted of food types, their abundance and soil hardness
[38, 39]. In each quadrat, we collected all the tubers and
roots of the aquatic vegetation, the entrails of mollusks
and rice grains within 15 cm under the foraging site, the
typical limit of foraging depth for crane species [40]. The
samples were sent 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 repre-
sented the dry weight (g). We defined the ratio of the dry
weight of prey resources in a quadrat (0.25 m?) as prey
abundance (g m~2). In order to ensure the independence
of data samples, the distance between two adjacent quad-
rats was >50 m [16].

Bird surveys

Each week we used a direct counting method to record
the number of crane flocks, as well as the number of
individual birds in each flock. We reached their feeding
grounds at 7:00 in the morning of each survey day. Once
we found a group of cranes, the entire visible sites were
clockwise scanned using a spotter telescope (Swarovski,
30 x 60). The number of foraging cranes in each habitat,
habitat type and meeting time were recorded. In order to
reduce the effect of severe weather on our observations,
the survey was postponed to the next day on days with
strong winds, thick fogs or heavy snows [35, 40].

Behavioral observations

Field observations were carried out on sunny days from
November, 2013 to April, 2014. During field work, focal
sampling was conducted with binoculars (8 x 42) or a
telescope (20-60 x 63) to record behavior from 07:00
to 17:00 [41]. At the beginning of each focal observa-
tion, date, time, location and habitat type (paddy field,
meadow, mudflat) were recorded. The object of observa-
tion was usually selected as one adult in a group (>3). All
observations were performed from a relatively remote
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location to avoid the effect of the investigators on the
behavior of the crane [42]. A voice recorder (DVR-990,
JNN) was used to record its behavior for 20 min unless
we lost sight of our focal bird. Referring to Zhou et al.
[35], the ethogram comprised the following types of
behavior: foraging, alertness, maintenance, resting, loco-
motion and social behavior. As well, we calculated forag-
ing success by counting the number of successful strikes
during a foraging bout.

Data analysis

The relative abundance of Hooded Cranes in each habi-
tat patch was estimated using the percentage of the num-
ber of cranes in each habitat as a proportion of the total
number of cranes in all habitats during a specific period
[16, 43]. The survey results from each 20 min period were
used as an independent sample from which we calculated
the foraging frequency (changes in behavior per unit of
time), length of foraging time (the total time of forag-
ing bouts) and foraging time budget [26, 42, 44]. Forag-
ing success was quantified by analyzing the recordings of
foraging birds and budgeting their time in foraging bouts
[4].

The Kruskal-Wallis H test and Mann—Whitney U test
were used to test the difference of relative abundance and
time budgets in three habitats at the five stages of water
level. In addition, the effect of fluctuations in the water
level and habitat type on foraging behavior (foraging time
budget, length of time in foraging, foraging success and
foraging frequency) were analyzed using a generalized
linear regression model. All analyses were performed
using PASW Statistics 18 (IBM Inc., 2009). A significance
level of 0.05 (p) was used for all statistical tests, with
means expressed as mean =+ SE.

Results

Foraging habitat use

A total of 302 Hooded Cranes wintered at Shengjin Lake
and their use of this habitat showed significant differences
over the five stages of water level fluctuation (Fig. 2). The
abundance of food resources in the meadow habitat was
the highest, which showed significant differences over
the five water level stages (x> = 18.179, p = 0.001). The
food resources in the mudflat habitat were the least, but
still, significant differences (x* = 12.538, p = 0.006) were
found with fluctuations in the water level. In the paddy
fields, the abundance of rice showed a declining trend,
but the differences were not significant (x* = 5.570,
p = 0.234). As the water level receded, the number of
cranes in the meadows and mudflats gradually increased.
The number of cranes in the mudflats reached a peak
during the drought stage. As the water level rose again,
the cranes gradually reduced their use of the mudflats. At
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Fig. 2 Use of habitat type by Hooded Cranes under different water
level features. This chart demonstrates the population dynamics of
the Hooded Crane over five water level stages at three types of habi-
tat. Changes in water level affect the spatial distribution of Hooded
Cranes.The g, b, ¢, d, and e represent the five water level stages.

the late recovery stage, they abandoned the paddy fields
and their use of the meadows and mudflats increased,
with the meadows becoming the main foraging habitat.
The number of cranes in the mudflats showed significant
differences during the various stages of the water level
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(Z = 10.767, p < 0.05). The use of meadows increased
during the entire period of changes in the water level,
however without any significant difference. During these
stages, the use of paddy fields showed a decline.

Activity time budget

There were significant differences in activity time
budget for Hooded Cranes during different stages of
water level fluctuation. In mudflat, foraging behavior
and maintenance were significantly different at the five
stages of water level fluctuation (x* = 17.328, p < 0.05;
x? = 14.273, p < 0.01), while the alert and other behavior
showed no significant difference. At the same time, the
alert time in the mudflats was the highest of the three
habitats (Table 1). Specifically, in the meadows the forag-
ing behavior of the cranes increased gradually, but with-
out any significant difference. During the entire period of
water level fluctuations, the foraging time of the cranes
in the paddy fields showed no significant difference
(x? = 3.391, p > 0.05),but was higher than in the mud-
flats. The alert time in the paddy fields decreased, with a
slightly increase during the early recovery stage but again
showed no significant difference (x° = 6.485, p > 0.05).
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Temporal-spatial changes in foraging activities

In the three habitat types, only the foraging behavior in
the mudflats showed significant differences during the
various water level stages. The foraging strategies of the
cranes were considerably affected by fluctuations in the
water level, changing the length of time in foraging, for-
aging frequency, foraging time budget and especially their
foraging success (Table 2). The type of habitat showed an
extremely marked effect on their foraging time budget
and foraging success, but less on the length spent on for-
aging. Moreover, the combined action of habitat type and
water level fluctuation had a significant effect on foraging
time, but did not affect the foraging frequency nor forag-
ing success.

Discussion

Effect of water level fluctuation on foraging habitat use
There are many factors that can affect the habitat selec-
tion of waterbirds. Consequently, understanding the role
of fluctuation in water levels in wetlands has become
even more crucial, especially with current concerns
about global climate change [38, 45, 46]. Seasonality
and the extent of these fluctuations affect habitat fea-
tures such as water depth, food availability and degree

Table 1 Activity time budgets of Hooded Cranes over five water level stages at Shengjin Lake

Habitat type Behavior Activity time budgets at various water level stages (%) Statistical test
a b c d e ChiSquarevalue (x? p
Mudflat Foraging 047 £ 0.06 0.59 +0.02 0.50 £ 0.05 0.35 £ 0.06 029 +£0.07 17.328 0.002**
Alert 0.36 £ 0.06 023+£003 025+ 0.03 0.25+£0.03 034 £0.05 7.36 0.118
Maintenance 0124+003 008+002 016+£003 026004 0274005 14273 0.006**
Social behavior 0.00 £ 0.00 0.01 £0.01 0.01 £0.01 0.00 £ 0.00 0.00 £ 0.00 5.153 0.272
Locomotion 0.04 +0.01 008+002 006+002 013£003 0.11+£004 5.407 0.248
Resting 0.01 £0.01 0.00 £ 0.00 0.02 £ 0.01 0.01 £0.01 0.00 £ 0.00 5.626 0.229
Meadow Foraging 0.60 £ 0.09 0.70 £ 0.06 0.74 £ 0.02 0.79£0.04 0.79 £ 0.04 5.508 0.230
Alert 021+£005 015+£003 018£002 0154+002 016003 2697 0610
Maintenance 0.11 £ 0.05 0.12 £0.04 0.05 £ 0.01 0.04 £0.02 0.03 £ 0.01 2.731 0.604
Social behavior ~ 000+£000  000£000 001 =£0.01 000£000  0.00=0.00 2750 0.600
Locomotion 0.04 £0.02 0.03 £ 0.01 0.02 £ 0.01 0.02 £0.01 0.02 £ 0.01 2.054 0.726
Resting 0.04 + 0.03 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 7.346 0.119
Paddy field Foraging 063+006 071005 079+£003 073+£004 - 3391 0.355
Alert 0.28 £ 0.04 022 £0.04 0.13 £ 0.02 0.20 £ 0.03 - 6.485 0.090
Maintenance 006+003 007+003 006+£002 005=£001 - 7670 0.053
Social behavior 0.03 £0.01 0.00 £ 0.00 0.01 £ 0.00 0.00 £ 0.00 - 14.895 0.002**
Locomotion 0.03 £ 0.01 0.01 £0.00 0.01 £ 0.00 0.01 £ 0.00 - 14.837 0.002%*
Resting 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 - 2.303 0.512

Samples: (a) Stable stage: mudflat n = 21; meadow n = 25; paddy field n = 32; (b) Falling stage: mudflat n = 25; meadow n = 26; paddy field n = 35; (c) Drought stage:
mudflat n = 22; meadow n = 30; paddy field n = 31; (d) Early recovery stage: mudflat n = 25; meadow n = 26; paddy field n = 22; (e) Late recovery stage: mudflat

n = 27; meadow n = 31; paddy field n = 0.
*p <0.05;** p <0.01; *** p < 0.001; n = the sample size.
- denotes that the cranes did not utilize this habitat.
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Table 2 Variation in foraging behavior of Hooded Cranes in response to changes in the water levels and habitat types

(n=378)
Variables Length of foraging Foraging frequency Foraging time budget Foraging success

F P F P F P F P
Stage 3521 0.008 2426 0.048 3467 0.009 8.773 0.000
Habitat 2.195 0113 3.048 0.049 36.987 0.000 28.953 0.000
Stage x habitat 3.178 0.003 1.974 0.058 4.390 0.000 1.742 0.098

of isolation from human disturbance, creating a mosaic
that changes over time and space [47-49]. A mudflat is
a habitat where food availability changes considerably
with the water level. When the water level declines, the
area of mudflats becomes larger, especially in the shal-
low lake wetlands along with the floodplains of the mid-
dle and lower Yangtze River. On the other hand, when the
water level rises, waterbirds will be faced with a reduc-
tion of habitat area and food availability, as well as with
an increase in human interference [50]. According to the
‘water recession’ model, lowering water levels and reced-
ing surface cover tend to concentrate food in small areas
which provide extremely efficient foraging sites [11],
thereby meeting the food demands of more waterbirds.
Recently, aquatic vegetation resources in Shengjin Lake
decreased sharply, especially the submerged vegetation
[25]. Although more mudflats will be exposed with a fall-
ing water level, the available food resources for the cranes
have not increased significantly, thus failing to provide
an adequate food supply. All the same, the number of
Hooded Cranes wintering in the mudflats has increased
considerably. Although the mudflats failed to provide suf-
ficient food, the Hooded Crane has not yet given up this
optimal foraging habitat. This is mainly because human
disturbance is lower in the mudflats and declining water
levels provide for a wider range of habitats. The strategy
of seasonal movement allows cranes to use the resources
available over all of the wetlands during the course of the
wintering period [51].

Effect of water level fluctuation on activity time budget

The foraging strategy of predators often conforms to the
principle of optimal foraging theory [52—54]. The daily
food requirements of birds depend on time budget, activ-
ity level, assimilation efficiency and the amount of energy
contained in food [6]. Time-activity budgets of water-
birds in the winter could provide data on differential
habitat use, evaluate responses of waterbirds to environ-
mental conditions, make inferences about energy budg-
ets and compare populations at different stages during
the winter [55, 56]. To study the behavioral patterns and
time budgets for understanding the changes of habitat

use, energy requirement and seasonal variation is of great
importance [42].

Wetland degradation leads to changes in the optimal
wintering habitat of Hooded Cranes and interferes with
their behavior pattern [57]. Waterbirds can respond in
their behavior to spatial and temporal variations in the
quality, quantity and availability of food resources [29].
A habitat use study of the Hooded Crane in Chongming
Dongtan suggests that a mudflat is its optimal foraging
habitat [58]. In our present study, we found that the area
of mudflats exposed in Shengjin Lake increased when the
water level decreased. During this process, foraging time
did not increase much, whereas maintenance behavior
clearly increased. This suggests that the Hooded Crane
did not give up its original habitat, but shifted its foraging
strategy to adapt to this relatively degraded habitat. The
degradation of natural wetlands has forced the cranes to
shift their foraging habitats to artificial wetlands, thus
leading to a reallocation of time budgets in order to adapt
to the new habitat [26, 27]. Paddy field and meadow habi-
tats with stronger human disturbance were originally
unsuitable habitat types, but now these have become
the main foraging habitats of the Hooded Crane in the
lakes of the Yangtze River floodplain in Anhui Province.
Simultaneously, mudflats have become the main stopover
for cranes foraging [32]. As water level rose again, food
resources could not be obtained and waterbirds opted
for other habitats for foraging [7]. The Hooded Cranes
turned to meadows, increasing the foraging time to get
sufficient energy. Accordingly, changing the behavior
pattern is a strategy to adapt in the face of the collapse
of food resources. Their behavior of changing the types
of foraging habitat is consistent with optimal foraging
theory.

Effect of water levels on foraging frequency and success
rate

Hydrological cycles and micro-topography determine the
spatial and temporal availability of aquatic food and the
rate of replenishment of foraging patches after they are
depleted [1]. Predilection of habitat type and water depth
and the shift of diet for waterbirds all can be caused by
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the availability of food resources [1]. Foraging frequency,
length of time spent on foraging and foraging success can
reflect the effect of water level fluctuations and the forag-
ing efficiency of waterbirds [56]. The stages of the water
level have significantly impacted the foraging behavior of
the Hooded Crane. Fluctuating water levels change the
area of the exposed habitats as well as the soil hardness,
which causes changes in food availability [59]. Accord-
ingly, cranes adjust their foraging time budget to different
water levels, responding to the changes in food resource
abundance and availability and thus gain a greater energy
intake with relatively less effort [60]. The foraging fre-
quency of cranes was affected by the various types of
food and interference in different habitats. Human dis-
turbance is higher in paddy fields, but food resources
are richer than in other habitats. This allowed the cranes
the highest foraging frequency and foraging success rate.
They foraged here during their foraging peak, then flew
back to the habitats with lower human disturbance such
as the mudflats. The behavior rhythm of cranes has clear
spatial heterogeneity [61]. The foraging behavior of our
cranes showed temporal and spatial differences, caused
by a combination of changes in the water level and habi-
tat type. They did not forage in a single habitat, but allo-
cated their foraging times to different habitats. This is
probably because the type and density of food resources
in the various habitats are not the same. The Hooded
Cranes avoid excessive use of a single type of habitat and
balance their nutritional intake by foraging a variety of
food resources [16, 62]. Therefore, in order to gain higher
foraging yield, the cranes adapted to the changes in food
resource availability caused by water levels and habitat
type by altering their foraging strategy.

Importance of water management for crane conservation

The normal water level fluctuations of lake wetlands
play a key role in maintaining waterbird communities
[63]. Understanding the impact of changing water lev-
els on waterbirds is of great importance for the restora-
tion of their wintering habitats and for the protection of
bird populations [64]. For the last years, the over-exploi-
tation of wetland has led to a decline in wetland areas,
thus reducing the habitat available to cranes [65]. Water
conservation projects are implemented for the sake of
human demands such as control of the water level, ship-
ping and aquaculture. But these projects often cause
changes in the natural hydrology rhythm. Long periods of
high water levels will cause a reduction in food resources
on mudflats, while rapidly decreasing water levels will
accelerate the drying of mudflats. Both conditions can
reduce the availability of food resource on mudflats and
affect the population of wintering cranes. It is critical to
enhance the lake management and ecological restoration.
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The dam built under the Shengjin Lake bridge should be
opened as early as possible to prevent the upstream of
Shengjin Lake remaining at high water levels all the time.
In this way, the tidal flats can be exposed, providing suf-
ficient habitats for cranes and other waterbirds. More
research is needed for determining the response patterns
among water levels, habitats and wintering cranes. It is
beneficial for wetlands and waterbirds to conduct long-
term effective monitoring of water levels, waterbirds and
other ecological characteristics.

Conclusions

Our study has shown that with the decrease of water
levels, the use of mudflats by Hooded Cranes increased
correspondingly. Food availability in the various habi-
tats was affected by fluctuations in the water level. The
Hooded Crane reacted by adjusting its behavior patterns
and made full use of the three types of habitat in order to
obtain a sufficient amount of food in response to the fluc-
tuations in the water level.
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