Chinese Birds 2012, 3(3):206-216 ORIGINAL ARTICLE

DOI 10.5122/cbirds.2012.0024

Effects of human disturbance on the Hooded Crane (Grus
monacha) at stopover sites in northeastern China

Jinming LUO "™, Yongjie WANG ', Fan YANG 2, Zhijun LIU®

! Department of Science, Qigihar University, Qigihar 161006, China

*Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun
130012, China

*Dynamic Solutions, LLC Knoxville, Tennessee 37919, USA

Abstract There is a lack of information of whether the behavior pattern and physical condition
of the Hooded Crane (Grus monacha) have been limited by conditions encountered at stopover
sites in Changgou village, which is adjacent to Zhalong Nature Reserve in northeastern China, one
of the most important stopover sites of this crane. The objective of our research was to investigate
the impact of human-caused disturbances on the Hooded Cranes. We investigated three behavior
activities of the Hooded Cranes, i.e., flying time, flushing distance and the duration of vigilance.
The results indicate that the auditory stimuli caused by local people provoked the most pronounced
disturbances to the Hooded Crane. Human-caused disturbances not only frequently interrupt the
feeding process of the cranes, but also lead to an increase of 200% in the duration of their vigilance
and a significant increase in flying time from 0.4 to 0.7 h (p < 0.05). In addition, high-intensity noise
can cause larger flushing distances; foraging cranes will flush away by about 600 m when disturbed
by the honking of vehicles. Whistles or shouts by local farmers in the field generated the largest
sound intensity, about 120 dB, which caused a flushing distance of over 700 m. In order to reduce
the negative effect of human-caused disturbances on these cranes, it is imperative to define a buffer
zone around sensitive areas during the fall stopover period. To solve the conflict between the interest
of farmers and the demand for crops on the part of the cranes requires financial compensation to the
farmers for the crops consumed by the Hooded Crane in order to enhance the conservation of this
vulnerable bird species.
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Introduction birds throughout the world with a declining popula-

tion trend (BirdLife International, 2008). The surviving
The Hooded Crane (Grus monacha) is a vulnerable Hood Cranes breed primarily in the Amur and Us-
species, since 2000 listed in the ICUN Red List as a  suri river basins, along the border between Russia and
threatened species. The species consists of about 11600 ~ China from around late July to early September (Fig.
1). Most birds head southwest towards the Three Riv-
ers Plain in China to overwinter in Izumi in Japan (Liu

Received 5 May 2012; accepted 10 July 2012 et al., 2003), or along the river systems of the Songnen

L Plain in northeastern China to overwinter in southeast-
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km between their breeding and wintering areas. During
their long migration, Hooded Cranes need to take one
or two rest stops to replenish their expended energy en
route (Bysykatova et al., 2010). The western region of
the Songnen Plain receives considerable attention by
Hooded Cranes for its abundant food resources and
is an important net node between their breeding and
overwintering sites during migration (Hiroyoshi and
Johanna, 2005). Changgou village is one of the most
important stopover sites in the Songnen Plain (Fig. 1),
where hundreds of Hooded Cranes make a major feed-
ing stop to refuel their fat in the spring and fall of each
year.

The behavior pattern and physical condition of
this migratory species might be limited by the condi-
tions encountered at these stopover sites, except for the
conditions in breeding or wintering areas (Newton,
2006). In Changgou village, most of the foraging sites
for the Hooded Crane are located in arable areas and
grasslands. The stopover period of the Hooded Crane
is generally coincident with the cultivation or harvest
season. During the plowing period or harvest season,
local farmers drive their tractors/motorcycles on arable
land, engaging in various agricultural activities which
can cause various sound stimuli to the Hooded Crane.
In addition, all year around herds of cattle are grazing
in the grassland adjacent to the arable land. These cows
make relatively loud moo sounds. Human stimuli, per-
ceived as a form of risk to wildlife, is generally believed
to affect the behavior pattern of wildlife in a negative
sense (Frid and Dill, 2002), i.e., greater flushing dis-
tances and an increase in vigilance (Hanson and Grant,
1991) and in the long run may even affect the physical
condition of the cranes. However, till now there is a lack
of information on the quantitative effect of human-
caused disturbances on the behavior pattern of Hooded
Cranes at the stopover sites in Changgou village.

The objective of this research was to explore the ef-
fect of human disturbance on the Hooded Crane at the
stopover sites in northeastern China. The results from
this research will not only improve our understanding
of the migration process of the Hooded Crane, but will
also be useful in defining conservation strategies to sus-
tain this vulnerable species.

Study area

The study area is located in Changgou village (47°21
43"N, 124°17'42"E) in Tiefeng District of Qigihar City,
Heilongjiang Province in northeastern China (Fig. 1).
In east of Changgou area is a large wetland — Zhalong
Marsh, which provides most of roosting sites for the
birds. Land cover consists mainly of grassland, arable
land and reed marsh (Fig. 2). Large portions of grass-
land and reed marsh are close to arable land but rela-
tively far away from the local community, which makes
it a favorable stopover site for migratory cranes to re-
cover their energy after long distance travel.

Based on a survey on 10 September 2009, the total
population in Changgou village is 2068 (Luo, 2010).
Most of its residents are farmers (1230) and animal
tenders (473). The remaining residents are government
employees and students. The information of resident
income and sources is presented in Table 1. Most sourc-
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Fig. 1 Migration routes of the Hooded Crane in the fall. The
blue areas indicate stopover sites; the red circle is the location of
the Changgou region; the pink areas indicate breeding sites and
the end of lines with an arrow are wintering sites of the Hooded
Crane.
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Fig. 2 Foraging and roosting sites of the Hooded Crane stopover in Changgou village and the locations of four observation spots (A,

B, C and D). Land structure was based on ETM* images prevailing on 5 September, 2009.

Table 1 Gross annual income (10* US dollar) in the Changgou

region
Agriculture  Reed Animal husbandry Labor Per capita
40 1.98 8.02 1.58 0.046

es of income originate from agricultural production
and animal husbandry. The annual income of the resi-
dents is very low, at US$ 460 per capita (Table 1).

We refer to foraging sites as stopover sites at the ar-
able land used by the birds for searching food in the
daytime and roosting sites were the habitat only used
for resting at night.

Methods
Sampling scheme and crane counting

Approximately 67% of the Hooded Cranes use the west-
ern part of the Songnen Plain as a stopover site, one
migratory flock is at our study site and another large
migratory flock of the cranes is on the eastern side of
Zhalong Marsh and foraging in agricultural fields out off
the wetland, following their western migratory route to
the wintering sites in the south of China (Shimazaki et
al., 2004; Hiroyoshi and Johnna, 2005). Generally, the
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Hooded Cranes arrive in Changgou village or adjacent
stopping sites from their wintering site in late March
and then leave in late April for their breeding sites. Each
year, in mid-September, the Hooded Cranes return and
leave in late October for their wintering sites. This study
was conducted during the period of 2009 to 2011.

Four representative spots, referred to as A, B, C and
D, were selected as observation posts for counting
Hooded Cranes at the stopover sites. Detailed informa-
tion of these four spots is provided in Table 2 and Fig.
2. The number of cranes was recorded simultaneously
at these four spots by use of a telescope in a dark shelter
in order to avoid disturbing the wildlife. Data collec-
tion was conducted from 25 March to 25 April and 20
September to 25 October every two days during 2009
to 2011. The time for observations was designed from
05:00 to 17:30 hours.

Fresh feces produced by Hooded Cranes were col-
lected on 4 October, and 24 October in 2010 at foraging
sites. The physical components of feces were then ana-
lyzed following the method by Zduniak (2005).

Auditory disturbance intensity measurements

When counting the number of Hooded Cranes, we also
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Table 2 Descriptions of four observation spots

A B C D

Latitude/longitude 47°20.13'N; 124°12.28'E  47°19.20'N; 124°14.01'E 47°19.73'N; 124°14.41'E  47°18.75'N; 124°14.88'E
Elevation (m) 135 137 137 136
Vegetation type Maize Maize, soy beans Alkali grass, beets Alkali grass, maize
Land use type Arable land Arable land Grass land, arable land ~ Arable land, grass land
Minimum distance to local 2380 1840 1640 1240

community (m)
Distance to roosting site (m) 1100 2970 3720 4420

investigated their performance in vigilance based on the
method by Treves (2000). The scanning event (number
of head-up scans) and the total duration of the scans
was counted in the field as vigilance events. The dura-
tion of the vigilance was measured with a stopwatch
with a minimum reading of a second. The measured
duration of the vigilance at these four spots before 1
October (before the harvest period) was treated as the
control (non-disturbance).

Sound intensity of disturbances was measured at one
meter distance from the sound source with a digital
sound level meter (1350 A, Shenzhen Apparatus Tech-
nology) on 4, 8 and 15 October 2010. Sounds investi-
gated include those made by pedestrians, voices of local
farmers, noises produced by truck and tractor engines,
the roar of motorcycles, mooing sounds eminated from
cattle, the honking of vehicles and shouts by local peo-
ple.

Hanson and Grant (1991) defined the flushing dis-
tance as the distance between a noise stimulation and
the birds when they are flushed to fly away. This dis-
tance is measured as the difference in geographical lo-
cation of two objects. Flushing distances of the Hooded
Cranes, disturbed by sound, were also observed from 20
September to 25 October 2010.

Results and discussion
Agricultural production and foraging

Physical conditions of migratory cranes rely on en-
countering suitable conditions at various staging places
along their routes. The migrants could suffer if condi-
tions deteriorate at any one point. Conservation aware-
ness, which is closely related to local standards of living
and public awareness, should have a great impact on
staging conditions.

The recorded dates of arrival and departure, as well
as the peak date of the Hooded Crane at these four
stopover sites are presented in Table 3. During recent
years, hundreds of migrating Hooded Cranes have
made a stop in Changgou village to replenish their
body fat. On 18 October 2010, the peak of the Hooded
Crane population, at 620, was recorded at their arrival
in Changgou village (Table 3, Fig. 3). In 2009, staging of
the Hooded Crane lasted 56 days and 63 days in 2010
(Table 3). Corn is the major food of the Hooded Crane.
According to the results by Luo et al. (2010), the corn
eaten by each crane is approximate 750 g per day dur-
ing their staging period in Changgou village. Taking
into account the total population of the Hooded Crane,

Table 3 Stopover phases of the Hooded Crane (Grus monacha) observed in 2009, 2010 and 2011

Observation year/season Arrival date/number Departure date Peak date/number Stopover time (d)
2009 Spring 29-Mar/70 22-Apr 8-Apr/420 25
Fall 21-Sep/120 20-Oct 16-Oct/680 31
2010 Spring 26-Mar/110 24-Apr 8-Apr/380 30
Fall 19-Sep/80 25-Oct 18-Oct/620 33
2011 Spring 27-Mar/120 22-Apr 6-Apr/340 27

© 2012 Beijing Forestry University and China Ornithological Society
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Fig. 3 Daily minimum temperatures (gray bars) in the Changgou region and the number of Hooded Cranes (empty square)

stopovers in Changgou village in the fall of 2010 and in the spring of 2011. The harvest period was from early October to late October

and the cultivation season from late March to early May.

the corn consumed by the birds was approximately 27 t
in 2010.

Agricultural production is the major source of in-
come for most of the local residents (Table 1). Local
farmers with their low income ($460 per capita per
year) are reluctant to bear the loss caused by the forag-
ing cranes. Since local farmers are concerned about
the impact of Hooded Cranes on grain production,
disturbance to the cranes is inevitable during stopover
periods. According to the survey by Luo et al. (2010),
more than 80% of local residents will choose to drive
the Hooded Crane from their arable land, should they
see the cranes feeding on their crops. Hence, there is a
conflict between the interest of farmers and foraging
Hooded Cranes (Fig. 4). Without any economic com-
pensation to offset the loss caused by foraging Hooded
Cranes, farmers will drive this vulnerable species out of
their arable land or harvest the crops as much as pos-
sible from the land, leaving almost nothing for these
birds. For example, farmers started to harvest their crop
earlier in order to avoid the greater loss by foraging of
the peak population of Hooded Cranes arriving in late
October (Table 3, Fig. 3). In 2010, farmers started to
harvest the crop in early October and finished harvest-
ing in late October. More than 60% of the crops had
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Fig. 4 Food competition loop between local farmers and
Hooded Cranes. The negative sign (-) represents negative
feedback and the positive sign (+) represents positive feedback.
Agricutural products were not only the main source of income
for local farmers, but also the main food supply for the Hooded
Crane. The food consumed by Hooded Cranes reduces the
annual income of the farmers and affect their level of subsistence
locally: the larger the number of wildlife stopover at Changgou
village, the greater the amount of crops consumed by birds
while, understandably local farmers want to retain as much of
their crops as possible in order to improve their standard of
living level; poor living condition vs. a considerable amount
of agricultural products stolen by Hooded Cranes over years
without any economic compensation would facilitate the conflict
loop between two sides.
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been harvested, when the peak population of Hooded
Cranes arrived in Changgou village on 18 October
2010. The decline in food supplies at the stopover sites
may lead to one of two outcomes: 1) the cranes arriving
late would have to take greater risks to hunt their food
from arable land; 2) cranes coming late would have to
reduce their foraging rate for the rest of their migration
(Newton, 2006).

Response to human disturbance

Human disturbance of wildlife at stopover sites has a
significant effect on the feeding rates and weight gain
of migrants (Drent et al., 2003). In Changgou village,
the stopover period of the Hooded Cranes is essentially
coincident with the cultivation or harvest season (Table
3, Fig. 3). The cultivation season is from late March to
early May and the harvest period from early to late Oc-
tober. During the plowing period or harvest season, lo-
cal farmers drive their tractors/motorcycles into arable
land to engage in various agricultural activities, which
can cause various sound stimuli to the Grus monacha.
Frequent human-caused disturbances may negatively
affect the feeding processes of wildlife (Frid and Dill,
2002; Randler, 2006). According to field observations,
most Hooded Cranes at stopover sites leave their roost-
ing site for foraging at dawn and return to the roosting
site for rest at dusk. If not disturbed, Hooded Cranes
spend a large proportion of time on foraging in arable
land. For example, on 24 September, the continuous
whooping sound of Hooded Cranes was observed at
05:05 am, i.e., before dawn. The Hooded Cranes then
left their roosting sites at 05:10 am for foraging at spot
A. They returned to the roosting site at 17:30 pm when
it was already dusk. Agricultural activities, especially at
the harvesting period, may disturb the regular behavior
pattern of Hooded Cranes. For example, on 2 October
2010, the sounds of a tractor could be heard at 04:55 am
and two farmers drove a tractor roaring towards spot A
at 05:30 am. The feeding process of the flock of cranes
was interrupted. Whenever motorcycle(s) or tractor(s)
came near a foraging site with a loud noise, we ob-
served that the Hooded Cranes would become alarmed.
Some of them would stop feeding and raise their neck

scanning frequently, sometimes even hovering above
the arable land for minutes. When the disturbance dis-
appeared, they would continue to forage, otherwise, the
cranes would leave the site for the next foraging site or
for napping in the grassland.

Flushing distances are usually considered to be a
good indicator for measuring the human-caused stimuli
and for planning of buffer zones maps (Blumstein et al.,
2003). The sound intensity of various auditory stimuli
and flushing distances under different sound pressures
are given in Fig. 5. It is expected that the louder the
noise, the larger the flushing distance (Fig. 5). Forag-
ing cranes will flush away for a distance of about 600 m
when disturbed by motors, but ignore low sound noises
by local people reaping on arable land at a distance of
less than 300 m. Whistles and shouts in a field gener-
ated the largest sound intensity, about 120 dB, which
flushed cranes over a distance above 700 m. Interest-
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Fig. 5 Flushing distance of the Hooded Crane disturbed by
different noises. Squares are the observations (means*SE)

I
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and the red line is the Boltzmann fit. p is the noise made by
pedestrians (19.6 + 0.93; range 17-22 dB; n = 5); t is the level of
voices of local people (39.7 + 1.53; range 35-46 dB; n = 10); e is
the noise from truck engines (62.5 + 0.71; range 60-65 dB; n =
8), r is the noise from motorcycles roaring (85.4 + 2.48; range 78
—92 dB; n = 5); h is the honking of vehicles (108.8 £ 3.71; range
98-120 dB; n = 4) and s the sound level of shouting (117.8 +
3.47; range 110-130 dB; n = 6); y in the fitted model represents
flushing distance (m) and x for the sound intensity (dB).
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ingly, the mooing sound of cattle with an intensity of 76
dB generated the shortest flushing distance. It seemed
that human-caused auditory stimuli are considered a
form of predation risk by the cranes, which provoke the
most pronounced disturbance to Hooded Cranes.

Comparisons of flying time, foraging time, napping
time and vigilance duration between undisturbed and
disturbed conditions is presented in Fig. 6. When dis-
turbed, a large part of the daytime was spent on grass-
land rather than on arable land (Fig. 6a), suggesting
that Hooded Cranes may have to reduce their feeding
rate when disturbed. As well, frequent human stimuli
alert wildlife by increasing the duration of their vigi-
lance by more than 200% (Fig. 6b) and their flying time
from 0.4 h up to 0.7 h (Fig. 6¢). The longer and more
frequent the vigilance, the greater the expense of sacri-
ficing feeding during the available daytime (Fig. 6¢), or
indicating a signal of fear (Welp et al., 2004).

Frequent interruption to Hooded Cranes during the
foraging period would not only exhaust the crane flock
but decrease their refueling rate and might expand
their stopover phase at staging areas, since the Hooded
Cranes need to acquire more food than usual to finish
their remaining flight and for other activities. Although
competition for food may help to regulate populations
in some cases, this increase in vigilance and large flush-
ing distances of this endangered species indicate that it
is imperative to define a conservation zone around sen-
sitive areas at stopover sites.

Effect on physical condition

The physical components of feces collected on 4 Octo-
ber and 24 October 2010 are presented in Table 4. The
crops foraged by Hooded Cranes include maize, beet
tops, millet, soy bean and grass seed (Table 4). More
than 90% of the feces components of Hooded Cranes
consists of maize, suggesting that maize is the favorite
food for these cranes at their stopover sites. Food avail-
ability at the stopover sites affects the composition of
their diet. In early October, farmers start to harvest
their crops, such as maize. At this time, food sources are
relatively abundant. In late October, most of the crops
have been harvested, while more migrating cranes stop
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in Changgou village to compete for a limited food sup-
ply. Shortage of maize in late October may force cranes
to eat more beet tops and millet as substitutes. That is
the main reason for the relative amount of maize in
feces to decline from 96% on 6 October to 90% on 24
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Fig. 6 Comparison of the behavior of Hooded Cranes between
disturbed and undisturbed conditions. The error bar is the
standard error and the sample size n is 12, 9 and 10 for (a), (b)
and (c), respectively.
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Table 4 Physical component and pH, , of crane feces collected on 4 October, 2010 and 24 October 2010

Date Amounts Weight (g) Component (%) pH,
Well formed Unformed Fresh Air dried Maize Beettops Millet Soybean Grassseed

4 October 126 5 1.8+0.3 1.1£0.2 96.3 1.1 0.8 2.4 0.4 7.6+£0.3

24 October 75 12* 1.5+0.3 0.8 £0.2 90.6 4.5* 1.1 3.5 0.3 75104

Note: values followed by * are significantly different for the same component with paired Student ¢-tests (p < 0.05) between samples on 4

October and 24 October, 2010

October, while the percentage of beet tops in feces sig-
nificantly increased from 1.1% on 6 October to 4.5% in
24 October (p < 0.05) (Table 4).

Features of feces left by wildlife are good indicators of
their physical conditions (Vilés, 2004; Zduniak, 2005).
Generally, the average weights of fresh and dried feces
are relatively higher when food sources are abundant
in early October: in the case of our Hooded Cranes, the
average weights of fresh and dried feces were 1.8 and 1.1
g on 6 October and 1.5 and 0.8 g on 24 October. There
were significantly higher percentages of unformed fe-
ces on 24 October (12/87) than on 6 October (5/131),
which might indicate that health conditions of the Grus
monacha arriving late were inferior to those arriving
early. When food becomes scarce, crane flocks will have
to regulate their diet, leave for the next stopping site or
fly directly towards their destination, which, in the long
run, might reduce the Hooded Crane population. It
was not clear whether the inferiority of the body condi-
tion of the Hooded Cranes arriving in late October was
related to adverse weather conditions. On 24 October,
2010 the minimal temperature reached —9.0°C (Fig. 3).

Conservation considerations

According to the theory of system dynamics, an isolated
system can be transformed into an open system when
outside matter and energy from the environment is in-
troduced into the system. Some successful experiences
in other breeding or overwintering sites may be utilized
as reference to break the competition loop. For example,
the Zhanhe National Natural Reserve of China not only
compensates local farmers for food loss caused by the
Hooded Crane, but also encourages and awards people
who leave enough maize on arable lands close to breed-

ing sites (Guo et al., 2005). In this way, the Hooded
Crane can obtain a large enough food supply (Hiroyuki,
2004). In addition, defining a buffer zone around the
stopover sites during the migratory phase could help re-
duce the disturbance by various human-caused acoustic
pressures (Rodgers and Smith, 1997). On the basis of
flushing distances and the location of main foraging
and/or resting sites for Hooded Crane flocks, a buffer
zone for a reserve scheme was mapped using the buffer
tool of Arcgis software (version 9.1) (Fig. 7). According
to this mapping scheme, various human-caused distur-
bances should be prohibited in the core zone and their
level and frequency controlled in the buffer zone during
the stopover period of the species until the migratory
cranes had left the stopover site.

Education programs are urgently required at stop-
over sites to promote public awareness of the status of
this species. Special compensation funds by local gov-
ernment at stopover sites for the crops consumed by
Hooded Cranes are urgently required to solve the food
conflict between local farmers and Hooded Cranes.
With the participation of local government and farm-
ers, the competition loop could be transformed into a
sustainable development system as depicted in Fig. 8.

Conclusions

Our results indicate that the conflict between the inter-
est of farmers and foraging Hooded Cranes not only
brings about various human disturbance to this vulner-
able species, but also limit the food supply available for
the migratory cranes, affecting their health, especially
of cranes arriving late. Frequent agricultural activities
in the field produce strong disturbances to foraging
Hooded Cranes. Human-caused disturbances not only

© 2012 Beijing Forestry University and China Ornithological Society
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Fig. 7 Proposed core and buffer zone for the conservation of Hooded Cranes. The core area is about 20 km? and the buffer zone 30 km?.

frequently interrupt the feeding process of the cranes,
but also lead to a 200% increase in vigilance and an
increase in flying time from 0.4 to 0.7 h. High-intensity
sound pressure will cause larger flushing distances.
Whistles and shouts in the field generated the largest
sound intensity, about 120 dB, which disturbed the
cranes at distances of over 700 m.

Food availability at the stopover sites affected the
composition of the diet, as well as the physical condi-
tion of this species of wildlife. In late October, most
of the crops have been harvested and more migrating
cranes stop in Changgou village to compete for limited
food. A shortage of maize in late October may force
cranes to eat more beet tops and millet as substitutes,
thereby affecting their health, as indicated by a signifi-
cantly higher percentage of unformed feces and, to
some extent, as the result from a change in diet.

To reduce the effect of human-caused disturbances
on the Hooded Cranes, it is imperative that a buffer
zone be defined around sensitive areas during stopover
periods. In addition, to solve the conflict between the
interest of farmers and the demand for crops by the
Hooded Crane, financial compensation to the farmers
for the crops consumed by Hooded Cranes is impera-
tive for a better protection of this vulnerable birdlife.
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Fig. 8 Sustainable development mode between local farmers
and the Hooded Crane. The negative sign (—) represents negative
feedback and the positive sign (+) represents positive feedback.
Positive practices for conservation comprise not only special
funds by local governments for the crop consumed by Hooded
Cranes but also rewarding those people who leave enough
agricultural products on arable land for this species of birds.
Employment practice i.e., guiding surplus-labor work in urban
areas would not only improve the standard of living, but decrease
human stimuli to the migrant cranes as well. Positive practices
and repositioning of personnel policy would bring about more
wealth locally and a more suitable stopping habitat for wildlife as
well. Given such conditions, more migrant cranes would choose
to stopover in the Changgou region, unless constrained by the
capacity of its environment.
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