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ABSTRACT. Vigilance behavior is affected by many factors including foraging mode and group pattern
which we attempted to understand through a case study of mallard Anas platyrhynchos and black-winged stilt
Himantopus himantopus in the Hengshui Lake National Nature Reserve, China. Mallard, a swimming bird,
forages in irregular and loose circular groups in open water and its foraging mode (with its head underwater
looking for food) does not allow for simultaneous monitoring of potential threats above the water surface,
which is why its foraging is called “blind period of foraging”. In contrast, black-winged stilt is a wading bird
and forages along riversides in long linear foraging groups. Its long beak, neck and legs enable it to scan around
while foraging without any obviously blind period. We used the focal sampling method and measured vigilance
behavior by the time spent vigilant, vigilance frequency, average duration of vigilance, alert distance and flee
distance for the two species. We predicted higher levels of vigilance and longer alert and flee distance in mallard
with long blind periods of foraging. Our results indicated significant differences (»p<0.05) in vigilance behavior
between the two species. The effects of group size and gender on vigilance were also checked but showed
no significant differences. Higher-level vigilance in mallard was mainly due to its foraging mode with long
‘blind periods’ and circular foraging group pattern. We suggested that buffer zones be established in ecotourism
regions in order to protect birds from human interference.

KEYWORDS: alert distance, Anas platyrhynchos, blind period of foraging, flee distance, Himantopus
himantopus

INTRODUCTION Many factors affect vigilance pattern and how
animals balance the tradeoff (GAUTHIER-CLERC
et al., 2000; BOYSEN et al., 2001; ROLANDO et
al., 2001; CHILDRESS & LUNG, 2003; LAZARUS,
2003; L1 & JIANG, 2008). Investigation of the
effects of foraging posture (or body posture)

has received the attention of a number of

Vigilance behavior plays an important role
in ensuring the fitness of animals and their
offspring (TREVES, 2000; BEAUCHAMP, 2001).
If animals monitor their surroundings and detect
threats earlier, they may have a better chance

to survive. However, high-level vigilance is
often at the expense of other activities crucial
for their maintenance (INGER et al., 2006).
Therefore, animals should balance the tradeoff
between vigilance and other activities, especially
feeding and resting (BACHMAN, 1993; ILLIUS
& FITZGIBBON, 1994; GAUTHIER-CLERC et al.,
2000; INGER et al., 2006; BENHAIEM et al., 2008).

researchers (KRAUSE & GODIN, 1996; KABY &
LIND, 2003; MAKOWSKA & KRAMER, 2007).
Animals with different foraging postures differ
in their efficiency of detecting predation risk
during feeding known as low-quality vigilance
and high-quality vigilance suggested by LIMA &
BEDNEKOFF (1999). During foraging, the visual
field is, to some extent, obstructed (METCALFE,
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1984) resulting in lower-quality vigilance.
Compared with foraging posture, more emphasis
should be put on foraging mode, which has more
obvious influence on vigilance pattern. Group
geometry is another important factor influencing
vigilance behavior. Individual position and
distance-to-neighbor have been found to affect
vigilance behavior (LAZARUS, 2003; DIAS, 2006;
PROCTOR et al., 2006; FERNANDEZ-JURICIC et
al., 2007; OsT et al., 2007). In addition, group
pattern (or group shape) is also a potential factor
of concern. Birds foraging in linear foraging
group are more vigilant and change their heads
and body positions more often than do those
foraging in a circular group (BEKOFF, 1995;
BAHR & BEKOFF, 1999).

Along with percentage time, frequency
and duration of vigilance, alert and flee
distance are also indices for vigilance level in
animals (WALTHER, 1969; LI et al., 2007) and
reflect tolerance to intrusions (ERWIN, 1989;
FERNANDEZ-JURICIC et al., 2002). Alert distance
was defined as the minimum distance between
an animal and the approaching threat when
the animal started to be alert toward the threat
(COOPER, 2008). Flee distance is referred to as
the minimum distance when the animal can not
tolerate the approaching threat and flees away
(FERNANDEZ-JURICIC et al., 2002).

Mallard Anas platyrhynchos Linnaeus, 1758
and black-winged stilt Himantopus himantopus
Linnaeus, 1758 differ in both foraging mode and
group pattern, which makes them ideal models
for investigating the effects of these two factors
on vigilance behavior. Mallard is a swimming
bird, that forages in irregular and loose circular
groups in open water. During foraging, it keeps
its head underwater looking for food. This
kind of foraging mode blindfolds its eyes from
monitoring potential threats above the water
surface, which is why this foraging behavior is
called “blind period of foraging”. In contrast,
black-winged stilt has a long beak, neck and legs,
which are all typical characteristics of a wading
bird. This species forages in linear foraging
groups at the waterfront along the riverside.

The morphological characteristics and foraging
behavior enable black-winged stilts to scan the
surroundings while foraging without any evident
blind period.

In the present study, we hypothesized that
foraging mode and group pattern influence
vigilance behavior in mallard and black-winged
stilt. We predicted that mallard with long “blind
period of foraging” would have a higher vigilance
level, a longer alert distance and a larger fleeing
distance.

MATERIALS AND METHODS
Study site and animals

We conducted our field work in the Hengshui
Lake National Nature Reserve (37°31'40"-
37°41'56"N, 115°27'50"-115°42'51"E), Hebei
Province, China. The climate in the reserve is
characterized as a temperate continental monsoon
climate. The nature reserve is composed of a
mixed landscape with lakes, rivers, swamps,
mudflats, meadows, field crops and woodlands.
Hengshui Lake is a crucial foraging and resting
site for migratory birds. For observation of black-
winged stilt, we selected a foraging site along a
riverside in the northern part of the reserve. An
open lake about 4 000m? was selected to observe
the mallard’s behavior. The lake is surrounded
by wetlands and several ponds, and separated
from the selected foraging site of black-winged
stilt by a dam. Mallard and black-winged stilt,
focal species in our study, were the dominant
species at the two sites. Other sympatric birds
included spotbill duck Anas poecilorhyncha
Forster, 1781, little grebe Tachybaptus ruficollis
Pallas, 1764, white-eyed pochard Aythya nyroca
Gildenstadt, 1770, common moorhen Gallinula
chloropus Linnaeus, 1758, common snipe
Gallinago gallinago Linnaeus, 1758 and long-
toed stint Calidris subminuta Middendorff,
1853. Predators of mallard or black-winged stilt
were rarely seen at the study site. Occasionally,
there were human intrusions but the activities of
the birds were rarely disturbed.
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Behavior observation

We used the focal sampling method (ALTMANN,
1974) to observe and record behaviors of mallard
and black-winged stilt from sunrise to sunset
during sunny days between April 12 and May
13, 2007. Observations were conducted over
all daylight hours equally to avoid the probable
effect of time period on vigilance during daytime
(ELGAR, 1989; L1 & JIANG, 2008). In order to
avoid disturbing the normal behavior of the
focal individual, we hid behind bushes or reeds
about 100m away on the bank and conducted
observations of birds with a pair of binoculars
(8-16x40) a few minutes after a group of birds
entered into the observation area.

We defined a focal group as a flock of indivi-
duals of a single species with a visually estimated
distance between intra-group members being
shorter than ten meters. Due to the difficulties
of individual identification, we numbered group
members from left to right, randomly selected
focal individuals according to their sequence
number and kept eyesight focused on the focal
individuals through each observation session.
This random selection process resulted in focal
individuals with random spatial locations in
groups, which avoided the effects of distance-

to-neighbour and position in group on vigilance
behavior (ROLANDO et al.,, 2001; LAZARUS,
2003; PROCTOR et al.,, 2006; FERNANDEZ-
JURICIC et al., 2007). We randomly selected one
but never more than two individuals in a single
focal group as focal observation to lower the
probability of repeated observation. Each focal
individual was observed for ten minutes unless
it ran out of sight or the focal group composition
changed. Observations shorter than ten minutes
were discarded.

For each observation, we recorded date,
time, location, gender, and group size. When
one behavior state occurred, we immediately
recorded the behavior and the time. The
observation and recording tasks were carried out
by the same person. For both mallard and black-
winged stilt, we recorded 13 different types of
behavior states, which were then categorized into
four types: feeding, resting, vigilance and others
(see details in Table 1). No juveniles of either
species was observed during our field work,
thus all the data were of adult birds. During the
field work, we adhered to the “Guidelines for the
use of animals in research” published in Animal
Behaviour (1991), and also adhered to the
Wildlife Protection Law of People’s Republic of
China.

TABLE 1

Behavior definition for mallard (Anas platyrhynchos) and black-winged stilt (Himantopus himantopus).

Behavior Category Behavior Definition

Feeding Mallard: drilling its head into deep water or exploring with

its beak in shallow water

Black-winged stilt: searching and foraging along the

riverside wetland during a foraging session with its head down
Resting Standing still on one leg, lying down and preening feathers

Vigilance Scanning around with head up, alarm calling and flushing

Others Twitter, flying, bathing, swimming, fighting, and chasing
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Alert and flee distance measurement

To measure the alert and flee distance, one
observer approached the focal group slowly
(always in the same clothes and at approximately
the same speed, c. one kilometer per hour) and
recorded the focal group size and the distance
data measured by a laser range finder (WCJ-2,
Leiyuan Electronic Industry Co., Ltd, China,
guaranteed range: 30-4,000m, accuracy: £1m).
We defined alert distance as the minimum
distance when approximately 50% individuals
in the focal group became alert toward the
observer, and flee distance as the minimum
distance when approximately 50% individuals in
the focal group fled away (ERWIN, 1989). When
the distance was shorter than the detection range
of the range finder, we measured distance with
tapelines after focal individuals fled away. We
measured the alert and flee distances in mallard
and black-winged stilt on two successive days

at the same time of day: early morning and late
afternoon when birds were most active.

Statistical treatment

We assembled the following data for both
mallard and black-winged stilt: time spent
vigilant, vigilance frequency, average duration
of vigilance, alert distance and flee distance.
Time spent vigilant in each observation session
was calculated and expressed as percentage of
the total time being vigilant to the entire duration
of the observation session. Vigilance frequency
was defined as the number of vigilance behaviors
per minute. Average duration of one vigilant bout
was calculated by dividing the time spent vigilant
by the corresponding number of vigilance states.

Data were first tested for normality with a one-
sample Shapiro-Wilk test. Linear regression
analysis was used to test the correlation between
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Fig. 1. — Percentage time spent being vigilant in mallard (4nas platyrhynchos) and black-winged

stilt (Himantopus himantopus).
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Fig. 2. — Alert and flee distances of mallard (4nas platyrhynchos) and black-winged stilt (Himantopus

himantopus).

alert and flee distance, log, transformed average
duration of vigilance and group size (continuous
factor) or gender (discrete factor). Because these
tests gave no significant results (p>0.05 for all),
we removed the effects of gender and group
size in the subsequent analyses. The interaction
between alert distance and flee distance was also
tested using the linear regression analysis. Then
we performed the General Linear Model (GLM)
to test the effect of the blind period (two level,
1 for black-winged stilt and 2 for mallard) on
average duration of vigilance. GLM was also used
to test the effect of the blind period on alert and
flee distances. Time spent vigilant and vigilance
frequency were tested with nonparametric tests
because they failed to fit normal distribution
even after transformations. Statistical analyses
were carried out with SAS 8.1 (Cary, NC, USA).
All significant differences were set at p=0.05.

RESULTS

In total, we conducted 163 (1,630min) and 72

(720min) focal observations (each observation
session lasted ten minutes) after discarding those
less than ten minutes for black-winged stilt and
mallard, respectively. Twenty-nine sets of alert
distance and flee distances were measured for
each of the two species. The focal group size of
black-winged stilt and mallard ranged from 13 to
53 (37 + 8, mean + SE) and from 8 to 33 (17 £+
7), respectively. Alert distance, flee distance and
log,, transformed average duration of vigilance
were normally distributed (p>0.05).

Duration of each vigilant bout averaged 17.9
+ 15.6s ranging from 0 to 65s for black-winged
stilt and 23.4 + 16.0s ranging from 0 to 72s for
mallard. The GLM process gave a significant
result indicating that average vigilance duration
of black-winged stilt was significantly shorter
than that of mallard (¥, ,;=3.04, p=0.0349<0.05).
Vigilance frequency in each observation session
of mallard ranged from 0 to 0.4min' and averaged
0.06min"'. Percentage of time spent vigilant
in the entire duration time of each observation
session for mallard ranged from 0 to 48% and
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was 2.95% on average, with two-thirds of
observations less than the average. Vigilance of
black-winged stilt was less frequent, i.e. 0.04min"
' on average and ranging from 0 to 0.3min".
Black-winged stilt spent 1.22% on average of
total observation time on vigilance ranging
from 0 to 22% with three-quarter observations
less than the average (Fig. 1). Nonparametric
tests showed that differences in both time spent
vigilant and vigilance frequency between the
two species were significant (p=0.0098<0.05 and
p=0.0276<0.05, respectively). Black-winged
stilt spent 79.3% of the total time feeding while
mallard spent 40.2% on this activity (p<0.0001).
In contrast, mallard spent nearly three times as
much time resting as black-winged stilt: 36.6%
and 12.3%, respectively (p<0.0001).

Alert distance and flee distance of black-
winged stilt ranged from 24m to 44m with an
average of 35.1 = 4.8m and from 23m to 43m
with an average of 32.6 = 5.0m, respectively.
Mallard had longer alert and flee distances: 73.3
+ 22.8m of alert distance ranging from 27m to
128m and 68.3 + 19.2m of flee distance ranging
from 25m to 103m (Fig. 2). The GLM analysis
for the alert and flee distances between the
two species also indicated both distances were
significantly longer for mallard (F, ..=78.38,
p<0.001 for alert distances and F, =93.51,
p<0.001 for flee distances). Differences between
alert distance and flee distance ranged from 1m to
13m with an average of 2.52 + 2.46m for black-
winged stilt and from Im to 33m with an average
of 5.21 + 6.52m for mallard. Flee distance was
linearly correlated with alert distance (B=-0.83
+ 0.09, p<0.001 and B=-1.14 £+ 0.06, p<0.001,
respectively).

17 57

DISCUSSION

Cost of vigilance behavior and blind period
of foraging

Vigilance behavior plays a crucial role in
maintenance and offspring protection in animals,
but it is often costly and conflicts with energy

intake and preservation (BACHMAN, 1993;
GAUTHIER-CLERC et al., 2000; LAZARUS, 2003;
INGER et al., 2006). Almost no prey animals can
successfully detect approaching threats in its
surroundings while concentrating on foraging or
resting (BEAUCHAMP & LIVOREIL, 1997; JONES,
1998). However, vigilance behavior is not
completely incompatible with other activities
for many animals (LIMA & BEDNEKOFF, 1999).
For instance, ungulates are able to chew cud with
their heads up scanning around (FRID, 1997;
TREVES, 2000). In practice, however, it is often
difficult to determine whether the focal animal
is vigilant or not while foraging. In a previous
study, the view field of dairy cattle was manually
restricted so that they could not feed and scan
simultaneously (WELP et al., 2004). Obviously
this is not feasible when studying wild animals
in the field.

Mallard is a dabbling duck that usually
feeds by pulling and tearing underwater plants
(GUILLEMAIN et al., 2000). When a mallard has
a blind period of foraging, it must spend time
after each feeding dive to carefully scan its
surroundings above water surface. In contrast,
black-winged stilt is a typical wading bird
with long beak, long neck and long legs. It
mainly forages in waterfronts along riversides
(ZHANG et al, 2003). These morphological and
ecological characteristics enable black-winged
stilt to scan its surroundings more conveniently
while it forages. Black-winged stilt neglect mild
disturbances that are often misjudged as serious
risks and given undue attention by mallard.
This advantage results from foraging mode.
Compared with mallard, black-winged stilt have
a reduced cost of vigilance and are able to spend
more time engaged in other crucial behaviors
such as foraging and resting.

We found that mallard were significantly
more vigilant than black-winged stilt. Mallard
spent more time (»p=0.0098<0.05) on vigilance
behavior (2.95% of the total time) than did
black-winged stilt (1.22%). In addition, mallard
scanned more often (p=0.0276<0.05) (0.06min"
"versus 0.04min"'). The frequent interruption
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to foraging sessions could cost extra energy
because of the stop and start nature. The process
of switching between the two activities was
much longer for mallard than black-winged stilt,
which easily switched from scanning to feeding
with simple changes to their head position.

Furthermore, mallard were forced to stay alert
longer after they perceived any approaching
threat. This was apparent by the fact that the
mean vigilance duration of mallard (23.4 £ 16.0s)
was significantly (F, (=3.04, p=0.0349<0.05)
longer than that of black-winged stilt (17.9
+ 15.6s). These results revealed that cost of
vigilance was not equal among different species.
Animals with long blind periods of foraging
may allocate more energy in vigilance and the
cost of vigilance behavior may be higher than in
the case of animals without blind periods. Thus,
blind periods of foraging contribute substantially
to the higher level of vigilance of mallard.

Group pattern and vigilance behavior

Group geometry is another promising area to
be investigated (ARENZ, 2003). Many studies
have shown that position in the group (LAZARUS,
2003; PROCTOR et al., 2006) and the distance-to-
neighbor (ROLANDO et al., 2001; FERNANDEZ-
JURICIC et al., 2007) affect vigilance pattern.
These findings may be more applicable to
species that feed in a circular group such as
mallard. Individuals arranged in a circular
pattern are closer to each other. This pattern
allows individuals to receive signals given by
alert neighbors and thus guarantees the rapid
transmission of social information (TREVES,
2000; BEKOFF, 2003; FERNANDEZ-JURICIC et al.,
2007). As for the species foraging in linear arrays
such as black-winged stilt, individuals in a group
do not have more than two neighbors (BAHR &
BEKOFF, 1999). In this case, signal transfer will
be frustrated and individuals foraging in this
kind of group pattern may rely more on their
own detection rather than on associates (TREVES,
2000). BEKOFF (1995) found that, compared with
those foraging in a circle, evening grosbeaks
Coccothraustes vespertinus Cooper 1825 in

a linear array reacted to changes in group size
more slowly, showed less coordination in head
movements and more variability in all measures.
Social information transfer inefficiency in linear
group pattern hinders the synchronization of
behavior among group members, resulting in
unreliability of collective detection (SIROT,
20006).

The two species we studied represent two
distinct foraging group patterns (GUILLEMAIN
et al., 2000; ZHANG et al, 2003). Comparison
between these two species provided some
valuable insights that, in fact, group pattern and
foraging mode can independently as well as
jointly affect vigilance behavior. We found in
this study that longer blind periods of foraging
increased the vigilance level of mallard, but the
group pattern of a circle shape palliated the effect
of blind period. However, the mixed effects
of foraging mode and group pattern cannot be
easily differentiated without robust evidence
from laboratory experiments.

Alert distance and flee distance

Trade-off between vigilance behavior and other
activities is also reflected by alert and flee distance
(WALTHER, 1969; LI et al.,, 2007). Animals
will not immediately flee upon detection of an
approaching predator or other threat. Rather they
will stare at or listen to the approaching threat
for a short time, which is called the detectability
period (GUTZWILLER et al., 1998). If they flee at
once, they will waste time and energy and may
miss a feeding chance. Continuing to forage will
save them some energy, but at the risk of being
captured by a predator. When the potential prey
can no longer tolerate the approaching predator,
they will flee. Difference between alert and flee
distance reflects the tolerance of prey animals to
predation pressure (WANG et al., 2004; HOLMES
et al., 2005).

The tolerance to approaching threats differs
among species and reflects biological, ecological
and even historical characteristics of the species.
Like the other aspects of vigilance behavior, alert



52 Chunlin Li, Lizhi Zhou, Hongkai Li & Zhigang Jiang

and flee distances are affected by many factors,
such as seasonal reproductive status (WHITE &
BERGER, 2001; WOLFF & VAN HORN, 2003) and
nutritional status, habitat type, experience of the
specific animal to threats (TREVES, 2003), body
size, and time of the day (TAYLOR & KNIGHT,
2003). In the present study, we found that in
mallards the longer alert and flee distances
coincided with higher vigilance levels. The
results were due to differences in foraging mode
and group pattern of the two species but not to
group size effects (ERWIN, 1989).

Management implications

Animals express higher levels of vigilance
where predation risk or intrusion is frequent
(CREEL et al., 2008). However, higher vigilance
level is at the expense of feeding or resting time
(INGER et al., 2006). Efficient and convenient
vigilance behavior saves time for other activities
resulting in increased fitness. Management
measures should be taken to protect animals from
intense intrusions and especially from human
interference. Analysis of vigilance behavior
for animals is one of the necessary steps when
formulating efficient management measures.
The results of our present study on mallard and
black-winged stilt could be generalized for other
taxa. Based on our findings, we suggest the
establishment of a buffer zone around feeding
sites of wild animals. As for the protection of
Anatidae and shorebirds in ecotourism regions,
we suggest buffer zones being 100m and 50m
wide, respectively.

ACKNOWLEDGEMENTS

Weappreciate the support from the Management
Committee of Hengshui Lake National Nature
Reserve, Hebei Province, China. We thank the
National Ministry of Science and Technology
(2007CB106801) and Knowledge Innovation
Project of Chinese Academy of Sciences (No.
CXTDS2005-4) for financial support. We thank
Cui Pei, Liu Ruiguang and the staff of the reserve
for the assistance in field work, and Yang Chen

in Institute of Zoology, Chinese Academy of
Sciences for help with data analyses. We thank
Laurie Stahle, editor of Integrative Zoology,
International Society of Zoological Sciences
for improving the English throughout the
manuscript.

REFERENCES

ALTMANN J (1974). Observational study of behavior:
sampling methods. Behaviour, 49: 227-267.

ARENZ CL (2003). The group size effect on vigilance:
many unanswered questions. Behavioural
Processes, 63: 123-124.

BACHMAN GC (1993). The effect of body condition
on the trade-off between vigilance and foraging
in Belding’s ground squirrels. Animal Behaviour,
46: 233-244.

BAHR DB & BEKOFF M (1999). Predicting flock
vigilance from simple passerine interactions:
modelling with cellular automata. Animal
Behaviour, 58: 831-839.

BEAUCHAMP G (2001). Should vigilance always
decrease with group size? Behavioral Ecology
and Sociobiology, 51: 47-52.

BEAUCHAMP G & LIVOREIL B (1997). The effect of
group size on vigilance and feeding rate in spice
finches (Lonchura punctulata). Canadian Journal
of Zoology, 75: 1526-1531.

BEKOFF M (1995). Vigilance, flock size, and flock
geometry: Information gathering by western
evening grosbeaks (Aves, Fringillidae). Ethology,
13: 150-161.

BEKOFF M (2003). Where’s the brain? Geometric and
cognitive underpinnings of group-size effects on
vigilance. Behavioural Processes, 63: 139-140.

BENHAIEM S, DELON M, LOURTET B, CARGNELUTTI
B, AULAGNIER S, HEWISON A, MORELLET N
& VERHEYDEN H (2008). Hunting increases
vigilance levels in roe deer and modifies feeding
site selection. Animal Behaviour, 76: 611-618.

BOYSENAF, LIMA SL & BAKKEN GS (2001). Does the
thermal environment influence vigilance behavior
in dark-eyed juncos (Junco hyemalis)? An
approach using standard operative temperature.
Jouranl of Thermal Biology, 26: 605-612.

CHILDRESS MJ & LUNG MA (2003). Predation risk,
gender and the group size effect: does elk vigilance



Vigilance behavior of mallard and black-winged stilt 53

depend upon the behaviour of conspecifics?
Animal Behaviour, 66: 389-398.

CooPER WE (2008). Visual monitoring of predators:
occurrence, cost and benefit for escape. Animal
Behaviour, 76: 1365-1372.

CREEL S, WINNIE JR JA, CHRISTIANSON D & LILEY
S (2008). Time and space in general models of
antipredator response: tests with wolves and elk.
Animal Behaviour, 76: 1139-1146.

DiAs RI (2006). Effects of position and flock size
on vigilance and foraging behaviour of the
scaled dove Columbina squammata. Behavioural
Processes, 73: 248-252.

ELGAR MA (1989). Predator vigilance and group size
in mammals and birds: A critical review of the
empirical evidence. Biological Review, 64: 13-33.

ERWIN R (1989). Responses to human intruders by
birds nesting in colonies: experimental results and
management guidelines. Colonial Waterbirds, 12:
104-108.

FERNANDEZ-JURICIC E, BEAUCHAMP G & BASTAIN
B (2007). Group-size and distance-to-neighbour
effects on feeding and vigilance in brown-headed
cowbirds. Animal Behaviour, 73: 771-778.

FERNANDEZ-JURICIC E, JIMENEZ M & LucAas E
(2002). Alert distance as an alternative measure of
bird tolerance to human disturbance: implications
for park design. Environmental Conservation, 28:
263-269.

FRID A (1997). Vigilance by female Dall’s sheep:
interactions between predation risk factors.
Animal Behaviour, 53: 799-808.

GAUTHIER-CLERC M, TAMISIER A & CEzILLY F
(2000). Sleep-vigilance trade-off in gadwall
during the winter period. Condor, 102: 307-313.

GUILLEMAIN M, FriTZ H & BLAIS S (2000). Foraging
methods can affect patch choice: an experimental
study in Mallar (4nas platyrhynchos). Behavioural
Processes, 50: 123-129.

GUTZWILLER KJ, MARCUM HA, HARVEY HB, ROTH
JD & ANDERSON SH (1998). Bird tolerance to
human intrusion in Wyoming Montane forests.
Condor, 100: 519-527.

HOLMES N, GIESE M & KRIWOKEN LK (2005).
Testing the minimum approach distance guidelines
for incubating Royal penguins Eudyptes schlegeli.
Biology Conservation, 126: 339-350.

ILLIUSAW & FITZGIBBON C (1994). Costs of vigilance
in foraging ungulates. Animal Behaviour, 47:
481-484.

INGER R, BEARHOP S, ROBINSON JA & RUXTON G
(2006). Prey choice affects the trade-off balance
between predation and starvation in an avian
herbivore. Animal Behaviour, 71: 1335-1341.

JONES ME (1998). The function of vigilance in
sympatric marsupial carnivores: the eastern quoll
and the Tasmanian devil. Animal Behaviour, 56:
1279-1284.

KABY U & LIND J (2003). What limits predator
detection in blue tits (Parus caeruleus): posture,
task or orientation? Behavioral Ecology and
Sociobiology, 54: 534-538.

KRAUSE J & GODIN JGJ (1996). Influence of prey
foraging posture on flight behavior and predation
risk: predators take advantage of unwary prey.
Behavioral Ecology, 7: 264-271.

LAZARUS J (2003). Vigilance and group size: early
studies, the edge effect, secondary defences,
the double advantage trade-off and the future.
Behavioural Processes, 63: 129-131.

L1 C, JIANG Z, TANG S & ZENG Y (2007). Evidence
of effects of human disturbance on alert response
in Pere David’s deer (Elaphurus davidianus). Zoo
Biology, 26: 461-470.

L1 Z & JIANG Z (2008). Group size effect on
vigilance: Evidence from Tibetan gazelle in Upper
Buha River, Qinghai-Tibet Plateau. Behavioural
Processes, 78: 25-28.

LiMA SL & BEDNEKOFF PA (1999). Back to the basics
of antipredatory vigilance: can nonvigilant animals
detect attack? Animal Behaviour, 58: 537-543.

MAKOWSKA 1 & KRAMER D (2007). Vigilance
during food handling in grey squirrels, Sciurus
carolinensis. Animal Behaviour, 74: 153-158.

METCALFE NB (1984). The effects of habitat on the
vigilance of shorebirds: is visibility important?
Animal Behaviour, 32: 981-985.

OST M, JAATINEN K & STEELE B (2007). Aggressive
females seize central positions and show increased

vigilance in brood-rearing coalitions of eiders.
Animal Behaviour, 73: 239-247.

PrOCTOR CJ, BROOM M & RUXTON GD (2006).
Antipredator vigilance in birds: Modelling the
“edge effect”. Mathematical Biosciences, 199:
79-96.

ROLANDO A, CALDONI R, DE SANCTIS A & LAIOLO
P (2001). Vigilance and neighbour distance in
foraging flocks of red-billed choughs, Pyrrhocorax
pyrrhocorax. Journal of Zoology, 253: 225-232.



54  Chunlin Li, Lizhi Zhou, Hongkai Li & Zhigang Jiang

SIROT E (2006). Social information, antipredatory
vigilance and flight in bird flocks. Animal
Behaviour, 72: 373-382.

TAYLOR AR & KNIGHT RL (2003). Wildlife responses
to recreation and associated visitor perceptions.
Ecological Application, 13: 951-963.

TREVES A (2000). Theory and method in studies of
vigilance and aggregation. Animal Behaviour, 60:
711-722.

TREVES A (2003). Modeling vigilance remains
unrealistic. Behavioural Processes, 63: 137-138.

WALTHER FR (1969). Flight behaviour and avoidance
of predators in thomson’s gazelle (Gazella
Thomsoni Guenther 1884). Behaviour, 34: 184-
220.

WANG Y, CHEN S & DING P (2004). Flush distance:
bird tolerance to human intrusion in Hangzhou.
Zoological Research, 25: 214-220.

WELP T, RUSHEN J, KRAMER DL, FESTA-BIANCHET
M & DE PASsSILL AMB (2004). Vigilance as a
measure of fear in dairy cattle. Applied Animal
Behaviour Science, 87: 1-13.

WHITE KS & BERGER J (2001). Antipredator
strategies of Alaskan moose: are maternal trade-
offs influenced by offspring activity? Canadian
Journal of Zoology, 79: 2055-2062.

WOLFF JO & VAN HORN T (2003). Vigilance and
foraging patterns of American elk during the rut
in habitats with and without predators. Canadian
Journal of Zoology, 81: 266-271.

ZHANG Y, WU Y, WU M, LI D, GAO Q, JIA F, Lv S
& L1U Z (2003). Observation on breeding habits
of Himantopus himatopus in Nandagang of Hebei
province. Chinese Journal of Zoology. 38: 103-
105.

Received: May 27th, 2010
Accepted: August 16th, 2011
Branch editor: Pereboom Zjef



