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Abstract

Vigilance in social animals is often aimed at detecting predators. Many social and

environmental factors influence vigilance, including sex, predation risk and group

size. During the summer of 2007, we studied Przewalski’s gazelle Procapra

przewalskii, an endemic ungulate to the Qinghai-Tibet Plateau, to test whether

and how these three factors affect vigilance. We distinguished groups consisting of

males, mothers with lambs and females without lambs making observations on

groups in the presence or absence of nearby predators. We assessed the group-size

effect on vigilance and how this varied with levels of predation risk and sex. Males

and mothers scanned longer and with a higher frequency than females without

lambs. Individuals were more vigilant under direct predation threat. Although

vigilance generally decreased with group size, the extent of the decrease was

independent of predation risk and was not significant in males. The results suggest

that mothers are more vigilant suggesting greater vulnerability and that males may

have increased their vigilance to compete for higher social ranks. The positive

correlation between vigilance and predation risk and the negative correlation

between vigilance and group size are consistent with earlier findings, but we failed

to find an interaction between group size and predation risk on vigilance perhaps

because vigilance levels are low even in small groups, thus making similar vigilant

upward adjustments in both small and large groups.

Introduction

Vigilance behaviour in many animal species is often aimed at

detecting predators (Krause & Ruxton, 2002). Changes in

vigilance behaviour in this context have been linked to many

social and environmental factors, including sex, predation

risk and group size (Roberts, 1996). With respect to sex,

several studies have documented sexual differences in vigi-

lance levels, although which sex is more vigilant is not

consistently the same (Elgar, 1989; Childress & Lung, 2003;

Cameron & Du Toit, 2005). Vigilance in general can be

aimed at conspecifics within the group or at predation

threats from outside the group. In this context, differences

in vigilance between the sexes have been related to sexual

differences in foraging and breeding strategies (Ginnett &

Demment, 1997; Reboreda & Fernandez, 1997). For exam-

ple, in impala Aepyceros melampus, breeding males are more

vigilant as they spend extra time searching for mates and

monitoring rival males (Shorrocks & Cokayne, 2005),

whereas in RockyMountain elkCervus elaphus, females with

calves are the most vigilant group members because calves

are more vulnerable to predation (Childress & Lung, 2003).

Vigilance behaviour is also thought to reflect levels of

predation risk (Hunter & Skinner, 1998; Laundre, Hernan-

dez & Altendorf, 2001). For example, in Eastern grey

kangaroos Macropus giganteus, individuals increased their

scanning behaviour under high predation risk (Colagross &

Cockburn, 1993). However, the relationship between vigi-

lance and predation risk is not always consistent (Berger &

Cunningham, 1988; Cameron & Du Toit, 2005). In giraffes

Giraffa camelopardalis for instance, levels of vigilance

are not adjusted according to perceived predation risk

(Cameron & Du Toit, 2005). These discrepancies suggest

that more detailed research is needed to explore whether and

how predation risk affects vigilance.

A negative relationship between group size and vigilance,

which is referred to as the ‘group-size effect’ on vigilance,

has long been documented in many species of birds and

mammals (Elgar, 1989; Roberts, 1996; Beauchamp, 1998).

Three main hypotheses have been proposed to explain this

negative relationship: the ‘many-eyes’ hypothesis or detec-

tion effect (Pulliam, 1973), the ‘safety in numbers’ hypoth-

esis or dilution effect (Foster & Treherne, 1981) and the

‘scramble competition’ hypothesis (Clark & Mangel, 1986;
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Beauchamp & Ruxton, 2003). The first two hypotheses

emphasize the role of predation risk in shaping vigilance

levels while the ‘scramble competition’ hypothesis highlights

the need to adjust vigilance levels to increase the share of

limited food resources. Regardless of the underlying me-

chanisms, the group-size effect on vigilance is lacking in

several species including primate species (Treves, 2000),

giraffes (Cameron & Du Toit, 2005) and Rocky Mountain

elk (Laundre et al., 2001). Therefore, more studies on the

group-size effect on vigilance are needed to examine whether

and how the effect takes place.

Interestingly, the strength of the group-size effect on

vigilance may be dependent on the level of predation risk.

Indeed, models predict that the decrease in vigilance with

group size will be stronger when the risk of predation is

lower (Manor & Saltz, 2003; Bohlin & Johnsson, 2004)

implying there is an interaction between group size and

predation risk. The reason behind this expectation is that

low vigilance levels may be too costly to maintain even in

large groups when the risk of predation is high. Evidence

with respect to this prediction is mixed with support in some

studies (Saino, 1994; Frid, 1997; Sadedin & Elgar, 1998;

Lima, Zollner & Bednekoff, 1999; Burger, Safina &

Gochfeld, 2000; Manor & Saltz, 2003) but not in others

(Underwood, 1982; Hunter & Skinner, 1998; Harkin et al.,

2000; Childress & Lung, 2003; Monclús & Rödel, 2008).

Here, we use the Przewalski’s gazelle Procapra przewals-

kii, an endemic ungulate to Qinghai-Tibet Plateau, as a

study animal, to explore: (1) whether there is a difference in

vigilance levels between males and females and in relation to

the presence of lambs; (2) whether individuals increase

vigilance under high predation risk; (3) whether vigilance

decreases with increasing group size and finally (4) whether

the group-size effect on vigilance is different with varying

levels of predation risk and for different sexes. With respect

to the last issue, gazelles forage in homogenous alpine

meadows with a large supply of food thus limiting the role

of food competition in driving vigilance levels. Indeed,

interactions between group members are rarely related to

food but rather to competition for mates (Walther, Mungall

& Grau, 1983). We also assessed predation risk directly by

measuring vigilance levels in the presence or absence of their

main predators.

Methods

Study area and subjects

This study was conducted in the Upper Buha River Valley,

Tianjun County, Qinghai Province, China (3615303000–
481391200N, 961494200991414800 E), located in the north-

western part of the Qinghai Lake watershed area and south

of the Qilian Mountains. Elevations range from 2850 to

5826m above sea level with an average elevation of 3800m.

Local climate is characterized by dry, cold and long winters,

strong winds, high levels of solar radiation and a short frost-

free period. Mean annual temperature was �1.5 1C with an

extreme recorded low temperature of �40 1C. Annual pre-

cipitation varies from 330 to 412mm and most rain falls

between June and September. Alpine meadow is the main

vegetation type in the study area. Shrubs are found along

the Buha River Valley, which is the largest river flowing into

the Qinghai Lake.

The Przewalski’s gazelle only occurs around Qinghai

Lake and total population size was estimated to be o300

individuals in 1990s (Jiang et al., 1995; Jiang, Feng &Wang,

1996; Jiang, Li & Wang, 2000). After 20 years of protection,

there are still only several hundred gazelles (Jiang, 2004; Li,

Jiang & Li, 2008). It has been classified as Critically

Endangered by the Species Survival Commission of the

World Conservation Union-IUCN since 1996 and is a

Category I (Endangered in China) National Protected Wild

Animal Species in China since 1989. Przewalski’s gazelle

breeds from late December to early January and the lambing

season is from late July to early August (You & Jiang, 2005;

Li & Jiang, 2006). The focal population at the south of Buha

River consists of about 100 unmarked individuals. The main

predator is the wolfCanis lupus, with about 10 individuals in

this area. Tibetan fox Vulpes ferrilata, are also common and

may prey upon lambs of Przewalski’s gazelle.

Behavioral sampling

Daytime observations were carried out by one of us (Z. L.)

from sunrise to sunset between June and August 2007. We

defined a group as a herd of gazelles with no more than 50m

separating any two group members. Observations were

carried out from the roadside using binoculars (8� 42) or a

telescope (20–60� 63). Distance of the focal group from the

road was measured using a range finder and classified into

one of three categories:o100m, between 100 and 300m and

4300m. We chose two different locations for observations

and alternated observations between locations.

It was not practically feasible to mark individuals or to

recognize individuals through particular features. There-

fore, upon encountering a group, we randomly selected one

but never more than two focal individuals per group.

Because of the random selection process, focal individuals

could occur anywhere in the group in terms of spatial

location (edge or centre). As individuals are unmarked and

population size is rather small, it is likely that the same

individuals were monitored more than once during the study

period. By focusing on at most two individuals per group,

we reduced the chances of sampling the same individuals

twice on the same day.

At the beginning of each focal observation, we recorded

the date, time of day, location, distance to road, group size

(individuals excluding lambs), the number of lambs present

and level of predation risk. Only three stable group types

(single-male groups, single-female groups and mother-lamb

groups) could be found during summer (Li & Jiang, 2006).

Focal gazelles were classified into three social categories:

female with a lamb (mother), female without a lamb

(female) or male (male). It was not practically feasible to

distinguish adults from sub-adults and the two age classes

were therefore collapsed. Predation risk was considered high
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when predators (wolves or foxes) occurred within 300m of

the observed group, and low when no predators could be

detected within 300m.Wolves on the plateau rarely initiated

attacks beyond 300m of a focal group.

Behavioural events were dictated on to a MP3 recorder.

Observations lasted 30min unless we lost sight of the focal

individual. Actual observation times ranged from 2 to

30min, with an average of 19min. We distinguished five

behavioural states: feeding and searching (referred to as

‘feeding’), bedding and ruminating (‘bedding’), moving,

vigilance and other behaviours. Feeding occurred when a

gazelle grazed on the pasture or moved during a grazing

bout with its head held below the horizontal plane. Bedding

referred to sitting on the ground for rest and rumination.

Moving consisted of a gazelle walking or running with its

head held above the horizontal plane. Vigilance took place

when a gazelle was standing up and scanning its surround-

ings, which could occur while moving or not. Other beha-

viours included grooming, fighting, defecating, lactating and

nursing a lamb.

Scanning behaviour was used as our estimate of vigilance

because (1) the head-up posture brings all the sensory

organs to a position that should increase the detection range

and (2) it is the observed state of alertness when a predator is

detected (Childress & Lung, 2003).

Data analysis

From the timed sequences of events, time spent scanning

was summed across the focal observation and expressed as a

percentage of total observation time. Scan frequency repre-

sented the number of scans per min of observation and

average scan duration was obtained by dividing time spent

vigilant by the number of scans over the total focal observa-

tion duration. For the purposes of analysis, we used the

arcsine square-root transformation for percentages of time

spent scanning and the log10 transformation for group size

and average scan duration.

For the analysis of time spent scanning and average scan

duration, we used a linear model including, location (two

levels), distance to road (three levels), sex class (three levels),

predation risk (two levels), group size (continuous factor),

the interaction between group size and level of predation risk

and the interaction between group size and sex class as fixed

factors. Post hoc testing was carried out with Tukey’s test.

For the analysis of scan frequency, we used a negative

binomial regression model with the same fixed factors. The

distribution of the number of scans per focal observation

was highly skewed to the right with a variance much larger

than the mean precluding the use of a Poisson model. The

natural logarithm of total observation time was used as an

offset in the model to control for different durations across

focal observations. The fit of the negative binomial model,

as assessed with the deviance, was good. Post hoc tests relied

on contrasts between levels of the independent variable with

a Bonferroni’s correction for P-levels.

Two independent variables could only be examined in

subsets of the data. The effect of season (classified as before

or after the beginning of the lambing season) was examined

using the female and male categories only because these

individuals are not involved in parental care which might

influence time budgets. We failed to document any signifi-

cant effect of season for any of the dependent variables

(P40.25). Season was therefore ignored in subsequent

analyses. In addition to group size, the number of lambs in

the group might influence vigilance. For this analysis, we

only considered mothers and using the same models de-

scribed earlier we failed to document any effect of this

variable for any of the dependent variables (P40.14).

Proportion of lambs was therefore excluded from the

following analyses.

Statistical analyses were carried out with SAS version 9.1

(Cary, NC, USA). The level of statistical significance was set

at 0.05 throughout. We report mean and standard errors

obtained from the statistical models and b parameters for

group size.

Results

We collected 175 sets of focal observations representing

3384min of observations. High predation risk occurred

during 16 focal observations (9.1%). Level of predation risk

was independent of sex class (w2
2=4.7, P=0.14). The

nearest-neighbour distance in the gazelle groups was usually

stable, ranging from 3 to 5m. Observed groups ranged in

size from one to 25 individuals although most observations

included o10 individuals.

The percentage time spent scanning was on average 5.4%

and ranged from 0 to 40.9% (Fig. 1a). Location, distance to

road and the interaction between level of predation risk and

group size were non-significant and were removed from the

model. The final model indicated a significant effect of sex

class (F2,168=16.9, Po0.0001), predation risk (F1,168=

16.3, P=0.0003), group size (F1,168=7.7, P=0.007) and a

significant interaction between group size and sex class

(F2,168=8.8, P=0.0002). Percentage time spent scanning

decreased with group size in females (b=�0.10� 0.03,

P=0.006) and in mothers (b=�0.23� 0.04, Po0.0001)

but not in males (b=0.09� 0.07, P=0.19). Percentage time

spent scanning was higher when the level of predation

risk was high (0.34� 0.03, mean� SE) rather than low

(0.21� 0.01). Post hoc tests indicated that time spent scan-

ning was significantly lower in females (0.20� 0.02) than in

mothers (0.33� 0.02) and in males (0.30� 0.03) but there

was no difference between males and mothers.

Average scan duration was 8.4 s and ranged from 0 to

61.7 s (Fig. 1b). Location, distance to road and the interac-

tion between level of predation risk and group size were

non-significant and were removed from the model. The final

model indicated a significant effect of sex class (F2,168=6.9,

P=0.001) and predation risk (F1,168=8.5, P=0.004) but

no overall effect of group size (F1,168=1.1, P=0.29). There

was a significant interaction between group size and sex class

(F2,168=5.1, P=0.007). Average scan duration decreased

with group size in mothers (b=�0.43� 0.13, P=0.001) and

more marginally in females (b=�0.21� 0.11, P=0.06) but
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did not vary with group size in males (b=0.35� 0.21,

P=0.10). Average scan duration was higher when the level

of predation risk was high (13.13� 2.08 s) rather than low

(7.97� 0.69 s). Post hoc tests indicated that average scan

duration was significantly lower in females (6.28� 0.79 s)

than in mothers (11.57� 1.27 s) and in males (10.50� 1.82 s)

but there was no difference between males and mothers.

Average scan frequency per min was 0.32 and ranged

from 0 to 1.6 (Fig. 1c). Location, distance to road, the

interaction between level of predation risk and group size

and the interaction between group size and sex class were

non-significant and were removed from the model. The final

model indicated a significant effect of sex class (w2
2=13.5,

P=0.001), predation risk (w1
2=6.3, P=0.01) and group

size (w1
2=17.2, Po0.0001). The frequency of scanning

decreased by a factor of 0.43� 0.09 or 57% for each unit of

group size and increased by a factor of 1.82� 0.44 or 82%

when predation risk was high rather than low. The fre-

quency of scanning increased by a factor of 1.76� 0.27 or

76% in mothers when compared to females (P=0.0002) but

was not different between males and females (P=0.13) or

between males and mothers (P=0.23).

Discussion

Several studies have shown that sex is an important corre-

late of individual vigilance levels (Childress & Lung, 2003;

Cameron & Du Toit, 2005; Shorrocks & Cokayne, 2005;

Michelena et al., 2006; Li & Jiang, 2008a; Monclús & Rödel,

2008). We found that mothers with lambs were the most

vigilant among the three sex classes, although the difference

between mothers and males was not significant. Mothers

andmales performed longer scans, at a higher frequency and

thus spent more time scanning. Mothers with lambs are

usually considered the most vulnerable because lambs are

less able to detect and escape from predators (Clutton-

Brock et al., 1982). Therefore, mothers spend extra time

scanning for predators so as to detect enemies earlier to

escape or hide. This finding was also documented in Rocky

Mountain elk (Childress & Lung, 2003).

Males were generally as vigilant as mothers and more

vigilant than females without lambs. Some studies indicate

that males are often less vigilant than females because they

are larger and stronger and therefore can escape or with-

stand enemies more easily (Clutton-Brock et al., 1982).

Although there is support for this expectation in some

species (Childress & Lung, 2003; Cameron & Du Toit,

2005; Michelena et al., 2006), we failed to find similar results

with gazelles. Other works suggest that males spend more

time vigilant than females as they have to monitor the

behaviour of other males and potential mates (Shorrocks &

Cokayne, 2005; Kutsukake, 2007; Li & Jiang, 2008a,b). Our

results suggest that the targets of vigilance may be different

between the sexes of Przewalski’s gazelle.

With respect to predation risk, we found that individuals

increased scan duration and the frequency of scanning when

threatened directly by potential predators. Such an increase

in vigilance may allow gazelles to evaluate the risk posed by
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these predators more accurately. Higher vigilance levels

when faced with direct predation threats have also been

documented in other species (Caraco, Martindale &

Pulliam, 1980; Glück, 1987; Saino, 1994). When predators

appear near a group, there is no doubt that individuals

benefit from higher vigilance. More vigilant foragers would

detect or escape from predators earlier and shift the burden

of predation to their less vigilant companions (FitzGibbon,

1989; Lima & Bednekoff, 1999; Cresswell et al., 2003). This

effect has been referred to as the ‘pass-along effect’ (Beau-

champ, 2007).

In ungulates, the correlation between group size and

vigilance has been reported to be negative, positive or absent

(Elgar, 1989; Quenette, 1990). This variation may reflect the

unique set of costs and benefits derived by each member

from the presence of companions (Beauchamp, 2001; Child-

ress & Lung, 2003). In recent studies, the relationship is still

inconsistent. For instance, in kob antelope Kobus kob kob,

vigilance decreased with group size (Fischer & Linsenmair,

2007), whereas in giraffes, group size had little effect on

scanning behaviour in either males or females (Cameron &

Du Toit, 2005).

We found a significant negative correlation between

group size and vigilance in females and mothers, but not

males of Przewalski’s gazelle. Although scramble competi-

tion can play an important role in the group-size effect on

vigilance (Beauchamp, 2003; Beauchamp & Ruxton, 2003;

Randler, 2005a,b), we are confident that other factors

underlie changes in vigilance in the Przewalski’s gazelle.

This is because scramble-competition effects are expected

when foragers must jostle to obtain a greater share of limited

resources (Beauchamp & Ruxton, 2003). However, gazelles

in the study area graze on homogeneous alpine meadows

and food resources are plentiful during summer for herbi-

vores. Generally, predation pressure is considered the main

driving force for the group-size effect on vigilance. Living in

groups for gazelles is probably beneficial for each group

member because of increased detection ability of predators

and/or dilution of predation risk caused by wolves and

foxes. However, the interaction between group size and sex

suggests that additional factors should be considered. Var-

iation in the strength of the group-size effect as a function of

sex or social status has been documented in other species

(Yaber & Herrera, 1994; Childress & Lung, 2003; Shorrocks

& Cokayne, 2005). These studies suggest that vigilance

aimed at rivals or mates may increase with group size in

males mitigating any gains from reduced predation risk in

large groups. Future work could establish the targets of

vigilance in male gazelles to test this hypothesis further.

We did not find an interaction between group size and

predation risk. Our finding is surprising because we can rule

out food competition effects as a confounding factor and

because we assessed predation risk quite directly. Obviously,

small sample size, especially when gazelles are under direct

predation threat, will reduce the power to detect a significant

interaction. However, we note that vigilance levels are low

even in small groups (5.4% time spent scanning on average

in Przewalski’s gazelle compared with 16.95% in impala,

Shorrocks & Cokayne, 2005), so that small groups can

respond to an elevated predation risk by increasing vigilance

levels just as well as large groups thus reducing the scope for

an interaction between group size and predation risk. As

pointed out earlier, there is no consensus on the strength of

the interaction between group size and predation risk and

we encourage more work on this topic.
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