Ethology
RESEARCH PAPER

Collective Vigilance in the Greater Kudu: Towards a Better
Understanding of Synchronization Patterns
Olivier Pays*, Etienne Sirot & Hervé Fritzà
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Abstract
Collective detection of predators is one of the main advantages of living
in groups in prey species. However, the mechanisms linking individual
and collective vigilance remain largely unknown. Here, we investigated
individual and collective vigilance in a natural population of greater
kudu (Tragelaphus strepsiceros), a gregarious ruminant living under high
predation risk. Controlling for environmental, individual and group factors, we show that the proportion of time during which at least one
individual was vigilant increased with group size, whereas individual
investment in vigilance decreased. We also show that individuals tended
to synchronize both vigilance and feeding activities. More generally, and
whatever the considered group size, we demonstrate how the independent scanning assumption underestimated both the proportion of time
during which no individual was vigilant and the proportion of time during which all individuals were simultaneously vigilant, but overestimated the proportion of time during which one vigilant individual only
was present. Our results thus contrast with the point of view that the
alternative to independent vigilance is coordinated vigilance and plead
for a better description of the processes whereby reciprocal influences
between individuals shape collective patterns of vigilance.

Introduction
Living in groups, a widespread behaviour in prey species, is an efficient anti-predator strategy (Krause &
Ruxton 2002). Starting from the assumption that
information about predators spreads in the group,
Pulliam (1973) proposed a mathematical model showing how an individual can decrease its own vigilance
as a response to an increase in group size, while
enjoying a constant probability of escaping predators.
Pulliam’s model relies on two important assumptions.
First, it assumes that predator detection by at least one
individual insures successful escape for all group
members. Second, it considers two levels of randomness in the scanning process, namely independent
scanning between group members and randomness in
individual scan initiation rate (see Pays et al. 2010).
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Pulliam’s model has been a pioneering work in
the field of anti-predatory vigilance, and collective
detection has remained a cornerstone of vigilance
models and, thus, in the study of prey-predator interactions (e.g. McNamara & Houston 1992). Nevertheless, the assumptions underlying the original
model have been challenged by field observations
and experimental results. In particular, it has been
shown that, in case of predator detection, the individuals that do not detect the predator by themselves tend to lag behind detectors when under an
attack (Hilton et al. 1999). Concerning temporal patterns of vigilance, the independent scanning hypothesis has been rejected by a significant number of
studies as, in many situations, the proportion of time
when no individual in the group is vigilant is larger
than expected under the independence hypothesis
1
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(e.g. Fernández-Juricic et al. 2004; Ebensperger et al.
2006). To understand why this unexpected pattern
is so common, it becomes necessary to investigate it
with more scrutiny, within an appropriate adaptive
framework.
Vigilance coordination is indeed generally presented as the adaptive alternative to independent
scanning, because it reduces the proportion of time
where no vigilant individual is present in the group.
It has been addressed by several theoretical models
(Ward et al. 2000; Sirot & Touzalin 2009), and some
conditions for its evolutionary stability have been
identified (Rodriguez-Gironés & Vàsquez 2002). However, the opposite tendency to imitate the vigilance
of other group members can also be explained via
adaptive decision rules. One possible explanation is
that individuals observing vigilant companions may
infer a rising level of risk and respond by increasing
their own vigilance, thereby creating an informational cascade effect (Giraldeau et al. 2002; Sirot
2006). Another explanation is that, although the
probability of predator detection increases with the
number of vigilant individuals, an individual mostly
surrounded by vigilant neighbours may also be at a
considerable risk, as these neighbours might leave
immediately when under attack, leaving the focal
individual as a preferential target for the predator.
The best approach for this individual can thus be to
imitate the vigilance of its companions (Sirot &
Touzalin 2009).
Actually, few studies have attempted to quantify
collective vigilance, that is, the actual time during
which one individual at least is vigilant (da Silva &
Terhune 1988). However, measuring collective vigilance is crucial to fully understand the benefits that
grouping confers to each individual, as group members are assumed to be more vulnerable to predation when no one in the group is vigilant. This
measure is not sufficient, however, because the
situation where at least one individual is vigilant
does in reality encompass different situations, ranging from the situation where one individual only is
vigilant to the situation where the whole group is in
alertness.
To explore collective vigilance in more details, we
studied vigilance activity in a natural population of
greater kudu (Tragelaphus strepsiceros), a browsing
ruminant living under high levels of predation risk
in our study area. We recorded individual vigilance
for each group member and calculated collective
vigilance. We tested for the effects of individual
(age–sex class), group (group size) and environmental factors (distance to cover) on individual vigilance,
2
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as these variables are known to affect vigilance levels
in large herbivores (e.g. Burger & Gochfeld 1994;
Hunter & Skinner 1998). Animals in a vulnerable
situation, such as mothers with calves or members
of small groups, are indeed expected to increase their
vigilance. Vigilance is also expected to vary with the
proximity of vegetion cover, which may either offer
protection for the prey or shelter ambushing predators (Ingrum et al. 2010). Therefore, to study how
individual attitudes finally shape collective patterns
of vigilance, we examined divergences between the
observed and theoretical patterns of collective vigilance expected under the independent scanning
hypothesis, by calculating for each group the observed
time during which exactly 0, 1 and all individuals
were simultaneously vigilant, respectively. The situations where 0 and all individuals are vigilant allow
us to assess copying tendencies for feeding and vigilance, respectively, while the situation where only
one individual is vigilant informs us on how each
individual is inclined to initiate vigilance when no
one else does.
Methods
Study Area and Animals

The fieldwork was conducted from Mar. to Jul. 2009
around the Main Camp area of Hwange National
Park (1900¢S, 2630¢E) in Zimbabwe (HNP) (see
Valeix et al. (2009) for more details on the vegetation and climate of HNP). Approval for the study
was obtained from the Zimbabwe Parks and
Management Wildlife Authority.
From 1999 to 2005, the population of kudus
(mean density  SD) was estimated to be 0.92 
0.36 animals ⁄ km2 in the early dry season (May ⁄ Jun.) (Chamaillé-Jammes et al. 2009). The predation
pressure on kudu is very high in the Main Camp
area, as kudu is the first or second prey of the main
large carnivores lions (Panthera leo), leopards (Panthera pardus), African wild dogs (Lycaon pictus) and
occasionally spotted hyaenas (Crocuta crocuta) (Drouet-Hoguet 2007; Loveridge et al. 2007a,b; Rasmussen
2009).
Although foraging strategies and population
dynamics in kudus have received attention (OwenSmith 1994; Owen-Smith & Mason 2005), we know
little on social organization in this species. Perrin
(1999) reports that it is based on a cow social unit,
with closed matriarchal kinship groups consisting of
several cows and their offspring. Bulls leave maternal groups when 2 yr old and form loose temporary
Ethology 118 (2012) 1–9 ª 2011 Blackwell Verlag GmbH
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associations with peers. Dominance hierarchies are
established within these bachelor groups. Adult bulls
tend to become increasingly solitary with age and
form temporary associations with cows.
Recording Data

We studied groups of kudus visiting salt licks. Salt
licking is a necessary part of the foraging activity for
ungulates because minerals (such as sodium and
phosphorus) are limited in plants from most of
soils worldwide (Ceacero et al. 2009). We collected
behavioural data by videotaping (video camera: Sony
DCR-SR30 (Sony Corporation, Tokyo, Japan), 20·
optical zoom) all members of a focal group of kudus
for a 5-min period. During sampling, all group members were in the camera field of view. Only groups
whose predominant activity was licking the soil and
that did not move away during the recording were
considered. Only groups whose size and composition
did not change during the recording were retained in
the sample. We identified a group on the spatial basis
of 50-m maximal separation between adjacent members and on the maintenance of social and spatial
cohesion of the group members during all focal sampling. No ambiguities were encountered in defining
a group as we observed very small inter-individual
distances (i.e. about several decametres).
An animal was considered as vigilant when it did
not move its feet and raised its head above horizontal, scanning its surroundings. No ambiguities were
encountered in distinguishing a vigilant from a nonvigilant animal. We did not observe aggressive
movements of any kind between the individuals,
which could have affected time devoted to vigilance
and to salt licking and artificially induce a synchronization of these activities. We also recorded group
size, age–sex class of each individual (adult male,
adult female and young, respectively, easily recognizable from their morphology), position of each
individuals within its group (peripheral, central or
mixed i.e. an individual that moved between peripheral and central positions during the 5-min
sequence), date, time of day (morning or afternoon)
and salt lick name (seven different locations).
Finally, we measured the distance to cover, that is,
the distance separating the centre of mass of groups
from cover, using a range finder. As groups were
licking salt and never moved far during the 5-min
video recordings, the distance to cover was constant
during each recording and relatively easy to assess.
Distance to cover was categorized into four levels:
0–50, 51–100, 101–200, >200 m. Forty-six groups with
Ethology 118 (2012) 1–9 ª 2011 Blackwell Verlag GmbH

group sizes ranging from two to 12 individuals were
sampled, corresponding to a total of 200 individuals.
Data were collected using a four wheel vehicle,
respecting a minimal distance of 200 m between the
focal group and the observer to minimize disturbance. Although animals were not marked for individual recognition, we tried to minimize individual
re-sampling by studying groups that were foraging
in seven different salt licks distant on average by
about 18 km, allowing us to ensure spatial independence between groups sampled in the day session.
On the rare occasions where two groups were filmed
in the same lick one after another, the observer
paid special attention that no group flux occurred
between these two studied groups during or between
the video recordings. The observer changed the
order of the sampled licks every day. Finally, we did
not observe any correlation between group size and
salt lick name (ANOVA: F6,32 = 0.714, p = 0.640)
and group size and chronology of sampling session
(Spearman’s rank correlation: rs = 0.061, p = 0.681).
We filmed 11 groups including adult males and
females (and potentially young), five groups including only adult males and 30 groups composed of
females and young only.
For the analyses, video sequences were converted
into analytic sequences. For each individual within
each group, a binary sequence (0, non-vigilance and
1, vigilance) was built to reflect the activity state of
the individual at each second precisely and for a
total period of 300 s. We recorded the activity of
each group member at precisely the same time, to
be able to quantify both individual and collective
levels of vigilance in a continuous way.
Data Analyses

For each analytic sequence, corresponding to a particular group, we computed individual vigilance as
the proportion of time spent vigilant by this individual. Collective vigilance (ColPobs) was calculated as
the proportion of time when at least one member of
the group was vigilant.
We first investigated whether group size affected
collective vigilance, controlling for distance to cover.
For the assumptions of normality and homoscedasticity to be fulfilled, we applied a logit transformation to the observed proportion of time ColPobs. We
computed a linear mixed-effects model including
group size, distance to cover, time of day and the
interactions between these variables as fixed factors
and two nested random factors, salt lick location
nested in date.
3
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We then tested for the effects of individual, group
and environmental factors on the time that each
group member spent in vigilance. We computed a
linear mixed-effects model including group size, distance to cover, age–sex class, time of day and the
interactions between these variables as fixed factors
and three nested random factors, group identity in
salt lick location in date.
Then, we studied whether the observed temporal
patterns of vigilance were compatible with the
hypothesis that scans and interscans were initiated
in an independent way by group members. We used
a general approach that allowed us to study how
each individual adapted its vigilance to the level of
vigilance displayed by its companions. Thus, we did
not consider only the situation where at least one
individual was vigilant (i.e. using the common
assessment of collective vigilance), but we calculated
for each group the observed time (in the 300 s
sequences) during which exactly 0, 1 and all (N)
individuals were simultaneously vigilant, respectively. Thus, we looked for situations that were
encountered with all group sizes, making comparisons possible.
To perform a statistical test of the independent
scanning hypothesis, we derived, for each group, a
theoretical distribution of the times during which
exactly 0, 1, and all (N) individuals should have
been simultaneously vigilant, under the hypothesis
of independent behaviours between group members,
using Monte Carlo simulations. To achieve these
simulations, we performed random permutations of
interscans and scans within all individual sequences
of vigilance in the group. In such a way, we kept
constant the proportion of time devoted to vigilance
by each individual. Then we computed, within each
set of permuted sequences, the simulated times during which exactly 0, 1 and all individuals were
simultaneously vigilant. We performed 1000 runs of
permutations per group and determined the proportion of these runs for which the simulated times
when 0, 1 and all individuals were simultaneously
vigilant, respectively, were smaller than the observed
value. Thus, we obtained, for group i, an estimated
probability pi, measuring the likelihood of occurrence of the observed value under the independence
hypothesis. We could thus see, for each group,
whether the times when no, one and all individual
was vigilant were reasonably compatible with independent scanning hypothesis.
Finally, we used a meta-analysis test to bring
together the pi values measured for all groups, and
to determine whether, over all groups, there were
4
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consistent differences, indicating that, ‘on average’,
individuals tended not to behave independently of
one another. The analysis was performed independently for each of the three studied situations (i.e.,
0, 1 and all individuals simultaneously vigilant,
respectively), to better describe behavioural tendencies. We used a Fisher’s combined probability test
(Fisher 1932) using the following statistics:
k
P
v2obs ¼ 2 lnðpi Þ, where pi is the p-value for each
i¼1

group and k, the number of groups. Thus, we compared that v2obs to an expected value for df = 2 · 46.
As these probably should be regarded as three tests
of the same hypothesis (independence in scanning),
we corrected for multiple comparisons accepting
a = 0.01 (i.e. v2th ¼ 126:46) as a significance threshold
value.
Statistical analyses were performed using R 2.10.1
(R Development Core Team, 2010, Vienna, Austria.
R is available from http://www.r.project.org).

Results
The average (SE) scan duration of kudus was
12.62  1.30 s, and interscan duration was 25.25 
1.41 s. The mean frequency of vigilant acts was
1.90  0.10 ⁄ min. Finally, the mean proportion of
time during which a kudu was vigilant was 0.31 
0.01. At a group level, the mean proportion of time
during which at least one individual was vigilant in
the group (i.e. collective vigilance) was 0.68  0.03.
Collective Vigilance

Statistical analyses of factors influencing collective
vigilance are presented in Table 1. They show that
group size affected significantly the observed proportion of time during which at least one individual
was vigilant. According to the coefficient derived for
group size (coef  SE = 0.212  0.085), collective
vigilance increased with group size (Fig. 1) and neither distance to cover, nor time of day, nor the
interactions between all variables affected this proportion of time.

Individual Vigilance

Analyses show that group size and age–sex class significantly affected individual vigilance (Table 2).
According to the coefficients derived for each factor,
individual vigilance decreased with group size and
young were less vigilant than adults, while no signif-
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Table 1: Factors influencing the logit-transformed collective vigilance,
that is, the proportion of time during which at least one individual
spent in vigilance. Date and salt pan location were included as two
nested random factors. Group size was considered as continuous and
distance to cover (0–50, 51–100, 101–200, >200 m) and time of day
(morning or afternoon) were categorical (classes used as references
are italicized). All interactions were not significant (p > 0.05) and are
not presented. Adjusted R-square = 0.43. NumDf is Numerator
degrees of freedom and DenDf is Denominator degrees of freedom
Factors

NumDf

DenDf

F

p

Intercept
Group size
Distance to cover
Time of day

1
1
3
1

26
8
8
8

9.029
9.751
0.681
0.010

0.006
0.014
0.588
0.922

Coef  SE

0.212  0.085

1

Collective vigilance

0.8

0.6

0.4

0.2

0
0

2

4

6

8

10

12

Group size
Fig. 1: Group-size effect on collective vigilance, that is, the proportion of time during which at least one group member is vigilant (see
Table 1 for statistical details).

icant difference was detected between adult males
and females. However, in the 11 mixed-sex groups,
controlling for the effects of group size and distance
to cover, males were more vigilant than females
(coef  SE = 1.190  0.327, F2,61 = 7.737, p = 0.001).
Finally, neither the position of the individual within
the group, nor distance to cover, nor time of day, nor
the interactions between all variables significantly
affected individual vigilance.
Divergence from the Independent Scanning
Hypothesis

For each group, we derived distributions for the
times during which exactly 0, 1 and all (N) individuals were expected to be simultaneously vigilant,
under the hypothesis of independent vigilance, using
Monte Carlo simulations. Then we used Fisher’s
combined probability test to determine whether, over
all groups, there were consistent trends with respect
to the position of the observed value relative to the
theoretical distribution. v2obs corresponding to the situations where exactly 0, 1 and all individuals were
simultaneously vigilant were respectively 156.84,
170.38 and 245.57. Comparing these observed values
to v2th ¼ 126:46 (a = 0.01 and df = 92) shows that
observed times were highly unlikely under the independent scanning hypothesis, which indicates that
group members did not act independently of one
another. Figure 2 illustrates the mean divergences
between the observed proportions of times and the
mean values for the durations obtained with the simulations. From the sign of these divergences, we conclude that individuals synchronized both their
vigilance and foraging bouts more than expected by
chance (i.e. tended to scan their environment and
forage at the same time), while the situation where

Table 2: Factors influencing individual vigilance. Group identity, date and salt pan location were included as three nested random factors. Group
size was considered as continuous and distance to cover (0–50, 51–100, 101–200, >200 m), time of day (morning or afternoon), age–sex class of
each individual (adult male: M, adult female: F and young: Y), position of the individuals within groups (peripheral, central, or mixed i.e. individuals
that moved between peripheral and central positions during the 5 min sequence) were categorical (classes used as references are italicized). All
interactions were not significant (p > 0.05) and are not presented. Adjusted R-square = 0.72. NumDf is Numerator degrees of freedom and DenDf
is Denominator degrees of freedom
Factors

NumDf

DenDf

F

p

Coef  SE

Intercept
Group size
Position of the individual within group
Age–Sex class

1
1
2
2

133
20
133
133

50.743
7.332
0.554
3.189

<0.0001
0.014
0.576
0.044

)0.997  0.245
)0.113  0.051

Distance to cover
Time of day

3
1

20
20

2.456
0.010

0.093
0.921
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Y: )0.269  0.142 (pY vs. F = 0.045)
M: 0.191  0.197 (pM vs. F = 0.333)
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Difference between observed
and expected proportion of time

0.08
0.06
0.04
0.02
0
–0.02
–0.04
–0.06
–0.08
All individuals
were
simultaneously
vigilant

Only one
individual was
vigilant

All individuals
were
simultaneously
foraging

Fig. 2: Difference (x  SE) between the observed times when exactly
n individuals were vigilant and the theoretical times simulated under
the independent scanning hypothesis. The graph depicts the situation
where all individuals were simultaneously foraging (licking salt), only
one individual was vigilant and all individuals were simultaneously vigilant, respectively.

only one vigilant individual was present in the group
was less frequent than expected.
Discussion
Collective vigilance, that is, the proportion of time
during which at least one group member is vigilant
was on average 0.7 in kudus. In accordance with
previous studies in other mammal taxa (Ebensperger
et al. 2006; Pays et al. 2007b) and in birds (Bertram
1980), collective vigilance increased with group size
(exceeding 0.9 in large groups), in spite of reduced
individual vigilance. Such high levels of vigilance
may certainly be explained by the high level of risk
that prevails in the area. Indeed, a previous study in
HNP showed that buffalos, giraffes and kudus are
the preferred prey for lions in this area (Loveridge
et al. 2007a), and ungulate species that endure high
levels of risk in the African savannah usually display
high vigilance (Hunter & Skinner 1998; Pays et al.
2007b). We suspect that population dynamics of kudus is largely affected by predation, as kudu’s body
size is close to threshold (150 kg) below which predation is expected to have a greater effect than
resource in limiting ungulate populations (Fritz &
Duncan 1994; Sinclair et al. 2003). Concurrently, we
expect these animals to modify their behaviour as a
response to predation risk (Lima & Dill 1990). Kudus
do indeed avoid waterholes when lions are in the
vicinity (Valeix et al. 2009). Nevertheless, gregarious

6

animals should contribute to collective vigilance only
if this improves their own fitness to some extent,
and the overall collective patterns reflect the expression of cumulated individual selfish strategies (Beauchamp 2007).
Several factors contribute to explain the variation
of individual investment in vigilance. First, young
invest less in vigilance than adults. This result might
be explained by the fact that growth is of paramount
importance for juveniles, as it increases escape capabilities. Thus, juveniles should devote much time to
foraging to maintain a high growth rate. Besides,
maternal care in ungulates generally involves an
increased vigilance, allowing the juveniles to spend
more time feeding (Lung & Childress 2006).
Although we did not detect any overall difference in
vigilance between males and females, males were
significantly more vigilant than females in mixed-sex
groups. Males have been reported to be more vigilant than females in a wide range of primate (Steenbeek et al. 1999) and mammal species (Burger &
Gochfeld 1994). This result might be related to the
intra-specific competition hypothesis whereby, in
gregarious species, direct competition between males
(e.g. for territoriality or for access to females)
requires them to spend time scanning to assess their
rivals’ presence and activities (Reboreda & Fernández 1997).
Second, when kudus used salt licks in daylight,
individual vigilance seemed to not be affected by distance to cover. However, the role played by cover is
ambiguous. Plants surrounding the salt licks are
indeed a potential source of danger because lions,
the main predators of kudus, spend most of their
daytime in this habitat to ambush their prey (Hopcraft et al. 2005), but kudus may also perceive cover
as being protective, as they usually live hidden in
this closed habitat to feed on bushes. Thus, the lack
of distance-to-cover effect in daylight might be the
result of two compensating effects (i.e. protective
and obstructive). More studies are needed to understand the effect of cover on anti-predator behaviour
in kudus.
Our results show significant divergences between
the observed times where exactly no, one and all
individuals were vigilant and the corresponding theoretical times calculated under the independent
scanning hypothesis. Thus, kudus did not behave
independently of one another. More precisely, calculations made under the independence hypothesis
underestimated both the time during which no kudu
was vigilant and the time during which all individuals were vigilant, but overestimated the time during
Ethology 118 (2012) 1–9 ª 2011 Blackwell Verlag GmbH
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which only one individual was vigilant. For purely
mechanistic reasons, it is important not to consider
synchronization for feeding and for vigilance in an
independent way. As we studied kudus in situations
where these two activities were exclusive (0 licking
vs. 1 vigilance), any one cause of non-independence
will indeed lead to more than one deviation because
the deviations from randomness – independence
scanning hypothesis – must sum to zero. This is why
we separated, in our analysis, the situations where
0, 1 and all (N) individuals were simultaneously vigilant, respectively. Here, we develop the idea that
different kinds of reasons may explain the synchronization of vigilance and feeding.
Vigilance synchronization has already been
reported in both birds and mammals (Pays et al.
2007a,b; Beauchamp 2009) and it has been shown
that individuals were more likely to be vigilant if the
proportion of their group mates that were already
vigilant was high (Pays et al. 2009; Michelena & Deneubourg 2011). In the present study, such a synchronization might be triggered by several processes.
First, kudus could sometimes independently raise
their heads at the same second in reaction to the
same external stimulus (presence of predator). However, the observer did not detect any disturbance
during the video recordings. It seems thus unlikely
that such events were responsible for vigilance synchronization. Second, the contagion of vigilance may
be caused by a possibly incorrect use of public information (Giraldeau et al. 2002; Sirot 2006) or the
need to complete the information gleaned after
observing others’ behaviour by a personal scanning
of the environment (Lima 1995). Lastly, individuals
may imitate the alertness of their companions in
order not to lag behind them whenever an attack
occurs (Sirot & Touzalin 2009), and this tendency is
enhanced if predators preferentially attack non-vigilant prey (FitzGibbon 1989).
Similarly, the time during which no individual in
the group was vigilant was found to be greater than
predicted by the independence hypothesis, indicating
a tendency for feeding synchronization, which
results in a reduced level of collective vigilance and
converges with the conclusions of several other studies in birds and mammals (Fernández et al. 2003;
Ebensperger et al. 2006).
Sirot & Touzalin (2009) argue that, if predators
preferentially attack individuals that do not detect
them immediately, the level of risk endured by an
individual having only feeding companions may
decrease, allowing it to feed as well. Additionally,
social information among feeding companions should
Ethology 118 (2012) 1–9 ª 2011 Blackwell Verlag GmbH

mostly indicate safety, which will reinforce the tendency of each individual to feed (Sirot 2006). Thus,
both of these mechanisms might be involved in the
present situation and contribute to explain feeding
synchronization.
Another hypothesis may be proposed related to
strategies for individual investment in collective vigilance and their shaping by natural selection. Indeed,
if we assume that collective detection is efficient, individuals having one or a few vigilant neighbours may
keep on feeding while enjoying a high probability of
escaping predators. Thus, they will have no benefit of
becoming vigilant and the vigilant individuals will
carry the burden of vigilance for the whole group.
The tendency to initiate vigilance will thus be easily
parasitized by sneakers, so it will be counterselected.
Individuals will thus be less prone to initiate collective
vigilance and, as a consequence, the proportion of
time during which no individual in the group is vigilant will become larger and the proportion of time
where one single vigilant individual is present will
decrease, which is what we observe in the present
study. Such uncooperative behaviour is indeed possible in social interactions where individuals have the
possibility to influence others’ behaviour by adopting
a defecting attitude (McNamara et al. 1999), with, as
an outcome, a reduced efficiency at the group level
(here, a reduced level of collective vigilance).
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