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when assessing their need
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Many studies of social species have reported
variation in the anti-predator vigilance behaviour
of foraging individuals depending on the presence
and relative position of other group members.
However, little attention has focused on how
foragers assess these variables. It is commonly
assumed that they do so visually, but many social
species produce frequent calls while foraging, and
these ‘close’ calls might provide valuable spatial
information. Here, we show that foraging pied
babblers (Turdoides bicolor) are less vigilant
when in larger groups, in the centre of a group
and in closer proximity to another group member.
We then show that foragers are less vigilant during
playbacks of close calling by more individuals and
individuals on either side of them when compared
with calls of fewer individuals and calls on one
side of them. These results suggest that foragers
can use vocal cues to gain information on group
size and their spatial position within a group.
Future studies of anti-predator vigilance should
consider the relative importance of both visual
and vocal monitoring of group members.
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1. INTRODUCTION
In socially foraging species, individuals tend to be less
vulnerable to predation in larger groups, in the centre
of a group and when closer to other group members
(Krause & Ruxton 2002). Consequently, many
studies have reported a reduction in vigilance by
individuals foraging in these situations (see Krause &
Ruxton 2002; Beauchamp 2003 for reviews; but
Treves 2000 for exceptions). In contrast to the vast
literature examining variation in the vigilance of
group members, few studies have considered how
these individuals assess the key variables to which
they adjust their vigilance, specifically the size of their
group and their spatial position and proximity to
others within it (Beauchamp 2003).

It is commonly assumed that individuals gain
information about the presence and position of
other group members through visual scanning
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(e.g. Fernandez-Juricic er al. 2004). However, many
social birds and mammals give frequent ‘close’ calls
while foraging (Palombit er al. 1999). Although these
calls may have evolved for a different primary func-
tion, e.g. the regulation of spacing between foraging
competitors (Radford 2004), they could also provide
valuable information on the spatial position of other
group members. The possibility that vocal cues might
be used by foragers when deciding how much time to
spend vigilant for predators is largely unexplored.

The pied babbler (Turdoides bicolor), a cooperatively
breeding bird from southern Africa, provides an ideal
opportunity to investigate whether individuals in
foraging groups use close calls to assess the presence
and the position of other group members and whether
this information influences their vigilance behaviour.
The 3-11 individuals in a pied babbler group
generally forage on the ground within 20 m of one
another (Radford & Ridley 2006), making it possible
to monitor simultaneously the position of all group
members. All foraging individuals produce frequent
(420 min ') close calls, termed ‘chucks’ (Radford &
Ridley submitted). Groups can be habituated to the
close presence of observers, facilitating clear obser-
vations and playback experiments to test directly the
importance of vocal cues.

Here, we address two main questions. First, is the
vigilance behaviour of foraging pied babblers influenced
by their group size, their spatial position within a group
and the proximity of other group members? Second, do
vocal cues (specifically chuck calls) signalling the
presence and position of other group members influ-
ence the vigilance behaviour of foragers?

2. MATERIAL AND METHODS

(a) Observational data

Fieldwork was carried out in the southern Kalahari, South Africa
(26°58' S, 21°49' E) on 12 colour-ringed habituated groups of pied
babblers (mean +s.e. group size 6.3 0.8, range 2-11). We conducted
5 min focal watches on foraging individuals (mean +s.e. watches per
individual 35+ 4, range 10-93, =284 individuals). Before each focal
watch, we recorded ‘foraging group size’, thus omitting individuals
that were temporarily missing (e.g. incubating). During focal watches,
we recorded the start and end of each vigilance bout (when the focal
individual scanned the surrounding area with its head up rather than
foraging with its head lowered). Whenever a focal individual moved to
a new ‘foraging patch’ (i.e. moved more than 20 cm between foraging
attempts), we estimated the distance to its nearest neighbour (0-2, 2—
5, 5-10, greater than 10 m) and recorded its spatial position in the
group (‘centre’ or ‘edge’).

To assess the variables influencing the proportion of time spent
vigilant, we used a linear mixed model (LMM) based on 2931 focal
watches from 84 individuals in 12 groups. We used as the response
term the proportion of time spent vigilant during the first period of
a focal watch in which the focal individual spent more than 30 s
within the same nearest-neighbour distance category and spatial
position. See electronic supplementary material for further details.

(b) Playback experiments

We constructed playback loops using WaveELAB v. 2 (Steinberg Media
Technologies, Hamburg, Germany) by editing recordings of natural
calls. Playbacks were of calls from members of the focal individual’s
group, and there was no temporal overlap of calls from different
individuals. The focal individual was required to be foraging at least
10 m away from the rest of the group before playback commenced,
and in each trial, we recorded the proportion of time spent vigilant by
the focal individual during the playback. All three experiments were
conducted on 12 adults from different groups and the order of trial
presentation within an experiment was randomized. See electronic
supplementary material for further details.

(1) Experiment 1
To test whether foragers use chuck calling to assess group size and

whether these vocal cues influence their vigilance behaviour,
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Table 1. Terms affecting the proportion of time spent vigilant by foraging individuals. (Group and individual identity were

included as random terms in the LMM.)

full model d.f %2 P
foraging group size 1 22.86 <0.001
spatial position (centre, edge) 1 12.83 <0.001
presence of dependent fledglings (yes, no) 1 11.91 <0.001
maximum daily temperature (°C) 1 5.36 0.021
nearest-neighbour distance (0-2, 2-5, 5-10, greater than 10 m) 3 9.67 0.022
status (dominant adult, subordinate adult, independent fledgling) 2 1.46 0.482
body weight (g) 1 0.09 0.764
sex 1 0.07 0.792
month 5 2.23 0.816
total rainfall in the preceding week (mm) 1 0.01 0.907
minimal model effect s.e.
constant 0.366 0.007
foraging group size —0.008 0.002
spatial position

centre 0 0

edge 0.025 0.005
presence of dependent fledglings

no 0 0

yes 0.023 0.007
maximum daily temperature (°C) —0.001 0.001
nearest-neighbour distance (m)

0-2 0 0

2-5 0.012 0.009

5-10 0.031 0.006

>10 0.036 0.013

individuals were presented with three trials: 1 min of background
noise; 1 min of chuck calling by one individual (rate=18 calls per
min); and 1 min of chuck calling by three different individuals
(each at 6 calls per min, total rate=18 calls per min). Playbacks
were from a single speaker 2 m from the focal individual.

(i) Experiment 2

To test whether individuals use chuck calling to assess their spatial
position (centre versus edge) and whether these vocal cues
influence their vigilance behaviour, individuals were presented with
two trials. Both involved 1 min of chuck calling by two different
individuals (each calling at 18 calls per min) played from two
speakers 2 m from the focal individual. In one trial, the speakers
were next to one another on one side of the focal individual; in the
other, the speakers were on opposite sides of the focal individual.

(iii) Experiment 3

To test whether individuals use chuck calling to assess the proximity
of other group members and whether these vocal cues influence their
vigilance behaviour, individuals were presented with three trials. Each
involved 1 min of chuck calling by one individual (rate=18 calls per
min), from a speaker 1, 3 or 5 m from the focal individual.

3. RESULTS
Individuals in larger groups, in the centre of a group
and in closer proximity to another group member
spent significantly less time vigilant than those in
smaller groups, on the edge of a group and further
away from other group members (table 1, figure 1).
Individuals also spent significantly less time vigilant
when there were no dependent fledglings in the group
(dependent fledglings present 0.17+0.03; no depen-
dent fledglings 0.13+0.02; table 1), and when the
daily temperature was higher (table 1).

Foragers were significantly less vigilant when there
were more individuals in the playback (experiment 1,
Friedman test: x3=7.68, p=0.021; figure 2a) and
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when playback of two individuals occurred on oppo-
site sides of them when compared with those on the
same side (experiment 2, Wilcoxon test: W=51.0,
N=12, p=0.019; figure 2b). There was no significant
difference in the amount of time spent vigilant by
foragers when chuck calling was played back at
different distances (experiment 3, Friedman test:
v5=1.35, p=0.510; figure 2¢).

4. DISCUSSION

As expected from theoretical models (e.g. Pulliam
1973) and previous empirical studies (Krause &
Ruxton 2002; Beauchamp 2003), foraging pied bab-
blers were less vigilant when in larger groups, in the
centre of a group and in closer proximity to another
group member. Our results are consistent with the idea
that individuals foraging in these circumstances are less
vulnerable to predation (Krause & Ruxton 2002).
Theoretically, individuals in larger groups might
increase their foraging time owing to increased potential
competition, which might translate into a decrease in
vigilance. However, group-size effects have been shown
to remain even when competition for food is eliminated
(Lima er al. 1999). We believe, therefore, that our
results represent a change in anti-predator vigilance.
Playback experiments suggested that foragers adjust
their vigilance depending on cues provided by the
chuck calling of others: they were less vigilant in
response to the playbacks of more individuals and when
they were between two speakers, although not when a
speaker was closer.



Vocal cues affect vigilance

A. N. Radford & A. R. Ridley 251

,.\
)
=

0.25
0.20 1
0.15 - ¢

0.10 4

proportion of time
spent vigilant

0.05

45 6 7 8 9 10 11 12

foraging group size

01 2 3

A
S
<

0.17 4

0.16

0.15 - T

0.14 4

proportion of time
spent vigilant

0.13 T )
centre edge

~
o
~

0.17 4
0.16 -
0.15 |
0.14 - T
0.13 1 1
0.12 4 ’—I_‘
0.11 r r

0-2 2-5 5-10 >10

nearest-neighbour distance (m)

—
—t—

proportion of time
spent vigilant

Figure 1. The influence of (a) foraging group size, (b) spatial
position and (¢) nearest-neighbour distance on the mean
(#£s.e.) proportion of time spent vigilant by 84 foraging pied
babblers.

It has been generally assumed that individuals in
foraging groups use visual scanning to assess their need
for anti-predator vigilance (Fernandez-Juricic er al.
2004). Recent studies have demonstrated that some
species can even use their peripheral vision for this task,
preventing the need to suspend foraging while moni-
toring group mates (e.g. Bednekoff & Lima 2005).
However, many species forage in habitats (e.g. forests)
where lines of sight may be regularly obscured. Two
previous studies have hinted that vocalizations might
prove useful when assessing the need for anti-predator
vigilance in such habitats. Downy woodpeckers
(Picoides pubescens) appear to use close calls to
determine the presence of other individuals when in
mixed-species flocks (Sullivan 1984), while Diana
monkeys (Cercopithecus diana) may use auditory cues to
obtain information about the location of out-of-sight
group members (Uster & Zuberbiihler 2001). Although
pied babblers live in a more open habitat, individuals
spend much of their time foraging with their head in a
hole, searching for prey beneath the sand’s surface.
Consequently, their peripheral vision may be greatly
reduced and they would need to remove their head
from the hole to monitor other group members visually.
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Figure 2. Mean (*s.e.) proportion of time spent vigilant by
12 adult pied babblers during experimental playbacks of
(a) background noise, one individual chuck calling and three
individuals chuck calling, (b) two individuals chuck calling on
the same side or opposite sides of the focal bird, and (¢) chuck
calling of one individual at different distances. Letters above
bars indicate which trials differed significantly.

In such situations, using vocal cues to assess the
presence of other group members would prevent the
need to suspend foraging.

Our playback results suggest that pied babblers can
assess group size and spatial position from the close
calling of others. Since call rates were matched between
trials, the implication is that individuals have distinct
calls (Dhondt & Lambrechts 1992). Vocal cues may
prove useful in some ways, therefore, but they are
unlikely to provide all the information necessary for
foragers when assessing the need for anti-predator
vigilance. For example, experiment 3 suggested that the
proximity of another individual is difficult to determine
from vocal cues. Although sound attenuates with
distance and this change is used as a ranging cue by
several species involved in long-distance communi-
cation (Naguib & Wiley 2001), acoustic differences
over short distances, such as those tested in this study,
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may be too subtle to be useful. Close calls are also
unlikely to provide information on the behaviour (e.g.
the alertness) of other individuals. In contrast to
‘sentinel’ calls, which announce the presence of an
individual devoted to vigilance (Manser 1999), the
chuck calling of foraging pied babblers may simply
indicate the presence of others and therefore the
likelihood of shared vigilance. Visual scanning may be
required if information on the proximity and behaviour
of others is important.

Close calls are given frequently by foraging individ-
uals in many social species (e.g. Palombit er al. 1999;
Radford 2004), but their potential usefulness when
assessing how much time to devote to anti-predator
vigilance has been generally overlooked. The pied
babbler chuck call is likely to have evolved for another
function (the regulation of spacing between foraging
competitors; Radford & Ridley in review), but our
study suggests that individuals may modify their
vigilance behaviour depending on the information
provided by close calls. Although such vocal cues are
likely to be most important when visual scanning is
difficult, future studies of anti-predator vigilance
should consider the relative importance of both for
effective social monitoring.
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