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Abstract

Safety-in-numbers is thought to be the principal advantage of living in groups for many
species. The group can only provide protection against predators, however, when group
cohesion is maintained. Vocalisations are used to monitor inter-individual distances,
especially under conditions of poor visibility, but should be avoided in the presence of
predators. Mentally tracking the movements of silent and invisible group members
would allow animals foraging in dense vegetation to stay close to their group members
while reducing the use of vocal contact. We tested the socio-spatial cognitive abilities of
wild vervet monkeys (Chlorocebus pygerythrus) by comparing their reactions to
plausible and implausible displacements of group members simulated by sound
playbacks. Our methods are comparable to those used in studies of ‘object permanence’
and ‘invisible displacements’ of inanimate objects. Our results show that vervets can
track the whereabouts of invisibly and silently moving group members, at least over

short periods of time.
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Introduction

"The social brain’ is shorthand for a now widely accepted explanation of the evolution of
advanced cognitive abilities in animals and especially primates. The social brain
hypothesis states that group living has selected for complex cognitive capacities,
resulting in an increase in brain size, notably the neocortex (Dunbar 1992, 1998, 2003;
Humphrey 1976; Whiten and Byrne 1988). This explanation provides an alternative to
the idea that advanced abilities evolved in reaction to ecological challenges (Clutton-
Brock and Harvey 1980; Harvey and Bennett 1983; Sawaguchi 1992). The tendency to
seek the company of conspecifics, in turn, is thought to have evolved under predation
pressure according to the 'socio-ecological hypothesis' (Sterck et al. 1997; van Schaik
1983; van Schaik and van Hooff 1983). Group-living comes at a cost, however, notably in
the form of increased competition for food and mates (Cheney and Seyfarth 1987;
Dunbar 1998; van Schaik 1983), but also as an increased risk of contracting infectious
diseases (Altizer et al. 2003 and references therein; Nunn et al. 2008). Cognitive
challenges specific to group-living animals include keeping track of the interactions
with group members, of relationships between third parties, of changes in dominance
relationships, forming alliances as well as monitoring alliances formed by others and so
forth (Bergman et al. 2003; Cheney and Seyfarth 1990; Dasser 1988; Dunbar and Shultz
2007; Range and Noé 2005; Shultz and Dunbar 2007; Shultz et al. 2011). One cognitive
challenge directly related to the 'safety-in-numbers' function of sociality is seldom
discussed, however: the necessity to keep track of the spatial positions of group
members even under conditions of poor visibility as found in dense forests and
scrublands and especially when vocalisations increase the individual predation risk. We
propose the label "socio-spatial cognition” for this cognitive capacity. This label
suggests a cognitive ability linked to group living, but it is unlikely to be limited to
species living in permanent groups. For most animals the ability of tracking the
whereabouts of living things, be it conspecifics, prey or predators, will have positive
effects on fitness. We assume, however, that the complexity of simultaneously tracking

multiple group members selected for additional proficiency.

With the exception of some terrestrial species, most primate groups forage and travel in

relatively dense environments. Groups tend to remain coherent in spite of the fact that
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some members cannot see each other over longer periods of time. Coherence can in
principle be maintained by three complementary mechanisms: (1) each group member
remains in visual contact with at least one other member and a network of visual
contacts connects all members of the group; (2) group members are in regular auditory
contact with each other, notably by emitting soft vocalisations, usually labelled 'contact
calls', and (3) each individual has a mental representation of the location of the
members of his group, or at least those in its direct vicinity, even when these move and
are silent and out of sight. In this paper we focus on this last and most cognitively
challenging aspect of socio-spatial cognition: the ability to mentally represent group
members that (1) are out of sight and produce no sounds by which they can be
recognized individually and (2) mentally project the path along which invisible and
silent group members are likely to move during foraging or travel. The first requires a
capacity for object permanence and the second for tracking invisible displacements of
objects, both phenomena that were originally defined by Piaget (1937) in the context of
human development, albeit that the objects are in our case living animals and that their
movements can be much more complicated than the linear object displacements usually
tested in experiments on spatial cognition. Relatively few studies used dynamic and
animate objects (reviewed in Call 2000; Shettleworth 2010). Exceptions include a study
by Bates and colleagues (2008) in which elephants are reported to be able to recognise
group members by scent and to track their positions while walking. Wich and De Vries
(2006) showed that male langurs have a representation of the membership of their
group, but not necessarily of the positions of individual members. In the presence of a
predator, the langurs only stopped giving alarm calls when all the individuals had

reacted by giving at least one call.

Ecological spatial orientation

Taking direct routes between different locations in the home range towards goals that
are initially not visible has been shown for many primate species, both in the wild (e.g.
Boesch and Boesch 1984; Garber 1989; Sigg and Stolba 1981) and in captivity (Ludvig
et al. 2003). For example, hamadryas baboons use a least distance strategy and

apparently know that they are approaching their goal before seeing it, accelerating their
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pace in anticipation (Sigg and Stolba 1981). Chimpanzees remembered up to 18
different locations during experiments in large enclosures (Menzel 1973). Vervet
monkeys could only memorize six distinct food locations during similar experiments,
but seemed to anticipate their path three steps ahead, thus solving a simple 'travelling
salesman problem' (Cramer and Gallistel 1997). Japanese monkeys made a beeline for
akebi fruit at locations where akebi had been found in the previous fruiting season after

finding ripe fruit placed on their path ahead of the season (Menzel 1991).

Dear enemies

Vervet monkeys were also shown to possess socio-spatial cognition at a larger scale.
Using playback experiments Cheney and Seyfarth (1982b) could show that
neighbouring groups were associated with vocalisations from specific directions. This
ability to associate locations and individuals was first established in territorial birds and
is usually referred to as the 'dear enemy' phenomenon (Fisher 1954), also known as the
'neighbour-stranger' effect. Territorial individuals respond with greater aggression to
strangers than to familiar neighbours, implying that they can recognise their neighbours
and associate them with a specific territory as was shown in a series of seminal papers
by Brooks and Falls (Brooks and Falls 1975a, b; Falls and Brooks 1975). The
phenomenon has been shown in numerous species (Akgay et al. 2009; Briefer et al.
2008; Carazo et al. 2008; Leiser and Itzkowitz 1999; Temeles 1994 and references
therein; Zenuto 2010), including several primate species (Kitchen and Beehner 2007

and references therein; Thompson et al. 2012).

Invisible displacements

The Piagetian theory on object permanence, including visible and invisible
displacements, suggests how children mentally represent out-of-sight objects (Piaget
1937; Piaget and Inhelder 1966). Object permanence and an understanding of visible
displacements has been demonstrated in a wide range of vertebrate species, for

example primates (de Blois et al. 1998; de Bois and Novak 1994; Deppe et al. 2009;
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Mendes and Huber 2004), domesticated carnivores (Fiset and Doré 2006; Fiset and
LeBlanc 2007; Gagnon and Dore 1993), dolphins (Jaakkola et al. 2010) and birds
(Bugnyar et al. 2007). The ability to correctly locate invisibly moving objects has,
however, only been reported in psittacine birds (Pepperberg et al. 1997), corvids
(Bugnyar et al. 2007; Pollok et al. 2000), domesticated carnivores (Collier-Baker et al.
2004; Dumas 1992), monkeys (Mendes and Huber 2004; Neiworth et al. 2003) and
great apes (Albiach-Serrano et al. 2010; Barth and Call 2006; Collier-Baker et al. 2006;
de Blois et al. 1998), whereby the results of several studies fail to lend unequivocal
support to the presence of this cognitive ability in the species studied. Predicting the
future positions of moving targets on computer screens, as shown in studies using eye-
movements (Ferrera and Barborica 2010 and references therein) is a related skill, but

its relevance to movements at the scale considered in this study is less obvious.

Testing socio-spatial cognition in vervets

We tested whether vervet monkeys can mentally follow invisible displacements of silent
group members under natural conditions using playbacks of the most commonly
uttered vocalisation, the contact grunt. Contact grunts are short range affiliative calls
emitted in different contexts: when encountering another member of the group,
dominant or subordinate, when moving to an open area, or when another group has just
been spotted, as described, among others, by Cheney and Seyfarth (1982a) for vervets
and by Rendall and colleagues for baboons (Rendall et al. 1999). Although these grunts
tend to show acoustic differences in different contexts, the ones selected for the
playbacks were not emitted, during agonistic interactions, during encounters with other
groups, or after other strong stimuli of any kind that we were aware of. We assumed the
main function of these grunts to be providing information of the whereabouts of the
caller to its fellow group members and perhaps also eliciting similar calls from those

group members (Fig. 1 gives an example of the calls used).

--- Figure 1 about here ---
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We tested two predictions using methods illustrated in Fig. 2. Prediction 1: vervet
monkeys can mentally follow the trajectories of invisible group members, at least over
short time spans. In experiment A (Fig. 2A) we played the contact call of an out of sight
individual (emitter) to the subject from an 'impossible location’, i.e. a location that the
individual could not have reached given the distance and available time (test condition)

or from a 'possible’ location (control condition).

Prediction 2: vervets have a mental representation of the natural movement of other
vervets, i.e. they can predict the trajectories of out-of-sight group members based on
their experience with their usual speed during specific group activities, notably foraging
and travelling, perhaps even taking the local topography into account. In experiment B
(Fig. 2B), we played two contact calls of an individual that was out-of-sight during the
entire trial (emitter) to the subject, simulating either an impossible (test condition) or a

possible (control condition) movement.

-- Fig. 2 about here --

Methods

Study site and subjects

Subject were members of two non-neighbouring groups of vervet monkeys (Chlorocebus
pygerythrus) in the Loskop Dam Nature Reserve, Mpumalanga, South Africa. The
reserve, situated 250 km north east of Johannesburg (-25° 26' 31.69", +29° 15' 19.14"),
covers 25 000 ha of bushveld (a mixture of tall grasses and thick acacia bushes). The
Donga group had a home range of 224 ha and consisted of 15 individuals and the Picnic
group had range of 138 ha and 11 members (for a detailed description see: Barrett et al.
2010). These ranges were separated by about 3 km. Our groups, like most vervet
groups, contained multiple adult males and females. Females usually remain in their
natal group and form stable hierarchies organised in matrilines, while most males
migrate to other groups before reaching sexually maturity. During the habituation
period from January till May, data on social behaviour were collected using mainly ad

libitum and focal-animal sampling methods (Altmann 1974). This allowed us to
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construct a hierarchy and document affiliative relations between individuals. The
preliminary experiments were done in April and experiments A and B from June till

September 2005.

Recordings

Vocalisations of individually recognised individuals were recorded by ML ad libitum
with a Sennheiser directional microphone (ME 66) and a Sony digital recorder (DAT
TCD D8). We tried to be as close to the emitter as possible (between 3 and 8 meters)
without disturbing the animals in their activities. Vocalisations of 13 members of the
two study groups were used (details in Table 2). In addition, we used the voices of two
females, one adult and one juvenile, recorded at the Vervet Monkey Foundation at
Tzaneen, Limpopo Province, South Africa as vocalisations of 'strangers'. Problems with

unnatural background noises prevented further use of recordings made at Tzaneen.

Experiments

Playback trials were done by ML using a Sony recorder (DAT TCD-D8) connected to a
12V Pioneer amplifier working on a small battery and connected to one or two Bose 151
loudspeakers, depending on the type of trial. During the trials the subjects were filmed
with a Panasonic digital video camera (NV-GS11) from at least 5 seconds before till 60

seconds after each playback.

Individual recognition by voice is a general phenomenon in animals (Tibbetts and Dale
2007) and has been shown a long time ago in vervets (Cheney and Seyfarth 1980,
1982b).

Nevertheless we verified this in a preliminary experiment that also served to test our
equipment, by playing the contact calls recorded at the Tzaneen Vervet foundation to
both our study groups as well as calls recorded in one of our study groups to members

of the other one. As controls we used all trials with playbacks from 'possible locations'
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of the two experiments A and B (AC, BC1 and BT1 as described below), i.e. all trials with

familiar voices played from plausible locations.

For experiment A (Impossible location - Fig 2a), we hid the loudspeaker as soon as a
favourable situation presented itself: with at least two individuals well visible and the
group resting or foraging. We waited till an individual left the field of vision of the
vervet left behind and then played back the contact call of the animal that had
disappeared within 2 min at about 5 meters from the subject tested. The trial was
considered as a control (AC) when the moving animal had disappeared from view
within 45° at either side of the loud speaker. All other directions of movement were
considered as a test (AT) conditions. The subject was expected to show a sign of

surprise in AT-trials, but not in AC-trials.

For experiment B (Unlikely movements - Fig. 2b), two different calls of the same
individual that followed each other in the original recording were played from two
different loudspeakers with a delay of 5-10 sec. The animal whose voice was used was
out-of -sight of the subject tested from the moment the loudspeakers were put in
position till the end of the trial. The loudspeakers emitting the first calls in both the
control (BC1) and the test condition (BT1) were always in a position concordant with
the emitter’s last observed position, as in the AC-trials of experiment A. The second call
in the control condition (BC2) came from a second loudspeaker placed at less than 1 m
from the first. Only the second call in the test condition (BT2), which came from a
location at 7 to 10 m (depending on the local terrain) from the first and from opposite
direction of both the position of the animal whose voice was used and of the
loudspeaker emitting the first call (BT1), was expected to produce a strong reaction of

surprise.

--- Figure 2 (a) and (b) about here ---

A trial was considered as valid if no unusual event disturbed it, such as a fight, an alarm
call, or other event that could change the receiver’s attitude and if no vocalisations by
any member of the group could be heard shortly before or during the trial. In all those

cases, the trial was aborted and no further attempts were made that same day. In order
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to avoid the habituation of monkeys to the experimental procedure no individual was
used as test subject in the same experiment more than once a day. Due to the low
probability that all the favourable conditions were met, valid trials were infrequent (on
average once every three days in each group). We had to use a few subjects in multiple
trials (Table 2), but otherwise pseudo-reciprocity was avoided as much as possible by
using both vocalisations of different individuals and different vocalisations of the same

individual.

--- Table 2 about here ---

Video analysis

A quick and radical change of behaviour immediately after the playback served as our
main criterion for the presence or absence of a reaction associated with 'surprise’,
shorthand for a reaction to an unusual and/or unexpected event. The end of the
reaction period was defined by a return to the initial activity or another routine activity
for more than five seconds. The videos were analysed by ML and four naive observers
that were all experienced observers of vervet behaviour, but did not know whether they
looked at a test or control trial. The videos were muted, except for a ‘beep’ when the
vocalisation was played and were analysed in random order. We used both qualitative
and quantitative variables: we scored the degree of reaction and the instantaneity of the
reaction and measured the duration of the reaction and the number of head rotations
(Table 3). Kendall's tau-b between ML and the observers: EW: 0.783; CF: 0.664; AB:
0.659; YG: 0.775. In addition we asked YG to measure the instantaneity of the reaction
(Cohen's kappa: 0.886) and the number of head rotations (Pearson r: 0.996). On the
basis of the high level of agreement we decided to use ML's original scores for the

analysis.

---Table 3 ---

Statistical analysis
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The differences between test and control conditions were examined at the individual
level using Mann-Whitney U and Wilcoxon tests for quantitative variables and Fisher
tests for qualitative variables (Siegel and Castellan 1988). For individuals tested more
than once we used the average score for quantitative variables and the result of the first
trial for qualitative variables. The alpha-level was set at 0.05, but whenever datasets
were used in two different tests, a Bonferroni corrected alpha of 0.025 was used. Exact
p-values were calculated for small sample sizes (Mundry and Fischer 1998). Tests are

two-tailed unless indicated otherwise. Data analysis was carried out with SPSS 18.0.

The AC trials were difficult to perform and therefore only a few of them were done with
different subjects. We checked if all trials from the different experiments in which the
playback came from a 'possible location' could be pooled together by performing a
Kruskal Wallis test, since these trials are de facto identical in design . We only used the
reactions to the first playbacks in the experiment B (with two loudspeakers) to prevent
a possible effect of a redundant stimulus. The tests revealed no significant differences
across conditions for the number of head rotations (H(2) = 3.55, p = 0.169) and the
reaction length (H(2) = 3.79, p = 0.150). We therefore decided to pool these data to

supplement our analyses when needed.

Results

Preliminary experiment: group member - stranger discrimination

We compared reactions to the playbacks of strangers with reactions to the playbacks of
group members broadcasted from a possible location. When hearing the vocalisation of
a stranger, the vervets showed a significantly stronger reaction (Fisher's exact test: N =
9, p = 0.016 and with the controls pooled N = 22, p = 0.029), responded faster (Fisher's
exact test: N =9, p = 0.047 and with the controls pooled N = 22, p = 0.054), with more
head rotations (Mann-Whitney test: one-tailed, N stranger = 5, N controls pooled =11, U
=0,z =-3.17, pexact= 0.0002) and it took longer before they returned to their daily
routine (Mann-Whitney test: one-tailed, N stranger = 5, N controls pooled=11,U=0, z
= -3.14, Pexact= 0.0002).
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--- Figure 3 about here ---

Experiment A: impossible location

We conducted ten test trials with eight different stationary individuals (3AF, 4AM and 1
JF) as subjects. As 'possible location' controls we used only the four control trials from
experiment A as well as all 17 control trials pooled from experiment A and B. Reactions
to impossible locations were stronger (Fisher's exact tests: N = 12, p = 0.002; with the
controls pooled N = 25, p = 0.005), faster (Fisher's exact test: N = 12, p = 0.018; with the
controls pooled N = 25, p = 0.022), lasted longer (Mann-Whitney test: one-tailed, U =0, z
= -2.74, Pexact = 0.002; with the controls pooled, one-tailed, U = 2, z = -3.49, pexact =
5.3x10-3) and the number of head rotations was higher (Mann-Whitney test: one-tailed,
U=0.5,z=-2.65, pexact = 0.004; with the controls pooled, one-tailed, U = 6.5,z = -3.13,
Pexact = 5.3x10-3). For three subjects we had matched test and control trials in which the
voice of the same individuals were used. The subject's reaction was stronger for all

parameters in the test trials compared to the control trials.

--- Figure 4 about here ---

Experiment B: unlikely movements

We first tested the reaction to an impossibly fast movement of an invisible individual by
comparing the reactions to the sound of the first loudspeaker (BT1) with the reactions
to the sound coming from the opposite direction (BT2) for eight individuals (with the
emitters of the voice used always out-of-sight). The sounds coming from the opposite
direction elicited reactions that were stronger (Fisher's exact test: N = 16, p = 0.014),
but not faster (Fisher's exact test: N = 16, p = 0.47), lasted longer (Wilcoxon signed
rank-test: one-tailed, Z = -2.52, N = 8, pexact = 0.0039) and were followed by a higher the
number of head rotations (Wilcoxon signed rank- test: one-tailed, Z = -2.52, N = 8, pexact

= 0.0039). As a control, we confronted five different subjects with two different
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recordings (BC1 and BC2) of vocalisations of a same individual emitted at the same
interval as used in the test trials from two loudspeakers that were placed close to each
other and were both at a plausible location. The degree of reaction to the two sounds
was not significantly different based on the judgement of surprise (Fisher's exact test: N
=10, p = 1), the instantaneity of the reaction (Fisher's exact test: N = 10, p = 1), the total
time before returning to routine behaviour (Wilcoxon signed rank-test: one-tailed, Z = -
0.73, N =8, pexact = 0.31) and the number of head rotations (Wilcoxon signed rank-test:
one-tailed, Z = -0.55, N = 8, pexact = 0.37).

Finally, we compared the second playbacks from the test (BT2) and control (BC2) trials.
The degree of reaction to the test trials only showed an insignificant trend of being
stronger (Fisher's exact test: N = 13 p = 0.084). However, the reaction was significantly
faster (Fisher's exact test: N = 13, p = 0.007), lasted longer (Mann Whitney test: one-
tailed, U = 4, z = -2.35, pexact = 0.0093) and the number of head rotations was higher
(Wilcoxon signed rank- test: one-tailed, U = 6.4,z = -2.00, N = 8, pexact = 0.021,
Bonferroni corrected o = 0.025). As in experiment A, we could also compare the results
for test and control trials with the same voice for three subjects. The results were in line

with the complete set.

--- Figure 5 about here ---

Discussion

Following out-of-sight movements

In experiment A, we played the emitter's voice to the subject after the emitter had left
the subject's visual field. During test trials in which a vocalisation was played back from
a different direction than the one in which the emitter had left, we observed a
significantly stronger reaction than in control trials in which we played the emitter's
voice from the direction in which (s)he moved out-of-sight. This was also true for trials
in which we used the vocalisation of only one of several individuals that had just
disappeared from sight. Subjects generally showed little or no reaction to the playbacks

during control trials. However, they sometimes replied to the playback with a contact
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call, but without looking up and without showing a surprised reaction. This suggests to
us that the vervets considered this situation as a routine event. The subject could only
have been updated about the emitter's real position by movements of the vegetation
and non-vocal sounds caused by the emitter's movements, but such clues do not allow
individual recognition and thus do not invalidate a test of the ability of tracking invisible
displacements. We therefore conclude that the subjects expectations were violated,
which suggests that vervets are able to track the movements of group members at least
for a few minutes after they disappear from sight. This is in agreement with studies on
target tracking by monkeys (Ferrera and Barborica 2010; Filion et al. 1996; Neiworth et
al. 2003; Washburn and Rumbaugh 1992), but in contradiction with some studies on
invisible displacement suggesting that monkeys cannot represent out of sight
movements (Call 2000; de Blois et al. 1998; de Bois and Novak 1994; Gomez 2005;

Natale et al. 1986 and references therein).

Implausible speed

In experiment B, contact calls were played back from two directions, diametrically
opposed from the point of view of the receiver (test condition) or from two locations
very close to one another (control condition). The movements suggested by the test
trials were highly implausible, because a real monkey would have had to run through
the open area around the subject, or run extremely fast behind the vegetation
surrounding the subject, to get from one speaker position to the next within this time
frame. The subjects clearly showed reactions of surprise in the test trials but not in the
controls. No difference between the first and the second playback (BT1 and BT2) was
found for the parameter ‘instantaneity of the reaction’. This can be due to the binary
character of the parameter used (reaction within a second or not) combined with a
small sample size. However, the reactions were overall still stronger, lasted longer, and
involved more head rotations. We conclude that the subjects' expectations about the
speed with which conspecifics can move from one location to the next were violated.
This goes beyond the results of Hauser (1998), who showed in a lab experiment that
tamarins expect animals to move to other locations when out of sight, but not inanimate

objects.
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A less cognitively demanding hypothesis would be that the subjects do not represent
the movements of group members but know that an individual cannot occupy two
positions at the same time. In contrast to the experiment A, in which the departure of
the emitter indicated a movement in a particular direction, the two vocalisations of
experiment B only gave indications about two static locations. We cannot exclude that
this just represents a violation of expectations about the same individual being at two
distant locations rather than about movement. Nevertheless, we feel that ‘implausible
speed’ and ‘unlikely movement’ are appropriate terms. Our reasoning is as follows: The
simplest explanation for a surprise reaction after hearing the same voice from two
different locations is that it violates the day-to-day experience of the animals: the same
voice can be heard from different locations, but not normally with such a short time
interval, at least not without any sign of an individual moving fast. Hearing the same
sound from different locations at short intervals does occur occasionally, however:
vervets sometimes run from one spot to the next while vocalising and screaming infants
tumble from trees at times. Such natural events always involve fast, and therefore
rather conspicuous, displacements. Thus, what surprises them is less likely to be the
fact that the two sounds come from different locations shortly after each other as such,

but rather the lack of fast movements and sounds that normally accompany this.

A functional perspective

The question is whether a monkey tracking a group member's movement in the wild

can be compared to tracking an object, animated or inanimate, in the lab. Loosing track
of an object does not normally have any serious fitness consequences, but losing track of
one's group members can have serious, even fatal, consequences. The two types of
experiments are therefore hard to compare in terms of ecological validity. Tracking
group members in dense environments can be essential during encounters with sit-and-
wait predators when all members of the group try to move away silently (Zuberbiihler
and Jenny 2002). It may even be used to keep track of the predators themselves. Socio-
spatial skills might also play a role in coordinating group movement (King and Sueur
2011), in cooperative group defence against neighbouring groups (Kitchen and Beehner

2007; Meunier et al. 2012), or in more complex coordinated actions such as ‘co-
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operative’ hunting (Newton-Fisher 2007). These forms of coordination do not
necessarily imply complex mental representations or shared internal processes (Barrett
et al. 2007; Knoblich and Jordan 2003). Socio-spatial cognition can also be important
for following of the positions of potential allies or competitors. Some authors noted that
individuals adopt different strategies in competitive situations depending on the
identity of individuals in their surroundings (Janson 1990; Robinson 1981; Seyfarth and
Cheney 2000). Finally, it might be useful for individuals that have an interest in
withholding information. Chimpanzee females can, for example, refrain from giving a
greeting grunt to a male when the alpha male is around (Laporte and Zuberbiihler
2010). Experiments conducted by Seyfarth and Cheney (1984) suggested that vervets
are more attentive to the movements of kin and individuals with which they recently
had an affiliative interaction. We had the impression that our subjects kept track of all
the individuals in their direct vicinity, independently of age, sex, rank or degree of

kinship.
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Experiment Voice owner  Subject Tested Table 1. Voice owners and subjects

-1 D-AF1 tested per experiment. T = Tzaneen
P-AF1 _
T Vervet Monkey Foundation; D =
Group P-AF1 D-AF2 Donga group; P = Picnic group;. M =
member P AML D-AML male; F= female; A = adult; S =sub-
) adult (males only); ] = juvenile; I=
Stl’anger T-AF1 P-AF1 ult ( y): ] =juv
T-11 infant. (x2): Two trials in the same
T-J1 experiment with the same voice
P-AM1
D-AM1 owner and the same subject. The
- Its for th jecti
D-AM1 D-AF1 results for the same subject in the
D-AM2 same experiment were pooled
D-AF3 (x2) D-AF2 (x2) together irrespective of voice owner
A Test D-AM2 D-AM1 identity.
D-JM1 D-AM2
P-AF1 P-AM1
P-AF1 P-AM2
D-AML D-AF1
D-AM2
A Control D-AM1 D-AF2
D-AF3 D-SM1
P-AF1 (x2) P-AML1 (x2)
D-AM1 D-AF1
D-AM1
D-AF1 D-AF2
D-AF4
- D-AM1
B Test D-AMS
P-AM3 P-AF1
P-AF1 P-AM1
P-AF1 P-1F1
P-JF1 P-JM1
P-IM1 P-SM1
D-AM1 D-AF2
D-AM3 D-AM2
B Control D-AM1 D-JM1
P-AF1 P-AM1

P-JM1 P-SM1
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Variable Definition
0 : No reaction
Intensity of reaction  1: Stops activity, turns head

2: Stops activity, several head rotations; and/or
stands bipedally

3: Stops activity, multiple abrupt head movements,
stands bipedally and/or moves

0: No reaction, or first head movement occurs more
Instantaneity of than one second after the emission of the playback
reaction 1: First head movement or standing occurs less than
one second after the emission of the playback

Number of times the animal stops turning the head
Number of head and gazes in a specific direction while scanning the
rotations environment.

Duration of head rotations until the individual goes

Reaction length back to his previous activity (feeding, grooming, etc)
or disappears from sight. This was limited to 60
seconds of analysis because individuals then tend to
move and it becomes very difficult to assess their
behaviour without disrupting them.

Table 2. Definitions of the variables used in the statistical analyses.
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Figure 1. Grunts from (a) an adult female (Gaia, Picnic group) and (b) an adult male (Elvis,

Donga group).
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Figure 2. Experimental set-ups.

Experiment A: The subject remains in an open area, the voice of an animal that disappeared
from the sugject's field of vision is played back from a hidden loudspeaker. Control condition
(AC): the voice owner passes within 45° at either side of the loudspeaker. Test condition (AT):
the voice owner disappears in any other direction.

Experiment B: The subject hears two different calls from the same recording of a single group
member with a short time interval from two different loudspeakers. Control condition: the two
hidden loudspeakers are placed less than 1 m apart (BC1 and BC2) that are both in a direction in
which the invisible owner of the voice coudl plausibly be. Test condition: The first call ((BT1)
comes from a loudspeaker placed as the two speakers in the Control condition, but the second
call (BT2) comes from a loudspeaker hidden in the opposite direction from the point of view of

the subject.
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N head rotations Reaction length (s)
50 a 70 b

404 00"
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30+ 40 -
20 d "_'I— 30 1
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(5 trials) (11 trials) (5 trials) (11 trials)

Figure 3. Results of the group member - stranger experiment. Mean (bold lines); upper and
lower quartiles (shaded boxes), minimum and maximum values except outliers (whiskers) and

outliers, i.e. more than 1.5 times upper quartile (asterix).
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Figure 4. Results of Experiment A - impossible locations. Upper panels a and b: four controls
from Experiment A (AC) only; lower panels c and d: 11 controls from Experiments A and B

pooled together (AC, BC1 and BC2). Graph conventions as for Fig. 3.
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Figure 5. Results of Experiment B - unlikely movements. Upper panels a and b: reactions to the

two calls (BT1 and BT2) in the test condition with loudspeakes wide apart. Middle panels c and

d: reactions to the two calls (BC1 and BC2) in the control condition with loudspeakes less than 1

m apart. Lower panels e and f: comparison of the second calls in the control condition (BC2) and

the test condition (BT2). Graph conventions as for Fig. 3.



