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Abstract

The ability to individually recognize conspecifics is acknowledged as one of the
prerequisites for the development of sophisticated social relationships in group-
living species. It has been hypothesized that the discrimination of individual
identities is crucial for the maintenance of social relationships and cooperation
based on repeated interactions, and for the evolution of many social behaviours.
Previous studies have shown that the close calls of the cooperatively breeding
banded mongoose Mungos mungo are individually distinct. For instance, banded
mongoose pups are able to distinguish between close calls of their escort and of a
non-escort. In this study, we used playbacks based on the recently proposed
violation-of-expectation paradigm and a dominance/age class recognition setup to
investigate whether adult banded mongooses use the individual signature of close
calls to distinguish among adult group members. We found no evidence that the
individual signature in close calls is used to discriminate identity in banded mon-
gooses. Based on the previous work, we suggest that this is not because banded
mongooses are incapable of using signatures as a means of individual discrimina-
tion, but because the benefits of such discrimination are low. The study highlights
the importance of understanding the function of a signal (e.g. the expected
response), timing and the biology of the species when designing and performing
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playback experiments.

Introduction

The ability to recognize characteristics such as sex, reproduc-
tive status, social rank, kinship, identity, group membership
and/or familiarity of conspecifics is acknowledged as one of
the prerequisites for the development of sophisticated social
relationships (Sherman, 1997; Bradbury & Vehrencamp,
1998). Individual recognition of conspecifics is thought to play
a major role for the maintenance of social relationships and
cooperation based on repeated interactions among group
members (Tibbetts & Dale, 2007). It has been hypothesized to
be also of vital importance for the evolution of many social
behaviours (Hamilton, 1971; Hauser, 1996). Although indi-
vidual discrimination is believed to be widespread in non-
human animals (Tibbetts & Dale, 2007; Seyfarth & Cheney,
2009), it is often hard to demonstrate empirically as it requires
a demonstration that discrimination occurs at the level of the
individual (Tibbetts & Dale, 2007; Seyfarth & Cheney, 2009;
Townsend, Allen & Manser, 2012). Even more challenging is
to demonstrate ‘true’ individual recognition, as this requires
showing that receivers match current sensory cues (e.g.
sounds) with stored information (i.e. mental representations
or templates) of the properties of a conspecific as well as of the
identity of a specific individual (Zayan, 1994; Tibbetts & Dale,
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2007). Recognition of individuals as belonging to a broader
level of categories containing more than one individual is
termed ‘class level” or ‘social’ recognition (hereafter class rec-
ognition; Mateo, 2004; Tibbetts & Dale, 2007).

While evidence of true individual vocal recognition is
limited, several studies do provide evidence that non-primate
animals, such as domestic horses Equus caballus (Proops,
McComb & Reby, 2009), spotted hyaenas Crocuta crocuta
(Benson-Amram et al., 2011), Greylag Geese Anser anser
(Scheiber et al., 2011), Jungle crows Corvus macrorhynchos
(Kondo, Izawa & Watanabe, 2012) and meerkats Suricata
suricatta (Townsend et al., 2012), recognize the identity of a
specific individual through unique vocal properties of the con-
specific. The scarcity of evidence for individual recognition in
non-primate species may be due to the simple inability of
animals to discriminate identity cues, but could also be caused
by the lack of suitable test situations. With the possible excep-
tion of mother—offspring recognition (Insley, 2001) and other
third-party relationship recognition systems (Engh et al.,
2005; Cheney & Seyfarth, 2007), recognition of an individual’s
class (e.g. their dominance status or sex) is sufficient for many
interactions and there are only limited situations where indi-
vidual recognition has a clear advantage over class recogni-
tion (Cheney & Seyfarth, 2007; Tibbetts & Dale, 2007).
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Additionally, animals may have limited motivation to show a
detectable response (Fischer ez al., 2001) or they may need to
exhibit individual discrimination only in certain periods, for
instance, in a period of need or conflict (Reber, Townsend &
Manser, 2013; Steiger & Miiller, 2010).

The task of detecting individual recognition of vocaliza-
tions may be particularly difficult when studying low-arousal
vocalizations such as growls or contact calls (Fischer et al.,
2001; Townsend et al., 2012). Townsend et al. (2012) pro-
posed a novel violation-of-expectation paradigm to test for
individual recognition and to overcome some of these issues.
Using a combination of congruent and incongruent play-
backs, they showed that meerkats individually discriminate
group members. Together with an additional study on social
monitoring of the behaviour of dominants by subordinates
in meerkats (Reber efal., 2013), Townsend et al. (2012)
provide convincing evidence that vocalizations are used for
individual recognition. They propose that the violation-of-
expectation paradigm can be used in a range of species to test
for individual discrimination.

In our study, we used this violation-of-expectation para-
digm to test for individual discrimination of calls in coopera-
tively breeding banded mongooses Mungos mungo. Banded
mongooses are small (=2 kg) social carnivores that show high
group cohesion. They live in mixed sex groups which average
around 20 individuals, but groups occasionally increase to
more than 70 individuals (Cant, 1998). They cooperate in pup
care, predator avoidance and territory defence (Rood, 1975;
Cant, 1998). Aggression within groups is usually low and
restricted to competition over food (Rood, 1975). However,
intense competition among males is observed during the
limited period (2-7 days) when females are in oestrus. During
this period, males exhibit a clear dominance hierarchy that
determines success in gaining access to breeding females
(Nichols et al., 2010). Older females are classed as socially
dominant because they aggressively evict younger females;
younger females, by contrast, do not evict older females (Cant
et al., 2010). Older females mainly initiate aggression towards
younger females, followed by targeted aggression of other
group members (Cant et al., 2010). During some periods of
female evictions, males are also evicted (Cant, Vitikainen &
Nichols, in press).

As in other cooperatively breeding species, banded mon-
gooses could potentially gain from individual recognition
to coordinate behaviours and to avoid conflict. Similar to
other social group-living species, keeping track of conspecif-
ics could be advantageous to coordinate behaviours and to
avoid conflict. Banded mongooses use a range of vocaliza-
tions to coordinate behaviours and to maintain group cohe-
sion (Messeri et al., 1987). Foraging banded mongooses
move in and out of dense vegetation and they dig for food
items in the soil with their heads down. Besides digging, they
also search for food on the surface, which is mainly done in
the thickets. They are therefore generally visually con-
strained during foraging and vocalizations likely play a criti-
cal role in keeping individuals informed of the social and
ecological environment. While foraging they frequently emit
close calls (Fig. 1), which most likely function in the main-
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Figure 1 Typical example of a banded mongoose Mungos mungo
digging close call (Gauss, FTT = 1024, overlap = 97.87%, frequency
resolution = 43 Hz).

tenance of group cohesion as described in other species
(Kondo & Watanabe, 2009). The close calls of banded mon-
gooses have been shown to be individually distinct (Miiller &
Manser, 2008a; Jansen, Cant & Manser, 2012). Specifically
banded mongoose pups are able to distinguish between play-
backs of close calls of their escort and of a non-escort, sug-
gesting that they are able to discriminate adult group
members based on the individual signature in the close call
(Miller & Manser, 2008a). However, it is unclear whether
this vocal recognition also exists among adults. In this study,
we used the violation-of-expectation paradigm playback
experiments based on Townsend ef al.’s (2012) method to
test whether adult banded mongooses use the individual sig-
nature of close calls to distinguish among group members.
Additionally, we performed a class recognition playback
experiment based on differences in dominance status and age
class (hereafter dominance/age class).

Materials and methods

Study population

The study was performed at the Banded Mongoose Research
Project in the Queen Elizabeth National Park, Uganda
(0°12S; 29°54’E). Cant (1998) has described the study site and
the habituated population in detail. During the three periods
of data collection between February 2009 and August 2011,
the study population consisted of four to six habituated
groups and three semi-habituated groups, with group sizes
ranging from 6 to over 50 (average 20 individuals). In four
groups, most individuals were habituated to a level that
allowed us to follow them with a microphone and to conduct
behavioural focal watches within 5 m.

Recording methods

All close calls used in the playback experiments were recorded
from habituated adult (=1 year) banded mongooses at a dis-
tance of ¢. 1-2 m using a Sennheiser directional microphone
(MEG66/K6 and a MZWG66 pro windscreen, frequency response
40-20 000 Hz *+ 2.5 dB, sampling rate 16 bit, Old Lyme, CT,
USA) connected to a Marantz PMD-660 solid state recorder
(Marantz Japan Inc., Kanagawa, Japan) or an M-Audio
Microtrack II (Avid Technology, Burlington, MA, USA).
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Playback protocol

Calls used in playback experiments were randomly selected
close calls of adult group members. For playbacks, calls with
high signal-to-noise ratio were selected using Cool Edit Pro
2000 (Syntrillium Software Corporation, Phoenix, AZ, USA).
Playback experiments were conducted on adult banded mon-
gooses belonging to four different groups. During the experi-
ments, we kept track of the spatial position of the adults whose
calls were played back to ensure they were over 10 m away from
the test subject. Calls were then played back from a Marantz
PMD-660 solid state or an M-Audio Microtrack through a
loudspeaker (JBL on tour, JBL, Northridge, CA, USA). The
loudspeakers were attached to the lower leg of the observers at
the height similar to that of the head of a foraging banded
mongoose (5-10cm above ground; Reber eral., 2013;
Townsend et al., 2012). Because close calls are generally soft
and, as the amplitude is often less than that of background
noise (e.g. bird song), it was not possible to use a sound level
meter. Calls were therefore played back at natural occurring
amplitudes estimated by hearing. A subject was followed until
it was foraging at a clearly defined foraging spot (e.g. a pile of
elephant dung), preferably in the open. Before the call was
played back, we filmed using a digital camera (Canon HF100,
Cannon Inc, Tokyo, Japan or Toshiba Camileo S20, Toshiba,
Tokyo, Japan) the behaviour of the subject for a minimum of
30 s. Thereafter, we performed one of two different playback
experiments. The playback was paused if the subject went out
of sight, the group started moving or an alarm call was given.
Only one playback experiment per subject was done per day
and a minimum of 3 days of separation was used between
experiments to avoid habituation.

Playback 1 - Violation of expectation

We randomly selected digging close calls of two adult group
members to create two playback conditions: (1) control (con-
gruent); (2) test (incongruent). Both conditions consisted of
two playbacks containing three close calls each, which were
separated by c¢. 3 s (within natural calling rate of the banded
mongoose; median = 12 min!; range = 0-60; Jansen, 2013). In
the test condition, both playback files consisted of close calls
recorded from the same individual. In the control condition,
one playback file consisted of close calls (Fig. 1) from the same
group member as used in the test condition and the second
playback file consisted of close calls from a different group
member. The test condition simulated a situation where an
individual is foraging on one side of the subject and then a few
seconds later appears on the opposite side, which is physically
unlikely (Fig. 2). By presenting subjects with different calls
from the same individual, we ensured that any violation-of-
expectation response in the incongruent condition would be
based on the listener’s recognition that the calls came from the
same individual, not that they constituted the exact same
stimulus (Townsend et al., 2012). During playbacks, the first
experimenter (D. J.) was positioned ¢. 2 m from the subject
and filmed the behaviour from close distance. The second
experimenter (K. M.) stood at ¢. 5 m from the subject and 7 m
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Figure 2 Playback protocol for experiment 1. Protocol was used in
both the (a) congruent (control) and (b) incongruent (test) conditions.
Camera indicated position of observer (D. J.) recording the behaviour of
the focal.

from the first experimenter to ensure a sufficient shift to
induce the violation of expectation. These distances ensured
that observer (D. J.) had a clear view of the subject and could
record all behaviours. The order of the distance, 2 m versus
5 m, from where the first call was played back, randomized.
The setup of test and control conditions was kept the same
and the order in which subjects heard the test or control
conditions was randomized. In case the playback had to be
paused, the experiment was restarted after a break of at least
30 min. Calls used for playbacks originated from 20 different
individuals of these four groups (3-6 individuals per group).

Playback 2 - Dominance / age recognition

Playbacks were performed using digging close calls of group
members that belonged to one of the following dominance/age
classes: (1) likely to be higher in social hierarchy (i.e. more
dominant and older); (2) littermate (same age); (3) likely to be
lower in the social hierarchy (younger). Categorization selec-
tion was based on behavioural observation in the few weeks
prior to the playback. Behavioural observations included
aggression, submission, mating, attempts of eviction and out-
comes of foraging competitions. In most cases, older individu-
als were classed as dominants and younger individuals as
subordinates. Sets of three close calls of a group member of
the same sex as the subject were selected per class. Close calls
were separated by ¢. 3 s. With sets of three calls, we created
blocks with calls of individuals of the three different
dominance/age classes. The order of the classes within the
blocks was randomized. All three possible orders were played
back consecutively (e.g. 4 — B— C, B— C—- A, C— B - A).
Therefore, the complete playback consisted of 27 calls. During
playbacks, the experimenter (D. J.) was positioned ¢. 2 m from
the subject and filmed behaviours from a close distance. Nine-
teen playback trials were performed with 16 different indi-
viduals from four different groups (2-5 subject individuals per
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group). Calls used for playbacks originated from 28 different
individuals of these four groups.

Behavioural responses

We analysed videos using Media Player Classic (Sourcefor-
ge.net 2011, VA Software, Fairwax County, VA, USA). Close
calls are a regularly emitted low-arousal state vocalization and
we therefore did not expect a strong response. We focused on
vigilance behaviour and noted: (1) each time the subject
scanned the surrounding area; (2) the duration of each vigi-
lance bout (i.e. looking time). Behavioural responses were
noted from the onset of the first call of the playback up to 5 s
after the last call.

Statistical analysis

All statistical analyses were done in R 2.15.2 using the R
packages ‘lme4’ (Bates, 2011), ‘coin’ (Hothorn et al., 2006)
and ‘AlCcmodavg’ (Mazerolle, 2012). As the experimental
setup of the first experiment (violation of expectation) fol-
lowed a within-subject design and sample sizes were small, we
used exact Wilcoxon signed-rank tests to analyse the effect of
playback type (congruent or incongruent) on vigilance dura-
tion and number of looks. We computed 95% confidence
interval (CI) for effect sizes using a bootstrapping method
with 10 000 repetitions to establish the significance of our
sample.

To investigate whether vigilance behaviour was affected by
dominance category in the second experiment (dominance/age
class recognition), we performed a series of generalized linear
mixed models with a binomial (0 = no vigilance response, 1 =
vigilance response) and Gaussian distribution (vigilance dura-
tion). The dominance/age class and the identity of the caller
were included as fixed factors and the identity of the focal
individual as a random factor. Because of the small sample
size, we used Akaike’s second-order information criteria
(AICc) to select the most plausible model (Mazerolle, 2012).
Lower AICc values correspond with better relative support
for each model and terms were only kept in the model if their
removal inflated AICc by more than two (Mazerolle, 2012).
The minimal model consisted of an intercept and the random
factor. To validate that there was no improvement to the
minimal model, all original terms were returned to the model
one by one, creating a model together with the basic model,
containing only the intercept and the random term.

Results

Violation of expectation

The response of the subjects to the congruent (control) and
incongruent (test) conditions of the playbacks did not differ.
There was no difference in vigilance behaviour between the
control and the test conditions (number of looks: exact Wil-
coxon test: Z = —0.95, P = 0.40, n = 15, r = —0.16; vigilance
duration (s): Z =-0.84, P=0.43, n =15, r =-0.14). Eight out
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Table 1 Overview of responses in the violation-of-expectation playback

Congruent Incongruent
Part Looks Duration (s) Looks Duration (s)
Before 1(0-1) 0 (0-1) 1(0-1) 0 (0-1)
After 0 (0-1) 0 (0-2) 0 (0-4) 0 (0-2)

Given are the median (range).

of the 15 tested subjects showed a vigilance response during
the control condition, whereas in the test condition this hap-
pened four times. Baseline vigilance behaviour measured
during the 30 s before the calls were played also did not differ
between conditions (number of looks: Z=1.45, P=0.33, n=
14, r = 0.16; vigilance duration (s): Z=1.31, P=0.33, n =14,
r=0.16; Table 1). Bootstrapping of the effect sizes and calcu-
lation of 95% Cls verified that the reported effect sizes did not
significantly differ from 0 and that our sample size was suffi-
ciently large enough (Fig. 3).

Dominance/age class recognition

Mongooses overall showed low vigilance behaviour during
the playbacks testing a discrimination between members of
different dominance/age classes [median number of looks: 3
(range: 0-7), n = 19; median duration (s): 7 (0-32.5), n = 19;
see Table 2 for responses per block]. Thirteen individuals
responded at least once during the playbacks [median number
of looks: 4 (1-7), n = 19; median duration (s): 8 (1-32.5), n =
19]. The likelihood of responding or vigilance duration was
not affected by dominance or identity of caller (Table 3). For
all test conditions, the basic model that only contained the
identity of the receiver as a random factor was the best model.

Discussion

We found no evidence that banded mongooses respond dif-
ferently to close calls of different individuals or dominance/
age class categories. This suggests that adult banded
mongooses do not discriminate between individuals based on
the individual signature that is present in the close calls. One
explanation for this result is that banded mongooses simply
do not possess the ability to recognize individuals. However,
previous work has demonstrated that pups can discriminate
between close calls of their escorts versus other escorting indi-
viduals in the group. Escorts showed increased responsiveness
towards distress signals of their escorted pup versus a different
pup (Miiller & Manser, 2008a). While this ability could simply
be based on familiarity, it nevertheless shows that banded
mongooses do possess the cognitive ability to discriminate
between individuals in the context of alloparental care. Con-
sequently, the lack of recognition among adults is rather sur-
prising, and suggests that individuals discriminate close calls
of other group members only in social contexts where such
discrimination is particularly useful or profitable.

A lack of response by the receivers may reflect a lack of
motivation rather than an inability to discriminate between
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i.) duration of vigilance (test vs. control)
ii.) number of looks (test vs. control)
iii.) duration of vigilance (first vs. second playback)

iv.) number of looks (first vs. second playback)

—
—
—0‘.50 —OI.25 0.;)0 0.‘25 :

Effect size
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Figure 3 Summary of repeatability of effect estimations: (i) duration of vigilance in test versus control condition; (i) number of looks in incongruent
(test) versus congruent (control) condition; (iii) duration of vigilance in first playback versus second playback; (iv) number of looks in first playback
versus second playback. The X-axis represents the effect size. Triangles are the computed estimates of effect based on our data. The solid circles
represent the calculated mean effect based on bootstrapping. The horizontal lines represent the 95% confidence intervals of the bootstrapped effect

sizes.

Table 2 Overview of responses per block in the dominance/age class
recognition playback experiment

Block Class? Looks Duration
1 D 0(0-1) 0(0-4)
1 L 0 (0-1) 0 (0-5)
1 S 0 (0-1) 0 (0-23)
2 D 0 (0-1) 0 (0-4)
2 L 0 (0-1) 0 (0-6.5)
2 S 0 (0-1) 0 (0-9)
3 D 0 (0-1) 0 (0-9)
3 L 0 (0-1) 0 (0-0)
3 S 0 (0-1) 0 (0-4)

Given are the median (range).
aDominance/age class; D = dominant (older); L = littermate (same); S =
subordinate (younger).

Table 3 GLMM s investigating the factors that predict the likelihood of
vigilance duration and number of looks in a class/age recognition
playback experiment

Duration Looks
Model  Description AlCc A? AlCc AP
Basic® 1789 0 288 0
1 Full 1817 28 1744 1456
2 Dominance/age class only 1795 7 298 10
3 Caller ID only 1823 34 391 103

2A;j = AlCc; — AlCCrin.
°Only contains intercept and the random factors. GLMM = generalized
linear mixed model; AlCc = Akaike's second-order information criteria.

specific individuals. Close calls are frequently emitted during
social foraging and are of low arousal. Therefore, upon
hearing a close call the receiver in many cases may just
acknowledge the presence of a group member without the
need to respond, visually or vocally, to such a low arousal
call. A similar pattern of an infant’s ability to discriminate
between calls, but lack of response in adults, was observed in
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chacma baboons Papio cynocephalus ursinus. Infant baboons
discriminated between the commonly used graded bark vari-
ations: the intermediate alarm barks and clear contact barks
(Fischer, Cheney & Seyfarth, 2000). Adult chacma baboons,
however, failed to show a difference in response between these
two call variations (Fischer ef al., 2001). As infants were able
to discriminate, the authors suggest that the lack of response is
due to a lack of motivation rather than an inability to do so
(Fischer et al., 2001).

The lack of motivation to respond may differ for the two
playback experiments we conducted in the banded mongoose.
The setup of the first experiment (violation-of-expectation
paradigm) is based on the assumption that the sudden shift of
position of the caller violates the expectation of the receiver
(Townsend et al., 2012). Banded mongooses, however, often
forage in dense vegetation with many position shifts, both in
distance to nearest neighbour and in relative position within
the group (Rood, 1975). Therefore, sudden shifts in position
might not be a violation of expectation for a foraging banded
mongoose in the way it appears to be for the closely related
meerkat (Townsend et al., 2012). This does not exclude that
banded mongoose may not also socially monitor the position
of other group members by their vocalizations.

The lack of response to the dominance/age class recognition
playback may indicate that response to close calls is only
beneficial during specific periods of conflict or other socially
relevant times. For example, adult subordinate female meer-
kats recognize the dominant female vocally based on close
calls, but test subjects only show a response to these calls when
they are under threat of eviction, and not during non-conflict
periods (Reber et al., 2013). It is likely that similar periods of
enhanced sensitivity occur in the banded mongoose. In par-
ticular, in the daily life of a group, conflict is likely to be
limited to competitions over food (Rood, 1975). Mongooses
frequently forage on large ungulate dung piles. These piles are
meticulously taken apart in search of dung beetles and their
larvae. Especially, the presence of fresh elephant Loxodonta
africana dung can lead to high congregation of mongooses,
leading to high levels of foraging competition (Rood, 1975).
Occasionally, higher levels of aggression do occur. Males, for
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instance, compete for access to females during oestrus, and
have been shown to respond stronger to olfactory cues of
the specific females in oestrus than females not in oestrus at
the same time (Miiller & Manser, 2008b). In addition, both
sexes occasionally aggressively evict mostly younger group
members during periods of oestrus or early pregnancies (Cant
et al., 2010; Nichols et al., 2010). In these periods of height-
ened conflict, the pay-offs of discriminating and responding
appropriately to particular individuals may be much greater
than at other times.

We performed our playback experiments during normal
foraging behaviour in periods with no breeding or overt
aggression in the group, and therefore outside of the temporal
window (e.g. during oestrus or periods of cooperative off-
spring care) for which it is beneficial for adult banded mon-
gooses to discriminate between group members. However,
during potential sensitivity periods such as oestrus, increased
aggression or eviction, individuals spend little time continu-
ously foraging and therefore experiments with the current
set-up are extremely difficult. Also, in certain non- or reduced
conflict situations, it can be beneficial to distinguish between
group members. This is, for instance, the case of the stable
close associations between pups and their escorting adults
(Miiller & Manser, 2008a).

Close calls of the banded mongoose are graded and besides
an individual signature contain a temporally separated behav-
ioural cue indicating whether the individual is ‘digging’,
‘searching’ or ‘moving’ (Jansen et al., 2012). In this experi-
ment, we used ‘digging’ close calls as stimuli during playbacks,
as these calls are emitted by individuals that are stationary and
digging for food items. The individual signature in the banded
mongoose close calls is encoded only in the initial noisy part of
the close calls. The harmonic extension indicting the behav-
iour is not individually distinct (Jansen et al., 2012). The
‘digging’ close calls consist only of the initial noisy part and no
harmonic extension. The ‘searching’ or ‘moving’ is not more
individually distinct, but includes additional information
regarding the current behaviour of the caller (Jansen et al.,
2012). We therefore do not expect that a more individualistic
response would have been shown to these variations of the
close calls.

Bates et al. (2008) used an expectancy-violation paradigm
experiment to demonstrate that African elephants recognize
others using olfactory cues and monitor their location. When
adult females unexpectedly encountered urine samples from
group members that were either absent or located behind the
focal individual (and so could not have produced the cue),
they showed an increased response to this incongruent and
unexpected situation. Future research could attempt to inves-
tigate if banded mongooses identify and monitor the location
of individual conspecifics using a similar expectancy-violation
paradigm experiment. During evictions, group members are
either temporally or permanently evicted from their natal
group (Cant & Field, 2001; Cant et al., 2010). During these
evictions, playbacks of close calls from current group
members and evicted group members could be used to inves-
tigate if adult mongooses also recognize and have an expecta-
tion as to the whereabouts of specific individuals.
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In conclusion, our results did not show that the individual
signature in the close calls is used on a day-to-day basis in
adult banded mongooses. This seems surprising considering
the earlier findings that banded mongoose pups are able to
distinguish adults based on their close calls. A lack in response
to the playback of signals does not necessarily mean that the
cognitive capacity is absent, it rather may indicate a lack of
motivation or no obvious need to respond. It is possible that
adults use the signature in specific situations (i.e. as the pups
do in the pup-escort associations; Miiller & Manser, 2008a) or
during socially sensitive periods, like in periods of targeted
aggression during eviction or oestrus. The lack of response in
adult banded mongooses to close calls highlights the impor-
tance of understanding the function of a signal (e.g. its
expected response) and its timing (i.e. aiming for the sensitiv-
ity period).
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