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Abstract One proposed benefit for the seemingly costly be-
haviour of food calling is the recruitment of social allies and
mates by the signaller. In chimpanzees, food calls are only
produced for approximately half of all feeding events.
Therefore, we investigated the influence of social and ecolog-
ical context on the probability of making a food call upon
arriving to a food patch in a group of wild chimpanzees.
First, we tested whether feeding events where food calls had
been uttered did in fact attract more individuals to join the
caller. Secondly, we examined the influence of two sources
of audience effects: those who were physically present with
the caller and those who were presumed nearby but out of
sight, and thirdly the effect of various ecological factors. We
found that when feeding on fruit species, events where food
calls had been produced had a higher probability of group
mates arriving, even whilst controlling for the effect of pant
hoots. Furthermore, the probability of uttering a food call was
motivated by social more than ecological context.
Specifically, high-ranking males were more likely to make
food calls when estrous females were nearby, while low-
ranking males and females generally called more when more
females were nearby, irrespective of their reproductive state.
These effects were independent of the increase in food call
probability when male callers were accompanied by more
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males. Our findings support the recruitment function of food
calls and suggest that high-ranking males call to attract estrous
females to food patches to obtain mating opportunities.
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Introduction

Vocalizations uttered by animals while foraging or feeding are
known as food-associated calls and are found in a multitude of
species across birds and mammals (Clay et al. 2012). Often,
vocalizations considered food-specific are found to be pro-
duced in other contexts as well. For example, a food-
associated call may generally signal excitement when encoun-
tering something pleasant in the environment and therefore
can be produced in many contexts (Dittus 1984; Clay et al.
2012). Regardless, even these food-associated calls act as if
they are referential to listeners, and many studies report that
food-associated calls attract conspecifics and trigger appropri-
ate feeding behaviour (birds: Marler et al. 1986; Elgar 1986;
Heinrich and Marzluff 1991; bats: Wilkinson and Boughman
1998; dolphins: Janik 2000; primates: Goodall 1986;
Chapman and Lefebvre 1990; Caine et al. 1995; Di Bitetti
2003; Slocombe and Zuberbiihler 2005; Kalan et al. 2015).
However, from a signaller’s perspective, it remains puzzling
why one should produce food-associated calls, hereafter ‘food
calls’, which attract other individuals to a food patch whereby
the larger group size results in increased feeding competition
(Chapman et al. 1995; Sterck et al. 1997). In fact, there are
multiple reasons why attracting group mates to a food patch
can confer advantages to the caller and offset the costs of
feeding competition, namely protection from predators
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(Elgar 1986), resource or territory defence (Sterck et al. 1997,
Wilkinson and Boughman 1998) or attracting mates and allies
(Stokes and Williams 1972; Mitani and Nishida 1993). For
other species, it has been shown that signallers produce food
calls to primarily benefit their kin (Hauser and Marler 1993a).
Additionally, food calls may be a cooperative form of signal-
ling where benefits are derived to the caller via a reciprocal
exchange of information about food sources (Trivers 1971).
There is also some evidence to suggest that animals who fail to
produce food calls that alert group members may suffer pun-
ishment. A study of rhesus macaques found that individuals
who failed to call upon discovering food suffered increased
rates of aggression from conspecifics (Hauser and Marler
1993b). When animals obtain a fitness benefit by calling to
attract group mates, this is referred to as recruitment (Heinrich
and Marzluft 1991). To date, only a few studies have directly
tested for the attraction ability or recruitment potential
of food calls (Elgar 1986; Chapman and Lefebvre 1990;
Heinrich and Marzluff 1991; Wilkinson and Boughman
1998).

Although food calls are generally observed to attract others
to a food patch (Clay et al. 2012) whether their primary func-
tion is to recruit individuals or if this happens as an accidental
by-product via information parasitism by receivers still re-
mains a controversial point (Heinrich and Marzluff 1991;
Janik 2000). In other words, if signals are not given intention-
ally, receivers could still learn to associate food calls with the
presence of food and therefore exploit this information and
join callers. However, this becomes much more complex if
signallers have some degree of control over call production.
For example, in chimpanzees, there is surmounting evidence
for audience effects in their communication whereby callers
produce vocalizations selectively and direct them towards spe-
cific individuals (Mitani and Nishida 1993; Slocombe and
Zuberbtihler 2007; Townsend et al. 2008; Crockford et al.
2012; Schel et al. 2013). With regards to food calls, chimpan-
zees only utter them sometimes while feeding (on average 40—
60 % of all feeding events; Slocombe et al. 2010; Kalan et al.
2015); therefore, there must be something else signallers are
taking into account other than simply the presence of food. A
recent playback study by Schel et al. (2013) showed that food
call production was influenced by the presence of close social
partners and dominant individuals. Additional chimpanzee re-
search showed how food calls made during a feeding event
could function to maintain proximity to social allies and to
prolong feeding activity (Slocombe et al. 2010; Fedurek and
Slocombe 2013). Together, these studies demonstrate that
food call production by chimpanzees is not a hardwired re-
sponse to food but instead appears to be socially motivated
towards particular individuals. However, it remains to be test-
ed whether food calls function to recruit other chimpanzees to
the food patch as has been suggested repeatedly by many
researchers studying captive and wild chimpanzees (Marler
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and Tenaza 1977; Wrangham 1977; Goodall 1986; Hauser
and Wrangham 1987; Slocombe and Zuberbiihler 2005,
2006). The only evidence for recruitment using food calls
has been demonstrated in spider monkeys (Chapman and
Lefebvre 1990), another primate species besides chimpanzees
and bonobos to exhibit a fission-fusion social system. Spider
monkeys producing food calls, or ‘whinny’ vocalizations,
were observed to attract conspecifics to feeding trees
(Chapman and Lefebvre 1990), and the call has been shown
to be used to stay in contact with subgroups nearby (Ramos-
Fernandez 2005).

There is evidence from captivity and the wild that the
acoustic variation present in chimpanzee food calls is modi-
fied with respect to the preference or value of the food item
(Slocombe and Zuberbiihler 2005, 2006) and patch size
(Kalan et al. 2015). Early experiments also demonstrated that
food call rate increased with the quantity of food presented
(Hauser and Wrangham 1987; Hauser et al. 1993). Wrangham
(1977) originally proposed that long-distance pant hoot vocal-
izations might be used by male chimpanzees to attract estrous
females to feeding trees in order to gain mating opportunities.
There is some evidence that these pant hoot vocalizations
could indicate male status (Clark and Wrangham 1994), but
pant hoots are mostly produced during travel, not feeding
contexts (Fedurek et al. 2014), which suggests that their pri-
mary function is likely to regulate group coordination (Mitani
and Nishida 1993). Therefore, to address Wrangham’s (1977)
original hypothesis, it may be more appropriate to focus on
chimpanzee food calls, also known as ‘rough grunts’, which
grade from soft grunts to loud barks and are specifically pro-
duced by chimpanzees only in a foraging or feeding context
(Goodall 1986; Slocombe and Zuberbiihler 2006).

Chimpanzees have an extensive repertoire of gestures
(Hobaiter and Byrne 2011) and facial expressions (Goodall
1986) to communicate during face-to-face interactions; there-
fore, it is essential to investigate whether vocalizations might
be targeted at individuals that are not in the immediate pres-
ence of the caller, especially since chimpanzee food calls can
be heard outside the distance of a cohesive party (Kalan et al.
2015). Thus, the aim of this study was to determine what
motivates a chimpanzee to initially emit a food call or not
when arriving to a food patch by investigating the surrounding
social and ecological context. Firstly, we tested whether there
is support for the ‘recruitment hypothesis’ by examining
whether food calls do indeed attract other chimpanzees to a
food patch. Secondly, if food calls are produced by signallers
with the purpose to attract others, we expected chimpanzees to
be selective about for whom they produce calls and thus to
exhibit particular audience effects (Zuberbiihler 2008).
Inspired by the seminal studies on primate vocalizations by
Mitani and Nishida (1993) and Chapman and Lefebvre
(1990), we looked at two potential sources of audience effects:
those individuals who were accompanying the signaller (i.e.,
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physically present) and those individuals who were not in
visual contact with the signaller but crucially could be be-
lieved to be nearby and within earshot when the signaller
arrives at a food patch. Importantly, we tested for both types
of audience effects simultaneously since the presence of some
individuals has already been shown to be an important factor
for food calls (Slocombe et al. 2010; Fedurek and Slocombe
2013) in order to elucidate which effects may be more impor-
tant in driving call production. Additionally, due to our previ-
ous results where the acoustic structure of food calls varied
according to patch size (Kalan et al. 2015), as well as the
experimental studies mentioned above, we tested ecological
variables for their potential influence on call production.
Specifically, we predicted that food call production would
depend on the time into the season since the motivation to
inform and communicate with group mates may dissipate
once all individuals are aware of trees bearing edible fruits.
Hence, along with predictors of tree productivity and fruit
availability, we included a proxy for time in fruiting season.

Materials and methods
Study subjects

Data were collected in Tai National Park, Cote d’Ivoire (5° 45
N, 7° 07 W; see Boesch and Boesch-Achermann 2000 for
details of study site), from July 2011 through May 2012. All
day focal follows were conducted for five male and four fe-
male chimpanzees of the habituated south group. This group
comprised a total of 19 individuals with five dependent off-
spring at the end of the study period. All focal individuals
were 15 years of age or older, except for two sub-adult males.
Due to the small number of males in the community, sub-adult
males were included who were the third and fourth ranked
males of the group by the end of the study period (Table 1).

Table 1  Ages, ranks and observation hours for each individual
included in this study from one habituated group of chimpanzees

Males Age Rank Observation hours
Woo 18 1,2 137.50
Uta 18 3 75.00
Kub 16 2,1 145.25
Jac 13 3 23.00
Rom 13 4 65.25
Females

Sum 47 1 78.75
Jul 42 2 59.25
Ish 42 2 94.00
Kin 22 3 76.50
Total 754.50

Hence, they held important social roles within the group and
were physically comparable in their development to the other
males, of which none were over the age of 18. Dominance
ranks of all individuals were determined by observing the
directionality of pant-grunts, a greeting vocalization that is
produced solely up the hierarchy which is a standard method
for assessing dominance relationships of chimpanzees (Wittig
and Boesch 2003). Amongst females, pant-grunts were rare,
so we used additional observations on displacements at feed-
ing sites and agonistic interactions to assign ranks (Wittig and
Boesch 2003). It was not clear between two females who had
the higher rank during the study period; thus to be conserva-
tive, we gave them the same rank. Males, unlike females,
changed ranks during the study period (Table 1).

Data collection

Continuous behavioural and vocalization data were collected
for a focal individual during dawn to dusk focal follows (aver-
age duration+tstandard error 8.88+2.9 h). A feeding event
started when a focal individual began eating or collecting food
items and lasted until the focal ceased to feed. If the focal was
observed to resume feeding at the same patch, we recorded this
as a continuation of the initial feeding event. During feeding
events, it was noted whether pant hoots were produced by any
other chimpanzee present. Every feeding event was given a
unique ID, and the species eaten was noted. Only complete
feeding events where we had continuous data from the arrival
of the focal to the end of the feeding event were used in this
analysis. Meat, insects, terrestrial herbaceous vegetation (THV)
and other food items such as mushrooms were not included in
this analysis since they are not easily confined to a particular
location or patch. Thus, only feeding events for fruit, nuts or
leaves were used since their availability was tree-dependent,
and therefore, a single food patch could be easily identified.
To measure tree productivity, AK, or a field assistant, doc-
umented tree diameter at breast height (dbh; Chapman et al.
1992) during feeding events for any tree with a dbh>20 cm.
For fruits that were eaten on the ground by chimpanzees (sev-
en species), AK observed what types of fruits chimpanzees
rejected to determine which fruits on the ground would be
readily eaten by chimpanzees (e.g., chimpanzees ignore rot-
ting fruits). AK then counted the number of edible fruitsina 1-
m strip from the base of the fruit tree and then multiplied this
by the patch area under the tree. For all other species that were
fed on while being in the tree, AK estimated a fruit count in
one of two ways, but consistently in the same manner for any
particular species, in order to standardize counts relative to
one another, using the maximum and minimum count ob-
served for a species. Either the number of fruits eaten by the
focal individual within 1 min was counted, two separate times
within the first 10 min of feeding, and then averaged to get an
intake rate. For other species where it was possible to see the
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number of fruits in the tree crown using binoculars, AK esti-
mated a minimum and maximum count for ripe fruits visible
in the tree crown, and an average between the two values was
taken. Moran’s /, a measurement of spatial aggregation or
distribution, had been calculated for the fruit tree species in
the south group territory in a previous study (Wittiger and
Boesch 2013) and therefore were readily available. To obtain
a proxy for time in fruiting season, we checked all feeding
observations of the group for any given species and designat-
ed the first feeding event as day zero. From this reference
point, the number of days were counted to determine at what
time in the season subsequent feeding events had occurred for
that species.

Throughout the day, party composition was monitored con-
tinuously, and the times of arrivals of other individuals to the
food patch were noted. A party included any individual travel-
ling independently (>5 years old) and within visual distance of
the focal, and thus the observer. Visual detection distance is at
most 25-50 m in the Tai forest. We also noted whether the
focal’s party was joining others or if others had arrived to join
the focal’s party. Additionally, we noted down whether the food
patch was empty of chimpanzees upon our arrival or if other
individuals were already present. If other individuals were pres-
ent at the patch, they were from then on considered as part of the
focal’s party since they were in visual contact with one other.

Since we used natural observations in this study and not
experimental manipulation, we noted whether vocalizations
were emitted by a focal chimpanzee within the first minute
of arrival at a food patch. This is important for two reasons: (1)
As a feeding event progresses, party composition changes and
social interactions take place and other vocalizations are pro-
duced, thereby making it difficult to determine what may have
driven call production, but calls uttered upon arrival are par-
ticularly likely to be triggered by the initial social and ecolog-
ical environment; (2) chimpanzees are known to chorus or
otherwise vocalize together back and forth in a way that
strengthens already established bonds (Fedurek et al. 2013).
With respect to food calls and pant hoots, this is more likely to
occur after the first vocalizations have been elicited at a food
patch or when other chimpanzees arrive (personal observa-
tion); thus, to control for confounds of these additional sources
of arousal, we isolated the first minute upon arrival.

Definitions of audience members

Studies of chimpanzee vocalizations have consistently shown
that behaviour is influenced by who may be nearby, or within
auditory distance of the signaller, and not only by who may be
in visual contact (Goodall 1986; Mitani and Nishida 1993;
Slocombe and Zuberbiihler 2007; Schel et al. 2013). To cal-
culate which individuals may have been within auditory dis-
tance but not in visual sight, any individual observed with the
focal within the 30-min period prior to arriving at the food
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patch but crucially, did not arrive with the focal, was consid-
ered to be possibly within a distance of a few hundred metres
from the patch, therefore ‘nearby’ (Mitani and Nishida 1993).
We recorded chimpanzee food grunts and barks on a Song
Meter SM2+ device (Wildlife Acoustics) when chimpanzees
were circa 250 m away (AK unpublished data) and therefore
believe that food calls can travel up to a maximum of ca.
300 m in the Tai forest (Kalan et al. 2015). Interestingly, this
happens to be the same distance that a spider monkey food
call, or ‘whinny’, has been estimated to travel in a forest
(Ramos-Fernandez 2005). We chose a maximum interval of
30 min, because this was a sufficient amount of time for a
receiver to transverse a putative 300 m distance while also
reasonably assuming that a signaller may have a salient mem-
ory for having been with a specific individual within the last
30-min period and may believe that the individual is nearby
(Mitani and Nishida 1993). The maximum 30-min delay was
also chosen, because it was used in a recent experimental
study on chimpanzee foraging cognition (Sayers and Menzel
2012). Since we are interested in vocal communication, it is
essential that when individuals are not in visual contact, a
vocal signal becomes the most effective means of communi-
cation. Thus, our definition of party composition is specifical-
ly concerned with visual contact, and our definition of nearby
individuals specifically considers those individuals that the
focal may reasonably believe are within earshot. Using this
definition, nearby individuals ranged from being last seen
with the focal between 3 min up to the full 30 min before
arriving to the food source. Individuals that had been observed
with the focal longer than 30 min ago were not considered to
be nearby.

A female chimpanzee was considered to be in estrus
when her sexual swelling was maximally tumescent, mean-
ing the skin around the anogential region was fully swollen,
tight and shiny which usually attracts males to copulate
with her (Deschner et al. 2003). It has been shown that the
majority of ovulations occur when these sexual swellings
are maximally tumescent, thereby providing an indicator of
the female’s conception probability to males (Deschner
et al. 2003). In this study, we were not specifically con-
cerned with conception, which would require hormone da-
ta, but rather the physical signal of the swelling that can be
observed by conspecifics. Since we do not assume to know
what may be more salient to a chimpanzee, whether it is the
reproductive state of females or simply the sex of the indi-
viduals present, any estrous female was also scored as an
adult female. Only three females were ever observed to be
in estrus during this study period although never all three at
the same time, one of which was nulliparous. Hence, al-
though the number of adult females could range from 0 to
6, the number of estrous females observed ranged from 0 to
a maximum of 2 and the number of males from 0 to a
maximum of 5.
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Statistical analysis

We ran three main analyses using generalized linear mixed
models (GLMMs; (Baayen 2008) and two additional post
hoc GLMMs. All GLMMs had a binomial error structure with
a logit link function and were implemented using the function
‘glmer’ from the package ‘lme4’ (Bates et al. 2014) in R
version 3.0.2 (R Core Team 2013). We accounted for potential
temporal autocorrelation in the residuals (due to data points
being near in time) of all models using the method detailed by
Fiirtbauer et al. (2011) and included it as a control predictor in
our models (Mundry 2014). The term was dropped from the
final model if the estimate was negative. For every GLMM,
we included random slopes for all fixed effects within random
intercepts, when applicable, to keep the probability of making
a type I error at the desired level of 0.05 (Forstmeier and
Schielzeth 2011; Barr et al. 2013). All continuous covariates
were z-transformed to a mean of 0 and standard deviation of 1
before running the model (Schielzeth 2010). Model stability
was evaluated by comparing model estimates where levels of
the random effect(s) were dropped one at a time to ensure that
they did not change model estimates significantly. We also
checked for collinearity problems amongst predictors (Quinn
and Keough 2002) by deriving variance inflation factors
(VIFs) using the function ‘vif” of the package ‘car’ (Fox
et al. 2012) applied to standard linear models with fixed ef-
fects only. For each GLMM, a full versus null model compar-
ison was conducted first to determine the significance of the
test predictor variables as a whole (Forstmeier and Schielzeth
2011) using a likelihood ratio test (R function ‘anova’
(Dobson and Barnett 2008)). The null model comprised all
model terms as the full model except for the fixed effects of
interest. Only if the likelihood ratio test showed a significant
difference (P<0.05), we discuss the results of the model with
respect to individual test predictors (Mundry 2014). The sig-
nificance of individual predictors was also assessed using like-
lihood ratio tests. For all of the following models, stability
assessment showed that estimates did not vary significantly
and collinearity was not a problem, ensuring results were
robust.

Recruitment model

The first model tested for the recruitment function of food
calls, whereby conspecifics were expected to be attracted to
feeding events where chimpanzees had uttered food calls dur-
ing the feeding event. Specifically, we tested whether the ar-
rival of other individuals (yes/no) to a feeding event was a
function of whether food calls had been produced by the focal
individual (yes/no), while also controlling for whether pant
hoots had been produced during the feeding event (yes/no)
which undoubtedly serve as a long-distance call and have
been suggested to also attract group members to food sources

when produced in a feeding context (Clark and Wrangham
1994). This model considered food calls and pant hoots pro-
duced at any time during the feeding event. For those events
where arrivals of other chimpanzees had been observed, we
specifically noted food calls and pant hoots that had been
uttered before the first individual arrived. If multiple arrivals
occurred during a feeding event, only the first arrival was
considered. For events with no arrivals, food calls or pant
hoots produced at any time were considered. It should be
noted that for all feeding events observed, individuals who
arrived always began to join in eating. Twenty-three events
were removed because the whole group had arrived at the
patch together (4/23 events food calls were still produced on
arrival), leaving a total of 534 feeding events. We also re-
moved any events where the first arrival occurred after
30 min of the focal arriving to the patch (7/153 events with
arrivals) to limit the response window for an arrival to occur
considering the maximum distance food calls can travel (see
‘Definitions of audience members’). The final sample size was
527 events for this analysis. The model controlled for food
type (fruit, leaves or nuts) and party size, using a weighted
mean according to duration and, importantly, included an off-
set term (McCullagh and Nelder 1989) to control for the time
spent at the patch since the chance probability of new arrivals
increases as event duration becomes longer. The random ef-
fect of food species (55 species) was accounted for, as well as
the random slopes for food call and pant hoot production
within food species (Table 1). We also ran the exact same
model for fruit species only (N=319 with 43 species) since
previous research on food calls has shown that chimpanzees
produce food calls more often for fruits than herbaceous foods
(Fedurek and Slocombe 2013).

Audience effects model

The second analysis tested for audience effects on food call
production, specifically, whether individuals that were nearby
or present affected the probability of a chimpanzee to produce
a food call upon arriving to a food patch. The response vari-
able was whether the focal individual produced a food call
upon arriving at a food patch within the first minute (yes/
no). The critical test predictors included the two types of au-
dience effects: presence of certain individuals accompanying
the focal upon arrival and absent but nearby individuals. The
following variables were therefore determined for the first
minute of each feeding event, excluding the focal individual:
the number of males present or nearby, the number of adult
females present or nearby and the number of estrous females
present or nearby. All six social audience effect test predictors
were initially tested as three-way interactions with sex and
rank of the caller since both sex and rank of a chimpanzee
can affect their vocalization behaviour (Clark 1993). Again,
food type and additional control predictors were time of day,
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also as a squared term, as a proxy for the variation in hunger
due to daily activity patterns which may follow a quadratic
rather than linear pattern, and whether the food patch was
empty upon arrival or not. Every data point represented a
single feeding event where we also had complete data on
who was nearby (N=497). The model included the random
effects of focal ID (nine individuals) and food species (54
species) and included the random slopes for every interaction
with a test predictor within focal ID and food species sepa-
rately, as well as for all possible control variables (Table 1).
The assessment of model stability revealed all but one of
the three-way interactions between the six test predictors and
sex and rank to be somewhat unstable. Therefore, these inter-
actions were dropped leaving only the respective two-way
interactions (i.e., with sex and rank separately). At this point,
model stability was achieved. Only once a full versus null
model comparison was significant, we examined the signifi-
cance of each predictor in its respective interaction
(Forstmeier and Schielzeth 2011). If any particular interaction
was non-significant, we dropped it and inspected the respec-
tive main effect in the final model to determine whether or not
it had any influence. In this manner, we could draw robust
inference regarding all social audience effects simultaneously.

Ecological model

The ecological variables tested for their potential influence on
the probability of focal individuals uttering a food call upon
arriving to a patch were dbh, Moran’s /, fruit count and days
since the first feeding observation for a species. Thus, this mod-
el only included feeding events for fruit species where all eco-
logical variables had been measured (N=217). We put in two-
way interactions between dbh, fruit count and Moran’s / since
the effects of tree size and fruit count may be exacerbated or
minimized for species that are clumped in their distribution.
Sex, rank, arriving to an empty patch (yes/no), time, time”
and party size upon arrival were controlled for (we could
include party size because it was no longer collinear with the
other predictors; Table 1). Again, food species (seven species)
and focal ID (nine individuals) were random effects in the mod-
el, and we included the random slope for every test and control
predictor within the two random effects when applicable.

Post hoc analyses for recruitment of nearby chimpanzees

For those predictors where we found a significant effect of the
number of nearby individuals in a certain class (e.g., estrous
females) in the audience effects model, we ran post hoc analy-
ses to determine whether events where food calls were pro-
duced upon arrival were significantly more likely to successful-
ly recruit that specific class of nearby individuals. An event was
considered successful in recruiting if at least one individual of
that ‘targeted class’ was observed to arrive during the feeding
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event. Only the effects of sex and food calling on recruiting
nearby individuals could be examined via post hoc analyses,
because to test for the effect of rank and food calling on recruit-
ment required an interaction between the two which was not
possible to be fitted with the reduced datasets. To test for dif-
ferences in recruitment among the two sexes, we could fit two
separate GLMMs. One model for males (N=35, 16 fruit species
and 5 individuals) and another for females (N=25, 12 species
and 4 individuals), considering only those events where the
potential targeted class of individuals was indeed nearby and
for fruit species only, which allowed to reduce the complex
random effects structure in the model. Only the test predictor,
whether or not a food call had been produced by the focal upon
arrival (yes/no) was included, while keeping the critical offset
for event duration, and the random intercepts for species and
focal ID as well as the random slopes for food calling within
focal ID and food species. The critical control predictor of
whether pant hoots had been produced during the event was
included although additional control predictors could not be
included because they caused model instability. The response
variable was whether the targeted nearby individual(s) joined
the feeding event (y/n).

Results

In total, we observed 557 complete feeding events where chim-
panzees ate fruit (43 species), leaves (17 species) or nuts (3
species). Of those 557 events, food calls were produced in
41 %, with only 19 % of events eliciting food calls upon the first
minute of arrival. In 89.9 % of the feeding events, there were no
other chimpanzees already present at the food patch upon arrival.
For comparison, pant hoots were produced even less often, hav-
ing been uttered by focal individuals in 27 % of the 557 feeding
events, with only 4 % of these events eliciting pant hoots by the
focal within the first minute of arrival (Table 2).

The recruitment model showed that the arrival of other in-
dividuals to a feeding event was not influenced by food calling
(estimate+SE=0.46+0.35, X°=1.61, df=1, P=0.21). Only
pant hoots had a significant increase in the likelihood of chim-
panzees to arrive (estimate=SE=0.72+0.28, X?=5.17, df=1,
P=0.023). However, when we restricted our analysis to feed-
ing events for fruit species only, arrivals of nearby individuals
to the food patch were significantly more likely following food
calls (estimate=SE=0.81+0.31, X*=5.16, df=1, P=0.023).
Furthermore, this effect was similar to pant hoots which con-
tinued to have a significant positive effect on arrival probability
(estimateSE=0.85+0.38, X*=4.06, df=1, P=0.044).

Effects of audience and ecology on food call production

Of'the 254 feeding events where a female chimpanzee was the
focal, she uttered a food call upon arrival in 47 feeding events.
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Table 2

Summary of the GLMM constructions for the three main analyses in this study

Recruitment model®

Audience effects model

Ecological model

Response variable

Test predictor(s)

Control predictor(s)

Random intercept(s)

Random slope(s)

Offset term

Total sample size

-Other chimpanzee(s)
arrive to event (y/n)

-Food call(s) produced
by focal (y/n)

-Food type (leaves, nuts or fruit)

-Pant hoot(s) produced by any
chimpanzee present during feeding
event (y/n)

-Weighted mean party size

-Focal ID (9)
-Food species (55)

-For every test and control predictor
within focal ID and food species
(except food type)

-Event duration (log)
527 feeding events

-Food call(s) produced by focal
on arrival (y/n)

Interactions between the focal’s sex
and rank and number of

-Males present

-Females present

-Estrous females present

-Males nearby

-Females nearby

-Estrous females nearby

-Food type (leaves, nuts or fruit)

-Time of day

-Time of day”

-Patch empty on arrival (y/n)

-Focal ID (9)
-Food species (54)

-For every test and control predictor
(except patch empty on arrival)
within focal ID and food species

-NA
497 feeding events

-Food call(s) produced by focal
on arrival (y/n)

-Tree size (dbh)

-Moran’s /

-Fruit count

-Days since first feeding observation
of that species

-Two-way interactions between dbh,
Moran’s / and fruit count

-Time of day

-Time of day”

-Sex of focal

-Rank of focal

-Party size on arrival

-Patch empty on arrival (y/n)

-Focal ID (9)

-Food species (7)

-For every test and control
predictor (except patch empty
on arrival) within focal ID and
food species

-NA

217 feeding events

# The fruit only model included all the same terms except no longer required food type as a control (N=319 feeding events for 43 fruit species)

The remaining 243 events where a male was the focal, he
made a food call upon arrival in 51 events. The GLMM testing
for audience effects showed that chimpanzee food call proba-
bility upon arriving to a patch was influenced by social factors
(full-null model comparison X2:44.45, df=18, P=0.0005;
Table 3). There was a significant three-way interaction be-
tween sex and rank of the caller and the number of estrous
females nearby, whereby high-ranking males had an increased
probability of uttering a food call when there were more es-
trous females nearby (Table 3; Fig. 1). There was also a sig-
nificant interaction between rank and the number of females
nearby on food call probability (Table 3; Fig. 2), whereby both
male and female chimpanzees of low rank uttered food calls
more often when there were many females nearby irrespective

of their reproductive state. With respect to the presence of
particular individuals accompanying the focal chimpanzee,
there was a significant influence for male chimpanzees to
produce food calls more often when more males were in their
party (Table 3; Appendix 1a), and males were less likely than
females to produce a food call when adult females were ac-
companying them (Table 3; Appendix 1b). All other audience
effects tested had non-significant effects (Table 4).

The only control variable having a significant influence on
food call probability was food type (X*=14.39, df=2,
P<0.001), where food calls were most often produced for
fruits, secondly for nuts and least often for leaves. However,
the results of the GLMM testing for more precise ecological
variables showed that there was no overall significance of

Table 3 Proportion of feeding

events (N=557) where focal Tai Food call made

Pant hoot made Food call made Pant hoot made Other

chimpanzees were observed to on arrival on arrival any time any time chimpanzees
make food call(s) and pant hoot(s) arrived
within the first minute of arrival
or at any time during the whole Total 107 24 227 151 153
feeding event Fruit (344) 84 20 177 117 120

Leaves (147) 7 25 20 18

Nuts (66) 16 25 14 15

Also shown is the proportion of events where other chimpanzees arrived to join the feeding event and was
calculated for only those events where the whole group was not present with the focal upon arrival (N=534)
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Female caller
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Fig. 1 High-ranking male chimpanzees at Tai were more likely to utter a
food call upon arrival as the number of estrous females nearby increased
(N=497). Low-ranking females generally called more often than high-
ranking females, regardless of the number of estrous females nearby. The
surface represents the fitted model; circles represent the averaged

ecological predictors on the probability of a chimpanzee pro-
ducing a food call within the first minute of arrival to a food
patch, both with the interactions included (full-null model
comparison X>=8.63, df=7, P=0.28) and when including
main effects only (X*=7.02, df=4, P=0.14).

Post hoc analyses of recruitment

There were 53 feeding events where a male chimpanzee was
the focal, and at least one estrous female was nearby. A food

Female caller

PR

Aligeqoid ||eo poo)

Fig. 2 Both male (N=243) and female (N=254) Tai chimpanzees of low
rank were more likely to produce food calls upon arriving to a food patch
when many females were nearby. Plots are shown for the two sexes
separately for clarity. The surface represents the fitted model; circles
represent the averaged response per cell of the surface, and their

@ Springer
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response per cell of the surface, and their volume corresponds to the
relative number of observations in the respective cell. Filled in circles
fall above the 3D model surface, depicted by solid vertical lines, while
empty circles fall below it, depicted by dashed vertical lines

call was produced on arrival for 19 of those events of which 15
were for fruit species. Of these 15 events, the estrous female
was successfully recruited to the patch in 12 (80 %; Fig. 3).
Post hoc analyses showed that recruitment success of male
chimpanzees for an estrous female was significantly higher
when they uttered a food call upon arriving to fruit trees (esti-
mate+SE=3.38+1.75, X*=4.80, df=1, P=0.029). On the other
hand, female chimpanzees did not differ in their recruitment
success for an estrous female when they made food calls at fruit
trees (estimate+SE=0.39+1.57, X*=0.059, df=1, P=0.81;

Male caller

Alllgeqoid |1ed poo)

volume corresponds to the relative number of observations in the
respective cell. Filled in circles fall above the 3D model surface,
depicted by solid vertical lines, while empty circles fall below it,
depicted by dashed vertical lines
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Table 4  Result of the audience effects model testing for the influence
of social variables on focal food call probability within the first minute of
arriving to a food patch (N=497)

Estimate SE X°  df Pvalue

Intercept -1.71 0.56 - - -
Autocorrelation term 0.18 016 121 1 027
Time of day —0.22 0.19 095 1 033
Time of day? —0.42 021 266 1 0.10
Arrive to empty patch 0.40 048 0.65 1 042
Estrous females present 0.18 025 047 1 049
Males nearby -0.12 020 031 1 058
Sex: males present 0.88 041 4.02 1 0.045
Rank: males present —-0.15 024 041 1 052
Sex: females present —-1.05 042 541 1 0.020
Rank: females present —0.26 026 074 1 039
Sex: females nearby —-0.39 042 090 1 034
Rank: females nearby —0.63 026 6.74 1 0.009
Sex: rank: estrous females nearby ~ 1.24 059 547 1 0.019

All main effects encompassing interaction terms were included in the
GLMM model but are not shown here for clarity. All estimates including
the variable sex are given for males in reference to females

Overall effect of food type in the model X? =14.39, df=2, P<0.001
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Fig. 3 The probability of a nearby estrous female(s) to be attracted to a
food patch as a function of whether a food call had been produced by the
focal chimpanzee, tested separately for males and females. In brackets is
the total number of feeding events for fruit species where a food call had
been made on arrival (black bar) or not (white bar)

Fig. 3). Of the 12 events where a food calling male chimpanzee
was successful in recruiting an estrous female(s), that male was
observed to subsequently copulate with that estrous female(s),
either during or after the event had ended, for eight of the 12
events (67 %; Fig. 4). For the remaining four events, the male
had been observed to copulate with that estrous female earlier
in the day. Alternatively, of the 20 events where males had not
uttered a food call upon arriving to a fruit tree, a nearby estrous
female(s) was still attracted to the patch for five of these events
(25 %; Fig. 3). The male focal was observed to copulate with
that estrous female(s) during one of those feeding events. For
another three of those events, the male had copulated with the
estrous female earlier in the day, and for one of the events, we
lost the focal after the feeding event so cannot be sure of what
happened afterwards. Unfortunately, due to the reduced number
of observations, we were not able to fit a stable model to test if
this difference was statistically significant (Fig. 4).

Discussion

This study shows that the probability of a chimpanzee making
a food call was influenced by social context more than eco-
logical context. Having individuals both present with and
nearby (i.e., within earshot), the caller affected whether chim-
panzees made a food call upon arriving to a food patch.
Overall, male chimpanzees were more likely to produce a
food call when in the company of many males but less likely
when accompanied by many females (Table 3). The effect of
nearby individuals on food call probability was highly signif-
icant (Table 3). Both low-ranking males and females were
more likely to utter a food call when there were many females
nearby (Fig. 2). In particular, high-ranking males were more
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Fig. 4 The number of feeding events where an estrous female(s) had
been successfully attracted, and the male focal chimpanzee was
observed to copulate with her before, during or after the feeding event
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likely to call when more estrous females were nearby (Fig. 1).
Crucially, when male chimpanzees were observed to utter
food calls upon arrival, they were effective in recruiting these
nearby estrous females to food patches (Fig. 3).

Similar to what was reported in other studies, fruit species
elicited food calls more often than nuts or leaves (Slocombe
et al. 2010). However, based on our previous findings (Kalan
et al. 2015), we were surprised to not find an effect of other
ecological variables on the probability of uttering a food call
upon arrival. This could be an artefact of restricting our anal-
ysis to the first minute upon arrival, since ecological factors
may become more salient as food is being ingested and its
quality better assessed (e.g., number of fruits, patch size). In
fact, the aforementioned study analyzed calls produced during
a feeding event while controlling for call latency. On the other
hand, our findings are congruent with the literature on animal
communication whereby presence or absence of call produc-
tion is often modulated by the social audience (Seyfarth and
Cheney 2003; Zuberbtiihler 2008). Clearly, the mere presence
of food is not sufficient to motivate call production since calls
were produced on average for only 40 % of feeding events in
this study (Table 2). Thus, particular social situations are more
likely to elicit chimpanzee food calls as demonstrated in this
study and others (Slocombe et al. 2010; Fedurek and
Slocombe 2013; Schel et al. 2013).

Recruitment of nearby individuals

Our results provide support for chimpanzee food calls func-
tioning as recruitment calls that attract nearby individuals to a
food patch when feeding on fruit species, even when control-
ling for the effect of pant hoots. To our knowledge, these are
the first data supporting the observation proposed by many
researchers regarding the attractive properties of chimpanzee
food calls (Marler and Tenaza 1977, Wrangham 1977,
Goodall 1986; Hauser and Wrangham 1987; Slocombe and
Zuberbiihler 2005). Although, a previous study showed that
food call structure was influenced by tree size for a particular
fruit species and chimpanzees tended to be attracted to calls
made specifically for large trees (Kalan et al. 2015). It would
be worthwhile examining how much of this recruitment be-
haviour is dependent on a fission-fusion social system which
is characteristic of both chimpanzees and spider monkeys
(Chapman and Lefebvre 1990) and why some species use
food calls to similarly attract conspecifics (Elgar 1986;
Heinrich and Marzluff 1991; Caine et al. 1995; Wilkinson
and Boughman 1998) while others repel conspecifics
(Boinski and Campbell 1996). Species requiring greater de-
fence at food patches from predators, such as house sparrows
(Elgar 1986), or requiring defence of resources from other
groups of the same species may benefit from recruiting others
if this results in a higher probability of being able to success-
fully forage in a group than when alone (Heinrich and
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Marzluft 1991; Wilkinson and Boughman 1998). While in
other species, such as chimpanzees and spider monkeys, food
calls may ultimately serve a recruitment function as part of a
strategy to manage a less predictable social environment, char-
acteristic of fission-fusion societies (Chapman and Lefebvre
1990), rather than for defending food resources per se.
Although this is the first study to provide evidence for call
production being adjusted with respect to the number of es-
trous females nearby, a seminal study by Mitani and Nishida
(1993) did report observations of some males producing pant
hoots when estrous females were nearby. However, Mitani and
Nishida’s (1993) principal finding was that male chimpanzees
called to attract nearby allies. We did not find support for this in
our study, likely due to the low number of males present in this
group and perhaps also due to the tumultuous social context
during which these data were collected (including an alpha
takeover and the disappearance of one adult male). Yet, the
other audience effects supported in our data were similar to
those reported in previous studies of chimpanzee food calls
where males were more likely to utter a food call when in the
presence of other males with whom they were strongly bonded
(Slocombe et al. 2010; Fedurek and Slocombe 2013). Thus, to
some extent, our results support Slocombe and colleagues’
(2010) bonding hypothesis for food calls where individuals
call to coordinate feeding activity with others. Indeed, the sug-
gestion that food calls may function to keep certain individuals
together and to strengthen social bonds (Slocombe et al. 2010)
does not exclude the putative motivation for food calling to
recruit certain individuals to join the caller. In fact, we suggest
that food calls may serve multiple functions and there may be
fine scaled differences in food call structure that could help us
to understand whether some food call subtypes (e.g., a soft
grunt as opposed to a bark) function more to recruit others
while other types are used to maintain contact with individuals
already feeding with the caller (Fedurek and Slocombe 2013).

Reciprocal altruism in food calling

The apparent costly behaviour of food calls could be offset by a
mechanism such as reciprocal altruism, namely an exchange of
information about food resources (de Waal 1989) or trading
information about food for mating opportunities (Roberts
1998). Our result suggests that male chimpanzees could be
using food calls as a form of altruistic signalling which could
potentially act as an indicator of male quality. In fact,
Wrangham’s (1977) original hypothesis suggested that food
calling may be a costly signal which could advertise an indi-
vidual’s ability to suffer feeding competition to the benefit of
potential mates and allies. This study provides support for this
hypothesis, especially since males of higher rank were the most
likely to utter food calls when an estrous female was nearby.
The only other species where food calls have been reported to
occur in a mating context is for gallinaceous birds, where males
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are observed to use food calls in courtship displays as a lure to
attract females (Stokes and Williams 1972), and the production
of food calls by chickens has been shown to be modulated by
the presence of a hen (Evans and Marler 1994). Based on these
studies and our present results, it is plausible that food calls in
both chimpanzees and gallinaceous birds may have been prin-
cipally produced in a foraging context but were secondarily
adapted by males for their influence on females via sexual
selection. However, whether food calling is an honest signal
of'a male’s fitness remains to be seen. It would be of particular
interest to follow up the findings here using a playback study to
see whether food calls produced by high-ranking males are
better at attracting nearby estrous females compared to calls
made by low rankers. It is crucial, however, that in those cases
where males produced food calls when estrous females were
nearby, they had a high success rate of attracting that individual
to the food patch (80 %) and were even observed to success-
fully mate with her afterwards (67 %).

Low-ranking males increased food call probability when
there were many females nearby, irrespective of their repro-
ductive status. This is perhaps a peculiar finding since these
males are not benefiting by attracting mating opportunities per
se. Still, this could be an example of a long-term investment
via reciprocal altruism whereby low-ranking males ‘invite’
females to share food in hopes of a delayed benefit for future
mating opportunities. Similar behaviour has already been re-
ported for the Tai chimpanzees, where long-term exchanges of
meat for sex characterized some male-female dyads (Gomes
et al. 2009).

Importantly, this study provides additional insights into
calling behaviour of female chimpanzees, and here, we found
similar effects as observed for males even though females
vocalize less frequently overall (Clark 1993). Low-ranking
females were more likely to utter a food call when more fe-
males were nearby (Fig. 3). There is evidence that female
chimpanzees form strong social bonds with members of their
own sex (Wakefield 2008; Lehmann and Boesch 2009) and
female chimpanzees in Tai have been shown to exhibit a high
degree of sociality and gregariousness (Riedel et al. 2011;
Wittiger and Boesch 2013). Hence, females may benefit from
food calling for other females via a process of reciprocal al-
truism as described above, which can ultimately serve to
strengthen social relationships amongst females.
Alternatively, the motivation for females to food call and at-
tract other females may be driven by predator defence since
Tai is characterized by a high density of leopards that attack
and can kill chimpanzees (Boesch 1991).

Critically, our results emphasize the importance of animal
vocalizations as a means of communicating with individuals
that are not within visual contact. The use of vocalizations
specifically for recruitment is particularly noteworthy for stud-
ies of animal cognition in determining whether animals are
capable of understanding the minds of ‘targeted’ recipients

(Crockford et al. 2012). As has been previously shown with
spider monkey food calls (Chapman and Lefebvre 1990), the
extent to which chimpanzees might use food calls to manipu-
late their social environment could provide significant insights
into complex capabilities, particularly deception, and should
thus be investigated further.
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