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Since early studies of primates that identified vocalizations that attracted oth-
ers to a food source, the assumed function of food-associated calls has been
to inform others of the presence of food. The label food-associated calls and
its implied function has led to a focus in research on many species of the
costs/benefits for the signaler and recipient of informing others about the
presence of food; however, without clearly identifying the calls contextually
or acoustically, it is unclear if calls are specific to a feeding context and thus
whether calls provide specific information about the presence of food. If calls
occur exclusively in the context of feeding, information about individual iden-
tity would allow listeners to decide whether or not to approach a calling indi-
vidual. I conducted acoustic and contextual analyses on food-associated calls
in white-faced capuchins. I identified the calls as distinct vocalizations that
occur almost exclusively in a feeding context. Discriminant function analyses
demonstrate that information about caller sex and identity are encoded in the
calls. Therefore, there is the potential for individuals to use acoustic infor-
mation when responding to food-associated calls; however, playback exper-
iments are necessary to test more explicitly the hypothesis that recipients are
able to recognize the calls of specific individuals.
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INTRODUCTION

Early studies of primates identified calls that positively correlated
with the availability of preferred food, e.g., Pan troglodytes (Dittus, 1984;
Wrangham, 1977). Dittus (1984) observed that calls emitted by toque
macaques (Macaca sinica) when they encountered a rare, abundant food
source attracted individuals that were out of view of the signaler. He there-
fore labeled the vocalizations food calls, and suggested that they referred to
available food in the environment.

Calls that occur in conjunction with feeding and foraging charac-
terize the vocal repertoires of many different animal species (primates:
Cebus capucinus, Boinski and Campbell, 1996; Cebus apella, Di Bitetti,
2000; Di Bitetti and Janson, 2001; Ateles geoffroyi, Chapman and Lefeb-
vre, 1990; Saguinus oedipus, Cleveland and Snowdon, 1982; Roush and
Snowdon, 1994, 2000; Saguinus labiatus, Caine et al., 1995; Leontopithe-
cus rosalia, Benz et al., 1992; Cebuella pygmaea, Pola and Snowdon, 1975;
Macaca mulatta, Hauser and Marler, 1993a,b; Macaca sinica, Dittus, 1984;
Pan troglodytes, Clark and Wrangham, 1993; Hauser et al., 1993;
Wrangham, 1977; Pan paniscus, van Krunkelsven et al., 1996; naked-
mole rats, Heterocephalus glaber, Judd and Sherman, 1996; dolphins: Tur-
siops truncatus, Janik, 2000; greater spear-nosed bats, Phyllostomus has-
tatus, Wilkinson and Boughman, 1998; avian species: Gallus domesticus,
Marler et al., 1986a,b; Evans and Marler, 1994; Passer domesticus, El-
gar, 1986a,b; Hyrundo pyrrhonota, Brown et al., 1991; Corvus corax;
Heinrich, 1988; Heinrich and Marzluff, 1991). However, though many
of the studies suggest that food-associated calls function to attract oth-
ers, some of them are not specific to food but also occur in other con-
texts. For example, in ravens (Corvus corax), food discoverers give ap-
peasement calls if they are attacked, which attract nearby individuals
(Heinrich et al., 1993). The appeasement calls occur in other aggressive en-
counters, and ravens do not emit them exclusively in the presence of food.
In greater spear-nosed bats, screech calls are contact calls that result in the
recruitment of groupmates to a food source and help coordinate foraging
(Wilkinson and Boughman, 1998). Similarly, chimpanzees emit pant-hoots
on arrival at fruit trees, and though they attract others, the calls them-
selves appear to be given as a signal of status and are produced in other
contexts (Clark and Wrangham, 1994; Mitani and Nishida, 1993). Finally,
researchers have shown that spider monkey whinnies, thought to be emit-
ted at fruit trees to influence foraging group size (Chapman and Lefebvre,
1990), serve a social contact function (Ramos-Fernandez, submitted).

Given that signalers can emit calls for a variety of reasons unrelated to
the presence of food, yet may be associated with food by listeners because
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they occur in a feeding context, it is particularly important to determine the
contexts of call emission when considering the origin and function of food-
associated calls. Few studies report the specific contexts of call production
or whether the calls occur at higher rates and primarily in the presence of
food (Bugnyar et al., 2001; Di Bitetti, 2000; Elowson et al., 1991; Hauser and
Marler, 1993a; van Krunkelsven, 1993; in van Krunkelsven et al., 1996). In
addition, few studies provide acoustic analyses of food calls to distinguish
them from different call types in a specific vocal repertoire (Di Bitetti, 2003;
Hauser and Marler, 1993a). Without contextual and acoustic analyses or de-
scriptions, it is unclear whether food-associated calls are unique to a feeding
context.

White-faced capuchins (Cebus capucinus) emit a distinct vocalization
when they are foraging and feeding, which some authors labeled a huh.
Studies of the call in 2 different capuchin species provided sonograms
with some basic acoustic description and call rates in particular activi-
ties (Cebus capucinus, Boinski, 1993; Boinski and Campbell, 1996; Oppen-
heimer, 1968, 1973; Cebus olivaceous, Robinson, 1982); however, a quanti-
tative acoustic analysis and contextual description of the call has not been
conducted. In addition, as with studies of food-associated calls in other
species, researchers have shown that the calls in white-faced capuchins
serve different functions. Though listeners may approach a calling indi-
vidual (Cebus capucinus: Gros-Louis, 2004a,b; Cebus apella: Di Bitetti,
2003), in white-faced capuchins the calls appear to regulate spacing between
foraging individuals and to deter aggression from those that approach
(Boinski and Campbell, 1996; Gros-Louis, 2004a).

If food calls can be associated by listeners with a feeding context, as
some studies suggest (Di Bitetti, 2003; Gros-Louis, 2004a,b), it is also im-
portant to determine what acoustic information is available in the calls.
Studies of many species reveal that calls are individually distinctive (Falls,
1982; Gould, 1983; Jouventin et al., 1999; Sayigh et al., 1990; Snowdon, 1986)
and that individual vocal recognition is widespread in mother-offspring and
other relationships (Berger and Ligon, 1977; Charrier et al., 2003; Hopp
et al., 2001; Insley, 2001; Mammen and Nowicki, 1981; Rendall et al., 1996).

There are several reasons to expect that the selective pressure to recog-
nize the food-associated calls of conspecifics would be high in white-faced
capuchins. White-faced capuchin groups are widespread, with an average of
3.42 + 1.84 individuals in visual contact with a focal animal at a given time
(Perry et al., 2004). Though studies have documented food sharing, both
active sharing and tolerated food theft, between mothers and infants in ad-
dition to other dyads (Perry and Rose, 1994; Perry, 1997), dominance inter-
actions in white-faced capuchins are frequent in feeding contexts. At least a
quarter of female-female coalitions against conspecifics occur in the context



276 Gros-Louis

of feeding competition (Perry, 1996, 1997). In addition, dominants some-
times steal food from subordinates (Perry, 1997; Perry and Rose, 1994).
Therefore, acoustic information about caller identity is important because
a listener’s decision to approach a calling conspecific may depend on the re-
lationship between them (Ramos-Fernandez, submitted). To avoid conflict
at a food source, an individual may be more likely to approach coalition
partners or to avoid dominant individuals.

The purpose of my study was 2-fold. First, I define huhs (food-
associated calls), in white-faced capuchins via acoustic and contextual anal-
yses. I provide an acoustic description of the calls, in combination with the
frequency of their occurrence in different contexts, to determine whether
they are specific to a feeding context. If distinct calls occur almost exclu-
sively in a feeding context, they can possibly provide information to others
about the presence of food regardless of proximate influences on call pro-
duction (cf. Di Bitetti, 2003; Macedonia and Evans, 1993). In addition, be-
cause acoustic differences among individuals would allow listeners to be se-
lective in whom they approach, a second focus of the study is to determine
what acoustic information about caller identity is available in the calls. I
used discriminant function analyses to determine whether sex or individual
differences in food-associated calls exist.

METHODS

Study Site and Subjects

I collected data on 2 groups of white-faced capuchins (Cebus capuci-
nus), each consisting of 24–31 individuals. The groups have been part of
ongoing studies since 1990 and 1996, respectively (Perry et al., 2003). I
collected data for 4–7 mo every year between May 1997 and June 2000
(23 months total) in Lomas Barbudal Biological Reserve and adjacent
government-managed IDA property (Instituto para Desarollo Agricul-
tura). Lomas Barbudals is a 2279-ha reserve in a tropical dry deciduous
forest (Frankie et al., 1988) in Guanacaste Province, Costa Rica.

Observational Data Collection

With the help of 1–2 assistants, I collected data for a minimum of 25
continuous d per mo alternating between the 2 study groups. We conducted
10-min continuous focal animal samples (Altmann, 1974) on individuals
of all age-sex classes to determine the context of the production of food-
associated calls using a pseudorandom schedule of sampling (Gros-Louis,
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2004a,b; Perry, 1996). We scored all approaches, departures, affiliative in-
teractions, and agonistic interactions involving the focal animal. We also
noted all vocalizations the subject emitted and the context in which they
occurred. Finally, we noted all vocalizations within auditory range, with a
rough distance estimate to the vocalizing individual and its activity when it
could be determined.

To collect specific foraging-related data, we used sampling ad libitum
(Altmann, 1974) during foraging and feeding. We recorded when an indi-
vidual entered a fruit tree, each change of position in the fruit tree, and
every food-associated call or other vocalizations. We also noted when an
individual caught insects and whether it vocalized. Finally, we often tried
to anticipate the direction of the group’s travel route to move ahead to a
known food source, usually fruit trees, to see who discovered the food first
(Gros-Louis, 2004a). An individual was the discoverer when it was the first
to enter a fruiting tree, or when it found an insect or insects, i.e., in tree-
holes, sticks, or treebark. When an individual discovered food, we noted
whether the individual vocalized, which individuals were in view, whether
or not the individuals were foraging or vocalizing, and the individuals’ dis-
tance to the subject animal. We noted vocalizations by distant individuals to
control for the possibility that the discoverer emitted food-associated calls
simply as a function of other individuals vocalizing (Gros-Louis, 2004a,b).

To determine the context of food-associated call production, I defined
activity categories as follows. Fruit feeding was the discovery of a fruit
source and subsequent feeding or active ingestion of fruit. Fruit foraging
included active searching for fruit in a patch or approach to a fruit source
and subsequent searching. Insect feeding was the active ingestion of an in-
sect or capture of a wasp nest and subsequent feeding on larvae. I labeled
active searching in substrate, tree holes, and tree bark as insect foraging. I
termed a food-associated call that occurred immediately after a call from
another individual during foraging (≤1 s) a response, based on preliminary
observations indicating that food-associated calls exchanged between 2 in-
dividuals are typically produced in immediate succession. I defined resting
and response as an individual resting and emitting a food-associated call
≤1 s of hearing a food-associated call while looking in the direction of the
caller. I scored an individual resting alone as resting. Traveling was contin-
uous movement in the absence of foraging. Traveling and response was a
response call emitted during travel.

I used the proportion of samples in which an individual called dur-
ing different activities based on the mean of individual means, in addition
to call rates from focal observations, for the contextual description of call
production. Results are based on a total of 2078 contact h with the 2 study



278 Gros-Louis

groups, 200 h of focal data on adult animals, and 1379 observations of indi-
viduals discovering food.

Tape Recordings of Vocalizations

I recorded vocalizations via Sennheiser ME-80 and ME-66 directional
microphones (with K3U and K6C power modules; frequency response 50–
15,000 Hz + 2 dB re 20 µPa) and an analog Sony WMD6C professional
walkman (frequency response 40–15,000 Hz + 3 dB re 20 µPa). With the
help of an assistant, I recorded vocalizations during focal follows and ad
libitum from a distance of 3–8 m. When recording, we described the con-
texts in which the subjects emitted the recorded calls. Specifically, we noted
the activity of the subject and, if the subject was foraging, the type of food
consumed and the identities and proximities of other individuals in view
that were feeding or emitting vocalizations. I used only vocalizations from
identified individuals in acoustic analyses.

Acoustic Analyses

Acoustic Measurements

I selected food-associated calls for analyses based on recording qual-
ity from different calling bouts. The sample comprised a total of 9–11 calls
from each of 17 adult females and 5–10 calls from each of 7 adult males
(total n = 219). Because the discriminant function analysis is sensitive to
unbalanced data sets, I randomly selected an equal number of males and
females for the analysis. I was limited by the low number of calls produced
by males, as they emit many fewer food-associated calls than females do
(Gros-Louis, 2004a,b). Therefore, to maximize both the number of subjects
and the number of calls used in analyses, I randomly selected 6 calls from
each of 6 males and 6 females for a total of 72 calls.

I passed food-associated calls through a Frequency Devices, Inc. 901
low-pass filter with a setting of 11 kHz and digitized using Canary 1.2.1
acoustic software (Charif et al., 1995). I used a sample rate of 22 kHz for
digitization, resulting in an effective analysis bandwidth of 8.8 kHz. K.
Hammerschmidt made spectrograms via the SIGNAL program for bioa-
coustic analysis (Beeman, 1996). We calculated spectrograms via a 1024-
pt fast Fourier transform, yielding a frequency resolution of 22 Hz and a
time resolution of 47 ms. The time increment was 5 ms. I analyzed the
resulting frequency-time spectra with LMA 8.7, an acoustic analysis pro-
gram that K. Hammerschmidt developed (Hammerschmidt and Todt, 1995;
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Schrader and Hammerschmidt, 1997). A description of the algorithms used
to calculate acoustic parameters and to derive acoustic measurements are in
Schrader and Hammerschmidt (1997). I calculated 12 acoustic parameters
for each call related to time, frequency, and amplitude characteristics. A list
of the 12 parameters is in Table I.

LMA determined the duration and several frequency characteristics of
each call. LMA determined the harmonic structure of calls by calculating
an autocorrelation function of the power spectra of every time segment in a
call. The classification of harmonic structure was dependent on the number
of peaks and the periodicity of the autocorrelation function. I classified each
time segment as: (1) tonal if I could detect periodic peaks, (2) complex if
I could detect some peaks but they were not periodic, and (3) noisy if I
could detect no peak. LMA then calculated the percent of time segments
in a call that were tonal or noisy. I did not use the percentage of complex
segments in my analysis. For time segments classified as tonal, LMA used
an algorithm based on the least common divisor method to determine the
fundamental frequency. LMA derived the start, end, minimum, maximum,
mean, and median frequency of the fundamental. Finally, it determined the
duration of the call.

In addition to measurements on the fundamental frequency of each
call, I performed amplitude measurements to characterize the calls based
on the statistical distribution of the frequency amplitudes in the spectrum
(DFA). For each time segment, LMA determined the overall amplitude.
LMA calculated the frequency at which the amplitude reached the first and

Table I. A list and brief description of each acoustic variable measured by the LMA program
for acoustic analysis

Acoustic parameter Definition

DFA1 mean (Hz) Frequency at which the distribution of frequency amplitudes reaches
the 1st quartile, mean across all time segments

DFA2 mean (Hz) Frequency at which the distribution of frequency amplitudes reaches
2nd quartile, mean across all time segments

Duration (ms) Time from onset to end of call
F0 start (Hz) Start frequency of the fundamental frequency
F0 end (Hz) End frequency of the fundamental frequency
F0 max (Hz) Maximum value of the fundamental frequency
F0 min (Hz) Minimum value of the fundamental frequency
F0 mean (Hz) Mean value of the fundamental frequency
F0 median (Hz) Median value of the fundamental frequency
Noise % of time segments for which no harmonic structure could be detected
Tonal % of time segments with a harmonic structure
Tonal F0 % of time segments with a harmonic structure and F0 could be

determined
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second quartile of the total amplitude distribution for each time segment
(Schrader and Hammerschmidt, 1997, p. 257). The variables I utilized in
my analysis were the mean frequencies of the first and second quartiles of
the total amplitude distribution, which were derived by averaging across all
time segments.

Statistical Methods

To investigate individual and sex differences in food-associated calls,
I performed discriminant function analyses (Klecka, 1980), which char-
acterizes differences between groups by identifying a linear combination
of variables—acoustic parameters—that best distinguishes call exemplars
from the groups. The discriminant function(s) that are generated assign
calls to their actual group (correct assignment) or to another one (incor-
rect assignment). To cross-validate the discriminant functions generated
for individuals and sexes, I used the leave-one-out classification procedure,
whereby each call is classified by the functions derived from all calls other
than that one.

Before performing the discriminant function analyses, I first conducted
principal components analyses (PCA) to reduce the 12 original acoustic
variables to a smaller set of uncorrelated variables (Dunteman, 1989). For
the subsequent discriminant function analyses, I used a stepwise proce-
dure to enter variables and the F-to-enter criterion for retaining variables
(Klecka, 1980). I included all variables whose associated F statistics had p <

0.05. I then used the factor scores from the PCA of the components included
in the discriminant function analyses in univariate analyses of variance to
determine the factors that differed between individuals and between the
sexes.

I first performed a discriminant function analysis with sex as the
grouping variable to determine if there were sex differences in the calls.
To ensure that sex differences in call acoustics did not influence differences
in individual variation, I conducted analyses separately for males and fe-
males. Therefore, I performed 2 additional discriminant function analyses
with individual as the grouping variable to determine if male and female
calls are individually distinctive. To determine which variables distin-
guished between the sexes and individuals, I examined the discrimi-
nant function coefficient weights (canonical loadings) associated with each
variable.

I conducted analyses via SPSS version 10.0.7a. All statistical tests are
2-tailed.
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RESULTS

General Call Characteristics

Food-associated calls are tonal vocalizations with a mean fundamental
frequency range of 558–1158 Hz for adult females (mean = 796, SE = 22.2,
n = 17, median calls/individual = 10, Fig. 1a) and a range of 536–956 Hz for
adult males (mean = 719.1, SE = 33.7, n = 7, median calls/individual = 8,
Fig. 1b). Call length varies between 60 and 560 ms (mean = 243.5, SE =
8.3, n = 222 calls). Males and females give acoustically similar calls that
observers could hear at a distance of up to 100–150 m.

Based on visual inspection of sonograms, the calls appear to be acous-
tically distinct from other calls in the vocal repertoire, with the exception
of the affiliative peep; however, the affiliative peeps are of much lower am-
plitude and differ in acoustic structure from the food-associated calls. A
preliminary analysis of affiliative peeps from 7 adult females (adult males
almost never emit affiliative peeps) reveals that they tend to be of higher
frequency (917.2 + 34), shorter duration (214.3 + 26), and often have a fre-
quency upsweep at the end of the call (Fig. 2).

Fig. 1. Food-associated calls by an adult female (a)
and an adult male (b). Calls were digitized using Ca-
nary 1.2.1 at a sample rate of 22 kHz. The sonogram was
made using an FFT of 512 points, yielding a frequency
resolution of 43 Hz, and a time resolution of 23 ms.
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Fig. 2. Affiliative
peep by an adult fe-
male. The call was
digitized via Canary
1.2.1 at a sample rate
of 22 kHz. The sono-
gram was made via
an FFT of 512 points,
yielding a frequency
resolution of 43 Hz
and a time resolution
of 23 ms.

Contexts of Call Production

Individuals produced food-associated calls almost exclusively in the
context of foraging and feeding (93.8% of food-associated calls; Fig. 3).
Most calls occurred in the context of foraging for, and feeding on, fruit
(81.4%), with many fewer being produced in the context of foraging for,
and feeding on, insects (12.4%). By contrast, individuals rarely emitted calls
when resting and responding to other individuals that were emitting food-
associated calls (3.2%), traveling (2.5%), or resting (0.68%). In addition,
call rates were highest when individuals were feeding or foraging. Individ-
uals emitted 2.48 calls/min when they were foraging and feeding on fruit.
Individuals also produced calls at a fairly high rate when they were foraging
for insects (0.93/min), as compared with resting and socializing (0.03/min)
or traveling (0.02/min).

Given that the majority of food-associated calls are given during for-
aging/feeding, I subdivided calls into more specific categories to give the
reader a more detailed description of the contexts of food-associated call
production (Fig. 4). When foraging and feeding on fruit, individuals gave
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Fig. 3. Call production by individuals in different activities (n = 887 observations
on 24 adults). VF: food-associated call.

most calls when they were feeding without a clear activity preceding or fol-
lowing the vocalization (43.1%). Individuals called in 21% of samples of
fruit “discovery.” Individuals called in response to other food-associated
calls (12.3%) and when they were visually scanning for fruit (11.1%). In

Fig. 4. Food-associated calls produced dur-
ing feeding and foraging (n = 640 observations

on 24 adults).
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Table II. Eigenvalues for the 12 components generated
by the principal components analysis

Eigenvalues

Component Total % of Variance Cumulative %

1 5.623 46.856 46.856
2 1.847 15.391 62.247
3 1.281 10.678 72.925
4 1.182 9.848 82.773
5 0.917 7.640 90.413
6 0.360 2.997 93.410
7 0.283 2.362 95.772
8 0.174 1.447 97.219
9 0.140 1.164 98.383

10 0.096 .802 99.185
11 0.065 .542 99.727
12 0.033 .273 100.000

addition, individuals called at specific times while feeding. Individuals pro-
duced calls when they picked another fruit (7.5%), as they walked or
climbed with another fruit (3%) and, in 2% of samples, when they changed
position in a fruit tree to continue feeding.

Acoustic Analyses

Sex Differences

The initial eigenvalues of the 12 components used in the principal com-
ponents analysis are in Table II. Eleven independent components were ex-
tracted (Table III), 4 of which met the preselected criterion of the F-to-
enter stepwise procedure. The 4 variables generated a discriminant function
that explained a significant amount of variation between the sexes (Wilks’s
λ = 0.614, χ2 = 33.1, df = 4, p < 0.001). The discriminant function cor-
rectly classified 72.2% of the sample (Table IV); the leave-one-out cross-
validation yielded an average correct assignment of 70.8%, significantly
more than expected based on random assignment (χ2 = 10.89, df = 1, p <

0.001; Table IV). Inspection of the discriminant function coefficient weights
indicated that component 5, representing duration, was primarily responsi-
ble for discriminating between the sexes.

Three of the 4 components in the discriminant function analysis (1,
4, and 5) differed between the sexes in univariate analyses (component 1:
F = 9.66, p < 0.004; component 4: F = 5.06, p < 0.03; component 5: F =
13.07, p < 0.002). A review of the factor loadings revealed what call char-
acteristics were represented by each component (Table III). Component 1
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Table IV. Results of the discriminant function analysis of male
and female calls

Predicted
membership

Actual membership Females Males % Correctly assigned

Classification results
Females 27 9 75.0
Males 11 25 69.4
Overall average 72.2

Cross-validation results
Females 26 10 72.2
Males 11 25 69.4
Overall average 70.8

represented the frequency characteristics of the calls, including the start,
end, maximum, minimum, mean, and median frequencies. The tonality of
the calls loaded heavily on component 4. The duration of calls contributed
maximally to component 5.

Individual Variation

Males. The stepwise F-to-enter procedure resulted in 3 variables that
produced a discriminant function that significantly differentiated individual
males (Wilks’s λ = 0.092, χ2 = 72.8, df = 15, p < 0.001). The procedure
correctly classified 72.2% of the sample of calls. The cross-validation pro-
cedure correctly classified 58.3% of the calls, significantly greater than the
17% expected by chance (binomial z = 6.43, n = 36, p < 0.00003; Table V).
The values of the canonical loadings of the factors used in the discriminant
function analysis indicated that component 1, representing characteristics
of the fundamental frequency, was primarily responsible for discriminating
between individual males.

Univariate analyses of variance conducted using the 3 components that
generated the discriminant function revealed that all 3 components (1, 2,
and 7) differed between individual males (component 1: F = 10.35, p <

0.001; component 2: F = 9.57, p < 0.001; component 7: F = 2.63, p < 0.04).
Component 1 represents fundamental frequency characteristics. The distri-
bution of amplitudes across the frequency spectrum loaded heavily on com-
ponent 2. Component 7 relates to the frequency value of the fundamental
at the start of the call.

Females. I selected 6 of the 11 principal components using the stepwise
F-to-enter procedure to generate a discriminant function that explained a
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Table V. Results of the discriminant function analysis of male calls

Predicted group membership

Individual DE GG HH PO PP RI % Correctly assigned

Classification results
DE 5 1 0 0 0 0 83.3
GG 1 3 0 1 1 0 50.0
HH 0 0 6 0 0 0 100.0
PO 0 1 0 4 0 1 66.7
PP 1 0 0 1 4 0 66.7
RI 0 0 1 0 1 4 66.7

Overall average 72.2
Cross-validation results

DE 5 1 0 0 0 0 83.3
GG 1 2 0 2 1 0 33.3
HH 0 0 5 0 1 0 83.3
PO 0 2 0 2 1 1 33.3
PP 1 0 0 1 3 1 50.0
RI 0 0 1 0 1 4 66.7

Overall average 58.3

significant amount of variation among calls of females (Wilks’s λ = 0.001,
χ2 = 158.3, df = 30, p < 0.001). The procedure correctly classified 88.9% of
the calls. The cross-validation procedure resulted in successful classification
of 72.2% of the calls, greater than the 17% expected if based on random as-
signment (binomial z = 8.64, n = 36, p < 0.00003; Table VI). Inspection of
canonical loadings of the factors used in the discriminant analysis revealed
that component 1, representing frequency characteristics of the calls, maxi-
mally differentiated individual females.

Univariate analyses of variance using the 6 principal components that
generated the discriminant function showed that 4 of the 6 components (1,
2, 4, and 5) differed significantly between individual females (component 1:
F = 42.84, p < 0.001; component 2: F = 10.80, p < 0.001; component 4: F =
2.78, p < 0.04; component 5: F = 3.20, p < 0.03). Like the results for indi-
vidual differences among adult males, frequency characteristics and the dis-
tribution of amplitudes across the frequency range differentiated the calls
of adult females. In addition, components 4 and 5, representing the tonality
and the duration of calls, respectively, differed significantly between indi-
vidual females.

DISCUSSION

Food-associated calls in white-faced capuchins are emitted primar-
ily when individuals are foraging and feeding. Individuals emitted food-
associated calls in conjunction with traveling and resting in response to
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other individuals’ food-associated calls, or what appeared to be an expecta-
tion of food acquisition. For example, most of the calls traveling individuals
emitted occurred as they approached and entered a fruit patch: discovery.
In some cases, the patch did not contain available fruit. By contrast, calling
was rare during insect foraging and occurred only when individuals cap-
tured and were consuming an insect rather than when individuals were ac-
tively searching. Given that insects rarely occur in predictable patches, with
the exception of some caterpillar species (Janzen, 1983, pers. obs.), call pro-
duction appears to reflect the expectation of food acquisition. These ob-
servations are comparable to those by Boinski and Campbell (1996), who
noted that call rate varied with the expectation of food acquisition. Others
have observed similar calls emitted in anticipation of food acquisition in
rhesus macaques (Macaca mulatta, Hauser and Marler, 1993a) and cotton-
top tamarins (Saguinus oedipus, Elowson et al., 1991; Roush and Snowdon,
2000).

Acoustic analyses revealed that food-associated calls are significantly
different between the sexes. Given that measurements related to the fun-
damental frequency are primarily responsible for the differences, it is possi-
ble that sexual dimorphism can account for the results. Male capuchins are
ca. 1.5 times larger than females (Glander et al., 1991) and body size dif-
ferences can influence laryngeal production mechanisms, thereby affecting
spectral characteristics of calls (Gouzoules and Gouzoules, 1990; Hauser,
1993). Differential dominance status between males and females (Perry,

Table VI. Results of the discriminant function analysis of female calls

Predicted group membership

Individual AA CC CU DH NN TT % Correctly assigned

Classification results
AA 4 0 0 2 0 0 66.7
CC 0 5 1 0 0 0 83.3
CU 0 0 6 0 0 0 100.0
DH 0 1 0 5 0 0 83.3
NN 0 0 0 0 6 0 100.0
TT 0 0 0 0 0 6 100.0

Overall average 88.9
Cross-validation results

AA 4 0 0 2 0 0 66.7
CC 0 2 1 3 0 0 33.3
CU 1 1 4 0 0 0 66.7
DH 0 1 0 4 1 0 66.7
NN 0 0 0 0 6 0 100.0
TT 0 0 0 0 0 6 100.0

Overall average 72.2
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1997) may also be responsible for differences in characteristics of the fun-
damental frequency of their calls (cf. Fischer et al., 2004). Regardless of
the source of variation, fundamental frequency differences can provide in-
formation to listeners about the callers’ sex. In addition, calls of males
and females are individually distinctive, with differences in fundamental
frequency measurements distinguishing individuals. Future studies are
needed to determine if frequency characteristics within each sex are in-
fluenced by size differences or dominance differences related to age and
changes in status (cf. Fischer et al., 2004).

Distinctiveness of male and female calls, in addition to individual dis-
tinctiveness, may be important if listeners are not just inferring informa-
tion about the presence of food from these calls. For example, a playback
study showed that adult females are significantly more likely to approach
the food-associated calls of adult males versus control calls, whereas adult
females did not approach the food-associated calls of adult females signif-
icantly more than control calls (Gros-Louis, in press). The results suggest
that females may attend more to male calls, possibly because males call
much less frequently than females do (Gros-Louis, 2004a,b), and when they
call, it is typically only when they are consuming fruits rather than when
they are actively searching (Gros-Louis, unpubl. data). Therefore, in com-
parison to calls by females that are emitted in a variety of foraging and
feeding contexts, calls from males may have a higher predictive value of the
presence of food.

Several hypotheses can be generated regarding the benefit to a listener
of making use of acoustic information available in calls, such as listeners
preferentially approaching lower-ranking individuals to avoid conflict or
preferentially approaching close affiliates or kin; however, my data are in-
sufficient to explore these hypotheses. Future studies are needed to explore
whether individual recognition exists in white-faced capuchins and whether
listeners respond differentially to callers on the basis of individual identity.

Researchers often label calls in many species that occur in a feeding
context food-associated calls without clear delineation with regard to con-
textual usage. At present, food-associated calls that are emitted almost ex-
clusively in the presence of food (Gallus gallus, Gyger and Marler, 1988;
Saguinus oedipus, Elowson et al., 1991; Pan paniscus, van Krunkelsven,
1993 in van Krunkelsven et al., 1996; Cebus apella, Di Bitetti, 2000) are of-
ten directly compared with calls that have been suggested, but not been
clearly demonstrated, to occur only during feeding (Hyrundo pyrrhonota,
Brown et al., 1991; Saguinus labiatus, Caine et al., 1995; Passer domesticus,
Elgar, 1986a; Heterocephalus glaber, Judd and Sherman, 1996). For exam-
ple, Di Bitetti (2000) reported that in tufted capuchins, food-associated calls
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occurred in almost exclusively food contexts and listeners clearly ap-
proached the call source (Di Bitetti, 2003). By contrast, though Chapman
and Lefebvre (1990) labeled whinnies in spider monkeys food calls, individ-
uals did not produce them exclusively in the presence of food, nor did many
individuals (17%) actually approach a calling individual.

Comparing and contrasting the results of studies on how food-
associated calls function to attract others, without regard to whether the
calls are unique to a feeding context, can obscure other possible functions
for them. The use of the label food-associated call contributes to limitations
on exploring function. Labels may influence what we focus on in research,
in addition to how we analyze and interpret data (cf. Evans, 1997). Because
food-associated calls in the same species share the same label, they implic-
itly share the same function of providing listeners with information about
food; however, they may, in fact, have quite different origins and may serve
different functions. Calls that co-occur with a feeding context and attract
others to a food source could have been favored by natural selection to ben-
efit the signaler, either through individual or kin selection. Alternatively,
calls may attract others simply because call recipients have associated the
calls with a feeding context. For example, although calls may attract indi-
viduals to a food source (Gros-Louis, 2004a,b), a closer inspection of the
function of the calls from the signaler’s point of view demonstrated that
food-associated calls appear to serve to regulate distance between neigh-
bors (Boinski and Campbell, 1996; Robinson, 1982) and to deter aggression
from those that approach (Gros-Louis, 2004a,b).

An important distinction to consider when defining and discussing
food-associated calls is that of food-related calling to conspecifics (not nec-
essarily intentional) and food-associated calling that attracts conspecifics
(Janik, 2000). The term food-related call refers to calls that are emitted
only during foraging and may attract others. The term food-associated call,
on the other hand, refers ones that are made during foraging with the re-
sultant byproduct of attracting others. For example, calls that occur during
aggressive interactions at food sources could indicate the presence of food
to others (cf. Heinrich et al., 1993). Therefore, calls can provide informa-
tion to others about the presence of food, regardless of the function that
they serve for the signaler (public information: Seyfarth and Cheney, 2003;
Valone, 1996). Using contextual information and acoustic descriptions to
define food-associated calls more distinctly would allow for better compari-
son of results from studies that have explored the causes, contexts, and con-
sequences of call production. Furthermore, such distinctions may lead to
discovering different functions for calls that are currently considered to be
the same phenomenon because they attract call recipients to a food source.



White-Faced Capuchin Food-Associated Calls 291

ACKNOWLEDGMENTS

The National Science Foundation, the American Psychological Asso-
ciation, and Sigma Delta Epsilon Graduate Women in Science supported
the research. I thank the Costa Rican Servicio de Parques Nacionales, Area
de Conservación Tempisque, and Ministerio del Ambiente y Energia for
granting permission to work in Lomas Barbudal, the Community of San
Ramon de Bagaces for permission to work in La Reserva Agroecologica de
San Ramon, and the owners of Hacienda Pelon de la Bajura and Rancho
Brin D’Amour for permission to work on their property. R. Crocetto, M.
Duffy, K. Pyle, A. Steele, and M. Varley helped with data collection. I am
grateful to D. Cheney and R. Seyfarth, who provided helpful discussions
throughout the study, in addition to J. Manson and S. Perry, who provided
logistical support in the field. Joan Silk wrote FOCOBS, the program used
to collect behavioural data on the Psion. D. Cheney, J. Manson, S. Perry,
and R. Seyfarth provided comments on the manuscript. K. Hammerschmidt
provided assistance with the acoustic analysis program, LMA. Lastly, I ap-
preciate the thoughtful comments of J. Mitani and one anonymous reviewer
during the review process. The Institutional Animal Care and Use Commit-
tee of the University of Pennsylvania (protocol no. 488500) approved the
research.

REFERENCES

Altmann, J. (1974). Observational study of behavior: Sampling methods. Behaviour 49: 227–
265.

Beeman, K. (1996). SIGNAL Operation Manual, Engineering Design, Belmont, MA.
Benz, J. J., Leger, D. W., and French, J. A. (1992). The relation between food preference

and food-elicited vocalizations in golden lion tamarins (Leontopithecus rosalia). J. Comp.
Psychol. 106: 142–149.

Berger, L. R., and Ligon, J. D. (1977). Vocal communication and individual recognition in the
piñon jay, Gymnorhinus cyanocephalus. Anim. Behav. 25: 567–584.

Boinski, S. (1993). Vocal coordination of troop movement among white-faced capuchin mon-
keys, Cebus capucinus. Am. J. Primatol. 30: 85–100.

Boinski, S., and Campbell, A. F. (1996). The “huh” vocalization of white-faced capuchins—a
spacing call disguised as a food call. Ethology 102: 826–840.

Brown, C. R., Brown, M. B., and Shaffer, M. L. (1991). Food-sharing signals among socially
foraging cliff swallows. Anim. Behav. 42: 551–564.

Bugnyar, T., Kijne, M., and Kotrschal, K. (2001). Food calling in ravens: Are yells referential
signals? Anim. Behav. 61: 949–958.

Caine, N. G., Addington, R. L., and Windfelder, T. L. (1995). Factors affecting the rates of
food calls given by red-bellied tamarins. Anim. Behav. 50: 53–60.

Chapman, C. A., and Lefebvre, L. (1990). Manipulating foraging group size: Spider monkey
food calls at fruiting trees. Anim. Behav. 39: 891–896.

Charif, R. A., Mitchell, S., and Clark, C. W. (1995). Canary 1.2 User’s Manual, Cornell Labo-
ratory of Ornithology, Ithaca, NY.



292 Gros-Louis

Charrier, I., Mathevon, N., and Jouventin, P. (2003). Vocal signature recognition of mothers
by fur seal pups. Anim. Behav. 65: 543–550.

Clark, A. P., and Wrangham, R. W. (1993). Acoustic analysis of wild chimpanzee pant hoots:
Do chimpanzees have an acoustically distinct food arrival pant hoot? Am. J. Primatol. 31:
99–109.

Clark, A. P., and Wrangham, R. W. (1994). Chimpanzee arrival pant-hoots: Do they signify
food or status? Int. J. Primatol. 15: 185–205.

Cleveland, J., and Snowdon, C. T. (1982). The complex vocal repertoire of the adult cotton-top
tamarin (Saguinus oedipus oedipus). Z. Tierpsychol. 58: 231–270.

Di Bitetti, M. S. (2000). Food-Associated Calls in the Tufted Capuchin Monkey (Cebus apella):
Unravelling the Mysteries of an Apparently Altruistic Behavior in an Apparently Selfish
Animal. Ph.D. dissertation, State University of New York, Stony Brook, NY.

Di Bitetti, M. S. (2003). Food-associated calls of tufted capuchin monkey (Cebus apella nigri-
tus) are functionally referential siganals. Behaviour 140: 565–592.

Di Bitetti, M. S., and Janson, C. H. (2001). Social foraging and the finder’s share in capuchin
monkeys (Cebus apella). Anim. Behav. 62: 47–56.

Dittus, W. P. J. (1984). Toque macaque food calls: Semantic communication concerning food
distribution in the environment. Anim. Behav. 32: 470–477.

Dunteman, G. H. (1989). Principal Components Analysis, SAGE Publications, Beverly Hills,
CA.

Elgar, M. A. (1986a). House sparrows establish foraging flocks by giving chirrup calls if the
resources are divisible. Anim. Behav. 34: 169–174.

Elgar, M. A. (1986b). The establishment of foraging flocks in house sparrows: Risk of preda-
tion and daily temperature. Behav. Ecol. Sociobiol. 19: 433–438.

Elowson, A. M., Tannenbaum, P. L., and Snowdon, C. T. (1991). Food associated calls corre-
late with food preferences in cotton-top tamarins. Anim. Behav. 42: 931–937.

Evans, C. (1997). Referential signaling. In Owings, D. H., Beecher, M. D., and Thompson,
N. S. (eds.), Perspectives in Ethology, Vol. 12, Plenum Press, New York, pp. 99–143.

Evans, C. S., and Marler, P. (1994). Food calling and audience effects in male chickens, Gal-
lus gallus: Their relationships to food availability, courtship and social facilitation. Anim.
Behav. 47: 1159–1170.

Falls, J. B. (1982). Individual recognition by sounds in birds. In Kroodsma, D. E., and Miller,
E. H. (eds.), Acoustic Communication in Birds, Academic Press, New York, pp. 237–278.

Fischer, J., Kitchen, D. M., Seyfarth, R. M., and Cheney, D. L. (2004). Baboon loud calls adver-
tise male quality: Acoustic features and their relation to rank, age and exhaustion. Behav.
Ecol. Sociobiol. 56: 140–148.

Frankie, G. W., Vinston, S. B., Newstrom, L. E., and Barthell, J. F. (1988). Nest stie and habitat
preferences of Centris bees in the Costa Rican dry forest. Biotropica 20: 301–310.

Glander, K. E., Fedigan, L. M., Fedigan, L., and Chapman, C. (1991). Field methods for
capture and measurement of three monkey species in Costa Rica. Folia Primatol. 57: 70–
82.

Gould, E. (1983). Mechanisms of mammalian auditory communication. In Eisenberg, J. F., and
Kleiman, D. G. (eds.), Advances in the Study of Mammalian Behavior, American Society
of Mammalogistis, Shippensburg, PA, pp. 265–342.

Gouzoules, H., and Gouzoules, S. (1990). Body size effects on the acoustic structure of pigtail
macaque (Macaca nemestrina) screams. Ethology 85: 324–334.

Gros-Louis, J. (2004a). The function of food-associated calls in white-faced capuchin monkeys
(Cebus capucinus) from the perspective of the signaller. Anim. Behav. 67: 431–440.

Gros-Louis, J. (2004b). White-faced capuchins’ responses to naturalistic and experimentally
presented food-associated calls. J. Comp. Psychol. 118: 396–402.

Gyger, M., and Marler, P. (1988). Food-calling in the domestic fowl, Gallus gallus: The role of
external referents and deception. Anim. Behav. 36: 358–365.

Hammerschmidt, K., and Todt, D. (1995). Individual differences in vocalizations of young
barbary macaques (Macaca sylvanus): A multi-parametric analysis to identify critical cues
in acoustic signaling. Behaviour 132: 381–399.



White-Faced Capuchin Food-Associated Calls 293

Hauser, M. D. (1993). The evolution of nonhuman primate vocalizations: Effects of phylogeny,
body weight, and social context. Am. Nat. 142: 528–542.

Hauser, M. D., and Marler, P. (1993a). Food-associated calls in rhesus macaques (Macaca
mulatta): I. Socioecological factors. Behav. Ecol. 4: 194–205.

Hauser, M. D., and Marler, P. (1993b). Food-associated calls in rhesus macaques (Macaca
mulatta): II. Costs and benefits of call production and suppression. Behav. Ecol. 4: 206–
212.

Hauser, M. D., Teixidor, P., Field, L., and Flaherty, R. (1993). Food-elicited calls in chim-
panzees: Effects of food quantity and divisibility. Anim. Behav. 45: 817–819.

Heinrich, B. (1988). Winter foraging at carcasses by three sympartic corvids, with emphasis on
recruitment by the raven, Corvus corax. Behav. Ecol. Sociobiol. 23: 141–156.

Heinrich, B., and Marzluff, J. M. (1991). Do common ravens yell because they want to attract
others? Behav. Ecol. Sociobiol. 28: 13–21.

Heinrich, B., Marzluff, J. M., and Marzluff, C. S. (1993). Common ravens are attracted by
appeasement calls of food discoverers when attacked. Auk 110: 247–254.

Hopp, S. L., Jablonski, P., and Brown, J. L. (2001). Recognition of group membership by voice
in Mexican jays, Aphelocoma ultramarina. Anim. Behav. 62: 297–303.

Insley, S. J. (2001). Mother-offspring vocal recognition in northern fur seals is mutual but
asymmetrical. Anim. Behav. 61: 129–137.

Janik, V. M. (2000). Food-related bray calls in wild bottlenose dolphins (Tursiops truncatus).
Proc. Royal Soc. Lond. B 267: 923–927.

Janzen, D. H. (1983). In Janzen, D. H. (ed.), Costa Rican Natural History, The University of
Chicago Press, Chicago, pp. 626–627.

Joliffe, I. (1986). Principal Components Analysis, Springer-Verlag, New York.
Jouventin, P., Aubin, T., and Lengagne, T. (1999). Finding a parent in a king penguin colony:

The acoustic system of individual recognition. Anim. Behav. 57: 1175–1183.
Judd, T. M., and Sherman, P. W. (1996). Naked mole-rats recruit colony mates to food sources.

Anim. Behav. 52: 957–969.
Klecka, W. (1980). Discriminant Analysis, SAGE Publications, Beverly Hills, CA.
Macedonia, J. M., and Evans, C. S. (1993). Variation among mammalian alarm call systems

and the problem of meaning in animal signals. Ethology 93: 177–197.
Mammen, D. L., and Nowicki, S. (1981). Individual differences and within-flock convergence

in chickadee calls. Behav. Ecol. Sociobiol. 9: 179–185.
Marler, P., Dufty, A., and Pickert, R. (1986a). Vocal communication in the domestic chicken:

I. Does a sender communicate information about the quality of a food referent? Anim.
Behav. 34: 188–193.

Marler, P., Dufty, A., and Pickert, R. (1986b). Vocal communication in the domestic chicken:
II. Is a sender sensitive to the presence and nature of a receiver? Anim. Behav. 34: 194–
198.

Mitani, J., and Nishida, T. (1993). Contexts and social correlates of long-distance calling by
male chimpanzees. Anim. Behav. 45: 735–746.

Oppenheimer, J. R. (1968). Behavior and Ecology of the White-Faced Monkey Cebus capuci-
nus on Barro Colorado Island. Ph.D. dissertation, University of Illinois.

Oppenheimer, J. R. (1973) Social and communicatory behavior in the Cebus monkey. In
Carpenter, C. R. (ed.), Behavioral Regulators of Behavior in Primates, Associated Uni-
versity Presses, Cranbury, NJ, pp. 251–271.

Perry, S. (1996). Female-female social relationships in wild white-faced capuchin monkeys,
Cebus capucinus. Am. J. Primatol. 40: 167–182.

Perry, S. (1997). Male-female social relationships in wild white-faced capuchins (Cebus capuci-
nus). Behaviour 134: 477–510.

Perry, S., Baker, M., Fedigan, L., Gros-Louis, J., Jack, K., MacKinnon, K. C., Manson, J. H.,
Panger, M., Pyle, K., and Rose, L. (2003). Social conventions in wild white-faced capuchin
monkeys: Evidence for traditions in a neotropical primate. Curr. Anthropol. 44: 241–268.

Perry, S., Barrett, H. C., and Manson, J. H. (2004). White-faced capuchins show triadic aware-
ness in their choice of allies. Anim. Behav. 67: 165–170.



294 Gros-Louis

Perry, S., and Rose, L. (1994). Begging and transfer of coati meat by white-faced capuchin
monkeys, Cebus capucinus. Primates 35: 409–415.

Pola, Y. V., and Snowdon, C. T. (1975). The vocalizations of pygmy marmosets, Cebuella pyg-
maea. Anim. Behav. 23: 826–846.

Ramos-Fernandez, G. (submitted). Vocal communication in a fission-fusion society: do spider
monkeys (Ateles geoffroyi) stay in touch with close associates? Int. J. Primatol.

Rendall, D., Rodman, P. S., and Emond, R. E. (1996). Vocal recognition of individuals and kin
in free-ranging rhesus monkeys. Anim. Behav. 51: 1007–1015.

Robinson, J. G. (1982). Vocal systems regulating within-group spacing. In Snowdon, C. T.,
Brown, C. H., and Petersen, M. R. (eds.), Primate Communication, Cambridge University
Press, Cambridge, UK, pp. 94–116.

Roush, R. S., and Snowdon, C. T. (1994). Ontogeny of food-associated calls in cotton-top
tamarins. Anim. Behav. 47: 263–273.

Roush, R. S., and Snowdon, C. T. (2000). Quality, quantity, distribution and audience effects
on food calling in cotton-top tamarins. Ethology 106: 673–690.

Sayigh, L. S., Tyack, P. L., Wells, R. S., and Scott, M. D. (1990). Signature whistles of free-
ranging bottlenose dolphins, Tursiops truncates, stability and mother-offspring compari-
son. Behav. Ecol. Sociobiol. 26: 247–260.

Schrader, L., and Hammerschmidt, K. (1997). Computer-aided analysis of acoustic parameters
in animal vocalizations: A multi-parametric approach. Bioacoustics 7: 247–265.

Seyfarth, R. M., and Cheney, D. L. (2003). Signalers and receivers in animal communication.
Annu. Rev. Psychol. 54: 145–173.

Snowdon, C. (1986). Vocal communication. In Mitchell, G., and Erwin, J. (eds.), Comparative
Primate Biology, Alan R. Liss, New York, pp. 495–530.

Valone, T. J. (1996). Food-associated calls as public information about patch quality. Oikos
77: 153–157.

van Krunkelsven, E. (1993). Vocal Communication in Captive Bonobos. Ph.D. dissertation,
University of Antwerp, Antwerp, Belgium.

van Krunkelsven, E., Dupain, J., Van Elsacker, L., and Verheyen, R. F. (1996). Food calling
in captive bonobos (Pan paniscus): An experiment. Int. J. Primatol. 17: 207–217.

Wilkinson, G. S., and Boughman, J. W. (1998). Social calls coordinate foraging in greater
spear-nosed bats. Anim. Behav. 55: 337–350.

Wrangham, R. W. (1977). Feeding behaviour of chimpanzees in Gombe National Park,
Tanzania. In Clutton-Brock, T. H. (ed.), Primate Ecology: Studies of Feeding and Ranging
Behaviour in Lemurs, Monkeys and Apes, Academic Press, London, pp. 503–538.


