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Loud, pulsed “gecker” vocalizations are commonly produced by young rhesus macaques in
distressful circumstances. The acoustics, usage, and responses associated with these calls were
examined using audio recordings and observational data from captive, socially living rhesus up to
24 months old. One-hundred-eleven gecker bouts were recorded from ten individuals (six males,
four females), with most geckers produced during the first 6 months of age. A gecker call consisted
of a bout of up to 28 pulses of spectrally structured noise with a single prominent frequency peak.
Nine contexts of calling were identified, but little evidence of context-specific acoustic variation was
found. While geckering often triggered responses by the vocalizer’s mother, the most common
outcome was the absence of any reaction. Females geckered longer and at higher rates than did
males, while also showing acoustic evidence of greater vocal effort. Mothers nonetheless responded
more often and more positively to males. Overall, results show that gecker acoustics vary somewhat
with vocalizer sex, age, and likely arousal level, but do not reflect detailed aspects of behavioral
context. Circumstances of production suggest that geckers function primarily to draw the attention

of mothers, who in turn are selective in responding. © 2007 Acoustical Society of America.
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I. INTRODUCTION

Young nonhuman primates produce a variety of vocal-
izations when in distress, which in rhesus macaques (Macaca
mulatta) include “coos,” “squeaks,” “screams,” “pant
threats,” “girneys,” and “geckers” (Maestripieri and Call,
1996; Maestripieri et al., 2000; Tomaszycki et al., 2001).
Geckers in particular have been described as a distress-
related vocalization in rhesus monkeys, occurring in large
numbers when infants are ignored, rejected, or otherwise
separated from their mothers. Often accompanied by dra-
matic, convulsive bodily jerking, these loud, explosive, and
distinctive-sounding vocalizations have received some atten-
tion and mention from a variety of researchers, but predomi-
nantly through qualitative rather than quantitative descrip-
tion. Thus, while geckers have also been documented in a
number of other macaque species, details of their form and
function remain unclear (Newman, 1995; Green, 1981).

Altmann (1962) first named geckers onomatopoetically
as “ik, ik, ik.” He noted that the call is accompanied by
spasmodic jerking and occurs during weaning and other cir-
cumstances of evident infant distress. The sounds were sub-
sequently referred to as “geckers” and “geckering screeches”
by Rowell (1962; Rowell and Hinde, 1962), who described
them as a series of 0.1 s squeaks separated by 0.5-1.0 s
intervals (illustrated in Fig. 1). Several subsequent studies
have shown geckers to be among the most common vocal-
izations produced by young rhesus. For example, Owren
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et al. (1993) reported that geckers comprised approximately
38% of the total number of vocalizations produced by rhesus
monkeys during the first year of life, and 12% in the second
year. Figures from Maestripieri et al. (2000) were compa-
rable, with geckers making up 43.3% of all vocalizations in
the first three months of life. Tomaszycki et al. (2001) simi-
larly noted that geckers were the most common vocalization
over the first 8§ months, accounting for 34% of vocal output.

In spite of the prevalence of these sounds, little quanti-
tative information is available concerning their acoustics or
function. On the one hand, Newman (1995) notes that geck-
ers can routinely occur without apparent cause, and suggests
that they “may largely be a reflection of the immature state
of the central nervous systems underlying vocal expression”
(p. 79). On the other hand, many researchers are likely to
agree with Maestripieri and Call’s (1996) characterization
that geckers, like most primate infant distress calls, occur
“when the infant is not in contact with its mother” and “sig-
nal the infant’s need for nursing, transport, or protection”
(Maestripieri and Call, 1996, p. 620). Critical issues thus
include whether rhesus geckers are in fact occurring prima-
rily or exclusively in instances of distress, whether geckers
have specific, context-dependent signaling value, and how
other animals respond to these sounds.

Relatively few studies of primate infant vocalization
have examined the co-occurrence of call acoustics and con-
text (e.g., Kalin et al., 1992; Jovanovic and Gouzoules,
2001), or found evidence of context-specific vocal subtypes
(e.g., Bayart er al., 1990). Although also limited, some infor-
mation is available concerning responses to geckers and
other distress-related calls. Across primate species, for in-
stance, it has generally been found that mothers are most
responsive to young infants that vocalize at relatively low
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FIG. 1. (a) A representative gecker bout consisting of
seven pulses, shown as (top) a wave form and (bottom)
a narrowband FFT spectrogram (20 ms Hanning analy-
sis window, 22.05 kHz sampling rate). The third and
fourth pulse shown produced higher HNR values than

elsewhere, but are nonetheless still likely to reflect de-
terministic chaos in underlying vocal-fold vibration. (b)
A gecker bout illustrating pulse reduplication in the
wave form and a narrowband FFT spectrogram. Pulses
are first doubled and then tripled.
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rates (Maestripieri, 1995; Hauser, 1993). Furthermore, fe-
males in several species have been reported to produce
distress-related calls comprised of more call types, emitted at
higher rates, and for longer durations than males (Locke and
Hauser, 1999; Wallen, 2005; Green, 1981). Overall, rhesus
females do show greater volubility than males, not only in
infancy (Newman et al., 1990; Tomaszycki et al., 2001), but
also in adolescence and adulthood (Erwin, 1975). Thus,
while sex differences in maternal treatment of primate in-
fants tends to be rare (Wallen, 2005), Tomaszycki et al.
(2001) have nonetheless reported that rhesus mothers are
more likely to respond to vocalizations by male than by fe-
male infants. Despite this evidence, rather little is as yet
known about the ontogeny or extent of sex differences in
vocal behavior (Gautier and Gautier 1977; Green, 1981).
Furthermore, the few studies that are available have typically
examined time periods of less than a year (Hammerschmidt
et al., 2000; Hammerschmidt er al, 2002; Seyfarth and
Cheney, 1986; Newman, 1995; Snowdon et al., 1997; Owren
et al., 1993).

The current study sought to extend previous work on
rhesus geckers by examining the acoustics and contexts of
these vocalizations as systematically as possible in animals
up to 24 months of age. The work began with a detailed
characterization of gecker acoustics and the contexts in
which infants produce these calls. The data were then used to
test for possible specificity in acoustics and contexts, age and
sex-related differences, and factors that might affect the like-
lihood of responding by mothers or other animals. These
questions were examined using a large database of calls re-
corded during a long-term study of two groups of socially
housed rhesus monkeys living in outdoor cages at a national
primate center.

Il. METHODS
A. Study site and subjects

Data were collected during the course of a long-term
project on vocal development (Owren et al. 1992a, 1992b;
Owren ef al., 1993). The subset analyzed here drew on audio
recordings and behavioral data collected between 1986 and
1989 from ten rhesus macaques (six males and four females)
ranging in age from newborn to 24 months of age (see Table
I). The overall project involved cross fostering a small num-
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ber of neonatal infants between different-species foster
mothers (Owren and Dieter, 1989), but no such offspring are
represented in the data analyzed here. The ten subjects in-
cluded here represented all the rhesus offspring born into the
study groups during the course of the project and from whom
there were any usable gecker recordings. The subjects were
offspring of a total of seven different mothers, all of whom
were multiparous. Five mothers were represented by a single
study subject, one by two study subjects, and one by three
study subjects. All animals were located at the California
National Primate Research Center (CNPRC; University of
California, Davis), as part of two socially living groups.
Group composition varied somewhat over time, with each of
the two cages including 1-2 adult males, one or no unrelated
juvenile males, 4—6 adult females, and 6-8 offspring of
those females.

Each group was housed outdoors in a separate cage con-
structed from two modified commercial corn cribs connected
by a rectangular inter-cage unit (Hoffman and Stowell,
1973). The cages were approximately 13.6X4.3X3.0 m
(with additional space created by conical roofs), and con-
tained capture chutes, perches, and pea gravel used as re-
placeable ground cover. During the winter months, screens
were installed as wind shields and infrared lamps provided
heat. The monkeys had continuous access to fresh water and
received Purina monkey chow twice daily in quantities that
ensured a plentiful supply for all. Detailed physical exami-
nations of the animals were conducted three times per year
by the CNPRC veterinary staff and general health was
checked daily.

TABLE I. Subject demographics and representation in the gecker sample.

Subject Sex Age (mo) No. of Bouts No. of Pulses
IN M 1-5 3 9
IS M 2-5 16 76
LN F 4-14 27 281
ML F 2-4 7 47
MS M 1-16 28 98
MY F 3-17 6 55
NK M 4-7 9 33
RK M 3-17 4 15
SM M 5-14 8 18
SV F 5 3 19
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TABLE II. The 24 variables used in acoustic analysis.

Acoustic measure

Definition

Bout-Dur

Pulse-Dur

Pulses-Bout

Pulse-Redup

SNR (signal-to-noise ratio)

Peak1

Spectral-Tilt

LPCI to LPC12
Spectral-Mean

Spectral-StDev

Spectral-Skew
Spectral-Kurtosis

HNR (harmonic-to-noise ratio)

Duration of a gecker bout (s)

Duration of a single gecker pulse within a bout (s)
Number of gecker pulses within a bout

Number of re-duplicated pulses within a bout
Difference between rms amplitude of a pulse and
adjacent background noise (dB)

Frequency of the first LPC peak (Hz)

Overall slope of the LPC function

Values of the 12 coefficients of the LPC function
Mean of the normalized frequency spectrum (Hz)
Standard deviation of the normalized spectrum
Relative symmetry of the normalized spectrum
Relative peakedness of the normalized spectrum
Ratio of wave form periodicity to noisiness (dB)

B. Apparatus and procedure
1. Observation and recording

Behavioral observations were conducted in 10 min con-
tinuous focal sessions (Altmann, 1974) occurring in the
morning (7:30 AM to noon) in the spring, summer, and fall,
and in the afternoon (noon to 5 PM) in winter, up to six days
per week. The daily sampling order was determined quasi-
randomly. During sampling, behaviors exhibited by the focal
animal and others it interacted with were entered as codes on
a handheld computer, with each entry noting animal identi-
ties, any one or more of 63 concomitant behaviors, as well as
the onset time of occurrence. This approach allowed docu-
mentation of all vocalizations produced by a focal animal
during the session, as well as the behavior associated with
these calls.

Audio recording was conducted with a four-channel Tas-
cam 234 cassette deck (Teac Corporation, Tokyo), and two
Sennheiser ME88 microphones (Sennheiser Electronic, Old
Lyme, CT) placed on stands in fixed positions outside the
cage. Calls from all animals were routinely recorded, includ-
ing ad libitum samples that were described through supple-
mentary commentary using a lapel microphone connected to
a separate channel of the cassette deck. Vocalizations were
later transferred to i in. audio tape using either a Uher 4200
Report Monitor (Uher Werke Munchen, Munich) or a Fostex
A-2 reel-to-reel deck (Fostex America, Norwalk, CA). Calls
were separated, numbered, and annotated during this process
using the coded behaviors and any additional, audio-
recorded comments.

2. Call selection and analysis

The vocalization sample was identified by examining the
entire database of more than 10,000 separately cataloged
calling episodes available from the project. Gecker vocaliza-
tions were identified based on previous annotations in the
database (Owren er al., 1992a), by matching acoustic fea-
tures to published descriptions of gecker calls (e.g., Rowell
and Hinde 1962; Jovanovic and Gouzoules 2001), and by
ear. A total of 111 analyzable gecker bouts comprising 651
individual gecker pulses from the ten vocalizers were iden-
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tified in this manner (see Table ). A bout was defined an as
uninterrupted emission of pulsed vocalization by a single
animal with less than a 5 s pause between pulses.

Vocalizations were digitized and archived using a sam-
pling rate of 44.1 kHz with 16 bit accuracy. Calls were sub-
sequently downsampled to 22.05 kHz for analysis, which
was conducted using the ESPS/waves+ 5.3 “xwaves” pack-
age (Entropic Research, Washington, DC), running on an
SGI 02 workstation (Silicon Graphics Incorporated, Moun-
tain View, CA). The Praat speech analysis package was also
used in some analyses (Boersma, 2001; available at www-
.praat.org). Statistical analyses were conducted using NCSS
2004 (Jerry Hintze, Kaysville, UT) and SPSS 13.0 (SPSS
Inc., Chicago, IL).

3. Acoustic variables

Twenty-four acoustic measures were extracted (defini-
tions are provided in Table IT), spanning temporal, amplitude,
and frequency-spectrum aspects of the calls. Temporal mea-
sures of geckering at bout and pulse levels included absolute
durations (Bout-Dur, Pulse-Dur), and number of pulses per
bout (Pulses-Bout). As illustrated in Fig. 1(b), gecker pulses
sometimes occur in doubled, tripled, quadrupled, and even
quintupled form without intervening silent intervals. This
phenomenon was referred to as “twinning” by Maestripieri et
al. (2000), and here is considered as a single phenomenon
labeled “reduplication” (Pulse-Redup). Call amplitude was
characterized based on calculating a signal-to-noise ratio
(SNR) for individual bouts, defined as the root-mean-square
(rms) amplitude of the pulse minus the rms amplitude of a
representative, adjacent segment of background noise. No
attempt was made to measure the absolute amplitude of calls.
This indirect approach was used as an attempt to obtain rela-
tive amplitude information for comparisons such as possible
age-, sex-, and context-related differences. It was arguably
justified by the fact that microphones were placed in the
same locations outside the cages for every session, and based
on the assumption that general background noise levels re-
mained roughly constant over time. Sources of error for SNR
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TABLE III. Codes used to characterize behavior occurring before/during and after a geckering event.

Code Type Definition

Affil Before/during Infant engages in “friendly” prosocial behavior with mother or
others, such as touching, grooming, and play.

Aggr Before/during Infant engages in or receives aggressive behavior with mother
or others, such as threatening, pushing, hitting, biting, and nipple
rejections.

Inf-Follow Before/during Infant follows its locomoting mother.

Mth-Leave Before/during Mother moves out of proximity to her infant.

Inf-Leave Before/during Infant moves out of proximity to her mother.

Spon Before/during Absence of any evident antecedent or co-occurrence.

Pos-Outcome After Infant experiences Affil and/or attention from mother or others.

Neg-Outcome After Infant experiences Aggr from its mother or others.

No-Outcome After Infant experiences neither Aggr nor Affil from mother or others.

Rsp Response Any immediate discernible maternal action occurring in response to
her infant’s gecker (includes looking, touching, shifting position,
threatening, pushing, hitting, or biting an infant that is in contact,
and vocalizing, looking, approaching, reaching, touching,
threatening, pushing, hitting, biting, as well as Affil or Aggr toward
an infant that is not in contact).

No-Rsp Response Absence of discernible maternal behavior in response to her

infant’s gecker.

measurements would then be any moment-to-moment varia-
tion in background noise, and the vocalizer’s distance from
and relative orientation to the microphone.
Frequency-spectrum  (spectral) measurements were
made from all 651 total pulses in the sample, based on a
spectral slice located midway through each pulse. This slice
was characterized by overlaying a ten-coefficient,
autocorrelation-based linear predictive coding (LPC) func-
tion (0.023 s Hanning window) on a 512-point fast Fourier
transform (FFT) spectrum (Hanning window) of the same
segment (further described by Owren and Bernacki, 1998),
with frequency and amplitude values recovered from the
LPC envelope through cursor-based measurement. Variables
used were the first LPC peak (Peakl), the overall slope of the
LPC spectrum (Spectral-Tilt), values of each of the 12 coef-
ficients used in the LPC function (LPC1 to LPC12), and the
first four spectral moments of the Fourier spectrum
(Spectral-Mean, Spectral-StDev, Spectral-Skew, Spectral-
Kurtosis). Spectral-moment measures are particularly well
suited to characterizing global features of noisy, broadband
frequency spectra (Forrest ef al., 1988), and are computed by
normalizing the Fourier power spectrum and treating it as a
statistical distribution. The first four moments of this distri-
bution are its mean, standard deviation, skewness, and kur-
tosis, in the normal sense of these terms. The last measure
was the harmonic-to-noise ratio (HNR) of each pulse, ex-
tracted using Praat’s pitch-based algorithm (Boersma, 1993).

4. Behavioral variables

The behavioral contexts of each of the 111 gecker bouts
were coded in binary fashion according to whether the off-
spring’s mother exhibited any discernible response to the vo-
calizations (Rsp/No-Rsp), as well as being scored as to
which of six possible behaviors were occurring just before or
during the bout (Before/During) and whether vocalizing was
followed by aggression, affiliation, or neither (After). Behav-
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ioral codes are defined in Table III. Coding for Before/
During and After variables was based on behavioral codes
recorded just before, during, and after each gecker bout. Be-
haviors included as the context of each vocalization event
were determined by the observer, who also transcribed the
relevant codes for each episode on a daily basis during the
course of the project. Contexts were thus not inherently lim-
ited in time either before or after the vocalization, but rarely
exceeded a few seconds on either side. In four cases, data
were insufficient to determine the Before/During context and
those gecker bouts were excluded from analyses involving
this variable. In 34 cases, mothers were out of view, and
Rsp/No-Rsp could not be coded.

lll. RESULTS

A. Gecker acoustics
1. General features

Descriptive statistics for the acoustic features of gecker
vocalizations are shown in Table IV. On average, geckers
were emitted in 1 s bouts of four pulses, though both bout
duration (Bout-Dur) and number of pulses per bout (Pulses-
Bout) were highly variable. The longest bout observed was
nearly 9 s in duration, and as many as 28 pulses were ob-
served in a single bout. Reduplication (Pulse-Redup) oc-
curred in 34% of all bouts, could include as many as five
pulses, but usually consisted of just two (72% of total redu-
plication events). Pearson’s correlation coefficients revealed
that Pulse-Redup was strongly correlated with Bout-Dur (r
=0.83, p<<0.001) and Pulses-Bout (r=0.78, p<0.001).

Although geckers are likely among the loudest vocaliza-
tions emitted by young rhesus macaques, mean SNR values
were relatively modest (just over 6 dB), while showing high
overall variability with the loudest geckers at 19.1 dB. The
broadband noisiness of the sounds was reflected in generally
low HNR values and spectral slopes that were virtually flat.
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TABLE IV. Descriptive features of gecker vocalizations, based on 111 total bouts and 651 total pulses.

Variable M SE Min Max Range COV ean
Age (mo) 5.32 0.41 1 17 16.0 0.80
Bout-Dur (s) 0.98 0.12 0.03 8.96 8.9 1.26
Pulse-Dur (s) 0.18 0.01 0.03 0.71 0.68 0.52
Pulses-Bout 4.29 0.37 1.00 28 27.0 0.92
Pulse-Redup 1.06 0.28 0.00 26 26.0 2.79
SNR (dB) 6.40 0.44 -1.35 19.1 20.5 0.72
Peak 1 (Hz) 2923 74.9 1208 4488 3280 0.27
Spectral-Tilt -0.01 0.01 -0.22 0.33 0.55 -12.6
Spectral-Mean (Hz) 2087 127.2 114.2 5932 5818 0.04
Spectral-StDev 1480 66.1 136.5 3661 3524 0.47
Spectral-Skew 2.70 0.40 -0.92 22.7 23.6 1.55
Spectral-Kurtosis 41.5 14.5 -1.53 1066 1068 3.67
HNR (dB) 4.13 0.24 -0.67 10.4 11.0 0.60
HNR-SD 3.75 0.11 1.25 7.24 5.99 0.31
LPC1 0.63 0.07 0.03 6.1 6.10 1.18
LPC2 0.66 0.07 0.05 6.1 6.10 1.14
LPC3 0.30 0.03 —-0.64 0.92 1.60 1.09
LPC4 -0.35 0.03 -0.84 0.43 1.27 -0.86
LPC5 -0.17 0.03 —-0.66 0.54 1.20 -1.69
LPC6 —-0.38 0.02 -0.75 0.33 1.08 -0.61
LPC7 -0.10 0.02 -0.57 0.53 1.10 -2.24
LPC8 -0.20 0.02 -0.71 0.31 1.01 -1.02
LPC9 -0.01 0.02 -0.47 0.59 1.06 -15.47
LPC10 -0.09 0.02 —-0.60 0.49 1.09 -1.93
LPCI11 0.02 0.01 -0.42 0.42 0.84 6.16
LPCI12 -0.05 0.01 —-0.40 0.27 0.67 -2.57

HNR values did become significantly higher in a few cases
(see, for example, the third and fourth pulses shown in Fig.
1(a)), but were never clearly or purely harmonically struc-
tured. LPC analysis revealed a one consistent frequency peak
just below 3000 Hz (Peakl), with the spectral-moment mean
falling just above 2000 Hz. LPC analysis revealed a second
peak occurring above 7000 Hz in some cases, but associated
frequency values were highly variable. This peak was not
discernible in the majority of bouts, and therefore was also
not included as a reliable component of gecker acoustic
structure. When it did occur, the peak was not harmonically
related to Peakl.

2. Age and sex

The effects of age and sex on geckering are shown in
Fig. 2, based on 2-mo age blocks during which gecker bouts
were available from at least three different individuals (i.e.,
months 1-2, 3-4, 5-6, 7-8, and 13-14, respectively).
Repeated-measures General Linear Model analysis of vari-
ance (ANOVAs) were used to test for possible age effects on
acoustics, but independent of individual variation. Results
revealed that younger infants emitted the fewest pulses per
bout, F(4,96)=6.75, p<<0.05, the shortest pulses, F(4,96)
=8.39, p<<0.05, and the shortest bouts, F(4,96)=7.55, p
<0.01. Results from associated Tukey-Kramer multiple-
comparison posthoc tests are displayed in Fig. 2.

A number of sex differences were also found, even when
controlling as well as possible both for body-size differences
between males and females, and for differences among
individuals. As could be expected, analysis of covariance
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(ANCOVA) with vocalizer age entered as a covariate showed
males (M=1.62 kg) to be significantly heavier than females
(M=1.41 kg), F(1,110)=14.2, p<0.001. Infant body weight
was therefore entered as a covariate in further repeated-
measures ANCOVAs. With vocalizer sex as the independent
variable, these tests revealed sex differences in four tempo-
ral, amplitude, and frequency-spectrum aspects of the calls
(see Table V). The strongest effect sizes were found for
Peak1, with frequency peaks in female being almost 700 Hz
higher than in male calls, and for Bout-Dur, where female
bouts were more than twice as long as male bouts. Other
outcomes showed male geckers to be higher in amplitude
(SNR), and also less noisy (HNR).

Percentage Gecker Bouts

123 4 56 7 11214 1617
Age (mo.)

FIG. 2. Mean percentage of gecker bouts occurring by sex and age, based
on 2 month age blocks, tallied separately for each individual caller.
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TABLE V. Statistically significant ANCOVA tests for sex differences in gecker acoustics with body weight

entered as a covariate.

Acoustic Males Females Direction of Effect

measure (M/SE) (M/SE) difference F(1,5) Size (d) p value

Bout-Dur (s) 0.57/0.07 1.60/0.25 F>M 19.3 0.86 .007

SNR (dB) 7.53/0.56 4.59/0.63 M>F 8.74 0.67 .032

HNR (dB) 4.58/0.29 3.40/0.38 M>F 8.73 0.48 .032

Peakl (Hz) 2654/91.3 3349/99.3 F>M 17.7 0.99 .008
B. Gecker usage 2. Contexts

1. Age and sex

During the first two years of life, gecker bouts were
emitted by infants from 1 to 17 months of age. Over this
period, 75.7% of all gecker bouts occurred during the first 6
months of life (see Fig. 3). Gecker usage peaked at 4 months
in both males, 26.5% (X(ZG):SI.7, p<0.001), and females,
32.6% (X(26)= 16.7, p<0.05). However, the percentage of
gecker bouts used in each month differed between the sexes
(X(211)=25.1, p<0.01), with male geckers tending to occur at
younger ages. The greatest proportions of male gecker bouts
occurred during months four (26.5%), two (16.2%), and one
(14.7%), respectively. Females produced the most gecker
bouts during months four (32.6%), two (14.0%), and 14
(14.0%), respectively.
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FIG. 3. (Color online) Bout duration (Bout-Dur), the number of pulses per
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was statistically significant.
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The behavior occurring immediately before or during a
gecker bout was clear in all but four of the 111 total cases.
Although none of the six categories of Before/During behav-
ior could be considered predominant, relative proportions did
show statistically significant heterogeneity (X(25)=26.7, p
<0.001). Inf-Follow (25.2%) was the most prevalent, fol-
lowed by Aggr (22.3%) and Spon (22.3%), Mth-Leave
(18.7%), and Affil (9.4%). Inf-Leave (1.9%) could also oc-
cur before or during a gecker bout, but was rare. Males and
females were found to differ in the proportion of geckers
emitted across these categories (X%5)=23.9, p<0.001). Male
geckers were most common in Affil (male: 15.4%, female:
0%) and Aggr (male: 27.7%, female: 14.3%) contexts, while
female geckers were most common in the Inf-Follow context
(male: 10.8%, female: 47.6%). Differences in the Inf-Leave,
Mth-Leave, and Spon categories were all less than five per-
centage points. The influence of infant age on sex differences
in Before/During gecker usage was examined in infants up to
6 months old, and results paralleled the overall pattern of sex
differences (X%5)=22.0, p<0.001). Males geckered most in
the Affil (male: 17.0%, female: 0%) and Aggr (male: 28.3%,
female: 14.3%) contexts, while females geckered most in the
Inf-Follow (male: 5.44%, female: 10.3%) context. However,
the male-female difference in the Inf-Follow context was less
pronounced in these younger infants.

C. Acoustics and contexts

A cross-validated, multinomial discriminant-function
analysis was conducted with Before/During as an indepen-
dent variable to determine whether the acoustic measures
considered collectively could be used to discriminate among
the six contexts associated with geckering. Only 34.8% of
the 107 available cases were successfully classified, which
was nonetheless statistically significant, F(52,343)=2.10, p
<< 0.001. Canonical discriminant analysis (Tabachnik and Fi-
dell, 2001) revealed that the first canonical correlation (r,
=0.59) was significant, F(52,343)=2.06, p<0.0001, with
Pulse-Redup (1.02), SNR (0.91), and Bout-Dur (-0.67) be-
ing the most influential in discriminating among the contexts.

A cross-validated, multinomial discriminant-function
analysis was conducted with After as an independent vari-
able to determine whether the acoustic measures considered
collectively could be used to discriminate among the three
outcome categories associated with geckers. Only 26.6% of
the 111 cases were correctly classified, which was not a sta-
tistically significant proportion, F(26,184)=0.94, p>0.55.
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FIG. 4. Percentage occurrence of immediate maternal response by infant
age block (mo.) to each gecker bout that received an immediate maternal
response. Percentages shown sum to 100%, representing all instances that
the mother showed an immediate response to her offspring’s geckering
(scored as Rsp, as described in TABLE III).

One-way ANOVA did reveal that the means of some acoustic
measures differed as a function of the After context, includ-
ing HNR, F(2,104)=3.95, p<0.05, Bout-Dur, F(2,104)
=391, p<0.05, and Pulse-Dur, F(2,104)=4.0, p<0.05.
Tukey posthoc tests demonstrated that the geckers with the
longest Bout-Dur and Pulse-Dur values were associated with
negative outcomes significantly more often than either posi-
tive outcomes or no outcomes. Geckers with higher HNR
values were more often associated with positive outcomes
than no outcome.

D. Responses to geckers

Immediate maternal response coding (Rsp/No-Rsp) was
available for 76 geckering episodes, with mothers found to
respond in only 38.2% of these cases, and doing so predomi-
nantly when the vocalizers were relatively young (M
=3.52 mo). Although offspring as old as 17 months were still
producing geckers, no responses were noted to individuals
older than 12 months (see Fig. 4). A clear sex difference also
emerged, with 47.2% of the gecker bouts emitted by males
eliciting an immediate maternal response (25/53), compared
to only 17.4% from females (4/23), X(21)=6.03, p<0.014.
Male geckers were also responded to (M =3.32 mo) earlier in
life than females (M=4.75 mo), Mann-Whitney U, z=2.44,
p<<.02.

Gecker usage did not deviate significantly from expected
proportions across the three outcome categories scored for
geckers (X(Zz):2.65, p>0.25). Furthermore, no sex differ-
ence was found in the outcomes experienced when examin-
ing offspring across the entire 24 months, X(22)=O.72, P
>0.68. However, significant differences were apparent for
infants that were 7 months of age or older. Here, 50% of
male bouts were ultimately associated with positive out-
comes, but only 26.7% of female bouts. Conversely, 66.7%
of female bouts but only 8.3% of male bouts ultimately re-
sulted in negative outcomes, X(zz): 10.2, p<0.01.

Multivariate logistic regression analysis was used to
identify independent acoustic predictors of maternal re-
sponse as coded through Rsp/No-Rsp. Two subjects, female
infant LN and male infant MS, contributed a disproportion-
ately high number of bouts to this sample, 17 and 23 bouts,
respectively. Using a random number generator, 15 bouts
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from each were selected for analysis, which reduced the
sample to 66 bouts from nine individuals (six males, three
females), with equivalent numbers of male (M=7.7, SD
=6.68, range 1-15) and female bouts (M=7.0, SD=6.93,
range 3—15). All variables that achieved univariate statistical
significance at the 0.2 level were entered into a forward step-
wise model selection procedure for the multivariate logistic
regression analysis. Two variables, HNR and Peakl, were
determined to be statistically significant predictors of mater-
nal response in a multivariate model. Like HNR, Peak1 can
be interpreted as a measure of relative noisiness, as this LPC
coefficient tends to co-vary with the overall slope of the LPC
function. However, the measures were nonetheless largely
independent. After adjusting for Peakl, the odds of a mater-
nal response were 1.42 times greater for each unit increase in
HNR (95% confidence interval 1.2-2.1). After adjusting for
HNR, the odds of a maternal response were 3.3 times greater
for each unit increase in Peakl (95% confidence interval
1.2-9.1). Overall, the likelihood of a maternal response sig-
nificantly increased for vocalizers with higher HNR and
Peak1 values. The multivariate logistic regression model cor-
rectly predicted the presence or absence of maternal response
in 80.3% of cases, although prediction accuracy was substan-
tially higher for instances of no response (92.9%) compared
to when a response did occur (58.3%).

IV. DISCUSSION

Acoustic analyses of rhesus monkey gecker vocaliza-
tions during the first 24 months of life revealed age, sex, and
maternal response differences across several temporal, spec-
tral, and amplitude measures, but little context-specific
acoustic differentiation. Geckers of the youngest infants had
the shortest bout durations, pulse durations, and fewest
pulses per bout. Female geckers showed higher spectral
peaks and bout durations, while male geckers were higher in
amplitude and less noisy. Developmentally, gecker usage
peaked at four months of age for both sexes, with male geck-
ers nonetheless tending to occur at younger ages than those
of females. More than 75% of gecker bouts were produced
by infants 6 months of age or less, but offspring as old as 17
months could also gecker. Over 20% of gecker bouts ap-
peared to be spontaneous, while the majority of these calls
were emitted when the offspring were following their moth-
ers, receiving aggression from their mothers, or had been left
behind. Acoustic measures showed some statistical power in
discriminant-function classification of calls according to six
different behavioral contexts associated with geckering, but
modestly so. The measures discriminating most among these
contexts were bout duration, pulse reduplication, and signal-
to-noise ratio. Mothers responded most, and most positively
to the geckers of young infants, while also clearly favoring
males. Maternal response was also more likely when geckers
showed a pronounced spectral peak and less noisiness.

A. Acoustics
1. Structure and function

Acoustic analysis confirmed that geckers are composed
solely of multiple short pulses. With just one reliable fre-
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quency peak (at just below 3000 Hz), geckers can be consid-
ered “spectrally structured noise” (Beeman, 1998). The
noisiness of gecker pulses was reflected in a virtually flat
spectral slope (Spectral-Tilt), low tonality (HNR), and high
spectral standard deviation (Spectral-StDev) relative to spec-
tral mean (Spectral-Mean). While the absolute amplitude of
geckers was not measured, they are likely among the loudest
vocalizations produced by young rhesus. Their noisiness
therefore almost certainly reflects chaotic vocal-fold vibra-
tion (e.g., Tokuda er al., 2002) rather than simple airflow
turbulence. The occasional occurrence of periodic compo-
nents within this noise-based spectral structure is also con-
sistent with interpreting the sounds as example of determin-
istic chaos (Wilden et al., 1998). This kind of chaos is often
a hallmark of elevated vocal effort, for example, occurring as
subglottal air pressures and vocal-fold tensions increase dur-
ing vocal production (Wilden et al., 1998; Fitch et al., 2002,
Brown et al., 2003; Riede et al., 2004). The occurrence of
pulse reduplications in 34% of all gecker bouts can thus be
taken as an indicator of additional vocal-fold instability due
to vocal effort, with these events being particularly prevalent
in longer geckers with a large number of pulses.

This acoustic structure suggests that geckers are both
salient and localizable to listeners. Several features, includ-
ing their abrupt, high-amplitude pulses and broadband atonal
spectra, likely make geckers particularly difficult to ignore as
an auditory event (see Owren and Rendall, 1997, 2001).
These same features also suggest that geckers should be easy
to localize in both vertical and horizontal dimensions
(Brown, 1982; Heffner, 2004; Recanzone and Beckermann,
2004). Moreover, auditory localization is facilitated when
sounds are produced in conjunction with salient visual events
(e.g., Heffner, 2004), such as the dramatic, spasmodic whole-
body jerking that can accompany geckering. Geckers are
thus well designed to serve as signals of distress, and com-
municative significance likely adds additional salience for
species-specific listeners. However, these same perceptual
features can contribute to these sounds becoming annoying
as well, particularly with prolonged use (e.g., Todt, 1988). In
humans, for instance, there is ample evidence both that infant
distress vocalizations are aversive to caregivers, and that the
sounds become significantly more noxious when produced in
long bouts (Frodi and Senchak, 1990; Levitzky and Cooper,
2000; Soltis, 2004). Noisy, so-called “dysphonia” is also
prominent among the features found to have the greatest
negative impact in human infant cries (Wood and Gustafson,
2001; Gustafson and Green, 1989; Dessureau et al., 1998), a
phenomenon now shown to be chaotic vocal-fold vibration
(Herzel, 1993).

2. Age and sex

Ontogenetic trends mainly involved producing longer
pulses, longer bouts, and more pulses per bout. Consistent
with previous work on primate vocal production, these
changes likely reflect maturational and growth processes
rather than vocal learning per se (Hammerschmidt er al.,
2000; Hammerschmidt et al., 2002). Sex differences, such as
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female gecker bouts lasting more than twice as long as those
of males, were similar to outcomes reported for other distress
calls in rhesus (Tomaszycki et al., 2001; Erwin, 1975) and
Japanese macaques (Green, 1981). The single characteristic
spectral peak in geckers was also nearly 700 Hz higher in
females than in males. Male geckers were somewhat less
noisy (HNR), as well as being substantially higher in ampli-
tude (SNR). These differences were apparent even after sta-
tistically controlling for body weight, suggesting that the
critical factors may involve neuroanatomy, hormones, or
vocal-fold size and shape, rather than body size and associ-
ated differences in vocal-tract length (Fitch, 1997).

Gonadal sex steroids are particularly likely to play a
critical role, with Tomaszycki e al. (2001) finding that fe-
male rhesus up to 8 months emitted longer call bouts and
used a greater variety of call types than did males of compa-
rable age. However, when female fetuses were treated with
androgen during the second trimester of gestation, the sex
difference in later calling behavior was eliminated. The hor-
mone treatment was likely to be operating via effects both on
inferior temporal cortex (Newman and Bachevalier, 1997;
Newman et al., 1990) and on the vocal folds themselves
(Aufdemorte et al., 1983; Saez and Martin, 1976; Hollien et
al., 1994). Vocal-fold dimensions are largely unrelated to
overall body size (Fitch, 1997; Rendall e al., 2005), consis-
tent with the current finding that sex differences in gecker
acoustics persisted after statistically controlling for body
size.

B. Usage
1. Age and sex

Although rhesus from 1 to 17 months of age emitted
geckers, 75.7% of these calls occurred during the first 6
months of life. Geckering peaked at 4 months of age in both
males and females, similar to results from Berman et al.’s
(1994) more general study of rhesus distress calling. Onto-
genetic peaks have also been found in other primate infant
distress calls: stumptail macaque “trilled whistles” at 8
weeks (Maestripieri et al., 1995), vervet monkey ‘“care-
elicitation” calls at 8—10 weeks (Hauser, 1993), chimpanzee
“crying” at 6-8 weeks (Bard, 2000), and human infant cry-
ing at 6 weeks (Barr, 1990).

The time course involved may reflect the changing qual-
ity of the mother-infant relationship, with both free-ranging
and captive rhesus infants beginning to spend time away
from their mothers at about 4 months of age (Berman, 1980).
A mother’s first postpartum estrus also occurs around the
same point, potentially causing significant increases in sepa-
ration, distress calling and infant tantrums (Berman et al.,
1994). Males both began and stopped geckering earlier than
females (also see Green, 1981), consistent with Newman et
al’s (1990) finding that female rhesus vocalize more than
males during social separation in the second half of their first
year. Erwin (1975) has argued that this sex difference in
rhesus vocalization rates is very general, extending to “every
age other than the period when the females have reached
puberty and the males have not” (p. 376).
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2. Accompanying context

Gecker production was not associated with any single
behavioral context, with most geckers occurring when an
offspring received maternal aggression (22%), when there
was a proximity change such as mother moving away (19%),
or when the vocalizer was following its mother (25%). Spon-
taneous geckers (22%) were also common. This finding is
compatible with Newman’s (1995) argument that at least
some geckers are artifacts of basic nervous-system develop-
ment rather than having signaling function per se. In a simi-
lar vein, Blass (1994) argues that human infant crying may
function to maintain ideal levels of brain activation during
early development. Nonetheless, spontaneous geckers may
also reflect distress with purely internal causes, or could be
related to external circumstances that the observer cannot
readily see. At present, this issue must be considered unre-
solved.

Male geckering was found to be significantly more
likely in the context of experiencing either aggression or
affiliative behavior than was female geckering. However, the
most striking sex difference appeared for offspring following
their mothers, a context that accounted for almost half of all
gecker bouts in females, but only 11% in males. One inter-
pretation of this discrepancy is that females are less indepen-
dent of their mothers than are males, particularly in early
infancy (Lindell ef al., 2003; Simpson ef al., 1986; although
see Brown and Dixon, 2000). If so, females might also be-
come more distressed and vocal when following an inatten-
tive mother (Lovejoy and Wallen, 1988).

C. Acoustics and context

The contexts found to be associated with geckering are
consistent with interpreting these sounds as “separation-
rejection” vocalizations, but the lack of context-specificity
suggests they are not differentiated signals of specific need.
While gecker acoustics supported statistically significant
discriminant-function classification according to preceding
or co-occurring context, categorization success was only
35% correct overall. The upshot is that the degree of acoustic
differentiation is unlikely to attain the “just noticeable differ-
ence” (sensu Nelson and Marler, 1990) necessary for conspe-
cifics to reliably infer the context of calling from acoustics
alone. Gecker variation appears more likely to reflect differ-
ences in vocalizer arousal, particularly as pulse reduplica-
tion, signal-to-noise ratio, and bout duration were the pri-
mary variables contributing to successful statistical
classification. Each of these measures probably reflects over-
all vocal effort, with increasing arousal plausibly associated
with higher subglottal air pressures, greater vocal-fold ten-
sion, and more prolonged calling. This interpretation is con-
sistent with Bayart et al.’s (1990) compelling results with
coo calls produced by rhesus infants being separated from
their mothers. Both infant behavior and associated coo
acoustics were differentially affected by the degree of isola-
tion, with concomitant effects found on hormone levels,
monoamine neurotransmitter measures, and behavioral
arousal. Total isolation produced increases in each of these
domains, and triggered coos that were longer, harmonically
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richer, and more frequency modulated than those produced
when mothers were visible to the infants in an adjacent cage.

D. Maternal response

Mothers showed an immediate response to only 38% of
gecker bouts, and these reactions depended on a combination
of gecker acoustics, offspring age, and whether the vocaliz-
ers were male or female. Mothers were most responsive to
infants aged 4 months or less, and mothers were never ob-
served to react to offspring older than 12 months. Maestrip-
ieri (1995) and Hauser (1993) have reported similar out-
comes for stump-tailed macaques (Macaca arctoides) and
vervet monkeys (Cercopithecus aethiops), respectively.
Overall maternal responsiveness here was lower than in
those studies, but probably because the current subjects were
observed over a wider age range. Mothers were also more
likely to react to male than to female geckers, and began to
show responses earlier in the infant males’ lives. Tomaszycki
et al. (2001) similarly found that rhesus mothers responded
more to males than to females across a variety of distress
vocalizations, consistent with a general pattern of rhesus fe-
males showing somewhat greater parental investment toward
sons than daughters (Bercovitch et al., 2000).

Overall, the outcomes experienced by geckering infants
were about equally likely to be positive or negative, and
based again on discriminant-function analysis, gecker acous-
tics could not be used to predict the nature of the outcome, or
whether there would be any discernible outcome. However,
univariate analyses did show that geckers with longer bout
and pulse durations tended to be associated with more nega-
tive outcomes such as aggression, while less noisy geckers
were associated with more positive outcomes. An additional,
striking difference was that for offspring 7 months or older,
geckering was followed by aggression from mothers or other
group members more than 50% of the time for females, but
less than 10% of the time for males. Similarly, about half the
gecker bouts from older male infants were associated with
positive outcomes such as affiliation and attention, while the
comparable figure for females was only about one-quarter.

These differences probably reflect a combination of fac-
tors, including the vocalizer’s age and sex, as well as the
potential aversiveness of geckers as auditory events. On the
one hand, rhesus mothers could be less responsive to, but
more negative toward females due to their higher calling
rates, noisier geckers, and older ages when calling. Rein-
forcement learning has often been proposed as the mecha-
nism by which rat pups (D’amato er al., 2005), bird nestlings
(Lotem, 1998; Stamps e al., 1989), or rthesus monkey infants
(Berman et al., 1994) adjust their vocalizing towards optimal
rates of effectiveness. Female rhesus infants may vocalize
more often and intensively than males because mothers are
rarely responding. Mothers may respond less to females be-
cause females are geckering excessively beyond the ages at
which maternal response to geckers is crucial to offspring
well being.

On the other hand, females may be more likely to ex-
hibit these calling characteristics precisely because their
mothers are less responsive and behave less positively to-
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ward them. If the latter, mothers are behaving differently
toward males and females for other reasons, and can in fact
likely distinguish their respective geckers due to differences
such as spectral peak frequencies. In addition, mothers were
simply less likely to respond to calls from older individuals,
which in most instances of which were females. Overall,
then, while sex differences in both geckering and maternal
responsiveness are apparent in these animals, the direction of
causality involved between remains unclear.

V. CONCLUSIONS

Taken together, gecker vocalizations are likely to be
highly salient and localizable to receivers. Gecker acoustics
appear to be well designed to draw the attention of mothers
and other listeners, while also potentially becoming aversive.
These sounds become even more salient by virtue of regu-
larly being accompanied by spasmodic jerking, occurring in
lengthy bouts, and being associated with situations of evident
vocalizer distress. While thus potentially being an effective
distress cue, geckers are not highly specific to particular cir-
cumstances, and only infrequently elicit maternal response.
The likelihood of maternal response was greatest when geck-
ers exhibited pronounced spectral peaks and less noisiness
(HNR).

Most gecker bouts were emitted within the first 6
months of life, with peak occurrence when infants were 4
months of age and mothers were experiencing their first post-
partum estrus. After this age, maternal responsiveness dimin-
ished markedly. Male infants both began and stopped geck-
ering earlier in life than females, and mothers responded
more to their calls. Sex differences were also found in gecker
acoustics, albeit based on an imperfectly balanced sample.
Female vocalizations were characterized by longer durations
and higher-frequency spectral peaks, while male geckers
were generally less noisy (HNR) and higher in amplitude.
Differences in neuroanatomy, hormones, and vocal-fold size
and shape are all likely to contribute to these acoustic differ-
ences. Sex-biased maternal responsiveness is likely attribut-
able to sex differences in gecker acoustics as well as the fact
that females are emitting geckers at older ages than males.
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