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Female perception of size-related formant shifts

in red deer, Cervus elaphus
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Little is known about the role of specific acoustic cues in mammal vocal communication systems. In the
current study, we used resynthesized male red deer roars in a habituationediscrimination paradigm to de-
termine whether female red deer are sensitive to shifts in formant frequencies corresponding to the natural
variation between the vocal tract lengths of a small and large adult red deer male. Hinds habituated to
a given size variant showed a significant dishabituation when they were presented with roars in which
the formants had been modified to simulate the other size variant. The significant reduction in behaviou-
ral response to a final rehabituation playback showed this was not a chance rebound in response levels.
Our results suggest that formants are salient for red deer hinds and that hinds can detect a shift in formant
frequencies that may have biological significance. We discuss the possible functions of formant perception
in female red deer and more generally in nonhuman mammals.

� 2007 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Understanding animal vocal communication systems
requires identifying specific acoustic parameters in vocal-
izations and determining the information that they
convey to receivers (Bradbury & Vehrencamp 1998). Re-
cent progress in the field of bioacoustics related to the gen-
eralization of the sourceefilter theory of vocal production
(Fant 1960) and the application of digital signal process-
ing techniques to nonhuman mammals now allows for
the identification, extraction and manipulation of specific
acoustic parameters while holding all others constant. In-
deed, by integrating these techniques in playback experi-
ments researchers can determine the perceptual and/or
functional relevance of a specific acoustic parameter
(Ghazanfar et al. 2001; Ballentine et al. 2004; Castellano
et al. 2004). We examined the perceptual relevance to
red deer females of a single acoustic parameter, formants
or ‘vocal tract resonances’, in the roars of red deer males.

Red deer males roar loudly and repeatedly during the
autumn breeding season, maintaining rates of up to
8 roars/min throughout the day and night. During this
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period stags use roaring rate, an honest indicator of male
stamina, to assess the fighting ability of rivals (Clutton-
Brock 1979). However, this roaring does not appear to
be directed exclusively at other males and does affect
female behaviour and physiology (Clutton-Brock et al.
1982). More specifically, females are differentially at-
tracted to males with higher roaring rates and are brought
into oestrus earlier when exposed to male roaring
(McComb 1987, 1991). In addition, females can discrimi-
nate between individuals on the basis of their roars, which
suggests that they are able to attend to the finer acoustic
structure, such as the pitch and formant frequencies, of
these vocalizations (Reby et al. 2001).

Formants, the resonance frequencies of the vocal tract
that can vary independently from the pitch (fundamental
frequency), contribute to the vocalization’s quality or
timbre. Although they are the key acoustic parameter
underlying phonemic variation and vowel identity in
human speech (Fant 1960; Titze 1994), their perceptual
relevance and functions in the communication systems
of nonhuman animals remain less well understood. Re-
cent work on a range of species has shown that formant
variation in animal vocalizations potentially provides re-
ceivers with important acoustic information on caller
identity (Owren et al. 1997; Rendall et al. 1998; Reby
07
Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

mailto:b.d.charlton@sussex.ac.uk


ANIMAL BEHAVIOUR, 74, 4708
et al. 1999; McComb et al. 2003; Rendall 2003), sex
(Rendall et al. 2004), maturity (Reby & McComb 2003)
and body size (Fitch 1997; Riede & Fitch 1999; Reby &
McComb 2003; Harris et al. 2006). Other studies have
implied that formants may also serve to encode semantic
information, for example the alarm calls of vervet, Chlor-
ocebus aethiops (Owren 1990) and Diana monkeys, Cercopi-
thecus diana (Riede & Zuberbühler 2003) which indicate
the presence of specific predators in the environment
and the grunt variants given in different behavioural con-
texts by wild baboons, Papio cynocephalus ursinus (Rendall
et al. 1999).

Despite speculation on the possible functions of for-
mant frequencies in species-typical vocalizations, whether
other members of the same species actually perceive this
information has rarely been tested. Conditioned sensitiv-
ity to changes in vowel-like stimuli has been observed in
a wide range of species including cats, Felis catus (Hienz
et al. 1996; Riede & Zuberbühler 2003), dogs, Canis famil-
iaris (Baru 1975), chinchillas, Chinchilla laniger (Burdick &
Miller 1975), pigeons, Columba livia (Hienz et al. 1981),
baboons, Papio anubis (Hienz & Brady 1988), Japanese ma-
caques, Macaca fuscata (Sommers et al. 1992), Old World
monkeys, Macaca sp. (Sinnott 1989; Sinnott & Kreiter
1991), budgerigars, Melopsittacus undulatus (Dooling &
Brown 1990) and Mongolian gerbils, Meriones unguiculatus
(Sinnott & Mosteller 2001). This conditioned sensitivity
shows that these animals are able to learn to use formants
that occur in human speech sounds. The diverse range of
mammal species used in these studies implies that a latent
ability to perceive formant shifts may be present through-
out nonhuman mammals and functionally important in
their own species-specific communication systems. To
determine the ability to perceive shifts in formants in
species-specific communication systems, it is necessary
to show psychoacoustic responses by conspecifics to for-
mant changes in the species’ own natural vocalizations.
However, this important preliminary step in investigating
the function of formants has so far been conducted only
in whooping cranes, Grus americana (Fitch & Kelley
2000), rhesus macaques, Macaca mulatta (Fitch & Fritz
2006) and red deer stags (Reby et al. 2005).

We used resynthesized male roars from four males, in
a habituationediscrimination paradigm (Cheney & Sey-
farth 1988; Fitch & Kelley 2000; Reby et al. 2001; Gifford
et al. 2003), to test the hypothesis that female red deer can
perceive and respond to a shift in formant frequencies in
these roars corresponding to the natural variation be-
tween the vocal tract lengths of a small and large adult
male. More specifically, we hypothesized that after show-
ing a diminishing response (habituating) to roars in which
the formant frequencies correspond to the apparent vocal
tract length of the same size variant, hinds would show
a renewal of response levels (dishabituate) to a shift in for-
mant frequencies corresponding to the other size variant.
Formant frequencies are reliable indicators of male body
size in red deer (Reby & McComb 2003). In addition, red
deer males perceive and attend to changes in the mini-
mum formant frequencies of simulated opponents by ad-
justing their behavioural responses in relation to the
perceived body size of their rival (Reby et al. 2005). Since
female red deer attend to male roars (McComb 1987,
1991; Reby et al. 2001) it is reasonable to expect formants
to be perceptually and functionally relevant to them as
well. Indeed, if formants are salient to female red deer,
mate choice decisions could be made using these acoustic
cues where lower formants indicate larger males. Such
perceptual abilities could prove adaptive for female red
deer and would raise further questions about the possible
functions of formants and the role of intersexual selection
in the evolution of these acoustic cues in animal
communication.

METHODS

Experimental Site and Animals

The study was carried out at the I.N.R.A. (Institut
National de la Recherche Agronomique) Redon Experi-
mental Farm, Clermont-Ferrand, France during the
autumn breeding seasons of 2004 and 2005. We used 24
nonoestrous adult female hinds (aged 2e3 years).

Selection of Roars for Resynthesis

We selected roars (mean duration � SE ¼ 1.9 � 0.3 s)
from four adult male red deer recorded at Redon in 1998
by D.R. to create our roar stimuli. These males were repre-
sentative of the local study population (weight 210e
230 kg, age 5e8 years) and unfamiliar to the hinds.

Although there is no published evidence for this,
formant perception may be affected by the height of the
fundamental frequency and the degree of nonlinear
phenomena (which confer a harsh quality) within the
vocalization. Specifically, glottal waves with more broad-
band noise and/or closely spaced harmonics highlight the
formant structure and may therefore improve the hind’s
ability to detect variation in formant frequencies. To
ensure that our playback stimuli adequately represented
this class of stimuli (Wiley 2003), we selected exemplars
characterized by different degrees of harshness and with
fundamental frequencies of 101.3e150 Hz.

The original recordings were made with a Telinga pro-
III-S/(DAT) mike microphone and a DAT Sony TCD-D7
recorder (amplitude resolution: 16 bits; sampling rate:
48 kHz) at distances of 2e10 m. These recorded vocaliza-
tions were transferred on to an Apple Macintosh G3 com-
puter via a Digidesign Audiomedia III soundcard. Each
roar was imported and saved in AIFF format as Sound-
Edit 16 Version 2 sound files at 16 bits amplitude resolu-
tion, 48 kHz sampling rate and normalized to 100%
peak amplitude.

Estimation of Resynthesis Parameters

To determine appropriate factors for the resynthesis of
the roar stimuli for the playback sequences, we first
extracted the formant frequencies, fundamental frequency
and intensity values for each of the original roars (using
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Praat 4.2.06 DSP package, P. Boersma & D. Weenink,
University of Amsterdam, The Netherlands).

Apparent vocal tract length estimation
The minimum frequency values of the first eight

formants were measured with linear predictive coding
(LPC; ‘To Formants (Burg)’ command in Praat; Press et al.
1992). The male roar is characterized by an initial drop in
formant frequencies, which then plateau at minimum
values before they rise again at the end of the roar. This
modulation of the formants is due to the mobile larynx,
which enables the stag to lengthen its vocal tract during
vocalizations (Fitch & Reby 2001). To standardize formant
measurement we examined the Praat output for each en-
tire roar and selected 10 readings (equivalent to 0.5 s at
the time step of 0.05 s used) from an area where the for-
mants plateau at their minimum values; we then averaged
the values for each formant frequency. The formant anal-
ysis parameters were set as follows: time step: 0.05 s;
window analysis: 0.1 s; maximum formant values:
1700e1900 Hz; maximum number of formants: 8; pre-
emphasis: 6000 Hz. We used these average minimum
formant frequencies to estimate the minimum formant
spacing (DF ) achieved during each roar and hence the
maximum vocal tract length achieved by the caller during
each roar. For this analysis we used the method outlined
in Reby & McComb (2003).

Fundamental frequency estimation
To extract the mean fundamental frequency (F0) values

for each roar we used a forward autocorrelation (To pitch
(cc) command) algorithm in Praat. The time step in the
analysis was 0.05 s and the specified range for the lower
and upper limits of the expected range of F0 was 30 Hz
and 250 Hz, respectively. A five-point average smoothing
filter removed any rapid variations in the F0 contour be-
fore the mean value for F0 across the entire roar was deter-
mined with the ‘get mean’ command in Praat.

Intensity estimation
The mean relative intensity values (dB) were determined

for each roar with the ‘get intensity’ command in Praat.

Resynthesis Procedure

Roar modification
We used a Praat script (originally written by C. J. Darwin)

to batch process the modification of formants and funda-
mental frequency for each roar. This script used a PSOLA
(Pitch Synchronous Overlap and Add)-based algorithm
(Moulines & Charpentier 1990) that changes the apparent
vocal tract lengths by a factor (k1) by shifting the formant
frequencies while leaving all other acoustic parameters
unchanged. This program (available from http://uk.
groups.yahoo.com/group/praatusers/files/Darwin%20scripts/
Vtchange) works by initially multiplying F0 by k1 and dura-
tion by 1/k1 using PSOLA before resampling and then play-
ing the samples at the original sampling frequency. We
were able to adjust the fundamental frequency at the
same time by adding an additional line to this script, fur-
ther raising or lowering the ‘pitch tier’ by the appropriate
factor (k2).

Calculation of resynthesis factors
In a study of Scottish red deer, the range of apparent

vocal tract lengths was 67.3e74.2 cm (N ¼ 22 adult
males), reflecting an approximate 5% variation around
the mean of 70.6 cm (Reby & McComb 2003). Farmed
red deer stags, because of better nutrition, are significantly
larger than Scottish free-ranging stags, which typically
have a larder weight (the weight of the entire animal less
than the alimentary tract and bleedable blood) of around
89 kg when mature equating to a live weight of about
122 kg (Clutton-Brock et al. 1982). The larger size of
farmed mature red deer stags is reflected in the body
weights (210e230 kg) and apparent vocal tract lengths
(80.6, 81, 81.8 and 82.6 cm) of the exemplars used in
this study. The apparent vocal tract lengths of the exem-
plars we used are consistent with previous measurements
made on farmed stags from the same region of France
(D. Reby, personal observation). Therefore to simulate
adult variation in male vocal tract length realistically we
used 77.4 cm and 85.6 cm for the small and large adult
male size variants, respectively, reflecting a 5% increase
or decrease from the observed mean of 81.5 cm. We
then deduced the k1 factors required to change the appar-
ent vocal tract lengths of our male exemplars to these
values by dividing either 77.4 or 85.6 by the original mea-
sured apparent vocal tract lengths for each roar.

The mean fundamental frequency values for each roar
of a playback sequence were standardized so that they
differed by less than 2 Hz. To calculate the appropriate k2

factors for each individual roar, we divided the mean fun-
damental frequency value for the entire playback se-
quence by the mean fundamental frequency value for
each roar. In this way we modified the pitch of each roar
to equal the mean F0 value for the entire playback se-
quence and hence a realistic value for the exemplar used
for that particular sequence.

Intensity standardization
The mean relative intensity values for all the roar

stimuli were also standardized to 70 dB with the ‘scale in-
tensity’ command in Praat. This was the lowest mean rel-
ative intensity value measured after normalization for
each individual roar and hence the maximum level that
could be used to avoid clipping (a form of wave distortion
produced when a sound signal is overamplified) in 100%
normalized sound files.

Playback Experiments

Paradigm
To evaluate the hind’s ability to perceive the resynthe-

sized shift in formant frequencies, we used a habituatione
discrimination paradigm (Cheney & Seyfarth 1988; Fitch
& Kelley 2000; Reby et al. 2001; Gifford et al. 2003). In
this paradigm the subject is initially habituated by

http://uk.groups.yahoo.com/group/praatusers/files/Darwin%20scripts/Vtchange
http://uk.groups.yahoo.com/group/praatusers/files/Darwin%20scripts/Vtchange
http://uk.groups.yahoo.com/group/praatusers/files/Darwin%20scripts/Vtchange
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repeated exposure to one stimulus of type A before a disha-
bituation stimulus of type B is provided. A renewal in the
level of response to stimulus B implies an ability to dis-
criminate the factor that changed between stimuli of
type A and B. Finally a rehabituation stimulus is provided
by a re-exposure to a stimulus of type A to control for the
possibility that dishabituation was due to a spontaneous
recovery of prehabituation response levels (Rendall et al.
1996).

Playback execution
To habituate the hinds to the experimental set-up and

procedure they were placed in an enclosure (approxi-
mately 50 m2) for 5 min each, without the presentation of
the playback sequences, 1 week before the experiment.

We conducted the playback experiments between 0900
and 1000 hours. Each hind was transferred from a holding
enclosure in the barn to the experimental enclosure via an
external corridor or ‘run’. Grain was placed on the ground
in a central position, ensuring that the hind would be in
a standardized context and position at the onset of play-
back. We initiated the playback sequence when the hinds
had settled and were eating to ensure their attention was
directed away from the speaker position. To play back
the roar stimuli we used an Anchor Audio Liberty
6000HIC loudspeaker at sound pressure levels (SPL)
sounding equivalent to that of naturally roaring stags of
105 dB SPL peak (determined using a Radio Shack Sound
Level Meter, set for C-weighted fast response and mea-
sured 1 m from the source). The speaker was hidden be-
hind a farm gate and covered with semiopaque green
mesh 1.5 m above the ground, 25 m from the subject
and connected by 70 m of coaxial cable to an Apple
Macintosh G3 computer. The hind’s behaviour was video-
taped from 2 min before to 2 min after the playback pe-
riod by two Sony digital cameras (models DCR/PC120E
and DCR/TRV19E) both mounted on tripods. The re-
searchers, computer and video camera equipment were
all located in the barn overlooking the paddock and
thus hidden from the hinds.

Playback sequences
The playback sequences consisted of eight single roars

taken from the same stag exemplar and each separated by
20 s. In each sequence the formant frequencies of the first
six roars comprising the habituation phase (H1eH6) and
the eighth roar, the rehabituation stimulus (RH), had
been shifted to simulate the same size variant. The sev-
enth roar of the playback sequence, the dishabituation
stimulus (DH), had its formants shifted to simulate the
other size variant (Fig. 1). In this way we aimed to provoke
habituation to roars H1eH6 with discrimination inferred
if the level of response increased significantly to the disha-
bituation stimulus and then fell back again after the reha-
bituation stimulus. We alternated the size variants used to
provoke habituation and dishabituation and balanced the
presentation of the eight different playback sequences cre-
ated (from the four stag exemplars) across the 24 hinds
and across the study. Lastly, by presenting each of the
four exemplars to six different hinds we could assess
whether the origin of the playback stimuli affected their
responses (Wiley 2003).

Following Rendall et al. (1996) we used different origi-
nal roars for each of H1eH6. Previous research on red
deer hinds using a similar habituationediscrimination
paradigm suggested that six playbacks would be sufficient
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Figure 1. Spectrograms of the roars used as stimuli in one of the playback sequences (Hanning window type; FFT size ¼ 512; frequency grid

resolution ¼ 21.53 Hz; dynamic range ¼ �60 dB). SPL: sound pressure level; VTL: vocal tract length. For each sequence the roars used origi-

nated from the same stag exemplar. The habituation phase consisted of six roars (H1eH6) in which the formants had been resynthesized to

achieve a formant spacing (DF ) approximating to 205 Hz (X � SE ¼ 204:6� 0:6 Hz) to simulate a large adult male with an apparent vocal tract
length of approximately 85.4 cm. The dishabituation stimulus (DH) consisted of one roar in which the formants had been resynthesized to

achieve a formant spacing approximating to 224.6 Hz to simulate a small adult male with an apparent vocal tract length of approximately

77.9 cm. Finally, the rehabituation stimulus (RH) consisted of one roar in which the formants had been resynthesized to achieve a formant

spacing approximating to 205 Hz to simulate a large adult male with an apparent vocal tract length of approximately 85.4 cm. The arrows
on the spectrograms indicate the position of the seventh formant (F7). The fundamental frequency (F0) and intensity values were held constant

across the entire playback sequence.
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for habituating them (Reby et al. 2001). The alternatives of
cycling the habituation sequence until the hinds ceased to
respond (Fitch & Kelley 2000) or habituating according to
a preset criterion (Gifford et al. 2003) were rejected be-
cause these would have taken a variable amount of time
between individuals. We felt it was important to standard-
ize the habituation phase to a set length of time so as to
allow the feed placed in the enclosure to last throughout
the entire playback sequence, avoiding any renewal of re-
sponse caused by a shift in attention from the food to the
speaker when the feed ran out (Reby et al. 2001).

The discrimination phase comprised the seventh (DH)
and eighth (RH) roars of the playback sequences. The
dishabituation stimulus was the same original roar as that
used for the last playback of the habituation phase (H6),
but resynthesized to the other size variant. The rehabitua-
tion stimulus was exactly the same playback as that used
for the last playback of the habituation phase (H6; Fig. 1).
Hence, the only difference between the last three roars of
each playback sequence was a shift in the formant values
of the dishabituation stimulus. In this way we aimed to
ensure that any dishabituation observed would be due to
the shift in formants and not another aspect of the vocal-
ization that could not be controlled for. Finally, by using
the same roar again for the rehabituation playback we
aimed to control for any increased level of response caused
by perceived repetition of the same roar.

Behavioural Analysis

We analysed the videotapes frame by frame (frame ¼
0.04 s) using Gamebreaker 5.1 digital video analysis sys-
tem for Mac OS 10 (Sportstec, Sydney, Australia). To quan-
tify the strength of the hind’s response to each stimulus,
we measured the duration of the first look given by the
hind to the playback source with the head maintained
in a fixed position. More precisely, the behaviour was de-
fined as starting as the hind raised or turned her head to
face the speaker, having previously faced away, before
maintaining a fixed head position and ended when the
head moved away from this first fixed position. To assess
the reliability of these methods a random selection of
20% of the playbacks were coded by a second observer,
blind to condition, and a 96% level of agreement was at-
tained. Three hinds that clearly failed to habituate (where
the behavioural response for the last playback of the ha-
bituation phase was more than twice as long as it was to
the first playback of the habituation phase) were excluded
from the analysis as outliers.

Statistical Analysis

Before statistical testing the data were log transformed
to normalize the distribution for parametric significance
tests. We used a two-way mixed general linear model to
examine our data. The within-subjects factor was termed
‘playback type’ and comprised three levels: H6, DH and
RH. Paired comparisons were used to detect significant
differences in the mean latency and duration of behav-
ioural responses between roars H6 and DH, to test for
dishabituation, and DH and RH, to test for rehabituation.
The origin of the resynthesized stimuli used in the
playback sequence was also entered as a between-subjects
factor (‘playback exemplar’, comprising four levels) in
our model to test whether hinds responded differently to
these four classes of stimuli (Kroodsma et al. 2001).
Finally, to test whether the exemplar used affected the
hind’s propensity to dishabituate or to rehabituate, we
tested for a possible interaction between playback type
and playback exemplar. Given that our hypothesis was
that the manipulation of the formants in our four exem-
plars would affect the female’s response, we used an N in
inferential statistics equal to the number of subjects in
our experiment (McGregor 1992).

Significance levels were set at 0.05 and one-tailed
probability values are quoted because of our strong di-
rectional a priori hypothesis, i.e. that behavioural response
would increase to the dishabituation playback after habit-
uation and that any decrease would be regarded as
equivalent to no difference or trend at all (Kimmel 1957).
A decrease in response would be regarded as further habit-
uation in our experiment and therefore equivalent, using
this experimental paradigm, to no perception of the
change in test stimulus.

RESULTS

The hinds’ responses were significantly affected by
playback type (F2,20 ¼ 5.551, P ¼ 0.008). The pairwise
comparisons indicated a significant increase in response
duration between the dishabituation playback (X� SE ¼
4:670� 0:859 s) and the last playback of the habituation
phase (2.988 � 0.567 s; P ¼ 0.004). In addition, response
duration decreased between the dishabituation playback
(4.670 � 0.859 s) and the rehabituation playback (2.732 �
0.486 s; P ¼ 0.003), with the response levels falling back to
that of the last habituation playback (Fig. 2).
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Figure 2. Mean � SE duration of hinds’ responses to the habitua-
tionediscrimination playback sequences. H1eH6: habituation phase;

DH: dishabituation stimulus; RH: rehabituation stimulus.
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The general linear model revealed no effect of playback
type on latency to respond (F2,20 ¼ 0.163, P ¼ 0.851). This
was confirmed by the absence of significant differences in
latency to respond between the last playback of the habit-
uation phase (4.683 s) and the dishabituation playback
(5.171 s; P ¼ 0.793) or between the dishabituation and re-
habituation stimuli (3.065 s; P ¼ 0.830).

The stag exemplar used to create the roar stimuli had
no effect on the response duration: playback exem-
plar: (F3,20¼ 1.294, P ¼ 0.309) or latency to respond (F3,20¼
1.070, P ¼ 0.401). There was no interaction between exem-
plar and playback type (comprising the three levels H6, DH
and RH) for response duration (F6,20 ¼ 1.381, P ¼ 0.251) or
latency to respond (F6,20¼ 1.145, P ¼ 0.370).

DISCUSSION

We have provided experimental evidence of formant
perception in the species-specific vocalizations of a non-
human mammal. Hinds showed a significant renewal of
response (dishabituation) when presented with a roar in
which the formants had been shifted from their value
in the habituation phase. The rehabituation control, in
which the behavioural response levels returned to that of
the last playbacks of the habituation phase, indicates this
was not a chance increase. We used six different roars from
the same stag exemplar for the habituation phase to
ensure that the hinds became habituated to the formant
value and not just to the repetition of the same roar
(Rendall et al. 1996; Reby et al. 2001). By using the same
original roar for the last three playbacks, comprising the
last playback of the habituation phase and the two play-
backs of the discrimination phase, we controlled for all
other acoustic components that could have caused disha-
bituation. The only difference between the last habitua-
tion (H6), dishabituation (DH) and rehabituation (RH)
playbacks was a shift in formant frequencies. In addition,
by using the same roar for the last three playbacks, we
controlled for any increase in response levels caused by
perceived repetition. If an increase in behavioural re-
sponse to the dishabituation playback was due to per-
ceived repetition, then we would have expected the
response level to remain high for the rehabituation
control.

Female anurans assess both pitch (Ryan 1980) and in-
tensity (Castellano et al. 2004) of the signal source when
making mate choice decisions. Although hinds do not re-
spond differentially to male roars in which the pitch has
been altered (McComb 1991), it is reasonable to assume
that these acoustic parameters are salient for hinds and
that a sudden fluctuation in either could increase atten-
tion towards the speaker. Therefore, by standardizing the
pitch and intensity of all the playbacks in each sequence
we aimed not only to maximize the chances of habitua-
tion but also to control for any dishabituation caused by
a change in these acoustic characteristics.

These results provide the first evidence in nonhuman
mammals that females can perceive differences in formant
frequencies in the vocalizations of potential mates. The
10% shift in formants that we used in this study is
consistent with the natural difference in apparent vocal
tract lengths measured between small and large adult
males (Reby & McComb 2003) and hence has external
validity and potential biological significance. To our
knowledge, no studies have addressed whether formant
frequencies are used by the females of any mammal spe-
cies other than our own. Indeed, formants are reliable in-
dicators of body size in several mammal species, including
red deer (Fitch 1997; Riede & Fitch 1999; Reby & McComb
2003), and therefore have the potential to provide impor-
tant information to females in a mate choice context. We
already know that formant frequencies are used by red
deer males as acoustic cues to assess the opponent’s
body size during agonistic interactions (Reby et al.
2005). Acoustic cues to body size fulfil important dual
functions in both female mate choice and maleemale
competition in amphibians (Davies & Halliday 1978;
Ryan 1980) and may have similar dual utility in mammals
such as red deer.

Human females perceive a lowering of the formants,
corresponding to an increase in apparent vocal tract
length, in the voice of male speakers as an increase in
the size, age and masculinity of the speaker (Feinberg et al.
2005). Formants may also provide female red deer with
important information on the size and maturity of callers
in a mate choice context. Female red deer could gain ge-
netic benefits for their male offspring through increased
body size, a primary determinant of mating success in
males (Clutton-Brock et al. 1982; Reby & McComb
2003), by choosing mating partners on the basis of these
acoustic cues. Red deer hinds could attend to the rescaling
of many formants or to only a few (the lower ones, or the
ones with the most acoustic energy) to obtain this infor-
mation on body size. We were unable to determine which
of these two possibilities is most likely; however, future
work using a similar set-up and in which only specific for-
mants are shifted could explore this possibility.

Several nonhuman vertebrate species can modulate
formants within their own species-specific vocalizations
(Hauser et al. 1993; Fitch & Reby 2001; Riede & Zuberbüh-
ler 2003; Beckers et al. 2004). In particular, it has been sug-
gested that the laryngeal descent observed in several
mammalian species, either permanently descended and/
or descended during vocalizations, may be the result of
evolutionary pressures to exaggerate size (reviewed in
Fitch 2002). The size exaggeration hypothesis has also
been proposed to justify the elongated trachea present
in some bird species (Fitch 1999). This type of compara-
tive data indicates that formants may play an important
functional role, conveying phenotypic information about
the caller, in many nonhuman vertebrate vocal communi-
cation systems.

Future work should investigate the functional signifi-
cance of formants as potential indicators of body size in
the vocal communication systems of nonhuman animals.
So far, formants have been shown to advertise body size
only in red deer intrasexual competition (Reby et al.
2005). Using similar resynthesis tools and playback
techniques, the next step could consist of studying
whether females use these indicators of body size when
assessing prospective mates.
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