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Introduction 
 
Research on vocal communication in terrestrial mammals had until recently 
lagged behind work on birds and anurans (frogs and toads), perhaps because of 
the greater difficulty of recording, analyzing and playing back acoustically 
more complex signals to animals who are usually free-ranging and difficult to 
confine for experimental purposes. One exception is the non-human primates, 
which have received intense scrutiny because of their shared ancestry with 
humans. Although primates can be classified as terrestrial mammals, we will 
not attempt to comprehensively cover research on this group here (much of 
this is presented in other chapters of the encyclopedia) but rather focus on the 
other terrestrial mammals, where advances in research techniques (enabled by 
the revolution in digital technology) are now beginning to yield interesting 
results.  Research on these mammals integrates study at several levels of 
investigation, including the functional anatomy of the vocal apparatus, the 
acoustic structure of the calls, the context of their emission and their 
relationship and co-evolution with the social structures and reproductive 
strategies of the animals that give them. As a consequence, research in this 
area now uses a range of methods and tools, including anatomical 
investigation, sound analyses and re-synthesis and playback experiments.  
While mammalian vocal communication is qualitatively different from human 
speech, humans are also mammals and our mechanisms of vocal production are 
largely shared.  This means that a common framework for understanding the 
structure and evolution of mammal vocalizations already exists, the source-
filter theory of voice production.  The realization that this is the case has 
recently led to major advances in our scientific understanding of terrestrial 
mammal calls. 
 
How mammal calls are produced 
 
The source and the filter 
 
In most terrestrial mammals mammals, a vocalization is the product of a source 
signal, generated by vibration of the vocal folds in the larynx that is 
subsequently filtered in the cavities of the vocal tract. This source signal is 
typically a periodical wave with a fundamental frequency and harmonic 
overtones that are integer multiples of it (figure 1). The fundamental 
frequency (F0), sometimes called the glottal pulse rate (GPR), is determined by 
the rate of vibration of the vocal folds and responsible for the pitch of the 
vocalization: the higher the rate of vibration, the higher pitched the 
vocalization is perceived to be. However, after being generated at the larynx, 



the source signal must pass through the cavities of the vocal tract before 
radiating out through the mouth and nostrils into the environment.  During this 
process the vocal tract acts as a tube of air with natural resonances, and 
selectively amplifies certain frequencies in the source spectrum. This filtering 
process shapes the spectral envelope of the signal, producing peaks called 
“formants”. The perceptual correlate of formant frequencies is more difficult 
to characterize but it is often referred to as the timbre of the vocalization. 
 
One of the important consequences of the source-filter theory of vocal 
production is that characteristics of vocalizations that arise from inherent 
properties of the filter can vary independently from those that arise from the 
source, and either or both may provide receivers with important information. 
In particular, two key sender characteristics are likely to be coded in mammal 
calls: information on individual identity, which in large terrestrial mammals 
usually results from random variation in the shape of the vocal apparatus or the 
way that it is operated by individuals, and information on fitness (including 
size, condition and age), usually a consequence of physical or physiological 
constraints that affect the range of variation of acoustic features or the rate of 
calling. 
 
Pitch should, in principle, be inversely related to the length and mass of the 
vocal folds: therefore smaller animals generally produce higher calls. However, 
while this is broadly the case across species (mice have higher pitched calls 
than elephants), empirical data shows that within species, pitch is a relatively 
poor indicator of sender physical attributes, reflecting large scale, age-related 
variation (in most species the calls of juvenile individuals are higher pitched 
than those of adult females, which are in turn higher than those of adult 
males).  However, pitch does not accurately reflect finer scale differences 
between individuals of the same age/sex classes.  In contrast, pitch varies 
within individuals, and its range, variation and quality are likely to convey 
information on motivational state.  For example, it is predicted that pitch 
should rise with increasing levels of fear and stress, as vocal folds are likely to 
become stiffer in more tense animals.  Another characteristic of the source 
that may convey information on motivational state is its periodicity.  Many 
mammalian calls are characterized by a lack of periodicity, caused by irregular 
vibration of the vocal folds, which confers a harsh quality on the resulting 
vocalizations.  This quality tends to be associated with cries indicative of pain 
(eg, distress calls) or intensely aggressive vocalizations (eg, harsh roars in red 
deer). 
 
Variation in the shape of the vocal tract affects the position of the formants 
relative to one another, and contributes to the individual quality of different 
voices, as studies of deer (eg, reindeer, fallow deer, red deer) and some 
primate species have shown. More importantly, there is a direct inverse 
relationship between the length of the vocal tract and the spacing of formants 
that results in the presence of size-related information in the calls of many 



mammalian species (eg, primates, canids, deer). Both between and within 
species, the larger the animal, the lower its resonance frequencies are, and 
consequently the closer the spacing of these resonances (formants) in the 
frequency domain. 
 
Finally, physiological costs associated with the production of sequences of calls 
are likely to limit the rate at which individuals can call, and this characteristic 
potentially provides receivers with an honest indication of the physical 
condition of the caller, as has been shown in red deer. 
 
The ability of individuals to determine each other’s identity, physical status or 
internal state from vocalizations dramatically increases the level of 
functionally relevant information that is potentially exchanged. Whereas in 
some cases identity may be inferred from the location of the caller or by using 
visual or olfactory signals, acoustic cues are likely to be of primary importance 
when individuals range widely. Such cues can provide receivers with 
instantaneous information on the location and attributes of the caller and may 
represent the only effective signaling modality in nocturnal or forest dwelling 
species. There is a considerable body of evidence indicating that the 
vocalizations of terrestrial mammals contain information on the identity and 
physical attributes of the caller (see below).  
 
Contexts in which terrestrial mammals call 
 
Intraspecific 
 
Social communication 
 
Functionally, vocal communication underlies and facilitates social behavior in 
terrestrial mammals, allowing individuals to stay in contact with others in their 
own group (including offspring) even when widely separated, to defend 
territories, to interact with others of differing rank without constantly getting 
into costly fights and to communicate about certain external events. Individual 
differences in vocalizations, arising from variation in source and filter 
characteristics, encode individual identity in a range of large mammals, 
enabling the social recognition that is at the basis of more complex social 
behavior. Differences in the fundamental frequency contour have been 
identified as important in broadcasting information on identity in wolves and 
elephants, while individuality in formant frequencies has been demonstrated in 
fallow deer, roe deer, red deer, elephants and rhesus macaques. 
 
In order to study vocal recognition, researchers use playback experiments 
(where vocalizations from specific individuals are recorded and broadcast back 
to receivers through a loudspeaker).  For example, playback experiments have 
been used to assess whether animals can discriminate the calls of particular 
close associates (e.g., mother or offspring) from those of other individuals. 



Such studies have shown that mother-young recognition can be at least 
partially mediated by voice cues in a range of species (pinnipeds, sheep, deer, 
bats and primates) and that vocal recognition occurs between adult individuals 
in eg, red deer, red squirrels, African elephants and several non-human 
primates.  In some species the number of individuals that listeners can 
discriminate by voice can be quite large - playback experiments have 
demonstrated that female elephants are familiar with the calls of around 100 
others in the population and social recognition is possible over distances of up 
to 2.5km. In some species memory for the calls of social companions can also 
persist for very long periods.  For example, there is evidence that fur seals and 
African elephants can still recognize the calls of particular individuals months 
and sometimes years after these individuals have separated from them. 
 
Calling and territoriality 
 
There is abundant evidence that terrestrial mammals use loud calls to 
advertise ownership of a territory and defend it against rivals in the vicinity.  
Territorial defense may be carried out by single individuals calling alone eg, 
male roe deer barking to delineate a breeding territory, or by groups of 
individuals (often relatives) co-operating to defend a joint territory or range 
eg, howler monkeys.  In the latter case, individuals call in chorus, engaging in 
vocal battles with neighboring groups that involve howling back and forth. 
Howling in wolves is used in a similar fashion, but here the evidence suggests 
that calling serves an inter-group spacing function rather than explicitly 
representing a territorial advertisement.   Much of the work on wolves has been 
conducted using human simulations of wolf howling (rather than playback) to 
elicit replies from the study animals.  Where playbacks were conducted, wolves 
called back at the loudspeaker and gave lower pitched howls the closer they 
got.  This could suggest that wolves vocalize with a lower pitch as they get 
closer to ritualistically advertise a stronger motivation to attack, although the 
lower pitch could also simply be a byproduct of softer calling when the wolves 
perceive their attacker to be close. 
 
Vocalizations used in territorial defense can be unusually complex.  Gibbons 
deliver their territorial vocalizations in songs that are highly structured and 
these appear to function in intra-sexual competition, the complexity of songs 
increasing as the interaction proceeds and more complex songs eliciting faster 
approaches to playback.  This is supported by comparative evidence indicating 
that singing performance in males is also reduced when energy reserves are 
limited. 
 
Finally, where groups of individuals co-operate to defend shared resources such 
as territories and young eg, lions and many non-human primates, the number of 
individuals per group can often outweigh inter-individual differences in 
determining the outcome of a contest.  Assessment of resource-holding 
potential would be expected to vary accordingly - and playback experiments on 



lions, chimpanzees and black howler monkeys have now demonstrated that 
groups assess one another on the basis of relative group size, with vocalizations 
providing an important cue to this. 
 
Communication within the social group 
 
Above we have focused on examining communication between groups, however 
communication also plays a key role in co-ordinating activities within groups, 
the ability to discriminate the calls of group members from those of other 
individuals obviously providing the crucial basis for this.  Thus, for example, 
context-specific use of signature whistles by bottlenose dolphins suggests that 
these vocalizations are cohesion calls.  Among large terrestrial mammals, 
female lions have been shown to use roaring to recruit members of their own 
pride if some individuals are absent when they are played simulated intruders 
roaring.  In some species there is evidence that during within-group 
communication, callers may direct their calls at specific individuals.  Thus male 
chimpanzees have been observed to pant-hoot more when particular allies are 
nearby than when they are absent, and in African elephants affiliated females 
preferentially respond to each other’s rumbles and often call in sequence when 
approached by dominant individuals.  Specific vocal signals between dominants 
and subordinates within stable social groups also play a key role in allowing 
individuals of different ranks to interact with minimal aggression and in 
reconciling opponents after fights - see chapter X (Cheney & Seyfarth).  
Moreover, within the social group, mammals also use vocalizations to signal to 
one another about certain external events (eg, predators, food, social events). 
These calls can be functionally referential (denoting objects or events external 
to the caller) as well as emotional (reflecting the internal state or subsequent 
behaviour of the caller) – see Chapter Y (Zuberbuhler) for details. 
 
 
Sexual communication 
 
In addition to their social function, mammal vocalizations are also crucial to 
sexual behavior, influencing the outcome of contests between males as they 
compete for females, affecting mate attraction and patterns of mate choice 
and sometimes influencing reproductive physiology directly. 
 
Loud calls and sexual behavior 
 
Many large mammals have evolved loud calls specific to the reproductive 
season that function to attract individuals of the opposite sex and advertise 
resource holding potential to competitors in the vicinity. These calls are often 
very conspicuous and seem specifically adapted for attracting the attention of 
a wide audience. The loud reproductive calls of polygynous deer, which 
typically serve several functions, provide some of the best examples. 
 



Calling rate and male- male contests 
 
A long-term study on a free-ranging population of red deer on the Island of Rum 
identified roaring rate as an assessment cue that determines the outcome of 
roaring contests between red deer stags. When one red deer stag is challenging 
another for the possession of a harem, he typically approaches his opponent 
and the two start to exchange roars directly. After this roaring conversation, 
the stags may or may not escalate to either a parallel walk, where they parade 
tensely up and down in parallel (usually roaring as they do so) or to a full-
blown fight.  Fights are more often preceded by roaring contests in which the 
challenger roars more frequently than his rival than the other way round. 
Moreover, roaring rates in contests are well correlated with fighting ability. 
When roars are played back from a loudspeaker to simulate the presence of a 
rival stag, stags increase their roaring rate to match that of the challenger 
unless the challenger is roaring so fast that they are apparently unable to do 
so. This provides experimental evidence that stags only continue with a 
challenge if they can out-roar their opponent. As a result of roaring contests, 
and the further visual and vocal assessment possible in parallel walks, 
relatively few challenges end in costly fights. In the closely related fallow 
deer, harem-holding bucks groan at higher rates in the presence of nearby 
vocal males, suggesting that the signal conveyed by groaning rates in this 
species is primarily a threat aimed at rival males.  Bucks achieve their highest 
call rates immediately after copulating, thereby transmitting information to 
nearby males on their condition and motivational state. In line with the 
hypothesis that groaning rate acts as a signal between males, immature males 
decrease their rates of groaning in response to playbacks of groans from 
mature males, whereas mature males increase their groaning rates in this 
situation. Overall, these results suggest that fallow deer bucks vary their 
groaning rate in relation to the presence and quality of competitors, including 
the indirect costs of inviting contests with surrounding and potentially stronger 
males. 
 
Effects of calling on females 
 
In both fallow and red deer, there is evidence that rutting calls do not function 
solely to mediate competition between males. In playbacks conducted under 
controlled conditions on deer farms, red deer females exposed to male roars 
during the pre-rut period conceived earlier than females who were not, 
providing evidence that calling can advance ovulation. Moreover, red deer 
roaring appears to influence mate choice decisions. Hinds are more likely to 
look at and move towards a speaker simulating a stag roaring at a higher rate, 
even at points in the roaring sequence when both are delivering the same 
number of roars.  They even appear to prefer callers that initiate bouts of 
roaring. High roaring rates may thus confer advantages in inter-sexual choice as 
well as intra-sexual competition. 
 



Red deer females also appear to attend to the particular roaring characteristics 
associated with the stag whose roars they hear most often.  Hinds are able to 
discriminate between the roars of their current harem holder and those of 
other neighboring stags, in accordance with previous findings that red deer 
roars contain sufficient acoustic cues to identify the caller. Oestrous females 
could benefit by choosing to mate with males that are most familiar to them, 
i.e. those who are able to spend more time and effort in retaining them within 
a harem and in roaring at them. It is thought that over the course of the 
breeding period, red deer hinds progressively become familiar with the 
vocalizations of the stag in whose harem they spend most time. The degree of 
familiarity that a given female has with a particular stag’s roars should result 
from the cumulative extent of her exposure to his roars. A combination of 
factors is likely to affect this including the duration of exposure, the rate of 
roaring during exposure and the loudness of the roars (harem holders’ roars will 
be received at a higher amplitude simply because of proximity).  Studies of 
long-term groaning rates in fallow deer also indicate that amount of calling is 
correlated with reproductive success, therefore providing some support for the 
familiarization hypothesis.  
 
Alternative routes to honest signaling in mammal calls 
 
Above we have seen that males and females use rate of calling as an indicator 
of the quality or resource holding potential of particular males.  In red deer, 
roaring rate is believed to be an honest indicator of fighting ability (and an 
evolutionarily stable assessment cue) because of the direct and indirect 
energetic costs associated with maintaining high roaring rates.  Beyond the 
usual costs associated with phonation, roaring involves strenuous muscular 
activity related to tilting the head back and retracting the larynx towards the 
sternum each time a roar is given.  However, while roaring rate provides a 
reasonable indication of a stag’s condition - it does not give direct information 
on a stag’s body size - a crucial parameter in predicting the outcome of fights 
and a good indicator of reproductive success.  Studies of the detailed acoustic 
structure of roars indicate that formant frequencies given when the vocal tract 
is fully extended are inversely related to body weight and that stags attend to 
these acoustic features when assessing opponents.  Ongoing research on the 
responses of hinds to playbacks of roaring also suggests that females prefer 
roars where lower formants indicate larger individuals. As outlined at the 
beginning of the chapter, formant frequencies are inversely related to the 
length of the vocal tract, which in red deer is constrained by the length of the 
neck.  This provides an example of how physical constraints can generate 
honesty in mammal calls independently of any costs linked to their production. 
 
Loud mating calls in other mammals 
 
Male from polygynous pinniped species characterized by extreme sexual 
dimorphism also have loud sexual advertisement calls (e.g. Northern elephant 



seals; common seals) and calling interactions between males on land or 
underwater may be attended to by rival males, potential mates or both. It 
remains to be seen whether receivers alter their subsequent behavior on the 
basis of which male dominates in a calling interaction.  In elephant seals, 
females are unusual in also producing loud calls during matings (copulation 
calls) that attract other males in the vicinity and indirectly result in the caller 
being mated by the most dominant male.  
 
Inter-specific communication 
 
Above we have discussed the use of terrestrial mammal calls that are directed 
primarily at other members of the same species.  There are also cases of 
terrestrial mammals producing calls that function in the context of 
interspecific interactions. One such example is that of pursuit-deterrence calls, 
typically given by ungulates.  A study of roe deer revealed that barks, 
previously identified as “alarm calls”, in fact function to elucidate the cause of 
disturbance. In this communication system, calls inform any predator that 
might be present that it has been detected. The likelihood of barking in 
response to a predator-like disturbance is independent of the presence of 
(related or unrelated) conspecifics in close vicinity, demonstrating that it is not 
an alarm call.  In other cases, animals appear to have developed the ability to 
listen to the calls of predators and extract sophisticated information that 
enables them to adjust their defensive behaviour according to the specific 
threat.  Work on harbor seals has shown that this species has learnt to actively 
avoid dangerous “mammal - eating” killer whales in comparison with the local 
fish-eating ones that pose no threat, and that this discrimination is based on 
acoustic recognition.   
 
Finally, there is a growing body of research investigating the impact of 
domestication and artificial selection on vocal communication between 
companion animals (particularly domestic cats and dogs) and their human 
keepers.  Within this literature there is plentiful evidence that vocal signals 
may be used by pets to specifically alter the behavior of their owners. 
 



 

 
 
Figure legend: 
 
Figure 1: Waveforms and spectrogram of a common roar from a red deer stag 
showing the key acoustic features.  Common roars are complex calls with 
modulated source (fundamental frequency) and filter (formants). The narrow, 
evenly spaced frequency bands rising in the first half of the roar and decreasing 
towards the end represent the fundamental frequency and harmonics. The 
vocal tract resonances, or “formants” are represented by the darker, less 
regularly spaced energy bands (labeled as F1, F2, … F8) that decrease during 
calling, as the stag lengthens his vocal tract. Harmonics and formants move 
independently due to source-filter independence.  
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