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ABSTRACT
This review discusses hearing performance in primates and selective

pressures that may influence it. The hearing sensitivity and sound-local-
ization abilities of primates, as indicated by behavioral tests, are reviewed
and compared to hearing and sound localization among mammals in gen-
eral. Primates fit the mammalian pattern with small species hearing higher
frequencies than larger species in order to use spectral/intensity cues for
sound localization. In this broader comparative context, the restricted high-



that we can detect (our audiogram) is the most basic
description of our auditory abilities. Once an animal has
been detected, we can derive its location from the sounds
it generates. Indeed, mammals reflexively orient toward
an unexpected sound, and sound localization acuity is
another important descriptor of our hearing ability. Fi-
nally, having detected and located an animal in our vicin-
ity, it is useful to know something about it and its inten-
tions (is it potential food, mate, or predator?); if it is
vocalizing, what do the calls mean? Such identification
and interpretation refers to the ability to respond based
not on the sound’s physical features but on the biological



primates have been tested, they are divided into related
groups for convenience of illustration. A list of the primate
species covered in this review can be found in Table 1.

Strepsirrhine Primates
Figure 2 illustrates the audiograms for four primitive

primates whose audiograms have been determined. The
human audiogram has also been included for comparison.
Although not a primate, we have also included a tree
shrew, Tupaia glis, because it has been considered to
represent an intermediate form between insectivores and
strepsirrhines and because it has a similar habitat and
lifestyle. All of the species represented here have hearing
that becomes gradually more sensitive as frequency in-
creases above their low-frequency hearing limit (slowly
falling curve from 125 Hz to 8 kHz), and all show a rapid
decrease in sensitivity (sharply rising curve above 32 kHz)
as their high-frequency limit is approached. Indeed, the
shapes of the audiograms are remarkably similar; their
main difference is where they lie along the frequency axis.
All of the strepsirrhines and the tree shrew hear higher
frequencies than humans do, and none hear as low. This
difference in high- and low-frequency hearing is not pecu-
liar to strepsirrhines, but is nearly universal among small
mammals, as discussed below.

Old World and New World Monkeys
Figure 3 illustrates audiograms for Old World monkeys.

In addition to the yellow baboon and the patas monkey,
there are average audiograms for three members of the
genus Cercopithecus (DeBrazza’s monkey, blue monkey,
and vervet) and for four macaques (rhesus, Japanese,
pig-tailed, and cynomolgus). We have treated the genera
Cercopithecus and Macaca as single cases because the
species are so closely related; however, the individual

species are illustrated in the scatter plots. Although most
of the audiograms are complete, testing was not carried
out at frequencies low enough for a low-frequency hearing
limit to be established for the baboon. The shape of the
audiograms is typical, with more gradual changes in sen-
sitivity at lower frequencies than at higher frequencies.
Eight of the species have good overall sensitivity with
thresholds below 10 dB SPL over several octaves, and
their low-frequency sensitivity is similar to that of hu-
mans. All hear approximately an octave higher than hu-
mans do. Only the patas monkey seems unusual with poor
sensitivity overall (no thresholds below 10 dB) and much
poorer hearing at low frequencies, with no responses ob-
tained below 125 Hz. Although this is possibly a true

TABLE 1. Hearing limits for 19 species of primates*

Species
High-frequency

limit (kHz)
Low-frequency

limit (kHz)

Best
frequency

(kHz)

Best
sensitivity

(dB)

Hearing
range

(octaves)

Lemur catta 58 0.0672 8 3 9.76
Eulemur fulvus1 43 0.072 8 �1 9.22
Nyctecebus coucang 44 0.083 16 9 9.05
Perodicticus potto 42 0.125 16 1 8.39
Galago senegalensis 65 0.0922 32 3 9.46
Callithrix jacchus4 30 7 �9
Saimiri sciureus 43 0.100 8 4.5 8.75
Aotus trivirgatus 49.5 10 �8
Erythrocebus patas3 30.53 0.2453 83 143 6.963

Macaca fascicularis 42 1 1
Macaca fuscata 34.5 0.028 1 5 10.29
Macaca mulatta 42 8 4
Macaca nemestrina 34.5 1.8 5
Cercopithecus aethiops 45 0.069 1.4 �4 9.35
Cercopithecus mitis 482 0.0462 1.4 4 10.03
Cercopithecus neglectus 43 0.063 5.7 2 9.38
Papio cynocephalus 40 0.0452 8 0 9.80
Pan troglodytes 28.5 8 3
Homo sapiens 17.6 0.031 4 �10 9.15

*For references, see Figures 2, 3, 6, and 7.
1Personal communication (D. Sutherland and R.B. Masterton).
2Extrapolated value based on a threshold of 50 dB or higher.
3Tested using headphones.
4Published under the name Hapale jacchus.

Fig. 2. Average audiograms for the ring-tailed lemur (Lemur catta)
(Gillette et al., 1973), lesser bushbaby (Galago senegalensis) (Heffner HE
et al., 1969b), potto (Perodicticus potto) (Heffner and Masterton, 1970),
slow loris (Nycticebus coucang) (Heffner and Masterton, 1970), and tree
shrew (Tupaia glis



representation of the hearing for that species, the patas
monkeys were tested using headphones, and it can be
difficult to calibrate the intensity of auditory signals with
headphones, especially at low frequencies, and head-
phones eliminate the contribution of the sound-gathering
function of the pinnae. Accordingly, data from this species
are not included in the comparative analyses presented
below.

Audiograms for three species of New World monkeys
(squirrel monkey, owl monkey, and marmoset) are illus-
trated in Figure 4. As with the strepsirrhines, the entire
audiogram is shifted along the frequency axis toward
higher frequencies compared to humans. Although the
typical shape is present with its slope shallower at low
frequencies than at high frequencies, one additional fea-
ture appears in the midrange of frequencies. Whereas the
other species illustrated so far had relatively little varia-
tion in sensitivity in the midrange where hearing is best,
these species have a slight W-shape to their audiograms
with good hearing near 2 kHz and 8 kHz, but less sensi-
tivity around 4 kHz. This is often characterized as two
peaks of sensitivity, with various functions attributed to
the upper peak such as communication (often specified as
mother-infant communication) or echolocation in the case
of bats (Long and Schnitzler, 1975; Bohn et al., 2001;
Sterbing, 2002). However, the shape can also be charac-
terized as a region of reduced sensitivity (here around 4
kHz) in an otherwise smooth audiogram. Such a region of
reduced sensitivity has been attributed to the pinnae,
which are directional, amplifying some frequencies and
attenuating others, depending on the direction of the
sound source and orientation of the pinnae (Rice et al.,
1992). Such filtering provides directional cues for localiza-
tion in elevation and front/back discriminations. When-
ever the filtering properties of the pinnae have been ex-
amined, they have been found to be quite directional in the
region of these peaks and dips in the audiogram, lending
support to the hypothesis that these differences in sensi-

tivity are related to the pinnae and sound localization
(Koay et al., 1998, 2003). The importance of high frequen-
cies for sound localization does not rule out the possibility
that mothers and infants take advantage of their ability to
hear high frequencies and use them to communicate over
short distances, since high frequencies are less likely to
propagate over longer distances to be heard by predators.
This shape is very common among mammals and is not
peculiar to New World primates; in addition to the exam-
ples noted above, it is found among marsupials, rodents,
carnivores, and hoofed mammals (Heffner and Heffner,
1983, 1985a; Heffner and Heffner, 1985; Frost and Mas-
terton, 1994; Heffner et al., 1994; Heffner et al., 2001b).

Hominoidea
Only one species of ape has been tested for auditory

sensitivity, a chimpanzee (Pan troglodytes). It is illus-
trated in Figure 5, along with the audiogram for humans.
As with the other primates, its high-frequency hearing is
more sensitive and its low-frequency hearing is less sen-
sitive compared to that of humans. Because both of the
determinations that contributed to the average for chim-
panzees were made using sounds presented via head-
phones, the low-frequency hearing may not be comparable
to tests presenting sounds via loudspeakers due to diffi-
culties in calibrating headphones at low frequencies.

As shown in Figures 2, 3, 4, and 5 and in Table 1,
primates vary in their ability to detect sound. As depicted
in Table 1, their high-frequency hearing limits range from
17.6 kHz for humans to 65 kHz for the lesser bushbaby, a
difference of 1.88 octaves. Low-frequency hearing limits
range from 28 Hz for Japanese macaques to 125 Hz for the
potto. The best frequency of hearing ranges from 1.4 kHz
for the blue monkey and vervet to 32 kHz for the lesser
bushbaby. The best sensitivity ranges from �10 for our
sample of humans to 14 dB for the patas monkey (al-
though this could be an underestimate). The question we
must address is whether this variation is unusual and
whether the differences among primates are peculiar to
primates or are part of the larger pattern of variation
observed among mammals as a whole.

One observation is quickly made from the audiograms of
primates: when moving from strepsirrhines to New World

Fig. 3. Average audiograms for the patas monkey (Erythrocebus
patas) (Smith et al., 1987), yellow baboon (Papio cynocephalus) (Hienz et
al., 1982), four macaques [



monkeys, Old World monkeys, apes, then humans, high-
frequency hearing decreases and, instead, the hearing
range extends further into the low frequencies. Although
it was once tempting to consider this an evolutionary
progression eventually culminating in hearing specialized



spectrum of a sound at the two ears. The magnitude of
both of these differences depends on how far apart the
ears are. These cues can be exceedingly small in species
with close-set ears. For example, the greatest time delay
possible for a domestic mouse is 61 �sec, and for little
brown bats and wild mice it is 40 �sec. Since the smallest
time delay thought to be resolvable is about 9 �sec (Klump
and Eady, 1956), these small interaural distances provide
little working range to distinguish the locations of sounds
between 90° to the right or left (maximum interaural time
difference) and sound sources located at the midline (zero
time difference). Thus, small mammals are forced to rely
on spectral-intensity differences at the two ears or on cues
provided by the directional properties of the pinnae at
high frequencies, the third cue for localizing sound. How-
ever, these cues are also minimal unless an animal can
hear frequencies high enough (i.e., wavelengths short
enough) to be shadowed by its small head and pinnae. The
higher the frequencies that are audible, the greater these
spectral cues will be. For this reason, small species are
under greater selective pressure to hear high frequencies
for use in sound localization than are large species.

The binaural cues are used for localizing sound sources
in the horizontal plane, but animals also localize sounds in
elevation and distinguish between front and back sounds.
For these tasks in which binaural cues contribute little or
not at all, the filtering characteristics of the pinnae pro-
vide locus cues (as well as helping the animal to pick out
sounds from a noisy background) (Heffner et al., 1995).
The pinnae act as directional filters that modify the spec-
trum of a sound reaching the tympanic membrane de-
pending on the orientation of the pinnae to the sound.

High-frequency hearing is essential for using pinna cues
to localize sound. Low frequencies are not attenuated by
the pinnae and are not reflected by the small contours of
the concha and tragus. There are no standardized mea-
sures on which we can compare species based on pinna
characteristics, but the general rule is that smaller pinnae
only affect higher frequencies [compare Heffner et al.
(1996)]. Thus, binaural cues and pinna cues both require
higher frequencies in smaller species.

The relationship between interaural distance in micro-
seconds (i.e., functional head size) and high-frequency
hearing limit is illustrated in Figure 7. The relationship
was first reported in 1969 based on a sample of only 18
species heavily weighted with primates, including hu-
mans (Masterton et al., 1969). But the relationship has
not weakened as the number of species with behaviorally
determined audiograms has more than tripled and its
representation of lifestyles and mammalian orders has
greatly improved. As can be seen, mammals with small
heads or close-set ears are able to hear higher frequencies
than species with larger interaural distances (r � �0.792;
P � 0.0001). Undoubtedly, some of the variance not ac-



sound. Subterranean mammals live their entire lives
underground in long narrow tunnels in which sounds
are either in front or in the rear and their directional
responses to those sounds are similarly restricted. We
can describe them as living in a one-dimensional world
that has released them from selective pressure to local-
ize sounds, either horizontally or vertically. Three such
species have been tested for both auditory sensitivity
and sound localization and they are represented by the
triangles in Figure 7. All three species are incapable of
localizing brief sounds (although they can home in on
long-duration sounds from widely spaced sources), and,
with 60 dB high-frequency limits between 5.6 and 11.5
kHz, they hear no higher than most nonmammals. It
seems that without selective pressure for sound local-
ization, there is also no selective pressure to hear high
frequencies. It is perhaps worth noting that both black-
tailed and white-tailed prairie dogs, species that spend
much time underground and that rarely stray far from
the safety of a tunnel entrance, are similarly deviant
(Fig. 7), although not to the extreme of the exclusively
underground mammals (Heffner et al., 1994).

The three subterranean species also illustrate that scal-
ing of ear and head do not dictate high-frequency hearing
abilities. Small mammals with small skulls do not auto-
matically possess middle and inner ears that transduce
high frequencies. Finally, the three subterranean species
provide additional examples in which an absence of good
high-frequency hearing, even when accompanied by mod-
erate sensitivity to low frequencies, is not associated with
speech.

So far, we have dealt with species averages and com-
parisons between species. Nevertheless, it is reasonable to
ask, given the argument above, whether high-frequency
hearing varies according to interaural distance within
species. There is little evidence on this question, but the
evidence that exists indicates that high-frequency hearing
limit is a species character. High-frequency hearing in
humans varies very little among healthy individuals and a
correspondence with head size has not been found even
when sought (R.B. Masterton, personal communication).
Domestic dogs have functional head sizes that vary by a
factor of two (Chihuahua to St. Bernard). However, when
these and other breeds were tested, their high-frequency
hearing varied only from 41 to 47 kHz; indeed, members of
the smallest and the largest breeds both had the best
high-frequency hearing (Heffner HE, 1983). Thus, the lim-
ited evidence available argues that high-frequency hear-
ing ability is a species character and not an individual
character. The study of different breeds of dogs also con-
cluded that the upper limit of hearing for the species is
very near the value predicted by the interaural distance of
the smaller breeds—it is as if the species hears high
enough for its smallest members to localize sound. It is
also worth noting that not only did interaural distances
range over a factor of two, but the area of the tympanic
membrane also varied by a factor of two. Thus, although
this physical character of the middle ear of dogs scaled
with body weight, it had no detectable influence on hear-



Low-Frequency Hearing

Low-frequency hearing varies among mammals over an
even wider range than high-frequency hearing. The low-
frequency hearing limits of mammals extend over a range



recognize that it is quite possible to accommodate a very
wide range of frequencies with a single ear. Neither the
basilar membrane nor the physical apparatus for conduct-
ing sound necessarily restricts the range of frequencies
that can be transduced and encoded. Cats are particularly
good examples with their ability to hear 10.5 octaves



pected sound is an orienting reflex. Attention turns
toward the sound source and this involves turning the



do not have a measure of the width of the field of best
vision of squirrel monkeys, we know their fovea is less
distinct, consistent with their slightly larger sound-local-
ization threshold (Stone and Johnston, 1981). Localization
acuity is not known for any of the strepsirrhines, but it is
likely that species such as the Philippine tarsier, galago,
and mouse lemur will have progressively poorer sound-
localization acuity, ranging from approximately 9 to 12°,
based on the width of their fields of best vision (Stone and
Johnston, 1981; Tetreault et al., 2004). The dwarf lemur
may have much poorer localization acuity as it is reported
to have very little variation of acuity across its retina
(Tetreault et al., 2004).

No other visual parameter examined, including the size
of the visual fields and the absolute visual acuity, can
account for as much of the variance in sound localization
as does the width of the best visual field. Further, when
the width of the field of best vision is mathematically
removed as a factor using partial correlations or multiple
analysis of variance, other visual parameters are no
longer reliably related to sound localization (Heffner and
Heffner, 1992b). Similarly, predators tend to be better
localizers than prey species, but they also tend to have
more frontally placed eyes and narrower fields of best
vision. When all of the factors are considered together, it is
the width of the field of best vision that accounts for most
of the variance.

We have gained further confidence that a major selec-
tive pressure driving sound-localization acuity is its use
for directing vision by examining unusual cases. First,
subterranean species are consistent with this hypothesis.
They live exclusively in dark burrows where the visual
orienting reflex would seem to have no use and where
other directional responses are limited. One of the species,
the blind mole rat, has become so specialized that its
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