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Comparing the hearing abilities of echolocating and non-echolocating bats can provide insight into the e ect of echolocation on
more basic hearing abilities. Toward this end, we determined the audiograms of two species of non-echolocating bats, the straw-col-
ored fruit bat (Eidolon helvum), a large (230-350 g) African fruit bat, and the dog-faced fruit bat (Cynopterus brachyotis), a small (30—
45 g) bat native to India and Southeast Asia. A conditioned suppression/avoidance procedure with a fruit juice reward was used for
testing. At 60 dB SPL, the hearing range of E. helvum extends from 1.38 to 41 kHz with best sensitivity at 8 kHz; the hearing range of
C. brachyotis extends from 2.63 to 70 kHz with best sensitivity at 10 kHz. As with all other bats tested so far, neither species was able
to hear below 500 Hz, suggesting that they may not use a time code for perceiving pitch. Comparison of the high-frequency hearing
abilities of echolocating and non-echolocating bats suggests that the use of laryngeal echolocation has resulted in additional selective
pressure to hear high frequencies. However, the typical high-frequency sensitivity of small non-echolocating mammals would have
been su cient to support initial echolocation in the early evolution of bats, a finding that supports the possibility of multiple origins
of echolocation.
© 2006 Elsevier B.V. All rights reserved.
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In bats, we are presented with an opportunity to directly
compare the hearing abilities of echolocating and non-
echolocating species within a taxonomic order to provide
insight to auditory adaptations that might be unique to
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The first issue involves the high-frequency hearing of
bats. Mammals are unique among vertebrates in that virtu-
ally all mammals hear higher than 10 kHz (



the bat. (For specifics of cage construction see He ner
et al., 2003; Koay et al., 1998a.) Fruit juice was used as



in a consecutive block of 6-10 warning trials (with approx-



3.4dB and the majority of points within 2 dB of each
other. (Note that Bat B was tested at fewer di erent fre-
guencies than Bat A due to time constraints; it was used
to help define the upper and lower limits of hearing and
the inflection points in the midrange of the audiogram.)
Responses were obtained for C. brachyotis at frequencies
as low as 1.4 kHz. Thresholds improved with frequency,
from an average of 81.5 dB at 1.4 kHz to their best sensitiv-
ity of 6.5 dB at 10 kHz (Fig. 3). Thresholds remained below
25dB up to 40 kHz, with a region of slightly diminished
sensitivity around 20 kHz. Above 40 kHz, sensitivity
declined rapidly to an average threshold of 85dB at
80 kHz. At an intensity of 60 dB SPL, the hearing range
of this species extends from 2.63 to 70 kHz, a range of
4.73 octaves.

3.3. Features of E. helvum and C. brachyotis hearing

The audiograms of E. helvum and C. brachyotis are
shown together in Fig. 4. Both have relatively steep slopes
at the upper and lower ends of their audible range, and
both show a mid-frequency region of slightly diminished



4.1. High-frequency hearing

By hearing frequencies high enough to be shadowed by
the head and amplified or attenuated by the pinnae, mam-
mals gain access to spectral cues for sound-localization
(He ner and He ner, 2003; Masterton et al., 1969). The
smaller an animal’s head and pinnae, the higher it must
hear to obtain useable binaural spectral-di erence cues
and pinna cues. The relationship between head size (specif-
ically functional head size, the time it takes sound to travel
around the head from one auditory meatus to the other)
and high-frequency hearing is illustrated in Fig. 5. This fig-
ure shows that the ability to hear high frequencies increases
as functional head size decreases, with a correlation of
r=-0.79 (
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4.2. Low-frequency hearing

Fig. 6* shows the distribution of low-frequency hearing
limits in behaviorally tested mammals. The ability of E.
helvum to hear down to 1.38 kHz at 60 dB gives it the dis-
tinction of having the best low-frequency hearing so far of
any bat with a behaviorally determined audiogram.
[Although it has been suggested that at least one species
of bat, Trachops cirrhosus, can detect lower frequencies
using tape recorded sounds under field conditions (Ryan
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Fig. 6. Distribution among terrestrial mammals of the lowest frequency
audible at 60 dB SPL (referred to as the low-frequency hearing limit). Each
bar represents 2/3 octave; bats are indicated by dark shading with the non-
echolocating bats falling into bins J and L (the names of the individual
species can be found in footnote 1), other mammals are indicated by light
shading.

et al., 1983), this possibility awaits confirmation in con-
trolled acoustic conditions.] Yet, even the 1.38 kHz hearing
of E. helvum is still quite limited when compared to the
low-frequency hearing of other mammals, most of which
can hear frequencies below 125 Hz (He ner et al., 2001a,
2003). Even among small species, such as most rodents
and small primates, good low-frequency hearing is com-
mon, as can be seen in Fig. 6.

The inability of bats and several other species to hear
frequencies below about 500 Hz may have implications
for their auditory processing. Specifically, these species
may not use a temporal code for pitch and instead rely only
on place coding on the basilar membrane (He ner et al.,
2001a, 2003). It may be worth emphasizing that, at least
based on the species tested so far, non-echolocating and
echolocating bats appear to be similar in their limited
low-frequency hearing, in contrast to their di erence in
high-frequency hearing. Thus, it is quite likely that high-
and low-frequency hearing evolve independently, presum-
ably under di erent selective pressures.
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