
Research paper

Hearing in American leaf-nosed bats. IV: The Common vampire bat, Desmodus
rotundus

Rickye S. Heffner*, Gimseong Koay, Henry E. Heffner 1

http://dx.doi.org/10.1016/j.heares.2012.09.011
Delta:1_surname
Delta:1_surname
mailto:Rickye.Heffner@utoledo.edu
mailto:Gim_Koay@yahoo.com
mailto:Gim_Koay@yahoo.com
mailto:Henry.Heffner@utoledo.edu
file://localhost/Users/rvoss/Downloads/www.sciencedirect.com/science/journal/03785955
http://www.elsevier.com/locate/heares
http://dx.doi.org/10.1016/j.heares.2012.09.011
http://dx.doi.org/10.1016/j.heares.2012.09.011


frequency hearing than other bats (Kuwabara and Bhatnagar, 1999;
Schmidt et al., 1991; Vernon and Peterson, 1966). However, the only
behavioral test of hearing in this species used narrowband noises
and, while demonstrating that vampire bats have good sensitivity in
the midrange of their audiogram, did not determine the entire
frequency range of their hearing (Gröger and Wiegrebe, 2006). Thus
far no echolocating bat has been found to hear significantly below
1.7 kHz, even though the ability to hear frequencies lower than that
is nearly universal among non-chiropteran mammals, among which
low-frequency hearing limits range from 17 Hz to 3.6 kHz (e.g.,
Heffner et al., 2006, 2001a). Therefore it seemed especially worth-
while to determine whether a small echolocating bat could indeed
hear below 1 kHz. Accordingly, we here report the audiogram of the
Common vampire bat D. rotundus, and compare its hearing to that of
other mammals.

2. Methods



harmonics or distortion. Any measurable harmonics were at least
50 dB below the fundamental frequency and at least 20 dB below
the animals’ thresholds and thus did not contribute unwanted cues.
Care was also taken to produce a homogeneous sound field (within
$1 dB) in the area occupied by the animal’s head and ears when it
was eating from the spout.

2.5. Behavioral procedure

A hungry bat was initially trained to climb onto the platform and
drink from the reward spout. Requiring the bat to maintain contact
with the spout served to orient it towards the loudspeaker while
also activating the syringe pump to dispense a steady trickle of
blood. A train of five 400-ms tone pulses was then presented at





frequency hearing any other bat so far tested, including the
large megachiropteran bats (Yingpterochiroptera): Eidolon helvum
(a non-echolocator) and Rousettus aegyptiacus (that echolocates
using tongue clicks; Yovel et al., 2011). Thus the Common vampire
bat is unusual among bats in its low-frequency sensitivity and it is
possible that some of that sensitivity is used to detect sounds
generated by its prey, such as rustling noises, vocalizations, or even
breathing sounds (Gröger and Wiegrebe, 2006). Because lower
frequencies attenuate less over distance than higher frequencies,
extending sensitivity into the lower frequencies would be useful to



4.3. Comparisons with mammals

4.3.1. High-frequency hearing
Small mammals with small heads and pinnae are under selec-

tive pressure to hear high frequencies if they are to make use of
interaural intensity or spectral differences for sound localization,
and the correlation supporting this idea is shown in Fig. 6. Common
vampire bats fall among the cluster of other echolocating mammals
and support the hypothesis that the advantage of hearing wave-
lengths short enough to be shadowed by the head and pinnae is an
important factor in high-frequency hearing. Indeed, the only
mammals without high-frequency hearingdthose whose hearing
remains restricted to the range of most birds and probably
reptilesdare species that live entirely underground and do not
localize sound at all, shown as triangles in Fig. 6 (cf., Heffner and
Heffner, 1993). Excluding these non-localizing subterranean
species, the correlation between functional interaural distance and
high-frequency hearing remains strong for the sample of 68 pub-
lished species now available (r ¼ &0.789, p < 0.0001).

The Common vampire bat, with an interaural distance of only
61 ms, falls among the other small species, including most bats,
that hear very high frequencies. We have argued that any exten-
sion of mammalian hearing above about 10 kHz is probably due to
selective pressure to use spectral cues for passive localization
(Heffner and Heffner, 2008; Heffner et al., 2003). However, some
of the extended high-frequency hearing of bats may be attribut-
able to additional pressure for precision in echolocation. Indeed, is
has become apparent that all the echolocators in Fig. 6 lie above
the regression line, including a porpoise, Tursiops truncatus,
whose interaural distance is functionally small due to the faster
speed of sound in water and to a shorter direct route through the
head, from bulla to bulla, for underwater sound. To examine
whether echolocators, or perhaps all bats, have enhanced high-
frequency hearing beyond that expected for passive localization,

we generated a second regression line based only on species that
do not echolocate (and excluding non-echolocating bats). We then
compared the observed high-frequency hearing limits of bats to
those predicted based on the regression line for non-echolocators.
Table 1 reveals that the mean increase in high-frequency hearing
beyond that expected for passive sound localization, and that
might therefore be attributable to echolocation, is 0.7 octaves.
Notably, neither the non-echolocating bats, E. helvum and Cyn-
opterus brachyotis, nor R. aegyptiacus that echolocates using
tongue clicks, deviates from the regression line established by
other non-echolocating mammals (mean deviation 0.029 octaves).
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1982)da span of 9 octaves, far exceeding the 4.7-octave range of
variation of high-frequency hearing. Even excluding bats, the low-
frequency hearing limits among other mammals extend from
17 Hz to 3.6 kHz (elegant fat-tailed opossum; Frost and Masterton,
1994). However, the most remarkable aspect of low-frequency



is contradicted by a few small rodents (non-echolocators) that hear
above 80 kHz and that forego low-frequency hearing without any of
the additional advantage of extraordinary high-frequency hearing
being apparent. These questions make it especially important to
pursue behavioral hearing tests with echolocating bats suspected of
hearing low frequencies, such as T. cirrhosus, A. pallidus, and other
gleaning bats (Ryan et al., 1983; Fuzessery, 1994). The wide varia-
tion in bats, not yet fully explored, suggests bats may have many
more insights to provide about both the mechanisms and evolution
of mammalian hearing.
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