Elephant hearing
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Elephants’ vocalizations and movements have recently been shown to produce seismic waves
(Rayleigh wavep This may be relevant for the well-known long-distance communication of these
animals. It is suggested here that elephants may sense ground vibrations as a result of bone
conduction producing a differential vibration of the middle ear ossicles in relation to the skull. This
hypothesis is supported by the exceptionally massive ossicles of the Indian and African elephants.
The acoustics of bone conduction is reviewed and related to the anatomy of the elephant middle ear.
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We would like to comment on the observations pre- We have earlier suggested that the true seRimcidag
sented by O’Connell, Arnason and Hart at the 134th meetingise both air-conducted and bone-conducted hearing, the
of the Acoustical Society of America in San Diego in De- former in air and the latter in waté® Among mammals, the
cember 1997.0’Connell et al. suggest that elephants could ossicles of phocids are very massive and of an unusual
base their acoustic long-distance communication on Rayshape, suggesting that the ossicle inertia is functi¢piad-
leigh waves propagated in the surface layer of the groundvided that the rotation axis and the center of gravityndd
Such waves could be produced both by stomping the groundoincide. The middle ear ossicles of the elephants are even
and by body vibrations produced by vocalization. In supporimore massive than those of the phocids; the combined mass
of this hypothesis we would like to point out that the of malleus, incus and stapesif,s) is about 650 mg for the
anatomy of the elephant middle ear shows morphologicaindian elephant, compared with 160—320 mg for five species
adaptations suitable for sensing ground vibrations. of phocids’ The ossicles of other large herbivores are gen-

Sound information can reach the mammalian inner eaerally one order of magnitude lighter; ting,,s is 50 mg for
through two main routes. In normal air-conducted hearinghe cattle, and 74 mg for the horsép mention two species
sound waves set the tympanic membrane and the middle efsr which complete audiograms have been determfrigide
ossicles in vibration, thus producing movements of the ovalmphibious hippo might benefit from bone-conducted hear-
window and changing pressure gradients in the cochledhg in water, and indeed morphologically its middle ear os-
fluid. Bone-conducted hearing, on the other hand, is effectivgicles somewhat resemble those of phocids, although they
in water-living and fossorial mammals for which the differ- are clearly lighte125 mg.%°
ence between the acoustic impedances of the surrounding Light ossicles are a condition for high-frequency hearing
medium and the body is small. Thus the sound energy effin air> However, such ossicles do nper seimpede low-
ciently leads to skull vibration. For producing a hearing senfrequency hearing. The horse and the cattle, for instance,
sation, Cleal’ly adifferential motion between the skull sur- combine rather ||ght ossicles with a reasonab]y good sensi-
rounding the inner ear fluid and the ossicles is needed. If thgyity at low frequencies. Massive ossicles seem to occur in
center of gravity of the ossicular chain lies on the axis ofanimals which receive acoustic information through body
ossicle rotation, then skull vibration produces no such differjprations!®* and for this they pay the price of radically
ential motion and no hearing sensation is achievedaB&  requced hearing at high frequencies.
has suggested that such a prevention of bone conduction Ejephants have good low-frequency hearibgst sensi-
would be the main evolutionary reason for the mammalianjyity at 1000 H2 extending into the infrasound regidf.
middle ear hinge—it would save them from the noise creategtrther, they are known to produce infrasounds at high
by chewing. But if the center of gravity do@stlie exactly  jnhtensities®4 and to use them for instance in mate
on the rotation axis, then the inertia produced by large 0Ssearching Low frequencies attenuate less than higher fre-
sicles brings about a rotatory movement of the ossicles, angyencies and they apparently reach especially far when they
inner ear stimulation and hearing are possible. This type ofrgpagate as Rayleigh waves. This is because Rayleigh

hearing is analogous to the otolith hearing in Someaﬁ_asm waves attenuate asrlivherer is distance, while the inten-
both cases sound brings the whole body into vibration, a”‘%ity of air-borne sound attenuates ag21/

the animal detects a motion difference between the head and The elephant's body with a massive skeleton and pillar-

the stapes or the otolith, respectively. like bones might be suitable for conducting the surface
waves to the inner ear. In an elephant’s audiogram measured
dElectronic mail: tom.reuter@helsinki.fi with air-borne sound, the threshold at 100 Hz is quite high,
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