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Auditory thresholds were determined for a 7-year•ld Indian 
elephant. The animal could hear only as high as 10.5 kHz {at an 
intensity of 60 d8 SPL) and was unable to respond to frequen- 
cies above 12 kHz at intensities exceeding 90 dB. The results in- 
dicate that the inverse relationship between functional interaural 
distance (that is, the distance between the two ears divided by the 
•peed of sound) and high-frequency hearing limit is valid even for 
very large mammals. 

INTRODUCTION 

Ever since the latter half of the nineteenth century it has been 
apparent that there is wide variation in the ability of different 
species of mammals to hear high-frequency sounds. t For example, 
while humans ate generally capable of hearing up to 19 kHz, dogs 
can hear 44 kHz, rats 72 kHz, and bats 115 kHz. 2's Thus the high- 
frequency hearing limit of mammals is not uniform, but varies 
over a range of nearly three octaves. 

At first the variation in mammalian high-frequency hearing was 
thought to be related to the size of the animal, as small mam- 
mals seem better able to hear high-frequency sounds than larger 
ones. 4,s More recently, however, statistical analysis has shown 
that high*frequency hearing is directly correlated not with body 
weight, but with the functional distance between the two ears, 
where functional distance (at) is deftned as the distance between 
the ears (interaural distance) divided by the speed of sound. s,' 
Mammals with small heads, and therefore close-set ears, are better 
able to hear high-frequency sounds than species with large heads 
and wide-set ears. More precisely, high-frequency hearing varies 
inversely with the functional distance between the ears and ulti- 
mately with the interaural lime and intensity difference cues used 
for sound localization. Thus the variation in mammalian high- 
frequency hearing is neither random nor, on the whole, the result 
of adaptations to specialized habits-even those such as of hats or 
dolphins. Instead, high-frequency hearing seems to vary predict- 
ably with interaural distance. 

Though the relationship between functional interaural distance 
and high-frequency hearing has been established for over 30 dif- 
ferent species, all of the mammals examined so far have been rel- 
atively small. Indeed, until now the largest mammal whose hear- 
inc was known is man, and it has often been suggested that the 
inability of humans to hear above 20 kHz is an abberation due to 
the development of good low-frequency hearing for the percep- 
tion of speech sounds. 4,• Thus, to determine if the relationship 
applied to aU tnamrnals, la•e and small, we decided to test the 
hearing of an elephant. 

I. METHOD 

A. Sub/ect 
The subject was a 7-yea•-old (adolescent) female Indian ele- 

phant (Elephas maximus) located at the Ralph Mitchell Zoo in 
Independence, KS. 

B. Apparatus and pro,•-•dure 

The audiogram of the elephant was determined by use of a 

two-choice procedure in which the elephant indicated the pre- 
senee or absence of a tone by making one response when a tone 
was perceived and a different response when it was not perceived 
(see Heffner and Heffner 2 for details). Briefly, a response panel 
with three response buttons mounted in a horizontal row and a 
small drinking trough located directly below the center button 
was mounted on a wall in the elephant house. The animal was 
tethered in front of the panel and trained to press the center but- 
ton with its trunk in order to initiate a trial. Onee a trial had 

begun, the elephant was required to wait at least 2 s and then 
press the left button if a tone had been presented or the right 
button if no tone has been presented. A correct response was 
rewarded with 30 ml of a fruit-flavored sugar solution dispensed 
into the t•ough. An incorrect response was not rewarded and was 
followed by a 5-s wait before a new trial could begin. Tone pul- 
ses were presented randomly on half of the trials, and thresholds 
were obtained by lowering the intensity of the tones until the 
animal could no longer distinghish tone trials from no-tone trials. 

II. RESULTS 

The results of the threshold tests indicate that the elephant had 
the lowest high-frequency hearing Umit of any mammal yet 
tested. Above 4 kHz, the sensitivity of the animal decreased rap- 
idly as frequency was increased to 12 kHz at which the animal's 
threshold was 72 (LB (re 20 #N/M2). Above 12 kHz no response 
could be obtained even at intensifies exceeding 90 dB. Thus, 
while humans can hear 19 kHz at an intensity level of 60 dB, tho 
elephant can hear only as high as 10.5 kHz at that intensity. 

III. DISCUSSION 

The high-frequency hearing ability of the elephant demonstrates 
the validity of the relationship between interaural distance and 
high-frequency hearing for all mammals large due to the 

fact that body weight is positively related to maximum At. That 
is, large mammals tend to have large maximum At's while small 
mammals tend to have small maximum At's. However, when max- 
imum At is mathematically held constant by using partial corre- 
lational analysis, a the correlation between body weight and high- 
frequency hearing drops to chance (r = 0.20, p > 0.05). In con- 
trast, the correlation between maximum At and high-frequency 
hearing remains statistically significant when the influence of body 
weight is removed. Thus it is maximum At, not body weight, 
which is correlated with high-frequency hearing. 

It should be noted that maximum At in a given species is the 
maximum possible difference in the timo of arrival of a sound at 
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