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Noise-localization thresholds and the ability to localize pure tones at 60* separation were 
determined for gerbils. The gerbils were trained using a two-choice procedure with observing 
response in which the gerbils made a left or right response to sounds emanating from their left 
or right side in order to obtain food. The average 75% correct localization threshold of 7 gerbils 
for a 100-ms noise burst was 27* with chance performance (p > .01) reached at 12". The ability 
of 4 gerbils to localize both low- and high-frequency pure tones indicates that gerbils are able to 
use both phase- and intensity-difference locus cues. The frequency at which tone localization was 
poorest was 2.8 kHz, well below the theoretical frequency of ambiguity of the phase cue but 
within the frequency range at which phase locking declines in the mammalian auditory system. 
The sound localization ability of gerbils is typical of small rodents, and there is no obvious sign 
that it is affected by the degenerative disorder of the central auditory system which has been 
recently discovered in gerbils. 

The  Mongol ian  gerbil (Meriones unguiculatus) has been 
recognized over  the last decade as a useful subject for the 
study of  audi tory physiology and neu roana tomy  (e.g., Dolan,  
Mills, & Schmiedt ,  1985; Nordeen,  Killackey, & Kitzes, 1983; 
Ryan,  Woolf ,  & Sharp, 1982; Schmiedt ,  1982). However ,  
behavioral  studies o f  their  audi tory capacities have remained  
l imited to the audiogram (Ryan,  1976) and to the develop- 
men t  o f  direct ional  responding (Kelly & Potash, 1986). Be- 
cause m u c h  of  the central  audi tory system o f  m a m m a l s  is 
devoted to an  analysis o f  interaural  t ime  and intensity rela- 
t ions impor tan t  for sound localization, a knowledge o f  the 
localizat ion acuity o f  the gerbil and its use o f  interaural  t ime 
and intensity differences would  be relevant  to electrophysio- 
logical and ana tomica l  descriptions o f  the central  audi tory 
system. In addit ion,  an awareness o f  any differences in audi- 
tory funct ion between the gerbil and other  c o m m o n  labora- 
tory species, such as the cat and laboratory rat, would  aid in 
interpret ing physiological and ana tomica l  differences. Finally, 
because o f  the gerbil 's specialization for low-frequency hear- 
ing, its audi tory capacities are o f  interest for the compara t ive  
study of  m a m m a l i a n  heat ing in general. Accordingly,  the 
present study provides data  on the az imuthal  sound localiza- 
t ion acuity o f  the gerbil and on its ability to localize pure 
tones at 60* separat ion throughout  most  o f  its hearing range. 

Method 
Subjects 

Seven gerbils, 4 males and 3 females, were used as subjects in this 
study. Food was used as a reward and was available only in the test 
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situation. The gerbils were weighed daily to monitor their depriva- 
tionai 
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Figure I. Spectrum of the auditory stimulus used in the noise-localization test. 

setting the high- and low-pass sections 
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ances of  90% correct or better were achieved by each animal 
for at least one large angle of  separation, which indicated that 
the task was well within their capacity. Performances fell 
gradually as angles of  60* and smaller were presented. The 
75% correct threshold criterion was reached at angles ranging 
from 19" to 30* for an average of  27*. The animals fell to 
chance (p 
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formula: 

(Hits - 
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in the gerbil. This is especially relevant because the cochlear 
nuclei are the major source of  input to the superior olivary 
complex in which the binaural cues for locus are first ana- 
lyzed. 

Because all gerbils examined so far have been found to have 
this condition, it is not possible to determine directly its effect 
on their hearing. However, there are two lines of  evidence 
that suggest that it has little or no effect on sound localization 
ability. First, as previously noted, the localization acuity of  
gerbils is not notably different from that of  other small ro- 
dents. In addition, the variation between individuals, which 
should be increased by a progressive disorder, does not appear 
to be greater than that observed in other species (e.g., Brown 
et al., 1980; H. Heffner & Heffner, 1984; Strominger, 1969). 
Second, the ability to localize sound is often affected by 
damage to the auditory system, and the ability to localize 
tones has been shown to be impaired in albino cats that 
possess a degenerate medial superior olivary nucleus (R. Heft- 
n e r &  Heffner, 1987a). However, the gerbils had no similar 
difficulty in localizing tones. 

It appears, then, that there are no unusual features in the 
sound localization ability of  gerbils that would suggest that 
they are subject to a 
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central nervous system (Rhode & Smith, 1986; Woolf et al., 
1981). However, such a limited sample is insufficient to 
determine the range of abilities in mammals as a whole, and 
it is well established that the vertebrate auditory system is 
capable of phase locking up to 10 kHz because it does so in 
the barn owl (Sullivan & Konishi, 1984). Therefore, it should 
be noted that although the upper limit for the use of the phase 
cue may be determined by the phase-locking ability of the 
gerbil's auditory system, it is possible for a vertebrate to evolve 
an auditory system capable of phase locking at higher fre- 
quencies. 

Turning to binaural intensity, it appears that this cue be- 
comes useable by 4 kHz, as demonstrated by the improved 
performance in most of the gerbils at this frequency. This 
observation is supported by evidence based on cochlear mi- 
crophonic recordings, which show that an interaural intensity 
difference exceeding 6 dB becomes available in gerbils at 
frequencies above 4 kHz (Plassmann, Kausch, Kuhn, Peetz, 
& Gottschalk, 1985). 

The behavioral results for the gerbil are close to those for 
the kangaroo rat whose dip occurs 1/2 octave higher at 4 kHz 
and whose performance rises again by 5.6 kHz. However, 
these two species are in contrast to the least weasel (a species 
of similar interaural distance and auditory sensitivity), for 
which the usefulness of phase begins to fall at the same point 
as for the gerbil and kangaroo rat (approximately 2 kHz) but 
for which the intensity cue does not become useful until 16 
kHz is reached, possibly owing to the much smaller pinnae 
of the least weasel (R. Heffner & Heffner, 1987b). 

In summary, the gerbil is a species capable of using both 
binaural phase- and intensity-difference cues to localize sound 
but whose acuity is limited in comparison to other species 
serving as models of a mammalian auditory system in labo- 
ratory studies. The possible effect on sound localization of 
the recently discovered degenerative disorder in the central 
auditory system of the gerbil is not d o e s  s p e c i e s  a u d i t o r y  

possible 
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