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are not an advantage in localizing sound in the lateral fields. Varying the duration of the stimulus from 10 rns to 'continuous' had 



than animals with nonmobile pinnae such as 
monkeys and humans (Brown et a]., 1982; Martin 
and Webster, 1987; Mills, 1958). However, binau- 
ral locus cues are maximally effective for frontal 
sound localization and their use may mask a con- 
tribution from mobile pinnae. On the other hand, 
it is not impossible that mobility could actually 
reduce frontal localization acuity by requiring that 
the system analyzing interaural differences make 
additional calculations in the form of direction-de- 
pendent adjustments for the effect of the pinnae 
on the sound reaching the ears, just as the visual 
system takes into account the position of the eyes 
in their sockets when interpreting the spatial loca- 
tion of an object imaged on the retina (Matin, 
1972). 

There are at least two situations in which mo- 
bile pinnae might enhance sound localization 
acuity. The first involves localization of sound in 
the lateral fields, a situation in which binaural 
cues are less effective. Research on the human 
pinna has demonstrated that pinna cues play a 
significant role in localizing sounds emanating 
from sources located off to the side (e.g., Musicant 
and Butler, 1984). Given that even the nonmobile 
pinnae of humans is important for lateral sound 
localization, then cats, which presumably can 
direct their pinnae to optimize the available pinna 
cues, might be more adept than humans in localiz- 
ing lateral sound sources. 

A second situation in which mobile pinnae 
might prove advantageous is in the localization of 
long duration sounds. Because cats rapidly orient 
their pinnae towards the source of a sound (e.g., 
Thompson and Masterton, 1978), they may be 
more accurate in localizing sounds which remain 
on long enough for them to complete their orient- 
ing response as opposed to shorter duration sounds 
which do not permit scanning. 

In order to gain more information 

[7 0 Td
(source )Tj
nt- 



switches which detected when an animal made 
contact with them. A small (3-cm diameter) re- 
ceptacle for the food reward was located on the 
floor at the front of the cage. This receptacle was 
connected by plastic tubing to a 100-cc pump 
reservoir (Davis Scientific Instruments LR132), 
placed on the floor below the cage, from which 
small amounts (usually 0.5-1.0 cc) of meat puree 
were automatically dispensed for correct re- 
sponses. A 50-watt light illuminated the test cham- 
ber and was turned off to signal time-out after 
errors. A doorbell buzzer was attached to the floor 
at the rear of the cage and served as an additional 
error signal. 

Conditioned aooidunce. Conditioned avoidance 
testing was conducted in the same apparatus ex- 
cept the three response disks and the food re- 
ceptacle were replaced by a single food receptacle 
placed at nose level. The food receptacle also 
served as a response disk and was in the form of a 
shallow metal cup shaped to fit over a cat's muz- 
zle. The reward consisted of a meat and vegetable 
puree dispensed through a tube up to the food 
receptacle by a worm drive from a 200-cc syringe 
located on the floor beneath the test cage. 

Human resting. The tests with humans were con- 

/ ducted in the same acoustic chamber but the test 
cage was replaced by a chair and the response disk 
was replaced by a hand-held button. A subject 

/ was seated in a chair with his head centered in the 

!i 
perimeter bar and responded to the warning sig- 
nals by pressing a hand-held response button. 

Acoustic apparatus 

Two-choice. Two-choice localization thresholds 
were determined for single bursts of broad-band 
noise of four durations: 10 ms, 40 ms, 100 ms and 
a 'continuous' noise came on when the 
animal made an observing response and stayed on 
until the animal made a side response. The ration- 
ales for these particular durations are the follow- 
ing. The shortest practical stimulus was 10 ms. 
The 40-111s duration was chosen because it is the 
longest interval before scanning movements of the 
head and pinnae begin (Thompson and Mas- 
terton, 1978) and the 100-ms duration was 
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Fig. 2. Diagram af the apparatus for testing sound localization. 
(A subject in the observing position is centered in the perime- 
ter bar. The four different azimuthal positions around which 
testing was conducted are indicated. The two speakers il- 
lustrate the positions for testing ZOO separation around 60°.) 

at intermediate positions of 30° and 60" with a 
stimulus duration of 40 ms. Fig. 2 provides a 
diagram of the testing configuration. 

Conditioned auoidance. Cats A and D were tested 
for left/right acuity (around 0°)  using a 100-ms 
stimufus and the conditioned avoidance proce- 
dure. A hungry animal was trained to lick steadily 
at a metal spout from which sti1 Tc 5.06.121 T7t-9 423.3604 216.3604 430.92 ]>>BDC 
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flash of light signaled the end of a left (warning) 
trial. A button press was scored as a response and 
responses during right (safe) trials were compared 
to responses during left (warning) trials. A perfor- 
mance ratio (S - WS) was computed for every 
angle of separation at every location and a psy- 
chophysical curve generated. Threshold was de- 
fined as a performance ratio of 0.50. 
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Fig. 4. Sound-localization performance io a conditioned avoi- 
dance test for two cats discriminating between speakers 

centered around the midsagittal plane (100-ms noise burs:). 

Conditioned auoidance. Approximately two years 
after the original testing, cat A served as a control 
animal along with a new cat, D, for comparison to 
albino cats in a sound localization test using the 
conditioned avoidance procedure (Heffner and 
Heffner, 1987). Fig. 4 illustrates their 
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CAT A 
Similarly, there was no consistent improvement in 100-  / - 8  

threshold acuity with increasing stimulus duration 
as shown in Table 111. 
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Fig. 7. Comparison of the average sound-laealizatian perfor- 
mance around O D  by eats obtained using two different test 
procedures. (Signal duration in both tests was 1W ms. Note the 
close agreement between the two methods for both perfor- 

mance at large angles and for threshold.) 

the difference may be due to interpolation error in 
calculating threshold due to the lack of perfor- 
mance data for angles smaller than 



sounds off to the side where binaural cues are 
weak or ambiguous. 

Initial comparison of the localization ability of 
cats and humans for laterally placed sound sources, 
however, does not indicate any superiority of the 
mobile versus the fixed pinna. As shown in Table 
IV, humans and cats have virtually the same 
thresholds when localizing sounds centered on 90 
where binaural cues are not available (i.e., the 
'cone of confusion'). At all other angles where 
binaural cues are available, humans are more ac- 
curate than cats. 

In examining the data for any indication of an 
advantage of mobile pinnae for sound locali- 
zation, it can be noted that cats do show less of an 
increase in threshold at lateral positions than hu- 
mans. That is, the 90' threshold for cats is only 
twice their 0' threshold. This result could be 
interpreted as indicating that mobile pinnae pre- 
vent localization acuity from deteriorating signifi- 
cantly as binaural cues become less available. 
However, a simpler explanation is that the propor- 
tionally smaller increase in the lateral localization 
ability of cats is due to their poorer frontal locali- 
zation acuity and not to any advantage of their 
pinnae for lateral localization. 

Indeed, it can be argued that mobile pinnae 
place an animal at a disadvantage for localizing 
frontal sound sources. Because the position of 
mobile pinnae can significantly alter the magni- 
tude of the binaural intensity-difference cue (Cal- 
ford and Pettigrew, 1984; I ~ n e ,  1987; Phillips et 
al., 1982), it would be necessary for the nervous 
system to take the position of the pinnae into 
account in calculating the locus of a sound source. 
There is some evidence that this does occur (Stein 
and Clamann, 1981), but the additional calcula- 
tion could be a source of error and serve to 
degrade frontal localization acuity. 

The importance of pima position in sound 
localization has been noted elsewhere (Heffner 
and Heffner, 1982; Heffner et al., 1982). During 
tests of frontal sound localization acuity, an In- 
dian elephant was observed to extend its pinnae 
nearly perpendicular to its head at the beginning 
of each trial and then return them to the relaxed 
position against its head following presentation of 
the sound. This behavior was specific to sound 
localization since the elephant did not extend its 

pinnae during tests of absolute or frequency-dif- 
ference thresholds. Therefore, pinna extension did 
not seem to be used simply to block out back- 
ground noise and increase the signal-to-noise ratio. 
Further, the elephant made more errors on those 
trials in which it did not extend its pinnae, indicat- 
ing that pinna extension may be necessary for 
accurate localization. Although the reason for 
pinna extension could not be determined with 
certainty, these observations are compatible with 
the idea that the auditory system may not be able 
to fully compensate for variation in pinna position 
when localizing sound. Thus an animal with mo- 
bile pinnae may need to place them in a standard 
position in order to make precise judgements of 
sound location. 

There remains one reason for suspecting that 
mobile pinnae may enable the cat to localize lateral 
sounds more accurately than would be possible 
with nonmobile pinnae. The large head of humans 
may serve to enhance not only binaural cues, but 
monaural cues as well. Although the pinnae of 
humans and cats are similar in size, the cat lacks 
the large head of the human and may possibly be 
at a disadvantage in using monaural cues. Indeed, 
it can be argued that a more appropriate compari- 
son for the cat would be an animal with nonmo- 
bile pinnae and similar head size such as the 
macaque. Until such a comparison can be made, 
we cannot rule out the possibility that mobile 
pinnae confer an advantage in localizing in the 
lateral fields. 

The effect of stimulus duration on front/back locaii- 
ration 

The question remains as to whether the contri- 
bution of the pinnae depends on scanning or a 
sort of 'acoustic focusing'. The cats in these ex- 
periments oriented their pinna in the direction of 
the speakers but scanning movements were not 
observed even when long-duration stimuli were 
provided. Further, increasing the duration of the 
stimulus did not significantly improve thresholds 
beyond those obtained for a 40-ms stimulus (a 
stimulus too brief to permit pinna movement) 
(Thompson and Masterton, 1978). These results 
indicate that scanning is not necessary for the 
pinnae to contribute to accurate sound localiza- 
tion at Far lateral positions. The simple production 



of an intensity/spectral difference may be suffi- 
cient. 
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