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Localization of Primate Calls by Old World Monkeys

Abstract. Monkeys (Macaca) were trained by operant conditioning techniques to
report the minimum detectable change in location of a sound in space, and were
tested with a series of recorded coo or clear call vocalizations. Acuity of localization
varied from approximately 4° to 15° and was a function of the magnitude of the
change in pitch (frequency modulation) of the different clear calls.

Several lines of evidence suggest that
an evolutionary premium has been
placed on the ability of animals to locate
the origin of sound in space (/). The loca-
tion of other animals may be revealed by
acoustic signals and as a consequence
sound localization is likely to play a fun-
damental role in a variety of biologically
critical events including predator avoid-
ance, the capture of prey, territory delin-
eation, and the location of kin, com-
petitors, and prospective mates. While
the biological importance of auditory lo-
calization has long been recognized, only
recently has localization in species other
than man, or of signals other than tones
or clicks, been seriously considered (2).
Both field and quasi-field observations
have shown that under certain condi-
tions individuals of many species may
approach, and hence must localize, vo-
calizing members of their species (3). In-
deed, certain vocalizations may function
to reveal the location of the vocalizer,
yet the acuity with which they are local-
ized or the design features which en-
hance localization are poorly under-
stood.

This is the first report of an ongoing
series of experiments which assess
through psychophysical techniques the
locatability of biologically relevant sig-
nals in Old World monkeys of the genus
Macaca. The data presented here (i)
show that different macaque coo vocal-
izations (approximately equal in duration
and loudness) vary substantially in the
accuracy with which they may be lo-
cated in space and (ii) demonstrate that
the degree of modulation in frequency of
the call’s fundamental (change in pitch)
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is a critical design feature for auditory lo-
calization.

The macaques employ an extensive
and varied vocal repertoire 4, 5). Ma-
caque coos or clear calls, a family of har-
monically structured musical sounding
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calls, are of particular interest because
recent field observations have shown
that different vocal subtypes are emitted
in restricted social contexts and may
function selectively and precisely in one
of a variety of situations including sexual
solicitation, contact initiation, position
marking, and dispersal (5). The data
which follow suggest that acoustic dif-
ferences in this class of vdcalizations al-
so influence the ability of conspecifics to
determine the location of the vocalizer.

One rhesus (Macaca mulatta) and two
pig-tailed macaques (M. nemestrina)
were trained by operant conditioning
procedures to report when they detected
a change in the horizontal position (azi-
muth) of a sound in space. The monkeys,
positioned in a primate chair in an an-
echoic chamber, learned to place their
hand on a response disk. Contact with
the disk produced a recorded macaque
vocalization (about 50 dB above the
monkey’s threshold, 140 to 205 msec in
duration) which was repeated once per
second from the standard speaker lo-
cated at zero degrees dzimuth (that is,
straight ahead). Following a variable
number of presentations from the stan-
dard speaker the call was delivered from
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Fig. 1 (left). Psychophysical functions for the
locatability of macaque clear calls. The top
panel presents detection for a hard-to-locate
call; the bottom panel presents localization
for an easy-to-locate call. Sonagrams of each
call are displayed to the right, and were con-

structed by a Kay 7029 A sonograph equipped with a 6076 C scale magnifier. Each function was
constructed from approximately 10,000 trials presented to the three monkeys in eight experi-
mental sessions. The data are averaged for the three monkeys; the range in performance be-
tween subjects is represented by the vertical bars. Threshold, the 50 percent detection locus, is

denoted by the arrowheads.

Fig. 2 (right). The localization threshold of six clear calls.

Threshold, averaged across monkeys, is plotted as a function of the range of frequency modula-
tion or effective bandwidth of the call. The diagonal line is the least squares regression of
threshold on call bandwidth and satisfies the equation: threshold = — 27 log[call band-
width] + 69. The correlation coefficient between threshold and the bandwidth of the call is

- .98.
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a location off to the right of the monkey
from one of four comparison speakers.
The location of the call was alternated
twice between the comparison and stan-
dard positions; if the monkey reported
this change in location, via release of the
reponse disk, it received a banana-fla-
vored food pellet. Twenty percent of the
trials were catch trials in which the stim-
ulus was pulsed from the standard posi-
tion only. These were included to assess
the subject’s false alarm rate. Threshold,
the change in spatial location that the
monkey detected on 50 percent of the tri-
als, was identified through the psycho-
physical method of constant stimuli. De-
tails of this procedure are given else-
where 6).

Figure 1 presents sonagrams of two
representative clear calls and the corre-
sponding functions for the detection of a
change in location. The psychophysical
functions show that localization for each
call.is similar for all three monkeys. The
subjects’ catch trial rates, displayed over
the zero degree point, are very low, and
the percent detection at each comparison
location increases monotonically with
angle, ranging from less than 10 percent
to 100 perecent. The locatability of these
signals may be summarized by the 50
percent detectability threshold denoted
by the arrowheads in Fig. 1. The top pan-
el shows detection for a relatively hard-
to-locate clear call (threshold 14.7°); the
bottom panel shows detection for a rela-
tively easily localized clear call (thresh-
old 4.3°). Sonagrams indicate that the
fundamental of each call is approximate-
ly 800 Hz in frequency and show that
each call has power decreasing in ampli-
tude in the first four harmonics (7). The
vocalizations differ primarily in the pres-
ence or absence of a frequency modula-
tion (the vertical change in the sona-
gram, particularly evident in the second
harmonic) which may increase the ef-
fective bandwidth of the signal (8). Since
signal bandwidth has been shown to be a
critical parameter for the localization of
band-limited noise signals, we thought
this parameter might also underlie varia-
tion in locatability of calls (8, 9).

Figure 2 shows that localization
thresholds for six clear calls span ap-
proximately a fourfold interval (thresh-
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olds for different calls range from 4.3° to
14.7°) and are a function of the magni-
tude of frequency modulation or ef-
fective bandwidth of the fundamental of
the call (0). Clear calls which are modu-
lated in pitch are easily localized; un-
modulated calls are less accurately local-
ized. We have previously found that
tones which are modulated in frequency
are more accurately localized than un-
modulated tones (II). We have also
found that localization thresholds are
nearly unchanged when the upper har-
monics of the coo are removed by selec-
tive filtering (/7). Hence it is unlikely
that acoustical dimensions other than
frequency modulation (for example, am-
plitude modulation, harmonic content,
and so forth) are potent parameters for
the localization of coos. The locatability
of different coo vocalizations is depen-
dent on acoustical properties of the fun-
damental; the correlation coefficient,
— .98, observed for the relationship in
Fig. 2, suggests that the magnitude of
frequency modulation or effective band-
width of the fundamental is a principal
design feature for auditory localization.

The macaques localize frequency-
modulated calls to within 4°; this level of
acuity equals that of a broadband noise,
the most accurately localized signal of
the 64 stimuli which we have tested. This
suggests that some macaque vocaliza-
tions have been designed to optimize the
ability of conspecifics to orient to the lo-
cation of the vocalizer. In contrast, other
calls are inaccurately localized. It is
probable that some coo vocalizations are
even less accurately localized than the
least locatable signals tested here, hence
the range in locatability given by the
present data is probably conservative
u2).

Our findings demonstrate that varia-
tions in the acoustic morphology of clear
calls markedly influence the ability of
monkeys to resolve the vocalizer’s posi-
tion. We believe that the acoustical prop-
erties which determine locatability are
not adventitious features of a signal but
rather have been incorporated under se-
lective pressures to relatively enhance or
obscure the location of the caller. While
in the absence of additional laboratory
and field studies we cannot rigorously re-

late signal locatability to social function,
the data imply that frequency-modulated
coos are advantageous for advertising lo-
cation.
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