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Some representative vocalizations of captive rhesus monkey, chimpanzee, and gorilla were recorded and
analyzed by means of sound spectrograms and oscillograms. It was found that these animals’ vocal mech-
anisms do not appear capable of preducing human speech. The laryngeal output was breathy and irregular.
A uniform cross section, schwalike configuration appeared to underlie all the vocalizations. These animals did
not medify the shape of their supralaryngeal vocal tracts by means of tongue maneuvers during a vocaliza-
tion. Formant transitions occurred in some vocalizations, but they appeared to have been generated by means
of laryngeal and possibly velar or lip movements. The nonhuman primates lack a pharyngeal region like
man’s, where the cross-sectional area continually changes during speech. The data suggest that speech can-
not be viewed as an overlaid function that makes use of a vocal tract that has evolved solely for respiratory
and deglutitious purposes; the skeletal evidence of human evolution shows 2 series of changes from the pri-
mate vocal tract that may have been, in part, for the purpose of generating speech. Articulate speech may
not have been fully developed in some of man’s ancestors. The study of the peripheral speech-production
apparatus of a fossil thus may be useful in the assessment of its phylogenetic grade.

- INTRODUCTION

WE are accustomed to speak about the “vocal
tract” when we refer to the articulatory appa-
ratus that is used to produce human speech. One of the
most common statements about speech’ production,
however, is that it is an “overlaid” function insofar as it
involves the manipulation of muscles and structures
that have evolved for the purposes of eating and breath-
ing. According to this view, there is, strictly speaking,
no ‘“vocal tract.” Man has a set of devices that have
evolved so that he can eat and breathe.!? He has happily
been able to make use of this set of breathing and eating
devices to communicate. This view, which is rather per-
vasive, stems from the anatomical and philosophical
studies of the seventeenth and eighteenth centuries.

In the first half of the seventeenth century, Des-
cartes™* developed his concept of the béle maciine, i.e.,

'V. E. Negus, The Comparative Anatomy and Physiology of the
Larynx (Hainer Publishing Co., New York, 1949),

2 Other factors in the evolution of man’s vocal tract are also
sometimes cited, e.g., erect posture and man’s visual acuity, which
reduced the importance of the sense of smell, is cited by Negus as
the reason for the degeneration of the ability of the epiglottis to
seal the mouth off from the rest of the respiratory system.

3 R. Descartes, The Philosophical Works of Descartes, E. S.
Haldane and G. R. T. Ross, Trans. (Dover Publications, Inc.,
New York, 1955).

1574  Volume 44  Number 6 1968 .

animals are machines or mechanisms. In contrast to all
other animals, only man possesses abstract thought and
language. The basis for this distinction between man
and all other animals appeared to rest solely on man’s
mental abilities, since animals like the apes appeared to
have all the output mechanisms that are necessary for
speech. Studies like Perrault’s® and Tyson’s® compara-
tive anatomies of the chimpanzee showed that the

* larynx, teeth, lips, and jaws of the nonhuman primates

were similar to those of man. However, the monkeys
and apes lacked speech and language and they could not
think in abstract terms. They lacked the mechanism for
abstract thought, that is, they lacked language.

Since Descartes, many people have tried to show that

. there is no fundamental difference between man and

the animals. La Mettrie,” in L' Homme Machine, stated

4 R. Descartes, “Correspondence,” H. A. P. Torrey, Trans. in
The Philosoply of Descartes (Holt, Rinehart and Winston, Inc.,
New York, 1892). !

8 C. Perrault, Memoires Pour Servir 4 I'Histoire Naturelle des
Animeux (L'Imprimérie Royale, Paris, 1676).

¢ E. Tyson, Orang-oulang, Sive Homo Sylvestris: or, the Anatomy

_of a Pygmie Com pared With That of a Monkey, an Ape, and a Man

(Thomas Bennett and Daniel Brown, London, 1699). (The 1730
edition is available on microfilm from the Library of Congress.)

7J. O, La Mettrie, de L' [Tomme-Machine (1747), A. Vartanian,
E‘ii (P;’inceton University Press, Princeton, N. J., 1960) (critical
edition). : .
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that man also was a machine. La Mettrie says that the
apes are, in effect, retarded people. Since they have the
hecessary mechanism for speech production, La Mettrie
believed that with a little effort it should be possible to
teach an ape to talk. If an ape were carefully tutored as
though he were, for example, a deaf child, it would be
possible to teach him to speak. The ape would then, in
La Mettrie’s terms, “.. . be a perfect little gentleman.”
The belief that apes have a speech output mechanism

that would be adequate for speech production has per- .

sisted to the present time. Osgood,® for example, states
that, “the chimpanzee is capable of vocalizations almost
as elaborate as man’s.” Yerkes and Learned® identify
mote than 32 speech sounds for the chimpanzee.
Attempts to teach chimpanzees to talk still continue,
A recent study by Hayes,® for example, centered about
an attempt to teach a chimpanzee to talk by raising
it as though it were a retarded child. No one, however,
- has ever been able to teach an ape to talk.
- The object of this study is thus to examine the cries
of nonhuman primates in order to determine what as-
pects of their vocalizations are similar to human speech
and what aspects are different. In particular, we would
like to determine the articulatory and anatomical bases
of the differences so that we can tell with greater cer-
tainty the direction in which human speech-producing
capability has evolved from these related animals, the
apes and monkeys. In so doing, we may be able to gain

some insights into the evolution of man’s linguistic:

abilities by comparing these animals with the skeletal
remains of man’s ancestors. These questions are, of
- course, relevant to whether speech is an overlaid func-
tion, and we, of course, should be able to determine
whether it is inherently possible to teach an ape to
produce human speech.

I. PROCEDURE

Vocalizations of captive 2- and 3-year-old gorillas

o

(Gorilla gorilla), 2-year old chimpanzees (Pan), and 1-

to 6-year old rhesus monkeys (Macaca mulatta) were re-
corded. The range of vocalizations recorded for the
rhesus monkeys was judged by their keepers to be char-
acteristic of the animals’ range. The ape vocalizations
were judged by their keepers to be characteristic of a
good part of these animals’ “public” range. The vocali-
zations furthermore are consistent with those reported
by Rowell and Hinde! for captive rhesus monkey and
by Andrew for captive rhesus monkey and chimpanzee.

3 C. E. Osgood, Wethod gnd T heory in Experimentul Psychology
(Oxford University Press, New York, 1953), p. 682.

? R. M. Yerkes and D. W, Learned, Climpanzee I, nielligence and
ils Vocal Expressions (Williams and Wilkins, Baltimore, 1925).

0 C. Hayes, The A be in Qur House (Harper & Brothers, New
York, 1952),

T, E. Rowell and R. A, Hinde, “Vocal Communication by the
Rhesus Monkey (Macaca Mulatta),” Proc. Zoolog. Soc. London
138, 279-294, 1962,

2 R. J. Andrew, “Trends Apparent in the Evolution of Vocaliza-
tion in the Old World Monkeys and Apes,” Symposium 10, The

’
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Hz, The fundamental frequency of phonation ranged from 100 at

at 500, 1500, and 2400 Hz. (After reduction of Figures, scale is

These two studies made use of tape recordings and spec-
trographic analysis, so we have a reasonable basis for
comparison. The cries also appear to be consistent with
subjective transcriptions of ape vocalizations in their
natpral environment.#-16

Tape recordings were made in the monkey colony of
the University of Connecticut at Storrs, at the Central
Park and Prospect Park Zoos in New York City, and
at the Fairmount Park Zoo in Philadelphia. Sony type
TC 800 tape recorders were used with Sony type F85
and General Radio type 1560 P-5 microphones at a tape
speed of 7.5 in./sec. The microphones were placed 5-25
¢m from the monkeys. The microphone-to-mouth dis-
tances for the apes ranged from 5 cm to 8 m. The upper
limit of the system’s frequency response was 12 kHz.
Sound spectrograms of these recordings were made,
using a Voiceprint sound spectrograph. Some of the
tape recordings were analyzed at half-speed and one-
quarter speed to increase the effective bandwidth of the
spectrograph’s analyzing filter. The effective band-
widths of the analyzing filters thus ranged from 50 to
1200 Hz. Oscillograms were also made, using a Honey- -
well Visicorder.

II. RESULTS

In Fig. 1, a wide-band spectrogram is presented of a
vocalization of Gorilla Kathy, who is 3 years old and
lives in Philadelphia. The gorilla was producing a signal
at moderate intensity when food was withheld. The
bandwidth of the analyzing filter was 300 Hz, and the
spectrogram was made using the FLAT position of the
spectrograph, since there is more high-frequency energy

Primates (Zoological Society of London, London, 1963), Vol. 39
p. 102,

A R. M. Yerkes and A. W. Yerkes, The Great A pes (Yale Uni-
veristy Press, New Haven, 1929),

4 J. Goodall, “Chimpanzees of the Gombe Stream Reserve,” in
Primate Behavior, I. DeVore, Ed. (Holt, Rinehart and Winston,
New York, 1965).

V. Reynolds and F. Reynolds “ChimEanzees of the Budongo
Forest,” in Primate Behavior, I. DeVore, Ed, (Holt, Rinehart and
Winston, Inc., New York, 1965).

18 V. Reynolds, T/he Apes (E. P. Dutton and Co., New York,
1967). _
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. Chlmpanzee L

‘ Fre."2. Spectrogram of cry produced at hxgh Ievel of intensity
. - by 2-year-old chimpanzee. The bandwidth of the analyzing filter
.. was 300 Hz. Note the presence of voicing “striations” during the

- transitions in the initial part of the cry. The fundamental fre-

.quency of phonation is 140 Hz. The transitions thus must reflect
changes in the length'of the supralaryngeal vocal tract. (After re-

luction of Frgure, scale 1s now ~1 03 in, -1 sec) i

- for human voca.hza,uon “This is also the case for the
.chimpanzee and monkey vocahzatrons that are de-
‘scribed next. . .-

# The funda.menta.l frequency of phonatlon was, how-
-ever, ra.ther unstable. Large pitch perturbations'” oc-
; 'un'ed from‘one ‘period to the next. The laryngeal out-

“put appears’to be ‘very n01sy ‘and “turbulent. ‘Energy
concentrationis can be noted in Fig. 1 at 500, 1500, and
400 Hz Meesurements of the skull and mandlble of an

“ttransfer fugctlou ofher supralaryngeal voc al t act 1n th
5ézfé"rgchwafcor‘xi_igur:i’t‘flon R £ :

S bemg mochﬁed by the Tesonances of the supralaryn-
“geal Vocal tract“’as is the case for human speech: Note
- ithat this is in"sharp contrast to the calls of birds, where
“the fundamental frequency and harmonics of the
syrinx’s output completely cha.ra.ctenze the acoustic
nature of the cry.”®
In Fig. 2, a cry uttered by a 2-year old chimpanzee is
presented. The bandwidth of the spectrograph’s ana-
. lyzing filter was 300 Hz. The two energy concentrations
_ at 1500 and 2800 Hz occur after the initial part of the
vocalization where transitions to and from 1300 to 1700
to 1300 Hz and from 2800 to 3200 to 2500 Hz occur.

) 17 P, Lieberman, “Perturbations in Vocal thch " J' Acoust
Soc. Amer. 33, 344——35 1961.
- BC,G.M. Fant Acousm Theory of Speech I’raductwn (Mouton,
- The Hague, 1960).
P. F. Marler and W. J Hamilton, M echamsms of Ammal
‘Bclumor (John leey & Sons, Inc New York 1966)
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n the glottal e‘rcn:auon of the gonlla than is the case-
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- Chnmpanzee

"Fre. 3. Spectrogra.m of cry produced at low degree of voca.l
effort by 2-year chimpanzee. The bandwidth of the analyzing filter
was 300 Hz. The fundamental frequency was 150 and 210 Hz, re-
spectively, for the two “bursts.”” The formant frequencxes occurred -
at 650, 1650, and 3100 Hz. The chimpanzee’s supralaryngeal vocal -
tract thus a.pproxxmated a slightly flared /a/-like uniform tube
.open at-one end. (After reduction of Figure, scale is now
~1.03 in. -1 sec)

Lo,

R O P TR T o

Note the presence of clea.rly defined “vorcmg stna.txons’ ’
during these transitions. The fundamental frequency of
phonation as determined from the oscillogram is 240 Hz.
The energy concentrations that can be seen in Fig. 2
thus must reflect the transfer function of the chlmpa.n- “
zee’s supralaryngeal vocal tract. The transitions in the *
initial part of Fig. 2 must reflect changes in the over-all
length of the chimpanzee’s vocal tra.ct since both F1 a.nd -
Fz rise and fall together. - . -
In Amerrcan Enghsh cha.nges in the _over—a.ll length
s “are.

hnguages, .
motion is a
Si

normal .dl.étmctxve artlculatory gesture
,yqi o o ed -

A e AT

_hxs utterance is 'that'the output of the gonlla. s la.ry'nx'“' . Energy

4500 Hz dunng the steady-sta.te portlon of thxs cry . The

“length ‘of a“chimpnazee vocal tract was’ wtlmated at’-

12 cm from an adult skull and mandible. The resonances
of a uniform 12-cm tube open at both ends are 1400,
2800, and 4200 Hz. If the chimpanzee’s vocal tract
looked like a uniform tube, open at both ends, we would
expect.to find the energy concentrations that are ap-
parent in Fig. 2. The boundary condition looking back
at the subglottal system from the chimpanzee’s larynx
would thus have to be similar to the boundary condi-
tion at the chimpanzee’s lips for this open tube approxi-
mation to hold. The chimpanzee’s glottal opening would
therefore have to be la.rge during the cry for this to be
true. This may be what is happening. Kelemen,? in his

% H, M. Truby, J. F. Bosma, and J. and Newborn Infant Cry
(Almqvist and kasells, Uppsala, 1965).

# G, Kelemen, “The Anatomical Basis of Phonation in the
Chimpanzee,” J. Morphol 82 229-256 (1948).
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: ’ Chimpanzee

F1c. 4. Spectrogram of loud chimpanzee cry that sounds like
diphthong Faw/. The bandwidth of the analyzing filter was 600
Hz. Note the decrease in the high-frequency- energy of the glottal
excitation that is apparent in the change in density in the second,
third, and fourth “bars” towards the end of the cry. Note that
there are no transitions involving the first and second formants.
The ape's tongue thus did not change the shape of this supra-
laryngeal vocal tract. (After reduction of Figure, scale is now
~1.03 in.=4% sec.) :

anatomical study of the chimpanzee larynx, notes the
presence of the “hiatus intervocalis,” that is, an opening
of the glottis that is always present. This cry further-
more was produced at a high degree of vocal effort
where the chimpanzee probably is using a high sub-
glottal air pressure. In the absence of a concurrent in-
crease in laryngeal medial compression, the vocal cords
may be blown apart. These comments on what may be
happening during the production of this cry are, of
course, hypotheses whose confirmation or refutation is
subject to further study. It is clear, however, that the

" chimpanzee is not changing his supralaryngeal vocal

tract configuration by moving his tongue. .

.Figure 3 presents a cry that was produced at a low
degree of vocal effort while the chimpanzee was eating.
The bandwidth of the analyzing filter of the spectro-
graphwas 300 Hz. The cry consists of two bursts about
300 msec apart. The fundamental frequency of phona-
* "tion as measured on the oscillogram was 150 Hz during
-the first burst and 210 Hz during the second burst, A
quantized spectrogram was used to determine the spec-
tral energy concentrations of the cry. Energy concentra-
tions occurred at 650, 1650, and 3100 Hz. The chim-
panzee’s lips were rounded throughout this cry. This
would make the chimpanzee’s supralaryngeal vocal
tract somewhat longer than it was in the cry presented
in Fig. 2, where his lips were retracted. If his vocal tract
approximated a 13 ¢cm long uniform tube open at one
end, we would expect formant frequencies.at 620, 1860,
and 3100 Hz. F, is somewhat higher and F, is somewhat
lower. The chimpanzee’s supralaryngeal vocal tract is
thus somewhat flared.?

Note that-the cry at a low effort, where the glottal
opening is probably small, has formants corresponding
to a quarter-wave resonator. The cry at a high degree of
effort, where the glottal opening is perhaps large, ap-
parently results in the formants corresponding to a half-
wave resonator, The crucial point is that in both cases,

= K. N. Stevens, “The Quantal Naturc of Specch: Evidence
from Articulatory-Acoustic Data,” in /uman Communication:

A Unified View, . E, David, Jr., and P, B, Denes, Eds. (McGraw-
Hill Book Co., New York, to be published).

F1e. 5. Spectro- -
gram of aggressive
“bark” of rhesus
monkey. The band-
width of the analy-
zing filter was 1200
Hz. Formant fre-
quencies occurred at
1, 3, and 6-8 kHz.
(After reduction of
Figure, scale is now
~1.03 in.= 1 sec.)

f———S5in= Vg se0¢ —m——m

Rhesus Monkey

the shape of the supralaryngeal vocal tract seems to
approximate a uniform tube, that is, the schwa vowel. In
all of the analyses of the ape cries that we recorded, the
acoustic signal indicated that the supralaryngeal vocal
tract configuration approximated either a tube of uni-
form cross section or a slightly flared tube. The data
sample is admittedly small, as it involves only six cap-
tive apes, but the cries recorded are consistent with
Andrew’s spectrographic investigation.®

In several subjective studies of ape cries,*® trans-
criptions like /aw/.are used for certain cries. This, of
course, implies that the ape is moving his tongue during
the cry since this is what human speakers do when they
produce the diphthong /aw/. In Fig. 4, a spectrogram is
presented of a chimpanzee cry that sounds like /aw/.
The cry was uttered at a high degree of vocal effort. The

-fundamental frequency was unstable. The oscillogram

showed that it varied about 200 Hz, but the excitation

' was, in general, very breathy. The sound spectrogram in -

Fig. 4 was made with an analyzing filter bandwidth of -

"+ # Rowell and Hinde (Ref. 11), used narrow-bandwidth spectro-

grams, This makes it difficult to compare our data directly with the
cries presented in his study, since it is dificult to deduce vocal
tract - configurations from - narrow-bandwidth spectrograms. - -
Narrow-bandwidth spectrograms are appropriate for the analysis -
of bird calls, where the acoustic characteristics of the signal are
structured in ‘terms of the fundamental frequency.and harmonic
structure of the excitation function (the output of the syrinx).
They are insufficient, however, when the acoustic characteristics
of the signal are determined in part by the transfer function of
the supralaryngeal vocal tract’s configuration, which acts as an
acoustic filter on the excitation function. The exclusive use of
natrow-bandwidth spectrograms can lead to descriptions that,
although acoustically valid in terms of the narrow-bandwidth

‘analysis, are inappropriate in terms of the acoustically and ﬁer—
on

ceptually significant aspects of the signal. Marler and Hami
(Ref. 19, p. 470), for example, note that, “Compared with the
calls of birds, many sounds used by primates and other mammals
are coarse, lacking the purity of tone and precise patterns of
frequency modulation that occur in many passerine bird songs.’
This statement is true insofar as the primates do not produce
cries that can be described in terms of one or two “pure” sinu-
soidal components. Yet neither can human speech be described
in terms olf-’ one or two pure tones, “. . . or precise patterns of
frequency modulation. , , .” If the methodology that is appro-
riate for the analysis of bird calls were used for the analysis of
Euman speech it would be extremely difficult to isolate most of
the significant phonologic elements. We. would perhaps conclude
that human speech employed, “coarse” sounds, i.e., sounds that
were not inherently musical. The point here is, of course, that the
acoustic analysis must be appropriate for the signal. In order to
investigate the effects of the supralaryngeal vocal tract, we must
use analyzing filters that have a bandwidth sufficient to encompass
two or more harmonics of the excitation function. This aspect of
speech analysis is discussed in detail by W. Koenig, H. K. Dunn,
and L. Y. Lacy, “The Sound Spectrograph,” J. Acoust. Soc.

"Amer. 17, 19-49 (1946).
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. Oscil ogram of same utterance as Fxg 5.
-+ 'The tape recordm% was played at one-quarter speed. -
"..... The fundamental frequency of phonation was about -
. 400 Hz. The waveform resembles that characteristic
. of extremely hoarse hunw.n vomhza.tmn. : :

ding a‘tjhalf-speed
The txm ale of the spectrogra.m is thus stretched.

e e S

oi'ins.nts contmue to be' evenly spaced at the end of the -
cry There is no- transxuon m “either the first- or the

ihe suprala.ryngeal ocal
souuds 1_1ke /aw/. because

yocal effortsw
m"é‘cordéd*sxx 5101': hal
S S o . ~.

‘ .; gD & nk _~’
pf?)'duced"“f’?l'ﬁod&‘i’t "de}%ree- of.voC

: YP
phone. ‘In Fig.'6, part of the oscﬂlogra.m of this ¢ cry ls:
presented. The ﬁrst two “bursts” are presented in the
-oscillogram that was made as ‘the ‘tape recording was
- played back at one- quarter ‘'speed. The fundamental
frequency of phonation is approx:mately 400 Hz. Note
"‘that the fundamental periodicity is very unstable at
_'best. Parts of the waveform appear to be very turbu-
" lent. The waveform, in all, looks very much like those
" associated with pathologlc human larynges where a
. hoarse vocal output results.?® The rhesus monkeys, like
the gorillas and chxmpanzees, are unable to produce sus-

Uup,- Llebemm.n, Intonatum, Pmeptum, and Languagc (The ’

" MIT Press, Cambridge, Mass., 1967).

. 3 P, Lieberman, “Some Acoustic Measures of the I‘undamental .

. 'Penodlcxty of Normal and Pa.thologxc La.rynges,” I Acoust. Soc.
Amer. 35, 344—-353 (1963)

'196_8

ANumber 6

the .energy. in the hlgher formants decreases E

... There were a.ppronma.tely 25 msec between each burst :
- a.nd glotta.l a.ctmty seems to have been sustamed be

: monkey gmdwmeasured the length of hls rala.
vocal ‘tract. oun:
‘supralarymgéal vocal tract was 7.6 cm. . The resonances of -
- a uniform 7.6-¢m-long tube open at one end are 1100, °

tamed voca.hza.tlons tha.t ha.ve'a steady fundamental' i
penod1c1ty L
“The | spectrogra.m m Fxg S ‘was a.lso made from a ta.pe
“was played back at one-quarter speed.- The effective
‘bandwidth” of :the spectrograph “was  thus 1200 Hz.
"Energy concentrations occurred at 1, 3, and 6-8 kHz.

LT

"With his "lips

ded, ¥the" Iength of Ins

3300, and 5500 Hz. We recorded a number of cries'that’ S
this monkey made with his lips rounded at a low level
of vocal effort. The recordings were made in a quiet room

" using the General Radio 1560-P5 ‘microphone.” The

average values of Fi,F,, and F; were 1300, 3000, and .
4400 Hz, respectively. Thus, the monkey was producmg B
these cries with a slightly flared suprala.rynveal vocal -
tract.

In Fig. 7, photoaraphs of a casting of the oral cavity
ofa rhesus monkey are presented The monkey s tongue o

"% F, D, Geist, “Nasal Cavity, Larynx, Mouth, and Pharynx,” -
in Anatomy of the Rhesus M onkey, C. G. Hartman Ed. (Hafner .-
Publishing Co., New York, 1961) ) : S
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and lips were positioned in an approximation of an
aggressive “bark’™ and a plaster-of-Paris casting was
made shortly after an experiment in which the monkey
was sacrificed (for other purposes). Note that the vocal
tract of the monkey approximates a uniform cross sec-
tion passage with a flared portion at the laryngeal end.
Also note the shallowness of the pharyngeal “bend”
and the flatness of the monkey’s tongue, which is ap-
parent in the side view. (The monkey’s tongue fills up
the shallow section delimited by the depth of the “bend”
at the laryngeal end of the oral cavity.) -

In Fig. 8, a distress cry of a rhesus monkey is pre-
sented. This cry was produced at an extremely high
level of vocal effort. The monkey had its lips retracted.
It was clinging to the back of another monkey at the
rear of its cage. The bandwidth of the spectrograph
filter was 1200 Hz, since the tape recording was an-
alyzed at one-quarter speed. Note the energy concentra-
tions in the initial part of this vocalization. The supra-
glottal vocal tract length of this monkey is about 4 ¢m
when his lips are fully retracted and he is anesthetized.
The lowest energy concentration ranges from 4 to 4.5
kHz during the initial part of the cry. This frequency
range is consistent with a 4-cm vocal tract tract length
resonating as a half-wave resonator. The next highest
energy.concentration ranges from 8.5 to 9 kHz during
the initial part of the cry. This too is consistent with the
second Tesonance of a uniform tube that has similar
boundary conditions at both ends. There is no low-fre-
quency fundamental frequency apparent in the initial
part-of this cry. Examination of the oscillogram shows
energy present only at the two resonances of the supra-
laryngeal vocal tract. We have here a case where the
resonances of the supralaryngeal vocal tract apparently
control the excitation function. In other words, the reso-

"nances of the vocal tract determine the energy compo-
-nents of the laryngeal excitation. The system is be-
having like a trumpet where the resonances of the
- trumpet determine the rate at which the musician’s lips
vibrate. Similar though smaller effects have been noted
during normal human speech where the vocal cords can
be seen to vibrate at the first formant frequency.??
Flanagan has observed similar effects? in a model of
the human larynx. In the gorilla cry in Fig. 1, energy
can be seen at multiples of the first formant during the
last third of the spectrogram. The abrupt “bars” may
be caused by the vocal cords of the gorilla vibrating
at the first formant frequency. Similar effects also seem
to occur in human speech from dysarthric subjects.®
Returning to Fig. 8, note that the energy concentra-
tions at the end of the cry are at 2.5 and 7 kHz. These

¥ H. 1. Soron, Air Force Cambridge Research Laboratories, has
noted these effects in high-speed motion pictures of the human
vocal cords during phonation.

* J. L. Flanagan, “Acoustic Properties of Vocal Sound Sources,”
Proc. Conf, Sound Production in Man (New York Acad. Sci., New
York, 1968). .

~®K, S. Harris, Haskins Laboratories, New York (private
* communication).

F16, 7. Side and top views of a casting of the oral cavity of an
adult rhesus monkey. The monkey’s tongue and lips were posi-
tioned in an approximation of an aggressive “bark.” Note the uni-
form cross section of most of the oral cavity,

frequencies are consistent with a flared 4-cm tube reso-
nating as a quarter-wave resonator. Note that there is
less energy in the high part of the spectrum at the end
of the cry. The oscillogram also shows low-frequency
energy and a general noiselike to quasiperiodic nature
where the fundamental frequency is about 600 Hz. The
monkey’s vocal tract apparently resembles a half-wave
resonator during the initial part of the cry where the
higher subglottal air pressure produces a large glottal
opening. During the final part of the cry, the lower
subglottal air pressure probably results in a smaller
average glottal opening that results in resonances in the
quarter-wave mode, e e
The cry in Fig. 8, which we have'been discussing, is
consistent with the distress cries3 recorded by An-
drew? and by Rowell and Hinde. Andrew, for example,
notes that these cries have no energy below 2 kHz in
contrast to the other cries he recorded. This is probably

# One last comment should be made concerning these distress
cries, When one listens to these cries played back at their normal
speed, they sound like birdlike chirps. There is no sense of fright
or terror. However, when the signals are scaled down in frequency
by playing the tapes at one-quarter speed, the cries convey ex-
treme fright, Darwin’s theory [C. Darwin, The Expression of
Emotion in Man and Animals (J. Murray, London, 1872)] of the
innate expression of emotion through the vocal mechanism would
seem to be correct. We do not normally interpret the rhesus
monkey’s fright cries correctly when we hear them, because the
output mechanism of the rhesus monkey produces an acoustic
signal that is scaled up in frequency relative to our range. When we
hear the cry scaled down in frequency we are able to interpret it.
The motor controls to the rhesus monkey’s vocal mechanism when
it expresses fright are probably similar to the motor controls that
we would use, but the acoustic signal has been scaled up in fre-
quency because the rhesus monkey is much smaller. When we play
back the tape at one-ciuarter speed, we match the acoustic signal
to our own perceptual recognition routines, which appear to be
structured in terms of the constraints of our own speech-produc-
tion mechanism; see also Ref. 31.

# A, M. Liberman, F. S. Cooper, K. S. Harris, and P, F. Mac-
Neilage, “A Motor Theory of Speech Perception,” Proc. Speech
Communication Seminar (Speech Transmission Lahoratory, Ro val
Inst. Tech., Stockholm, 1962). . .
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A Rhesus Monkey

FIG 8. Spectrogram of drstrms cry of rhesus monkey The band-
wrdth of the analyzing filter was 1200 Hz. The waveform of this -
“cry shows that energy is present at only the resonances of the -

" . monkey’s supralaryngeal vocal tract during the initial part of the

ay. (After reductron of Frgure, seele is now ~1 03 in, =} sec)

due’ to the coupling between the upralaryngeal vocal
tract and the la.rynx The monkey whose cry is presented -
in Fig.’8 has-a vocal tract length that is half that of =
most adult ‘monkeys, which accounts for the fact that :-
no energy occurs below 4 kHz. The movements of the

formants that also characterize these cries are due to the :

W vertrcal movement of the monkey’s larynges.

The cries of the nonhuman pruuates are sxmrlar to .
human’ speech insofar as they are produced by éxciting
3 supra.laryngeal vocal tract wrth glottal a.nd'norse

<oy dlee sib ool

mines the acoustlc quahty rof the cry, but for th', 06

g cven'if they had ithe reqisit lity:3Unlil
- Gaman, 4 he nonhuma.n pnmates do- 110} & appear to cﬂhange
Tonihir adisl i’ »
b,

s by moving ¥

i ongues duri I L cry ST

2% ‘*vocal-trafét §ha e that th ookeys and apes use‘is‘one
P similaf tE?Ehghdy /a/-like'schwa; i.e., a slightly flared
uniform tube. The phonetlc quahty of human ‘speech,
.,:,in‘“éd'iitrast, involves“the continual médificatiod of the
shape of the supra.laryngea.l vocal tract by ‘the tongue. -
=+iIn F1g 9, a schematized view of the pharyngeal and -
. oral regions of the human supralaryngeal vocal tract
is presented. Note that the anterior wall of the pharyn-
geal region is formed by the back of the tongue. The
human tongue is thick in comparison with its length.
The shape of the pharyngeal region constantly changes
during the production of human speech as the tongue

. _ moves backwards and forwards. The cross-sectional

L Bastxan, “Primate Signaling Systems and Human Lan-
guages,” in Primale Behavior: Field Studies of Monkeys and Apes,
I. Devore, Ed. (Holt, Rinehart and Winston, Inc., New York,
1965) notes that the audltory signals of humans and rimates have
certain similarities, but that the . . .disposition of the parts of the
.- filtering system remains rather stable during signal emission. .
Most of the departures from the relatively stable and open con-
figurations occur at the beginnings of signals and appear to be
" most often due to the mvolvement of open parts at the very front

(the hps) or the very back. .

e Bl it

#::In Fig. 11, we have reproduced a second ﬂlustratlon‘

. Zhinkin, ‘An
~the Study of Animal Sp

PruR MALC Dart,” “The Makapansgat Proto-Human “Liistralo

'FLtEBERMAN'~-”;; f§ﬂf};;c5

kS

“area of the pharynx varies, for example, over a ten-to-
one range for the vowels /a/ and /i/. The vowel /a/
is produced with a small pharyngeal cross-section, while
-the /i/ is produced with a large cross section. These
variations in pharyngeal crosssectional area are char. .
acteristic for consonants as well as vowels and they are

- essential in the production of human speech.

.. In Fig, 10, a semidiagrammatic representation of the
nose, palate, tongue, pharynx, and larynx of a monkey,-
an ape, and man are reproduced from Negus’ Compara-
. Hve Anatomy and Phystology of the Larynz! Note the
‘ relative positions of the palate and larynx. The basis for
‘the nonhuman primates’ lack of tongue mobxhty appears
- to be anatomical. The ‘pharyngeal region, which can
vary its shape in man, has no real counterpart in these
- animals. Their larynges are posmoned quite high com-
pared to the human larynx, almost in line with the roof
“of the palate. The tongues of these animals are thin
compared to man’s." The nonhuman primates do not .
~have a pharynx where the root of a thick tongue forms
a movable anterior wall. Zhinkin,® for example, in a

T aneradlographlc study of baboon crles, shows that the -
. baboon can ‘not vary the size of his pharynx. The |,
_tongues 'of the nonhuman primates are long and flat and

their supralaryngeal vocal tracts cannot assume the .
-range of shape changes characteristic of human speech

_._,Negus. Negus.l notes ‘that . there, has
tinuing et of cha.nges in the evolutios
“He h

owh S

ﬁi‘a.n'h 51a arge pha.ryngeal,, resona.tOl'
dern iR the Zap bet%;ﬁ 3

and the plgloms has’ ‘mcreased dunnngolutxonary-‘_:?gs

chaoges to,that of modern man”; q; -195). If one ‘exam-
SIS i, ﬁﬁ

- ssils, likesthe one
'referred to as, Aust’ralopzl{zeczﬁs prametlz
. hﬁqg% T l] ‘mﬂ-qf &

.tion between Monkeys,” in Acoustic. Beliavior of Animals, R. G.
usnel, Ed.. (Elsevier feubushmg Company,’ Amsterdam,-1963)

pithecus Prometheus,” Am. J. Phy: Anthropdl. 6,259-283 (1948).
Dart and Broom and Schepers (R. Broom and G.W.H. Schepers, .
- “The South African Ape-Men: the Australopithecinae,” in Trans-
vaal Museum Memoirs, No. 2, Pretoria, 1952) ascribe the ability to " -
use speech to fossil an opoids of this ti;pe . Their evidence rests on
endocranal casts of these ossils from which they infer the presence
of a well-developed center for the motor control of speech. Dart
[“The Predatory Implemental Technique of Australopithecus,”

Am. J. Phys, Anthropol, T, 1~38 (1949)] also ascribes the use of
clubs to these anthropoids. However, the use of implements hasno . -
direct connection with linguistic ability. Chimpanzees“~6 in their
natural state also use clubs and throw stones. Dart, in a later work
and D. Craig, Adventures with the Missing Lmk (Harper &
Brothers, New York, 1959)] indeed takes note of the possibility
that a primitive culture might not require linguistic ability. He
notes that, “...the basic discoveries of the osteodontokeratic
culture, once " made by Ausiralopilhecus, persisted throughout
human cultures until superseded, and then only in part, by the

successive discoveries of stone and’ metals,” p. 224). He concludes
that by this criterion, very little cultural ge occurred until -
recent times and that ‘“articulate speech came only about 25000

yr ago and was preceded by about a mllhon years of gesture and
» babble” (p. 224). - :




"PRIMATE 'VOCALIZATIONS AND HUMAN

LINGUISTIC ABILITY

F16. 9. Schematized view of the human oral and
pharyngeal region. Note the relative thickness of
the tongue. The anterior wall of the pharynx in man
is formed by the tongue and the cross-sectional area
of this back cavity can vary over a ten-to-one range, _
A variable Elmryngeal region is essential for the pro-
duction of back vowels and consonants. -

PALATE

TORGUE

apparent. A plaster cast of the reconstructed. skull of
Australopithecus prometheus was compared with a chim-
panzee skull. The over-all lengths of both skulls were
approximately 18 cm. The shape of the mandible and
the palate, and the position of the foramen magnum
relative to the palate, were very similar. The mandi-
bles of both the chimpanzee and Australopithecus left
room for only a relatively thin tongue. The length of the
supralaryngeal vocal tract was estimated to be approxi-
mately 12-cm for both specimens. Insofar as both vocal
tracts-would reflect the gross skeletal similarities that
exist between Australopithecus and a modern chimpan-

zee, they both would lack a variable pharyngeal area. -

Australopithecus is thus in line with the evolutionary
changes in'the pharyngeal region that Negus notes. The
earlier the fossil, the smaller the pharyngeal region is.
Australopithecus prometheus, in all likelihood, could not

have produced human speech, since his vocal apparatus, -

insofar as we are able to make deductions from fossil
remains, appears to be quite similar to those of present-
. day apes and monkeys. Man’s closer ancestors may or
may not have been able to produce the full range of
human speech. Vallois, in-his survey of skeletal evi-
dence, cites the difficulties that have beset past attempts
to infer the presence or absence of speech from anatomi-
cal arguments. These past difficulties were due primarily

to the lack of a quantitative acoustic theory of speech -

production, so that the interpretation of the acoustic
consequences of anatomical structures was tenuous at
best. ' v
The evolution of the vocal tract thus reflects, in part,
its role in speech production. Speech cannot be simply
regarded as an overlaid function that makes use of a
mechanism that has evolved solely for the purposes of
eating and breathing. The apes and monkeys have no
difficulty in either breathing or eating. In fact, they have
better breathing systems than ours. The monkeys and
most apes can, for example, seal their mouths off from
the rest of the respiratory system because the high po-

3 H. V. Vallois, “The Social Life of Early Man: The Evidence of
Skeletons,” Yearbook Phys. Anthropol, 9, 110-131 (1953-1961)
and Social Life in Larly Man, S. L. Washburn, Ed. 214-235 (1961).

&k

area is only half of the tracheal area,

sition of the larynx in these animals allows the epiglot-
tis to close the mouth. The results of comparative anat- -
omy indeed demonstrate that the réle of the epiglottis
is to close the mouth.!* A dog or a monkey can breathe
while its mouth is full of food or water. The low po-
sition of the larynx in man also leads to difficulties when
food is lodged in the larynx. This often can have fatal
consequences. In no sense is the human larynx optimal

‘for the purposes of respiration. Negus,! for example, -

also shows that in contrast with the larynges of animals
like the horse, the human larynx impedes the flow of air

during respiration. Whereas the maximum opening of - -
the larynx during respiration in’a horse is greater than -

the area of the trachea, in man the maximum laryngeal -
- The cries of the nonhuman primates also differ from :
human speech insofar as the output of the larynx is

less periodic. The glottal period often varies from’ one .-
-period to the next. In other words, large pitch perturba-

tions”. often occur. At high levels of effort, the output ¥
of the larynx often appears to be quite noisy and the S
waveform of the acoustic signal recorded from the ani-

'mal resembles a tuned circuit excited by bursts of

wide-band noise. In some of the very. loud cries, .the
laryngeal output seems to be coupled to the resonances
of the supralaryngeal vocal tract and energy appears to
be present only at the formant frequencies. Although

similar interactions between the laryngeal output and - -

the supralaryngeal vocal tract occur in human speech,
they play a very small part in normal speech production.

The differences between the nonhuman and human
laryngeal output again appear to have an anatomical
basis. Kelemen %38 in a series of detailed anatomical
studies, has noted a number of differences between
human and nonhuman larynges, although the larynges
of all primates are superficially similar. One difference,
which probably accounts, in part, for breathy excita-

% G, Kelemen, “Physiology of Phonation in Primates,” LOGOS
1, 32-35, (1958)

3 G. Kelemen and J. Sade, “The Vocal Organ of the Howling
Monkey (Alouatta palliata),” J. Morphol. 107, 123-140 (1960).

# G, Kelemen, “Anatomy of the Larynx as a Vocal Organ:
Evolutionary Aspects,” LOGOS 4, 46-55 (1961). )
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FIG 10. - Semidiagram
matic r:i)resentatxon of the
- nose, p ate, tongue, phar-
-"ynx, and larynx of a monkey °;
~-and of man from Negus'
Comﬁamtwc ‘Analomy “and
of the Lorynx.

the ynx In
monkey la.cks a pha.ryngeal
" region whose anterior wall
can ;move.. ‘The monkey
change the configus
0 hxssupm.laryn
vocal ‘tract by means of
thick mobile tongue.’
s

ORANGUTAN

the over-all length of his supra.laryngeal vocal tract by 2 ana.tomy like brow dges with PhY logenetic grade, 2

ither lip .rounding or by . movmg his larynx up and - =

own. Some of the interrupted cries seem to have been C. Man’s Acquisitx n of Language

made by the animal’s closxng his epiglottis and/or his . It is niot clear exactly when language came into bemg ‘

“velum, and in some of the cries, the vocal tract may have If the arguments ‘advanced by Dart.‘“ concerning the
een behaving more like a ha.lf-wave, rather than a ~ 3, y ?

quarter-wave resonator, What is clear, however, from London, 13155 The: A" “M‘y of MM (Wﬂhams and Norga €

’ d is (1] that these ani- - - 4 W, W. Howels, Ir, Mankind So For (Doubleday & Company, -
‘the acoustic and anatomical data is (1) that e W W, Howels, Ir Mankind S0 For 5 3

" mals do not move their tongues during a cry, and (2) . 4E L, DuBrul, Evolution of the Speech Apﬁaralu: (Chnrles C. .
“that the laryngeal output tends to be aperiodic. These Thomas, Springfield, Iilinois, 1958). :
: yng P P
-animals could not produce human speech even if they M(H“ i\’le I::SCR‘::;:I l\I}IewCS};OESk{' 7;’16 Sound Patlern of Enghsh e
‘ ) T y O .
. h‘td the requisite mental ability. Their-vocal apparatus (? S, Coon, The o,,gm ,f Races ( Alfred A Knopf Inc., New" E
+is not a.dapted for .the productxon of huma.n speech :

York, 1966)
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. Frc. 11..The evolution’ of the vocal~
tract,,frou_x Negus’s Comparative Anatomy

and Physiology of the Larynx. Note the
changes towards the vocal fract of modern *
man, The larynx has descended and a

... Pharyngeal region that_can change its _ = - . _
,~ 'cross-sectional area”has'developed, The '~ "

.earliest hominids, ‘e.g.,*Auslraleopithecus -~ -

ralaryn, “vocal - .-

ble those of the present- - ..

Enmates.,They thus could
ted human speech,": -

" not have articu
T e T

‘bly did not have the.ability to produce speech, we would

of a static culture until 25 000 years ago fails to take into
account changes in toolmaking techniques.that -oc-
curred in the lower paleolithic era, that is about 100 000
Years ago. Dart also probably places too much impor-
tance on the presence of language in the development of
culture. Although it is quite likely that an accelerated
‘pace of cultural change at some period reflects the pres-
-ence of language, which extends man’s powers of ab-
stract thought, other factors probably are.always in-
'volved. Barnett, for example, notes the effects of in-
‘tercultural contact on cultural change. The presence of
language may therefore be only a necessary rather than
- a sufficient factor in man’s cultural development. If we

. “H, G. Barnett, Innovation: The Ba:is-bf Cudiural Change
{McGraw-Hill Book Co., New York, 1953)." v i
. - ST #

iriés onwards had ‘Speach %or that-all these hominids.
‘lacked speech. Since Australopithecus promeihesis proba<":

e et 3 gy adan b B8 SPCEC, WE WOWS - gpeach “This ‘is because we cannot determine the té
‘therefore - conclude fthat;"?pqne’ of -these hominids had : P A K e
~speech. However, Dart’s statement about the presence -

ture “above the ‘A zstralopil

s L e A i tNg st D e e e 3 b oY s e s mer Yt
- baseline as an’index of the présence of language, |

s

already present b

for example, staté with certainty whether Nean
b A T T i A s T i By o e e § MR
man, who is a comparatively recent hominid, Eco_l'xldjgg 2

could not have articulated the full ‘range’of himan

- tionship between skeletal structure and soft tissue with
the detail that would be necessary to justify a positive ™
conclusion. We also do not even know the range of vocal =
tract dimensions that holds for the modern man,nor
do we know to what extent small differences in the vocal -
tract are mirrored in the acoustic signal. Other motor ::
skills that we cannot infer from skeletal evidence, like
the ability to execute the rapid, controlled articulatory o
maneuvers that are typical for consonants, are also .
necessary for the production of spéech. Thus, while we
can say with reasonable certainty that older fossil
hominids did not possess human speech, the nearer the

vocal apparatus of a fossil is to that of modern man, the

greater is our uncertainty regarding his ability to pro- )
duce human speech. This uncertainty merely reflects »
the fact that, at the present time, we know some of the
factors that are necessary for the production of human

.. The Journal of the Acoustical Soci
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speech, but we donot know what peripheral mechanisms
" and central controls would be suﬁic1ent for the produc-
tion of huma.n speech :

\ g D Cnes versus Language

.The a,cqulsxtxon of la.nguage probably was an abrupt
 thing that came when the number of calls and cries that
"could be made with the available vocal mechanism in-
ccreased to the point where it was more efficient to code
_features. We can speculate at a process in which the
-ability to make more. and more cries gradually de-
“veloped. The differentiated cries allowed the species to

compete more successfully and mutations that led to

.+ the ability-to maké more cries were therefore retained.
At some point, the number of different cries that could
be made increased markedly; perhaps the mobility of
the pharynx increased to the pomt where the phonologic

sition could be produced.” If the computa.tlonal abilities
of the species were sufficiently. advanced, it would have
" been efficient to recode thephonologic fea.tures lea.dmg to
- an arbitrary relationship between sound and meaning.
i The difference between : a. system of cries, even though

relatlonshlp between meanin;

in a sense, begin at the same point as the nonhuman
features of Back tongue position and High tongue po--

. their supralaryngeal vocal tracts during a vocalization. _

it may be highly developed and a la.nguage, is that the !
ning ‘and soi * age}$ Man’s remote ancestors also lacked the outpu
cries. A h1gh pltched /a/, for example, may be the cry”

for pain. It a.lwa.ys means’ ! pain no_ma.tter what sounds . and man may have acquired speech and. spe !

- "mechamsms ata comparatlvely r cent

than in the penpheral or central a.udltory systems, whxch
probably are sumlar for man and other ammals

Y. concmsron o

~ Man has apparently developed spec1al modxﬁcatlons ;

of his vocal tract for the purposes of speech productlon. '
Just as an ability to use tools depends, in part, on having

-an opposable thumb and an upright posture, the ability °

to talk depends on our having a mouth, tongue, larynx,
and pharynx that are adapted towards speech produc- - .
tion. Speech production is thusmot an overlaid function
that makes use of a mechanism that has evolved solely .
for the purposes of eating and breathing. The apesand
monkeys lack the adaptations that. are essential for the
production of human speech and they obvmusly haveno .
difficulties in either breathing or eating. Human infants, .-

primates. They do not move their tongues during a cry
for the first weeks of life.** By the sixth week of life, <"
however, they begin to change the configurations of -

The nonhuman primates never reach this point, though‘
their general mental ability and physical dexterity are
equivalent to, or better than, a human infafit’s at thls‘

¥

mechanism that is necessary for the productzon of ' speech

meanulg in Enghsh whxle the sound sequences '/ ma./ a.nd . any

/a.n/ ha.ve _other mea.mn

peech a.nd la.nguage an output mecha.msm and central
mental abxhty, may have déveloped together. Cer-
ainly everything that comes to mind about language
-seems to show this kind of optimization between output
and internal computation. The simultaneous evolution
of a mechanism for the production of speech and of
man’s mental ability would, for example, account for
the close relationship that we find between speech pro-
duction and speech perception. It would have been
“natural” and “economical” for the constraints of
speech production to be structured into the speech per-
ception system if both of these abilities developed at
the same pace. We would thus expect to find the speech
recognition routines that involved a match with the
" constraints of speech production (the motor theory of
speech perception®) to be structured into a speech per-
_ ception- center that would be species specific, rather

: j'|584.1. . ,V_olume “

aagrw" AN,
Ne

-of the Prospect Park Zoo, BrookIyn,’-

-John Fitzgerald of the Central Park Zoo,

“City,and Dr. W. A. Wilson of the University of ( Connet
- ticut for their aid in recording their charges.” Specwl
" thanks are also due to Miss Carolyn Ristiu of the Uni

versity of Pennsylvania who made her tape recordings’
of apes available. The acoustic analysis has also profited -
from the special insights of Dr. Franklin S. Cooper of
Haskins Laboratories, while the interpretation of an-
thropological theories has benefited from the advice of
Dr. D. J. Nash of the University of Connecticut and
Dr. L. C. Eiseley of the University of Pennsylvania.
This research’ was supported in substantial part by
grants from the National Institute of Child Health and -
Human Development and the National Institute of
Dental Research. ‘

4 Newborn human infants begin by makmg cries in which their
tongues are immobile. They thus start by making cries that are
similar to those made by the nonhuman primates. See the forth- .-
coming study by P, Lieberman, K. S, Harris, and P. Wolff, *New- ..
born Infant Cry in Relation to Nonhuman Primate
tions,” J. Acoust. Soc. Amer. 44, 365(A) (1968).
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