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Phonetic Ability and Related Anatomy of the Newborn and Adult Human,

Neanderthal Man, and the Chimpanzee

The sounds of human speech make human language a rapid medium ‘of
-communication through a process of speech “encoding.” The presence of sounds
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consonantal configurations, were modeled by means of a computer program. The -
- lack of these vowels in the phonetic repertories of these creatures, who lack a

. supralaryngeal pharyngeal

region like that of adult Homo sapiens, may be

“concomitant with the absence of spee_ch‘ encoding and a consequently linguistic

" . ability inferior to modern man.

. HUMAN LANGUAGE is one of the

defining characteristics of modern man. Al-

though the evolution of human language has_

been: the subject of hundreds of books and

.essays, not much is presently known. In
‘recent years the primary focus has been
. directed toward the nature of the mental
ability that may underly the syntactic and
semantic aspects of human language.! This
follows from a rather common opinion
" concerning language, i.e., that its phonetic
aspect is trivial ‘and indeed finally irrelevant
to the serious study of human language and
its evolution. Simpson '(1966:473), for
example, reviewing attempts to trace the
evolution of language, notes that,.

" Audible signals -capable of expressing
. language do not require any particular
. Pphonetic apparatus, but only the ability
" .to’ produce sound, any sound..at all.
Almost all mammals and a great number
of other animals can do that. Moreover, a
number of animals, not only birds but
also some mammals, can produce sounds

recognizably similar to those of human- -

language, and yet their jaws and palates
. are radically nonhuman.

. Simpson essentially sets forth two .prem-
ises. First, that any arbitrary set of sounds
would serve as a phonetic base for human

- language. Second, that many animals also
~-can produce the sounds that, in fact, occur
in human language. If Simpson's premises

were true, there would be little point in
attempting to trace the evolution of human
linguistic ability by studying either the
comparative phonetic  abilities of modern

‘man and other living animals, or.in attempt-
- ing to reconstruct the phonetic abilities of
. extinct fossil hominids from their skeletal

remains. Neither premise, however, is true.

" The results of research on the perception of

human language depends on ‘the existence
of the particular sounds of human speech.

‘No other sounds “will do. The results of

recent research on the anatomic basis of

“human speech have likewise demonstrated

that no living animal, other than modern
man, has the vocal mechanism that is neces-
sary. to produce the sounds of -human
speech. - - L

* We have discussed some of the anatomical
factors that prevent living non-human pri--
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mates and newborn humans from producing
the range of sounds that characterize human
. _speech (Lleberman 1968, 1969; Lieberman

et al. 1969, 1972).2 We have also been able

to reconstruct the vocal apparatus of “clas-
sic” Neanderthal man (Lieberman and Crelin
1971). Our present paper has two objectives.
We shall compare the anatomy and speech
producing ability of the vocal mechanism of
adult modern man with that of the aduit
chimpanzee, newborn modern man, and the
reconstructed vocal mechanism of aduit
“classic” Neanderthal man. We will then
discuss the speech perceiving and general
linguistic abilities of the chimpanzee and
Neanderthal man in the light of their sound
making abilities. We shall, in this regard,
consider some recent theoretical and experi-

mental studies that relate' the production .

and the perception of speech. : -

ACOQUSTIC THEORY
" OF SPEECH PRODUCTION

The acoustic theory of speech production
(Chiba and Kajiyama 1958; Fant 1960)
relates the vocal mechanism to the acoustic
signal. Human speech essentially involves the
generation of sound by the mechanism of
vocal cord vibration and/or air turbulence,
and the acoustic shaping of these sound
sources by the resonances of the supralaryn.

“geal vocal tract. The shape of the human
supralaryngeal vocal tract continually
changes during the production of speech.
These changes in the supralaryngeal vocal
tract change its resonant properties. A useful
mechanical analog to the aspect of speech
production that is of concern to this discus-
sion is a pipe organ. The musical function of
each pipe is determined by its length and
shape. (The pipes have different lengths and
may be open at one end or closed at both
ends.) The pipes are all excited by the same
source, The resonant modes of each pipe
determine the note’s acoustic character. In
human speech the phonetic properties that
differentiate vowels like {i] and [a] from
each other are determined by the resonant
modes of the supralaryngeal vocal tract. The
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frequencies at which ‘resonances occur are
called “formant” frequencies.

.. The acoustic theory of speech production
which we have briefly outlined thus relates
an acoustic signal to a supralaryngeal vocal
tract configuration and a source. It is there-
fore possible to determine some of the con-
straints of an animal’s phonetic range if the
range of supralaryngeal vocal tract variation
is known. The phonetic repertoire of an
animal can obviously be expanded if differ-
ent sources are used with similar supralaryn-
geal vocal tract configurations, We can, how-
ever, isolate the constraints that the range of
supralaryngeal vocal tract - variation will
impose on the phonetic repertoire.

' VOCAL TRACT ANATOMY

The anatomic specializations of modern.
man that are necessary for human speech are
evident when we compare the supralaryngeal
vocal tract of adult man with creatures who
lack human speech. We will start with a brief
account of the skeletal similarities between
Neanderthal man and newborn modern
3 and adult chimpanzee that make it
possible to reconstruct the supralaryngeal
vocal tract of Neanderthal man.

. In Figures 1-4, lateral views of the skulls

of newbo'm.man, adult chimpanzee, the La

Chapelle-aux-Saints Neanderthal man, and
adult modern man are presented. The skulls
have all been drawn to appear nearly equal

'in size. Skull features of the newborn, the

chimpanzee, and Neanderthal man that are
similar to each other, but different from that
of adult modern man, are as follows: (a) a
generally flattened-out base, (b) lack of mas-~
toid processes (very small -in Neanderthal),

_(¢) lack of a chin (occasionally present in the

newborn), (d) the body of the mandible is

" much longer than the ramus (about sixty to

one hundred percent longer), (e) the poster-

for border of the mandibular ramus is mark-
edly slanted away from the vertical plane, (f)
a more horizontal inclination of the mandi-
bular foramen leading to the mandibular
canal, (g) the pterygoid process of the
sphenoid bone is relatively short and its later-
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The chimpanzee differs from the new-.
born and adult modern man and Neander-
thal man insofar as its mandible has a
“simian shelf,” i.e., internal buttressing of
the anterior portion of mandible. The simian

. shelf inhibits the formation of a large air
cavity behind the teeth. In adult man, a large
cavity behind the teeth can be formed by
pulling the tongue back in the mouth,

The significance of these skeletal features
can be seen when the supralaryngeal vocal
tracts that correspond to these skulls are ex.

" Figure 1. Skull of 2 human newborn;

al lamina is more inclined away from the
vertical plane, (h) the styloid process is more
inclined away from the vertical plane, (i) the
dental arch of the maxilla is U-shaped in- -
stead of V-shaped, (j) the basilar part of the
occipital bone between the foramen mag-
num and the sphenoid bone is only slightly = %
inclined away from the horizontal toward - %
the vertical plane, (k) the roof of the naso-
pharynx is a relatively shallow elongated
arch, (1) the'vomer bone is relatively short in
lts vertical height and its posterior border is
inclined away from the vertical plane, (m)
the vomer bone is relatively far removed
from the junction of the sphenoid bone and
the basilar part of the occipital bone, (n) the
occipital condyles are relatively small and
elongated. : : ) -

Figure 3. Skull of the La Chapelle-aux-
Saints fossil Neanderthal man, .

Figure 2. Skull of an adult chimpanzee, - Figure 4. Skull of an adult man,
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amined. The chimpanzee specimen used in
this study was the head and neck of a young
adult male sectioned in the midsagittal plane
(Figure 5). The human newborn and adult
specimens were those described by Lieber-
man and Crelin (1971) which included a
number of heads divided in the midsagittal
plane. Silicone-rubber. casts were made of
the air passages, including the nasal cavity,
of the chimpanzee, newborn and adult man.
This was done by filling each side of the split
air passages separately in the sectioned heads

and necks to insure perfect filling of the

cavities. The casts from each side of a head
and neck were then fused together to make a
complete cast of the air passages. The cast of

the Neanderthal air passages was made from -

the reconstructed nasal, oral, pharyngeal

#
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and laryngeal cavities of the La Chapelle-
aux-Saints fossil (Lieberman and Crelin
1971). All four casts are shown in the photo-
graph in Figure 6.

Even though the cast of the newborn air
passages is much smaller than those of chim-
panzee and adult modern man and Neander-
thal man, it is apparent that the casts of
newborn and chimpanzee are quite similar.
When outlines of the air passages from all
four are made nearly equal in size (Figure 7),
one can more readily recognize what the
basic differences and similarities are. (1)
Newborn human, the chimpanzee, and Nean-
derthal man all have their tongue at rest
completely within the oral cavity, whereas in
adult man the posterior third of the tongue
isina vertical posmon forming the anterior

Figure 5. Left half of the head and neck of a young adult male ch:mpanzee sectioned in

the mldsaggltal plane.
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wall of the supralaryngeal pharyngeal cavity.
The foramen cecum of the tongue is thus lo-
cated far more anteriorly, in the oral cavity,
in chimpanzee and newborn than it is
in adult man. (2) In the newborn chim-
panzee and Neanderthal the soft palate
and epiglottis can be approximated,
whereas they are widely separated in
adult man and cannot approximate, (3)
There is practically no supralaryngeal por-
tion of the pharynx present in the direct air-
way out from the larynx when the soft
palate shuts off the nasal cavity in the chim-
panzee, Neanderthal, and newborn man, In
adult man half of the supralaryngeal vocal
tract is formed by the pharyngeal cavity.
This difference between the chimpanzee, Ne-
anderthal, and newborn—and adult man, isa
consequence of the opening of the larynx
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into the pharynx, which is immediately
behind the oral cavity in the chimpanzee,
Neanderthal, and newborn. In adult man,
this opening occurs farther down in the
pharynx. Note that the supralaryngeal phar-
ynx in adult man serves both as a pathway
for the ingestion of food and liquids and as
an airway to the larynx. In chimpanzee,
Neanderthal, and newborn man the section
of the pharynx that is behind the oral cavity
is reserved for deglutition. The high epi-
glottis can, moreover, close the oral cavity to

retain solids and ' liquids and allow un-

hampered respiration through the nose. (4)
The level of the vocal folds (cords) at rest in
the chimpanzee is at the upper border of the
fourth cervical vertebra, whereas in aduit
man it is between the fifth and sixth ina
relatively longer neck. The position of the

Figure 6. Casts of the nasal, oral, pharyngeal, and laryngeal mvitieé of (1')' neWbprn
human, (2) adult chimpanzee, (3) Neanderthal reconstruction, and (4) adult humgn.
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hyoid bone Is high in the chimpanzee, Nean-
derthal and newborn. This is concomitant
with the high position of the larynx.

SUPRALARYNGEAL
VOCAL TRACT CONSTRAINTS
ON PHONETIC REPERTOIRES

We have noted that human speech pro-.

duction involves a source of sound and a
supralaryngeal vocal tract that acts as an
acoustic “filter” or modulator. Man uses his
articulators (the tongue, lips, mandible,
velum, pharyngeal constrictors, etc.) to
modify dynamically in.time the resonant
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Figure 7. Diagrams of the air passages of (a) newborn human, (b) adult chimpanzee, (c¢)
Neanderthal man, and (d) adult human. The anatomical details that are keyed on the
chimpanzee and adult man are as follows: P-Pharynx, RN-Roof of Nasopharynx, V-Vomer
Bone, NC-Nasal Cavity, HP-Hard Palate, OC-Oral Cavity, T-Tongue, FC-Foramen Cecum,
SP-Soft Palate, E-Epiglottis, O-Opening of Larynx into Pharynx, VF-Level of Vocal Folds.

S
Pt

structure that the supralaryngeal vocal tract
imposes on the acoustic sound pressure radi-
ated at the speaker’s lips and nares.

The phonetic inventory of a human lan-
guage is therefore limited at the articulatory
level by (1) the number of acoustically dis-
tinct sound sources that man is capable of .
controlling during speech communication,
and (2) the number of distinct resonant pat-
terns available through positioning of the
articulators and dynamic manipulation of
the articulators. In most human languages, a
phonetic analysis reveals a phonemic in-
ventory on the order of twenty to forty dis-

_ tinet sound types (Troubetzkoy 1939;
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- Jakobson et al. 1952). Most of the segment
proliferations are achieved through the
varied use of the articulators. For example,
in English there are at least ten vowels that
differ primarily in the articulatory configura-
tion of the supralaryngeal vocal tract, and
concomitantly in the resonant, i.e., the
formant structure of the acoustic output
(Peterson and Barney 1952), -

There is a direct relationship betwéen the
artjculatory configuration of the supralaryn-
geal vocal tract and the formant structure
(Fant 1960). The relationship depends
exclusively on the area function, i.e., the
cross-sectional area of the vocal tract as a
_ function of the distance from the voeal
cords to the lips. The availability of digital
computers makes it possible to determine
the range of formant frequency patterns that
a supralaryngeal vocal tract can produce. If
the supralaryngeal vocal tract area function
is systematically manipulated in accord with
the muscular and anatomical constraints of
the head and neck, a computer can be pro-
grammed to compute the formant frequen.
cies that comrespond to the total range of
supralaryngeal vocal tract variation (Henke
1966). In .other words, a computer-
implemented model of a supralaryngeal vo-
cal tract can be used to determine the pos-
sible contribution of the vocal tract to the
phonetic repertoire. We can begin conve-
niently to determine whether a non-human
supralaryngeal vocal tract can produce the
range of sounds that occurs in human lan-

guage by exploring its vowel producing

ability. - Consonantal vocal tract configura-
tions can also be modeled. It is, however,

PHONETIC ABILI TY AND ANATOMY

293

koy 1939). The body of the tongue is high
and fronted to form a constricted oral cavity
in [i] whereas it is low to form a large oral
cavity in {a] and [u]. Figure 8 shows amid-
saggital outline of the vocal tract for the
vowels [i], [a], and [u], as well as the cross-
sectional areas of the vocal tract (Fant
1960) and the frequency domain transfer
functions for these vowels (Gold and
Rabiner 1968). The tongue body forms a
large pharyngeal cavity in [i] and [u] and a
constricted pharyngeal cavity in [a]. If the
tongue body moves to form any greater con-
strictions, turbulent friction noise is gener-
ated at the vocal tract constriction and the
articulation produces a consonant, not a
vowel. Other English vowels are produced by
means of supralaryngeal vocal tract “con-
figurations within the articulatory triangle*
defined by [i], [a], and [u].

The universality and special nature of [i],
[a], and [u] can be argued from theoretical
grounds as well. Employing the simplified
and idealized area functions shown in Figure
9, Stevens (1969) has shown that these artic-

‘ulatory configurations (1) are acoustically
stable for small changes in articulation and
therefore require less precision in articula-
tory control than similar adjacent articula-
tions, and (2) contain a prominent acoustic
feature, i.e., two formants that are in close
proximity to form a distinct energy concen-
tration. . “

The vowels [a], {i], and [u] have an-
other unique property. They are the only
vowels in which an acoustic pattern can be
related to a unique vocal tract area function
(Lindblom and Sundberg 1969; Stevens

reasonable to start with vowels since the pro- - .- 1969). Other vowels like [e], [1], [U], etc.

duction of consonants may also involve
rapid coordinated articulatory maneuvers,
and we can only speculate on the presence
of this ability in fossil hominids.

THE VOWEL TRIANGLE

Articulatory and acoustic analyses have
shown that the three vowels [i], [a], and
[u] are the limiting articulations of a vowel
triangle that is language universal (Troubetz-

can be produced by means of several alter-
nate area functions (Stevens and House
1955). A human listener, when he hears a
syllable that contains a token of [a], [i], or
[u] can calculate the size of the supralaryn- -
geal vocal tract that was used to produce the
syllable. The listener, in other words, can tell
whether a speaker with a large or small vocal
tract is speaking. This is not possible for
other vowels since a speaker with a small
vocal tract can, for example, by increasing
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[u].

the degree of lip rounding, produce a token
of [U] that would be consistent with a
larger vocal tract” with less lip rounding.
These uncertainties do not exist for [a], [i],
and [u] since the required discontinuities in
the supralaryngeal vocal tract area functions

(Figure 8) produce acoustic patterns that are

beyond the range of compensatory maneu-

vers. The degree of lip rounding for the [u]
in Figure 8 is, for example, so extreme that
it is impossible to constrict the lip opening
any more and still produce a vowel.’ The
vowels [a], [i], and [u] are therefore dif-
ferent in kind from the remaining “central”
vowels. These “vocal-tract size calibrating”
properties of [a], [i], and [u] have a crucial
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Figure 9. Stylized supralafyngeal vocal
tract area functions that characterize the hu-
man vowels [a], [i], and [u].

role in the perception of speech and we will
have more to say on this matter,

We can conclude from these considera-
tions that the vowel space reserved for
human language is delimited by the vowels
(al], [i], and Tu]. A study of the theoretical
limitations on vowels produced by another
related species can therefore proceed by
determining the largest vowel triangle that
its articulatory system is capable of generat-
ing.

THE VOWEL TRIANGLE
IN CHIMPANZEE AND NEWBORN MAN
AND NEANDERTHAL MAN

Some general observations are in order
before detailed consideration of the vowel
producing capabilities of the chimpanzee,
human newborn and Neanderthal man. The
idealized area functions of Stevens (Figure
9) require a relatively large ratio of the areas
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of the large and small section. In addition,
they require rather abrupt boundaries be-

tween sections. These configurations can be
approximated in adult man at the junction

_of the pharyngeal and oral cavities where the
styloglossus muscle can be effective in
" pulling the body of the tongue upwards and

backwards in the direction of the naso-
pharynx (Sobotta-Figge 1965; Perkell 1969;
Lieberman 1970). The cross-sectional area of
the oral and pharyngeal cavities can be in-
dependently manipulated in adult man (refer
to Figure 8) while a midpoint constriction is
maintained, The supralaryngeal vocal tract
of adult man thus can, in effect, funetion as
a “two” tube system. The lack of a supra-
laryngeal pharyngeal region prevents the

- chimpanzee, human newborn and Neander-

thal- from employing these mechanisms.,
They can only attempt to distort the tongue
body in the oral cavity to obtain changes in

" cross-sectional areas. The intrinsic muscula

ture of the tongue severely limits the range

" of deformations that the tongue body can be

expected to employ. .The chimpanzee,

‘human newborn, and Neanderthal man, in

effect, have “single tube” resonant systems,

The chimpanzee and human newborn
heads are both smaller than adult man. This
imposes a further difficulty since it makes it
difficult to form the large cavities that are
found in the vowels of man. Therefore, com-
parable cavity area ratios would require the
use of smaller constrictions than adult man,
but this would violate the requirement of
non-turbulent flow in the constricted part of
the vocal tract for vowels,

THE CHIMPANZEE VOWEL TRIANGLE

The vowel [a] could be articulated by a
chimpanzee if he were to open his mandible
sufficiently to obtain a flared area function.
Taking into account the constraints men-
tioned above, an area function for a chim-
panzee [a] has been estimated and plotted
in Figure 10, Formant frequencies cor-
responding to the area function have been
computed by means of an algorithm
described by Henke (1966) and are tabu-
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Figure 10. Chimpanzee supralaryngeal vocal tract area functions modeled on computer.
These functions were the “best” approximations that could be produced, given the anatomic '
limitations of the chimpanzee, to the human vowels [i], {a], and fu]. The formant
frequencies calculated by the computer program for each vowel are tabulated and scaled to
the average dimensions of the adult human vocal tract.

lated in the figure. The area of the vocal
tract was specified at 0.5 cm intervals using
this algorithm, which was implemented on a
digital computer. When the two lowest for-
mants are scaled down in frequency by a
factor proportional to the ratio of a chim-
panzee vocal tract length of 10 cm to the
mean vocal tract length of 17 cm of adult
man, then the chimpanzee formants can be
compared directly with comparable data in
adult man. This is done on a plot of first

formant frequency versus second formant

frequency in Figure 11 where the data point
for this is denoted by the circled number
«1" We see that the chimpanzee formant
patterns for this vowel configuration do not
fall within the range of [a] data for man,
but rather lie inside the vowel triangle in the
[A] region. The normative data for modern
man with which the chimpanzee vowel is
compared is derived from a sample of

seventy-six adult men, adult women, and
children (Peterson and Bamey 1952). The
labelled loops enclose the data points that
accounted for ninety percent of the samples

.in each vowel category. The children in the
Peterson and Bamney study were sufficiently

old that they all had vocal tracts that con-
formed to that typical of adult morphology
(Lieberman et al. 1972; Crelin and Lieber-
man, unpublished data).

The vowel [i] could be best approxi-
mated by a chimpanzee by pulling the body
of the tongue forward with the mandible
lowered slightly. The cross-sectional area of
the back cavity will not be large, but may
aproach the area function estimated in
Figure 10. This area function results in
formant locations that are tabulated .in
Figure 10 and scaled and plotted in Figure
11 (data point “2"). The formants do not
fall within the [i] region in adult man but
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Figure 11. Plot of formant frequencies
for chimpanzee vowels of Figure 9, data
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to the size of the adult human vocal tract.
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tion may be essentially ' closed in a back.
vowel such as [a], but it Probably plays an
important role in [i]. The presence of ‘a
side-branch resonator has the effect of
modifying formant locations and also the

-effect of introducing antiresonances into the

vocal tract transfer function, We estimate
that the lowest frequency antiresonance for
[i] of a slightly flared 6 cm pharyngeal sec-
tion is about 2000 Hz.¢

NEWBORN HUMAN

The supralaryngeal vocal tract of the
human newborn does not differ substantially
from the chimpanzee’s (Figures 1-3). The
absence of a simian shelf in the mandible,
however, allows the formation of a larger
front cavity in the Production of vowels that
approximate the adult human [u). In Figure
11 the formant locations of this ares func-
tion, which fesemble that of Figire 10-for —-

—poi represents an additional
point for human newborn, The closed loops
enclose ninety percent of the data points
derived from a sample of seventy-six adult
men, women, and children producing
American-English vowels (Peterson and
Barney 1952). Note that the chimpanzee
and newborn vocal tracts cannot produce
the vowels [i], [u], and {a]. ‘

rather inside the vowel triangle in the [1]

- region.

The vowel [u] is virtually impossible for
the chimpanzee to articulate. A large front
cavity requires the mandible to be lowered
because the simian sheif prevents the tongue
body motion found in man, However, the
required lip rounding is incompatible with a
lowered mandible, An approximation to a
chimpanzee [u] area function is estimated in
Figure 10. Again, the formant locations of
this area function are computed, scaled, and
plotted in Figure 11 (data point “3”). They
indicate that the comparable- English vowel
is [U] and not [u]. .

The discussion of the vowel triangle has
not considered the effects of the chimpanzee
pharynx which acts as a relatively short
side-branch resonator. The pharyngeal sec-

.larger ‘front cavity,
.and plotted as data point “X.” The resulting

the chimpanzee [u] “approximation with a
are computed, scaled,

vowel sound is comparable to tne English
vowel [U] not [u],butitisa closer acoustic

‘approximation to [u]. The acoustic output

of the newborn vocal tract does not other-
wise differ substa_ntiauy from the chimpan.

z
studies of the Vocalizations of human new-
bom (Irwin 1957; Lieberman ‘et al. 1972)
show that all, and only, the vowels that can
be prod_qeed are indeed produced. -

. NEANDERTHAL MAN

The vowel Producing abilities of the re-
constructed supralaryngeal vocal tract of the

. La Chapelle-aux-Saints Neanderthal fossil are

Presented in Figure 12. The formant fre.
quencies of the Neanderthal supralaryngeal
vocal tract configurations that best approxi.
mated the human vowels (a], [i], and [u]
were computed, scaled, and plotted with
respect to adult modern man (Lieberman
and Crelin 1971). Note that the Neanderthal
vowels which are each labeled “N» do not
fall in the human ranges for [a], [i], or [ul.
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Figure 12. Plot of first and second for-
mant frequencies for “extreme’ vowels, data
points (N), of reconstructed Neanderthal vo-
cal tract (Lieberman and Crelin 1971).

The Neanderthal vocal tract was given the
benefit of all possible doubts in the com-
puter modeling. The maximum range «of
laryngeal cavity variation typical of modern
man (Fant 1960) was, for example, used in a
manner that would enhance the phonetic
ability of the Neanderthal vocal tract. Ar-
ticulatory maneuvers that would be some-
what acrobatic in modern man were also
used to enhance Neanderthal phonetic

ability. Our computer modeling was guided -

by the results of X.ray motion pictures of
speech production, vocalization, swallowing,
and respiration in adult man (Perkell 1969;
Haskins Laboratories 1962) and in newborn
(Truby et al. 1965). This knowledge, plus the
known comparative anatomy of the living
primates, allowed a fairly “conservative”
simulation of the vowel producing ability of
this fossil specimen who is typical of the
range of *classic” Neanderthal man.” We
perhaps allowed a greater vowel producing
range for Neanderthal man since we con-
sistently generated area functions that were
more humanlike than apelike whenever we
" were in doubt. Despite these compensations,
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the Neanderthal vocal tract cannot produce
{a], [i], or {u]. The absence of these vowels
from the vowel systems of chimpanzee, new-
born human, and Neanderthal man in
Figures 11 and 12 thus is an indirect way of
showing that the vocal tracts of these crea-

tures cannot form the abrupt area functions = -

that are necessary for these vowels. Qur
modeling of the newborn vocal tract served
as a control procedure since we were able to
produce the vowels that newbormn humans
actually produce, We produced, however, a
greater vowel range than has been observed .
in the acoustic analysis of chimpanzee vocal- -
izations (Lieberman 1968). We will return to
this point later in our discussion since it may
reflect the absence of required neural mech-
anisms in the nonhuman primates.

SPEECH PRODUCTION -
AND SPEECH PERCEPTION

Supralaryngeal vocal tract area functions
that approximated typical consonantal con-
figurations for adult man’ (Fant 1960;
Perkell 1969) were also modeled on the dig-
ital computer (Lieberman and Crelin 1971).
Chimpanzee, newborn human, and Neander-
thal man all appeared to have anatomical

‘mechanisms that would allow- the produc-

tion of both labial and dental consonants
like [b], [p], [t], [e], etc., if other muscu-
lar and neural factors were present.

It is obvious that some of these factors
are not present in newbom human since
neither labial nor dental consoriants occur in
the utterances of newborn infants (Irwin
1957). It is possible that the non-occurrence
of these consonants is a consequence of a
general inability to produce rapid articu-
latory maneuvers. The situation is more
complex in chimpanzee where a discrepancy
again exists between the constraints that the -
supralaryngeal vocal tract imposes on the
phonetic repertoire and actual performance.
Chimpanzees do not appear to produce
dental consonants although they have the
anatomical “machinery” that would permit
them to do so. Observations of captive chim-
panzees have not, for example, revealed
pattems of vocal communication that utilize
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contrasts between labial and denta] . con-
sonants (Lieberman 1968). 1t is unlikely that
the failure to observe dental consonants in
chimpanzee vocalizations is due to a limited
data sample since attempts to train chimpan-
2ees {0 ‘mimic human speech have not
succeeded in teaching them to produce
dental consonants. At least one chimpanzee
has been taught to produce labial consonants

like {p] and [m] (Hayes 1952), so the

absence of dental consonants cannot be
ascribed to"a general inability to produce
rapid articulatory maneuvers,

Our computer modeling of the chim.

panzee vocal tract shows that these animals

have the anatomic ability that would allow
them to produce a number of vowels that in
human speech are *“phonemic” elements,
i.e., sound contrasts that convey linguistic.
ally meaningful information. Chimpanzees,
however, do not appear to make use of these
vowel possibilities. Instead, they appear to
make maximum use of the “neutra]”
uniform cross-section supralaryngeal vocal

tract shape (Jakobson et al. 1952; Lieber- '
man 1968) with source variations, Chimpan- -

zees, for example, will make calls that are
different insofar as the glottal ‘excitation is
weak, breathy, has a high fundamental fre.
quency,? ete. : o '
The absence of sounds that aré anatomic-

ally possible may perhaps reflect perceptual

limitations. In ‘other words,” chimpanzees

may not use dental consonants in contrast -~

with labial consonants because they cannot
perceptually differentiate these sounds, Dif-
ferences in vowel quality as between [I] and
[e], for example, may also be irrelevant for
chimpanzees. The absence of the vowels [a],
[i], and [u] from the chimpanzee’s phonetic
abilities is consistent with this hypothesis,
which has wider implications concerning the
general phonetic and linguistic abilities of
the living non-human primates and hominid
fossils like Neanderthal man,

SPEECH AND LANGUAGE

Linguists have, as we noted eatlier,
tended to ignore the phonetic level of lan.
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guage and speech production. The Prevailing
assumption is that the interesting action is at
the syntactic and semantic levels, and that
just about any sequence of arbitrary sounds
would do for the transfer of linguistic in-
formation. Some linguists might, for ex.
ample, point out that even simple binary
codes, such as Morse code, can be used to
transmit’ linguistic information, Neanderthal
man, in this view, therefore wouid need oniy
one sound contrast to communicate, After
all, modern man can communicate by this
means; why not Neanderthal man? The -
answer to this question ig quite simple,
Human speech is a special mode of com-
munication that allows modern man to com-
municate at least ten times faster than any
other known method. Sounds. other than
speech cannot be made to convey language
well.’> That knowledge comes from fitty-five
years of trying to make nonspeech sounds -
for use in reading machines for the blind,

that is, devices that scan the print and con-
- vert it into meaningful sounds. In spite of

the most diligent efforts in connection with *
the development of these machines, no non-
speech acoustic alphabet has yet been con-
trived that can be made to work more than '

~one-tenth as well as speech (Liberman et al,

1967). Nor has any better degree of success

attended efforts toward the use of visual dis-
plays in the development  of ,.“heiring”“
machines for the deaf (Koe ig et 'al.“194;6).: :
. The problem is quite clear when one coh.’
siders the rate at which information is trans.
ferred in human speech. Humian listeners can
perceive as many as twenty-five to_thirty

- Phonetic segments per second in normal

speech. This segment rate far exceeds the
resolving power of the human auditory

system. It is, for example, impossible to even -

count simple pulses at rates of twenty pulses
per second. The pulses simply merge into a
continuous tone. Communication by means
of Morse code would be possible, but it
would be very slow. Human speech achieves
its high information rate by means of an
“encoding” process that is structured in
terms of the anatomic and articulatory con-
straints of speech production. The presence
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" of vowels like [a], [i], and [u] appears to
be one of the anatomic factors that makes
this encoding process possible.

SPEECH ENCODING
AND THE “MOTOR THEORY™
OF SPEECH PERCEPTION

In human speech a high rate of infor-
mation transfer is achieved by “encoding”
phonetic segments into syllable-sized units.
The phonetic representation of a syllable
like [du] essentially states that two indepen-
dent elements are being transmitted. The
syllable [du] can be segmented at the
phonetic level into two segments, [d] and
[u], which can independently combine with
other phonetic segments to form syllables
like [di] or [gu]. Phonetic segments like
[d], [g], [u], and [i] are also independent
at the articulatory level insofar as these
phonetic elements can each be specified in
terms of an articulatory configuration. The
phonetic element {u] thus involves a partic-
ular vocal tract conﬁguraﬁon which approxi-
mates. that in Figure 8. The phonetic
element [d] likewise involves a particular
vocal tract configuration in which the
tongue blade momentarily occludes the oral
cavity. It is possible to effect a segmentation
of the syllable [du] at the articulatory level.
If an X-ray motion picture of a speaker pro-
ducing the syllable [du] were viewed it
would, for example, be possible to see the
articulatory gesture that produces the [d] in
the syllable [du]. It is not, however, possible
to segment the acoustic correlates of [d]
from the speech signal.

In Figure 13 we have reproduced two
simplified spectrographic patterns that will,
when converted to sound, produce approxi-
mations to the syllables [di] and [du] (Li-
berman 1970).!° The dark bands on these
patterns represent the first and second
formant frequencies of the supralaryngeal
vocal tract as functions of time. Note that
the formants rapidly move through a range
of frequencies at the left of each pattern.
These rapid movements, which occur in
about 50 msec, are called formant transi-
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tions. The transition in the second formant,
which is encircled, conveys the acoustic in-
formation that human listeners interpret as a
token of a [d] in the syllables [di].and
[du]. 1t is, however, impossible to isolate
the acoustic pattern of [d] in these syllables.
If tape recordings of these two syllables are
“sliced’” with the electronic equivalent of a
pair of scissors (Lieberman 1963), it is
impossibile to find a segment that contains
only {d]. There is no way to cut the tape so
as to obtain a piece that will produce [d]
without also producing the next vowel or
some reduced approximation to it.

Note that the encircled transitions are dif-
ferent for the two syllables. If these en-
circled transitions are isolated, listeners
report that they hear either an upgoing ora
falling frequency modulation. In context,
with the acoustic cormelates of the entire
syllable, these transitions cause listeners to
hear an “identical” sounding [d] in both
syllables. How does a human listener effect
this perceptual response? . . -

We have noted the formant &equency
patterns of speech reflect the resonances of
the supralaryngeal vocal tract. The formant
patterns that define the syllable [di] in
Figure 13 thus reflect the changing resonant
pattern of the supralaryngeal vocal tract as
the speaker moves his articulators from the
occlusion of the tongue tip against the palate
that is involved in the production of [d] to -
the vocal tract configuration of the [i]. A
different acoustic pattern defines the [d] in

_ the syllable [du]. The resonances of the vo-

cal tract are similar as the speaker forms the
initial occlusion of the [d] in both syllables;
however, the resonances of the vocal tract
are quite different for the final configura-
tions of the vocal tract for {i] and [u]. The
formant patterns that convey the [d] in
both syllables are thus quite different since
they involve transitions from the same start-

ing point to different end points. Human
listeners ‘“hear” an identical initial [d]
segment in both of these signals because
they ‘“decode” the acoustic pattern in terms
of the articulatory gestures and the anatomi-
cal apparatus that is involved in the produc-
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di ~du

FREQUENCY IN CPS

TIME IN MSEC.

Figure 13, Simplified spectrographic pat-
terns sufficient to produce the syllables [di]
and [du]. The circles enclose the second
formant frequency transitions (After Liber-
. man 1970).

tion of speech. The listener in this process,
which has been termed the “motor theory of
speech perception” (Liberman et al, 1967),
operates in terms of the acoustie pattern of
the entire syllable. The acoustic cues for the
individual “phonetic segments” are "fused
into a $yllabic pattern. The high rate of in-
formation transfer of human speech is thus
due to the transmission of acoustic informa-
tion in syllablesized units. ‘The phonetic

~ elements of each syllable are “encoded” into -

a single acoustic pattemn which is then
“decoded” by the listener to yield the
phonetic representation.

In order for the process of “motor theory
perception” to work the listener must be
able to determine the absolute size of the
speaker’s vocal tract, Similar articulatory
gestures will have different acoustic cor-
relates in different sized vocal tracts. The
frequency of the first formant of [a], for
example, varies from 730 to 1030 Hz in the
data of Peterson and Barney (1952) for
adult men and children. The frequencies of
the resonances that occur for various con-
sonants likewise are a function of the size of
the speakers’ vocal tract. The resonant pat-
tern that is the correlate of the consonant
[g] for a speaker with a large vocal tract
may overiap with the resonant pattem of the
consonant [d] for a speaker with a small
vocal tract (Rand 1971). The listener there-
fore must be able to deduce the size of the
speaker’s vocal tract before he can assign an
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acoustic signal to the correct consonantal or
vocalic class, )

There are a number of ways in which a
human listener can infer the size of a
speaker’s supralaryngeal vocal tract. He can,
for example, note the fandamental fre- -
quency of phonation. Children, who have
smaller vocal tracts, usually have higher
fundamental frequencies than adult men or
adult women, Adult men, however, have dis-
Proportionately lower fundamental fre-
quencies than adult women (Peterson and
Bamey 1952), so fundamental frequency is
not an infallible cue to vocal tract size, Per-
ceptual experiments.(l.adefoged and Broad-
bent 1957) have shown that human listeners
can make use of the formant frequency
range of a short passage of speech to arrive -
at an estimate of the size of a speaker’s vocal
tract. Recent experiments, however, show
that human listeners do not have to defer -
ir “m ! - decoding of speech
until they hear a two or ‘three second intér.’
val of speech. Instead, they ‘use the vocalic
information encoded in a syllable to decode -
the syllable-(Darwin 1971; Rand 1971). This
may appear to be paradoxical, but it is not,
The listener makes use of the formant fre-
quencies and fundamental frequency of the
syllable’s vowel to assess the size of the vocal
tract that produced the ‘syllable. We have
noted throughout this paper that the vowels

- [al, [1],'and [u] have a unique acoustical

property. The formant frequency pattem for
these vowels can'always be related to a uni-
que Vocal tract-size and shape.!! A listener;
when he hears one of these vowels, can thus
instantly determine the size of the speaker’s
vocal tract, The vowels [a], [i], and [u]
(and the glides [y] and [w]) thereby serve
as primary acoustic calibration signals in
human speech. B '
The anatomical Impossibility for the
chimpanzee to produce these vowels is thus
consistent with the absence of meaningful
changes in vowel quality in the vocal com-
munications of these animals. Chimpanzees
probably cannot perceive these differences
in vowel quality because they cannot
‘““decode” specific vowels and consonants in
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terms of the articulatory gestures that
speakers use to produce these signals. A
chimpanzee on hearing a particular formant
frequency pattem would, for example, not
be able to tell whether it was produced by a
large chimpanzee who was using an [I]-like
vocal tract configuration or a smaller chim-
panzee who was using an [e]-like vocal tract
configuration.!? Chimpanzees simply may
not have the neural mechanism that is used
in modern man to decode speech signals in
terms of the underlying articulatory maneuv-
ers. The absence of a humanlike pharyngeal
region in chimpanzee is thus quite reason-
able. The only function that the human
supralaryngeal vocal tract is better adapted
to is speech production, in particular the
production of vowels like [a], [i], and [u].
The adult human supralaryngeal vocal tract
is otherwise less well adapted for the pri-
mary vegetative functions of swallowing and
. respiration (Negus 1949). It is quite easy for

food to be caught in the adult human phar- -

ynx and block the entrance to the larynx
with fatal consequences, whereas the high
position of the laryngeal opening in chim.
panzees and - other non-human primates
would allow them to breathe with food
lodged in their pharynx. The efficiency of
the respiratory apparatus is reduced con-
siderably in adult human because the angula-
tion of the airway (Figures 6 and 7), result-
ing from the low pasition of the larynx, ap-
preciably lessens the volume of air which
could pass through a straight tube of equal
cross-section. The high position of  the
larynx in newborn human, chimpanzee, and
Neanderthal man is efficient for respiration.
As Kirchner (1970:12) notes, “the larynx of
the newborn infant is, from the standpoint
of position, a more efficient respiratory
organ than its adult counterpart.”

This suggests that the evolution of the hu-
man vocal tract which allows vowels like
[a], [i], and [u] to be produced,. and the
widespread occurrence of these vowels in hu-

. man languages reflect a parallel development
of the neural and anatomic abilities that are
necessary for language. This parallel develop-
ment would be consistent with the evolution
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of other human abilities. The ability to use
tools depends, for example, on both upright
posture and an opposable thumb, and neural
ability. As Darwin (1859:194) noted, the
theory of evolution through natural ‘selec-
tion “can act only by taking advantage of -
slight successive variations; she can never
take a leap, but must advance by the short-
est and slowest steps.” We can think of a
process in which mutations that enhanced
vocal communication were retained. The
presence of enhanced mental ability would
enhance the probability of the retention
through natural selection of an anatomical
mutation that enhanced the phonetic re-
pertoire and the rate of communication. The
presence of enhanced anatomical phonetic
ability would, in tum, increase the prob-
ability of the retention of mutations that
enhanced the neural abilities that are in-.
volved in speech encoding, decoding, syntax,
etc. Positive feedback would, no doubt,
resull from this “circular” process. We
would expect to find fossil forms like the La

. Chapelle-aux-Saints Neanderthal man who

lacked a well .developed vocal mechanism
but who undoubtedly must have had a “lan-

- guage.” The remains of Neanderthal culture

all point to the presence of linguistic
ability.!?

Neanderthal man lacked the vocal tract
that is necessary to produce the human “vo-
cal tract size-calibrating” vowels [a], [i],
and [u]. This suggests that the speech of
Neanderthal man did not make use of syl-
labic encoding. While commusdication is
obviously possible without syllabic encod-
ing, studies of altemate methods of com-
munication in modern man show, as we
noted before, that the rate at which informa-
tion can be transferred is about one-tenth
that of normal human speech. The principie
of encoding extends throughout the gram-
mar of human languages. The process where-
in a deep phrase marker with many ele.
mentary S's is collapsed. into a derived sur-
face structure may be viewed as an encoding
process that is similar to the encoding that
occurs between the phonetic level and
speech (Liberman 1970). A transformational
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grammar (Chomsky 1957, 1965) may be
viewed as a mechanism that encides strings
of semantic units into a surface structure.
The derived surface string can be readily
transmitted by a speaker and perceived and
stored in short time span memory by a
listener. There is no other reason why adult
humans do not speak in short sentences like,~
I saw the boy. The boy is fat. The boy fell
;\down. instead of the “encoded” sentence, I
$aw the fat boy who fell down. The “en-
coded” sentence can be transmitted more
rapidly, and it transmits the unitary refer-
ence of the single boy within the single
breath-group (Lieberman 1967). It thus is
likely that Neanderthal man’s linguistic
abilities were at best suited to communica-
tion at slow rates and at worst markedly in-
- ferior at the syntactic and semantic levels to
modemn man’s linguistic ability. Neanderthal
man’s language is an intermediate stage in
the evolution of language, It may well have
employed gestural communication as well as
vocal signals (Hewes 1971). . S
Human lnguistic ability thus must be
viewed as the result of a long evolutionary
process that involved changes in anatomiéal
structure through a process of mutation and
natural selection which enhanced ‘speech
communication.’* Modern man’s linguistic
ability is necessarily tied to his phonetic
ability, Rapid information transfer through
the medium of human speech must be
viewed as a central property of human lin.
guistic ability. It makes human language and
human thought possible.!$ - - o

NOTES
"Hewes (1971) has compiled a com-
prehensive annotated bibliography on the
evolution of language. With the exception of

studies like Hockett (1960) and Hockett and
Altmann (1968), most of the emphasis has

been placed on the cognitive aspects of lan-

guage,
. >These results are consistent with the fact
" that it has never been possible to train a
non-human primate to talk, Kellogg (1968)
reviews a number of recent attempts at
raising chimpanzees as though they were
children. It is interesting to note that similar
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" Lieberman and Crelin 1971) as adult living
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attempts date back to at least the eighteenth
century (La Mettrie 1747 ). The “speech” of
“talking birds” is not similar to human
speech at the acoustic or anatomic levels
(Greenewalt 1967). A parrot’s imitation of
human speech is similar to a human’s imita-
tion of a siren, The signal is accepted as a
mimicry, It has different acoustic properties
than the siren’s signal, and itis produced by
a different apparatus. ) .
?The similarity between human newhorn
and the adult Neanderthal fossil conforms to
the view that modern man and Neanderthal
man had a common ancestor., Darwin in On
the Origin of Species (18589:449) clearly
states the premise that we are following in
making this inference; he states: “In two
groups of animals, however much they may
at present differ from each other in structure
and in habits, if they Pass through the same
or similar embryonic we may feel
assured that they have both descended from
nearly similar Parents, and are
therefore in that degree closely related.” The
adult Neanderthal skull has certain special-
ized features, like a supraorbital torus, that
are not present in newborn modern man nor..
in adult modern man, This indicates that Ne- -
anderthal man " is ‘probably not directly
man. ‘He is, as Boule
(1911-13) recognized, probably an early off- .

_shoot from the mainstream of hominids that

The skulls of pre-
are quite similar to
the human newborn. (Schultz 1968). This
would indicate an early common ancestral
form for both present day apes and man, It
does not show that modern man has evolved
‘by retaining infantile characteristics, -Adult -
own way, deviates ag

apes do from their newborn form. Physical
anthropologists and anatomists have noted,
over the years, that measurements of partic-
ular aspects of Neanderthal skulls fall within
the range of variation that may be found in
modern man (Patte 1955). This finding is
not surprising since all adult modern men
develop from the newbom morphology
which has many similarities to that of adult
“classic” Neanderthal man, The course of
human maturation is not even and some
individuals fail to develop “normally,” In ex-
treme pathologic conditions like Down's
Syndrome the individual may, in fact, retain
many aspects of the newborn morphology,
especially those of the skuil. Benda (1969)
notes that Down’s Syndrome may be char-
acterized, in part, as a developmental prob-
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lem, We have examined a number of subjects
afflicted with Down’s Syndrome who cannot
produce “articulate” speech (Lieberman and
Crelin, unpublished data). Some of these
subjects may lack the mental ability that is
necessary to control their vocal apparatus,
but some of them appear to have vocal tracts
that resemble the normal newborn vocal
tract. They, in effect, have Neanderthaloid
vocal tracts and they cannot produce human
speech. The bases of their skulls and their
- mandibles generally resemble those of a
Neanderthal. It is therefore not surprising
that . Virchow (1872) believed that the
original Neanderthal skull, which was found
in 1856, was either a pathologic specimen or
the skull of an imbecile. It is also evident
that different population groups of modern
man have somewhat different skeletal fea-
tures. In some population groups a particular
skeletal feature will fall within the range
.characteristic of classic Neanderthal man.
Laughlin (1963), for exampie, notes that the
breadth of the ramus of the mandible in
Eskimos and Aleuts can exceed the breadth
of this feature in Neanderthal man. The
.length of ‘the body of the mandible is also
somewhat longer for Aleuts and Eskimos
- than is the case for other modern human
.skulls. The length of the body of the mandi-
ble can be about twenty percent greater than
- the ramus in an adult male Aleut skull. This
- value is, however, much smaller than is the
" case for either Neanderthal man or newbom
. human' where the length of the body of the
.mandible is sixty to one hundred percent
. greater than the ramus (as measured on a
lateral projection to the midline of the
.- mandible). The total ensemble of skeletal
features of the base of the skull for Aleuts
-and Eskimos is, moreover, consistent with
the “anguiation” of the vocal tract of adult
modern man. :

41t can be argued that [o] forms a fourth
position on a vowel *“quadrangle,” but this
modification will not affect our arguments
- in any essential way.

51 the size of the constriction becomes
too small, turbulent noise will be generated
‘at the constriction and the sound will no
longer be a vowel.

$This may have a perceptual ' effect
similar to that of nasality as transfer func-
tion zeros appear in adult human speech in
nasalized vowels.

. "We have noted (Lieberman and Crelin
1971) that a number of fossils, that differ
slightly in other ways, all have a “flattened-
out” skull base and other anatomical fea-
tures that indicate the absence of a supra-
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laryngeal vocal tract like adult modern
man’s. There is, in other words, a class of
‘‘Neanderthaloid” fossils who lack the
ability to produce the full range of human
speech. : .

8 Meaningful chimpanzee calls can be
“seen” in context in the recent sound mo-
tion pictures taken by P. Marler at the
Gombe Stream Reserve chimpanzee project
of J. Goodall (1965). '

°I am essentially - paraphrasing the dis-
cussion presented by A. M, Liberman (1970)
with regard to the linguistic status of human
speech and the process of speech encoding.
Liberman’s logic is clear, correct, and
succinet, C .

191t can be argued that the primary
acoustic cue to the identity of [d] is a brief
high frequency burst of fricative noise. How-
ever, adult listeners will respond correctly to
the acoustic signals defined in Figure 13
even though this cue is missing, ,

117he exact size and shape of the vocal
tract can be theoretically calculated from
the formant frequency pattern of these
vowels if all of the theoretically infinite
number of formant frequencies are known.
If one, however, assumes that the formant
structure of an unknown vowel is similar to
(i1, [u], or [a] and is produced by a cavity
shape shown in Figure 9, then the two low-
est formants give a good estimate of vocal
tract length and size. The ‘‘quantal” nature
of the speech signal discussed by Stevens
(1969) makes an “exact” knowledge of vo-
cal tract size unnecessary for speech de--
coding. - 0 p o

12he Ladefoged and Broadbent (1957)

‘vowel perception study is very pertinent in
- this regard since it shows that human lis-

teners also cannot tell whether the acoustic

- gignal that is a token of a *“‘central’” vowel is

an [U], an [I], or an [ae] in the absence of
information that tells them the size of the
speaker’s vocal tract. The listeners in this ex-
periment said that the same acoustic signal
“was” the word “bit,” “bat,” or “but’” when
prior acoustic context led them to believe
that the speaker had a large,” medium, or
small supralaryngeal vocal tract. Note that a
champanzee’s response to simple human
verbal requests does not demonstrate that
the chimpanzee can ‘“decode” human
speech, The chimpanzee may be responding
to acoustic factors that are not primary lin-
guistic units, e.g., the prosodic features that
relate to the emotionally determined ““tone”
of the speaker’s voice. Psychoacoustic exper-
iments designed to show whether non-human
primates can “decode” speech have so far.
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+ yielded negative results, It is indeed almost
impossible to get non-human primates to
respond to auditory signals whereas they

readily respond to visual signals (Kellogg'

1968; Hewes 1971 ).

13Note that the prior existence of a form
of language is a necessary condition for the
retention, through the brocess of natural
selection, “of mutations like_ the human
pharyngeal region that enhance the rate of
communication but are detrimental with
regard to deglutition and respiration.

We, therefore, see the evolution of
language as a process that is ultimately based
on mechanisms that exist in the more “prim-

- itive” fossil hominids. It is probable that the
living apes, as well as other animals, still have
similar m, i Studies of animal com-
munication therefore are relevant to the
study of human linguistic ability, We
‘obviously do not agree with the theory that
bases modern man’s linguistic abilities on

‘“unique” mechanisms that require ‘“‘dis-
continuities’’ in evolution (Lenneburg
1967),

'*We would like to thank Dr. E. L.
Simons of Yale University for the Chimpan-
zee specimen, Dr, P, F, Marler of Rockefeller
Universif.y for making tape recordings and
spectrograms of chimpanzee utterances avail-
able, and Drs. A. M Liberman and C.
Darwin of Haskins Laboratories and Dr, W,
S. Laughlin of the University of Connecticut
for their many useful comments. This work
Was supported in part by U, S. Public Health
Service Grants AM-09499, HD-01994,
DE-01774, and NB-04332-8.
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