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mental is difficult to mask perceptually
(16). The bottom two panels of column 2
show that the energy in the noise masker
is confined to the band surrounding the
365-Hz fundamental, but does not over-
lap any of the components of the com-
plex stimulus.

The effects of noise on FFR to the two
stimuli are seen in the FFR wave forms
and spectra of columns 3 and 4. In the
presence of masking noise, the ampli-
tude of averaged FFR to the pure tone is
reduced by a mean value of 8.04 dB. The
same masker was effective in reducing
FFR to the missing fundamental by a
mean value of only 1.04 dB. Comparison
of these mean masking decrements
shows the FFR to the pure tone to
be significantly masked [#(1,6) = 2.26,
P < .05], while FFR to the complex tone
is not [#(1,6) = 0.44] (I7). These results
support the hypothesis that the pitch of
the missing fundamental (residue pitch)
is based on the period of a stimulus wave
rather than its spectral content.

Our observation that band-limited
masking noise affected FFR to a pure
tone, but failed to affect a similar FFR
derived from the residue of a complex
tone, argues against the hypothesis that
the missing fundamental arises from dis-
tortions that excite the apical 365-Hz re-
gion of the cochlear partition. Were this
the case, the noise masker should have
had a significant attenuating effect on
FFR to the complex tone, as it did on
FFR. The masking results further sug-
gest that the pitch of the pure tone is car-
ried by elements most sensitive to low
frequencies, whereas the pitch of the
missing fundamental is mediated by ele-
ments sensitive to frequencies other than
those within the band of the masking
noise.

JAMESs C. SMITH, JAMES T. MARSH
STEVEN GREENBERG
WARREN S. BROWN
Department of Psychiatry, School of
Medicine, University of California,
Los Angeles 90024
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Symbolic Communication Between Two Chimpanzees

(Pan troglodytes)

Abstract. Through use of learned symbols, two chimpanzees accurately specified
11 foods by name to one another when the food item’s identity was known by only
one. They could not do this when denied use of the symbols. The chimpanzees then
spontaneously requested specific foods of one another by name. Requests resulted in
cooperative and reciprocal symbolically mediated food exchange.

Following the Gardners’ (I) report of
the chimpanzee Washoe’s use of signs
(Ameslan) with human beings, the ques-
tion of whether or not chimpanzees
might be able to use learned symbols to
enhance their communication with one
another has often been raised (2). Fouts
(3) reported that Ameslan-tutored chim-
panzees occasionally sign “‘tickle’” and
“‘gimme fruit’’ in the presence of one an-
other; however, wild chimpanzees also
request tickling and food through non-
verbal vocalizations and gestures (4).
Additionally, Menzel (5) has demon-
strated that untutored chimpanzees can,
by means of vocalizations, gestures, and
purposive locomotion, communicate
whether they are traveling toward a food
or nonfood substance. Clearly then, be-
cause of the chimpanzee’s extant non-
verbal communicative ability, any report
of interanimal communication that pur-
ports to depend on symbolic or language-
like skills must show that the communi-
cations did not and could not occur
through nonverbal modes already avail-
able to the animal.

This report presents what is, to our
knowledge, the first instance of such
symbolic communication between non-
human primates. The communication
system is described in detail elsewhere
6). In brief, the chimpanzees use a
graphic system of geometric symbols, or
lexigrams, in which each symbol is in-

tended to represent an English word (7).
Words are expressed by depressing keys
embossed with their respective lexi-
grams. Each key depression results in
the reproduction of a facsimile of that
lexigram on projectors above a key-
board. The experimenter can also com-
municate with the animal through these
projectors on a separate keyboard out-
side the animal’s room to eliminate
cueing. All output is monitored and re-
corded by a computer (PDP8E) (Fig. 1).

The two chimpanzees of the present
study were Sherman (4'/2 years old) and
Austin (3'/2), both born in the laborato-
ry. Both had received previous language
training with the computer-based sys-
tem; details of their original learning of
the food names used during the commu-
nication task will be described (8). Fol-
lowing acquisition of food names, two
additional stages of training provided
them with the skills prerequisite to the
specific type of communication reported
here.

First the animals were asked to name,
on their keyboards, various foods in re-
sponse to the projector-posed question,
‘“What this?”’ They could not request or
eat the foods during the task—only name
them. If they were correct, they received
social praise or the opportunity to
request a different food from the ma-
chine (9). The animals accurately named
all the foods once they learned, through
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training with samples of two foods, that
there need not be a correspondence be-
tween the named food and the food they
might later request and eat. This train-
ing, which required 102 trials for Sher-
man and 201 trials for Austin, enabled
the chimpanzees to distinguish between
the use of a food name as its name and
the use of that name as a request for

food. On the first occasion when the ani-
mals were asked to name those foods not
used during naming training per se, both
animals were correct on 17 of 18 trials.
Each of the other nine foods were pre-
sented twice in a random order (10).
The animals were then asked to de-
code symbolic information about food
not in view. This was done by stating to

Fig. 1. Austin (left) uses
the keyboard to declare
the container’s contents.
Sherman (right) watches.
Facsimiles of the lexi-
grams on the keys de-
pressed are produced on
the projectors above the
keyboard.

Table 1. Correct performance under different experimental conditions. Differing numbers of
trials reflect the animals’ differing interest in this task from day to day. Tests were terminated
when animals began to refuse to name the food and request instead to be tickled, to go out of the
room, and so forth. The proportions correct reflect the combined performance of both animals.
Both the informer and the observer had to be correct on a given trial for that trial to be scored as
correct. Additionally, when the observing animal was asked to point to a photograph of food
(row 5), this information had to coincide with the name given by the informer and the symbolic
request made by observing animal. Therefore, on any given trial, there were three opportunities

for error.
. .. Trials Proportion
Experimental condition (correct/total) correct
Interanimal test

Animals use single keyboard. Experimenter

knowledgeable. (Vocabulary size = 36) 33/35 9

Control conditions

Animals use single keyboard. Experimenters blind.

(Vocabulary size = 36) 60/62 1.0
Animals use single keyboard but view only projected

response of informed animal. Experimenters blind.

(Vocabulary size = 40) 24/26 9
Animals use separate keyboards, observe one another

through window. Experimenters blind. (Vocabulary

size = 40) 36/40 9
Animals use single keyboard, observing animal points

to photograph of food following his request. Experi-

menters blind. (Vocabulary size = 40) 27/30 9

Knowledgeable animal prevented from using keys
Informed animal denied use of keyboard to describe
contents of sealed container. Experimenters blind.

(Vocabulary size = 40)

4/26
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the animal that a sealed container held
one of a variety of foods. If the animal
could decode this statement (made on
the projectors) and request the correct
food, we replied ““Yes’’ and gave him the
container. It required only five trials be-
fore they could work accurately with
highly preferred foods, but practice con-
tinued for several days so that both Sher-
man and Austin worked without error
with all foods, including those of rela-
tively low preference such as monkey
chow and beancake.

Following this training, a test of the
animals’ ability to communicate symbol-
ically with one another began. Before
this test, the animals were not taught to
(i) identify foods which they had seen in
the other room, (ii) remember food
names over a delay, (iii) attend to one an-
other’s statements at the keyboard, (iv)
request food being eaten or conversed
about by another animal, or (v) identify
photos corresponding to food names.
During the initial test both animals used
a common keyboard. Each chimpanzee,
on alternate trials, was led to an adjacent
room where it observed the baiting and
sealing of a container with one of 11
foods and drinks (beancake, banana,
chow, milk, orange drink, juice, cola, or-
ange fruit, sweet potato, bread, or can-
dy). The contents of the container had to
be remembered for approximetely 1 min-
ute as each chimpanzee was led (with the
container) back to the keyboard, where
we then asked him about the container’s
content.

The second (observer) chimpanzee,
who had not seen the baiting process,
was then given access to the keyboard
and allowed to request the food. If he
correctly decoded the answer provided
by the informer and through the use of
that information correctly requested the
food, the container was opened. Only if
both animals were correct were they giv-
en the food or drink. If either the observ-
er or the informer was incorrect, nothing
was given to either. The animals were
allowed to observe the container so
they could see that they had been in
error.

The animals were successful in accu-
rately transmitting this information
(Table 1, row 1) even when the experi-
menter was unaware of the condition
(Table 1, row 2). A variety of control
conditions were included to ascertain
that the animals were not being cued and
that they did indeed comprehend the na-
ture of the information they were trans-
mitting.

The roles of the animals were reversed
on each trial and the food or drink to be
baited was randomly determined. During

SCIENCE, VOL. 201



the first test of interanimal communica-
tion, the experimenter who accompanied
the animal during the baiting process had
been aware of the container’s contents
during the communication task. How-
ever, during all remaining tests, the bait-
ing was done by another experimenter so
that no person in the test room with the
animals had knowledge of the contain-
er’s contents. This control had not been
used at the outset because we expected
that the animals would need some tutor-
ing on this task. They did not. All trials
given under all conditions of interanimal
communication are reported. No training
trials on this task preceded or intervened
between either the original test or any of
the controls presented in Table 1. The
animals exploited and expanded upon
previously acquired skills in the success-
ful communication achieved here, and
the transmission of information regard-
ing the contents of the container was be-
tween two chimpanzees, unmediated by
any human being.

Following these initial tests, four addi-
tional conditions were run with no fur-
ther training. The first two (Table 1, rows
3 and 4) eliminated any possibility that
the animals were using position of the
key, as opposed to the symbol per se, to
communicate. Therefore, in the first con-
dition, the animals were not allowed to
see one another name the contents of the
container at the keyboard; rather, they
were allowed to see only the informer’s
answer as it was displayed on the projec-
tors above the keyboard (Table 1, row
3). In the second, a window was installed
between two test rooms, and each ani-
mal used its own keyboard to inform the
other animal of the container’s contents.
The observer chimpanzee watched the
informer through the window, then used
his own keyboard to request the food.
Since none of the word keys were in the
same exact or relative location on the
boards, the observer chimpanzee had to
ignore the positions of keys used by the
informer to find the same words on his
keyboard. The high level of accuracy on
all 40 trials of this test indicates that the
information was being transferred by
symbols, not key position (Table 1, row
4).

The next control condition was de-
signed to determine whether the observ-
ing animal, on any given trial, under-
stood the information provided by the
informer or whether he was merely
matching the symbol provided by the in-
former. This was accomplished by pro-
viding the observer with photos of three
foods after he had requested the food
named by the informer (I1). The observ-
ing animal was then asked on each trial

18 AUGUST 1978

to point to a photograph of the food
which he had requested. If the inform-
er’s food name, the observer’s food
request, and the observer’s indication of
the correct photograph all agreed, the
container was opened by the experi-
menter. If the appropriate food was
found, it was shared (Table 1, row 5).

In a final control experiment, the ani-
mal who saw the container being baited
was not allowed to use the keyboard to
declare its contents. Both animals were
then placed in the same room and al-
lowed to interact and employ any gestur-
al, vocal, or postural cues at their dis-
posal to inform one another, if possible,
of the container’s contents. After 30 to
60 seconds, the second animal was en-
couraged to go to the keyboard and
request the contents of the container.
Only a few of these trials were given
(Table 1, row 6) because of the high error
rate (chance), lack of interest, and nega-
tive behaviors (for example, attempts to
steal the container and to get us to press
the keys).

The exchange of specific information
between these two chimpanzees was
made possible through their use of sym-
bols. Errors were infrequent and were al-

ways names of other foods and drinks,
never for nonedible objects also on the
keyboard. The chimpanzees were mu-
tually attentive, and if one appeared to
have difficulty finding a key, the other
one often tried to assist, though re-
strained from doing so.

Clearly, these chimpanzees could use
symbols to transmit information to one
another. Could they also simply ask one
another for food on the keyboard? To an-
swer this, we gave only one animal a va-
riety of foods and allowed the other ani-
mal to watch through the window be-
tween the rooms. The observing animal
spontaneously used the keyboard to
request food. We encouraged the second
animal to observe this request and com-
ply with it. We then reversed the roles,
giving food to the other animal. Again
the observer spontaneously used the
keyboard to request food and the animal
with the food was encouraged to comply.
From this point on, the animals began to
exchange roles and comply with each
other’s requests (Fig. 2). The initial en-
couragement was necessary to facilitate
the social behavior of giving, but was not
needed to facilitate the use of symbols or
the nature of the communication. Accu-

Fig. 2. Sherman complies with Austin’s request for bread. He reads projectors and selects
correct food from tray (top row); hands food to Austin (center row); licks fingers and *‘smiles’’
broadly in response to social praise extended to him by technician (bottom row).
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racy in this task is difficult to measure.
We must presume that the requester al-
ways asked for what he wanted and was
therefore 100 percent correct. The recip-
ient of the request generally replied in
kind. “‘Errors’’ on the part of the recipi-
ent most often occurred when a highly
preferred food was requested. The recip-
ient appeared either to ignore the request
or to act as though he hadn’t understood
but would be quite willing to offer a piece
of chow instead of a piece of chocolate.
Accuracy ranged across sessions from 70
to 100 percent, depending upon the will-
ingness of the animals to comply with
each other’s requests. In general, the
lower-ranking animal, Austin, always
complied with Sherman’s requests.
Sherman also complied with Austin’s
requests but needed more frequent en-
couragement to do so.
E. SUE SAVAGE-RUMBAUGH
Yerkes Regional Primate Research
Center, Emory University,
Atlanta, Georgia 30322
DUANE M. RUMBAUGH
Department of Psychology,
Georgia State University,
Atlanta 30303
SALLY BOYSEN
Yerkes Regional Primate
Research Center
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Genetic Basis of XX Male Syndrome and XX True
Hermaphroditism: Evidence in the Dog

Abstract. Serological analysis of white blood cells from the members of a family of
American cocker spaniels indicates that a form of abnormal sexual development, in
which individuals with a female karyotype have testes or ovotestes, is caused by
anomalous transmission of male-determining H-Y genes.

In mammals the Y chromosome is
male-determining. Under the influence
of a Y-situated gene or group of genes
the indifferent embryonic gonad be-
comes a testis. The testis then secretes
hormones which actively impose male-
ness in a system that is inherently biased
toward the female condition (/). Yet de-
spite the male-determining role of the
mammalian Y chromosome, testicular
differentiation and subsequent male or
hermaphroditic development have been
observed in subjects with a female (XX)
karyotype (2).
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Generally, theories concerned with
differentiation of testes in the absence of
a detectable Y chromosome propose
conservation of Y-chromosomal function
in one form or another—for example, (i)
Y-to-autosome translocation, (ii) Y-X in-
terchange, (iii) mutational acquisition of
Y-chromosomal function by autosomal
or X-chromosomal genes, or (iv) pres-
ence of undetected Y-bearing cell
lines. Cytological studies (3) have pro-
vided supporting evidence for (ii) and
(iv) above, but in our experience tes-
ticular differentiation in the absence
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Fig. 1. Photomicrographs of gonadal tissue from XX male and XX true hermaphrodite. Ovo-
testis of the true hermaphrodite (A) (x36). This dog had bilateral ovotestes, both located in
normal ovarian position (7). Under higher magnification (B) (X303), the seminiferous tubules
are lined by vacuolated Sertoli cells; no spermatogenesis is evident. Leydig cells are present.
Cryptorchid testicle of the XX male (C) (x53) contains lumenized seminiferous tubules varying
in shape and size arranged in lobules by connective tissue trabeculae. Under higher magnifica-
tion (D) (x283), the seminiferous tubules are lined by vacuolated Sertoli cells; no spermatogene-
sis is seen (Verhoeff’s strain). Abbreviations: CT, connective tissue; GE, germinal epithelium;
GF, Graafian follicle; ST, seminiferous tubules; and TA, tunica albuginea.

SCIENCE, VOL. 201, 18 AUGUST 1978

This content downloaded from
96.252.60.207 on Fri, 12 Jul 2024 23:54:57 UTC
All use subject to https://about.jstor.org/terms



	Contents
	image 1
	image 2
	image 3
	image 4

	Issue Table of Contents
	Science, Vol. 201, No. 4356 (Aug. 18, 1978), pp. 561-668
	Front Matter [pp. 561-660]
	Letters
	Recombinant DNA Research: Proposed Revised Guidelines [p. 572]
	Human Rights in Argentina [p. 572]
	The Image on the Shroud [p. 572]
	Human Cloning: An Apathetic View [pp. 572+574]

	Data Evaluation: A Critical Activity [p. 577]
	Homeokinetics: A Physical Science for Complex Systems [pp. 579-582]
	Economics of Nuclear Power [pp. 582-589]
	Need for Reform in Health Professions Accrediting [pp. 589-593]
	News and Comment
	Pipeline Problems Exacerbate West Coast Oil Surplus [pp. 594-598]
	Briefing [pp. 596-597]
	Environmental Assessment Sought for Federal Actions Abroad [pp. 598-600]
	New Rulebook for Gene Splicers Faces One More Test [pp. 600-601]

	Research News
	Superconducting Electronics: Toward an Ultrafast Computer [pp. 602-605]
	Rickettsiae: A New Vaccine for Rocky Mountain Spotted Fever [p. 604]

	Book Reviews
	Review: A Maya Site [pp. 606-607]
	Review: A Russian View of Desertology [pp. 607-608]
	Review: Biomechanics [p. 608]
	Books Received [pp. 608+654-655+657-658+660]

	Reports
	Military Uses of Uranium: Keeping the U.S. Energy Accounts [pp. 609-611]
	Evolution of a Nitrogen Atmosphere on Titan [pp. 611-613]
	Temperatures of Desert Plants: Another Perspective on the Adaptability of Leaf Size [pp. 614-616]
	Photoejection of Electrons from Flavins in Polar Media [pp. 616-618]
	Experiments with Controlled Langmuir Circulations [pp. 618-620]
	Left Ventricular Receptors Inhibit Brain Serotonin Neurons During Coronary Artery Occlusion [pp. 620-622]
	Cryoprecipitate Reversal of Opsonic $\alpha_{2}$-Surface Binding Glycoprotein Deficiency in Septic Surgical and Trauma Patients [pp. 622-624]
	Skin Color and Nutrient Photolysis: An Evolutionary Hypothesis [pp. 625-626]
	Tentaculites: Evidence for a Brachiopod Affinity? [pp. 626-628]
	䱹浰桯捹瑥⁅捴漭㔠㈭乵捬敯瑩摡獥⁄敦楣楥湣礠楮⁁条浭慧汯扵汩湥浩愠孰瀮‶㈸ⴶ㌰�
	Isopod and Insect Root Borers May Benefit Florida Mangroves [pp. 630-632]
	Directionality and Auditory Slit Function: A Theory of Hearing in Bushcrickets [pp. 633-634]
	Terminal Arbors of Axons That Have Formed Abnormal Connections [pp. 635-637]
	Lead Exposure During Infancy Permanently Increases Lithium-Induced Polydipsia [pp. 637-639]
	Human Auditory Frequency-Following Responses to a Missing Fundamental [pp. 639-641]
	Symbolic Communication Between Two Chimpanzees (Pan troglodytes) [pp. 641-644]
	Genetic Basis of XX Male Syndrome and XX True Hermaphroditism: Evidence in the Dog [pp. 644-646]
	Morphological Alterations in Hippocampus After Long-Term Alcohol Consumption in Mice [pp. 646-648]
	Aminophylline Increases Cerebral Metabolic Rate and Decreases Anoxic Survival in Young Mice [pp. 649-651]
	Stimulated DNA Synthesis in Frog Nuclei by Cytoplasmic Extracts of Temperature-Sensitive Mammalian Cells [pp. 651-652]

	Back Matter [pp. 661-668]



