ina, for an object at infinity. In this plane,
focused images from each pupillary slit are
superimposed, but then diverge as they
continue past the image plane to the retinal
plane, forming two retinal images. At a
viewing distance of 1 m, the two retinal im-
ages of our 24-cm square targets will over-
lap by approximately 71 percent, produc-
ing blur over the major portion of the com-
bined image. The overlap decreases to ap-
proximately 25 percent at 2.5 m, confining
the blur to a small, central portion of the
combined image and allowing greater op-
portunity for resolution of individual bars
of the grating targets. Completely sepa-
rated images will occur at a viewing dis-
tance of approximately 3.3 m, suggesting
that daylight aerial resolution might be
further improved at this increased viewing
distance.

In water, refractive error is absent or
nearly absent (/, 2). However, since fine
accommodation is lacking, the image will
lie on the retina at only one viewing dis-
tance. Assuming from our results that this
distance is 1 m, although it could be less,
then at greater viewing distances the image
plane will move progressively forward of
the retina. Our calculations indicate that at
infinity the image plane lies approximately
I mm in front of the retina, so that, in con-
trast to the aerial situation, at viewing dis-
tances beyond I m there is little room for
divergence of the images from each slit be-
fore they strike the retina. Nevertheless,
slightly increased displacements of the im-
ages on the retina will occur with increased
viewing distances beyond | m, yielding in-
creasing blur of the image. The double-slit
model thus accounts for the observed
poorer resolution with increased viewing
distance in water and also for the improved
resolution with increased viewing distance
in air.

The double-slit pupil of the dolphin sac-
rifices the constant acuity over distance ob-
tainable with a single, centrally located pu-
pillary slit, like that observed in pinniped
species (11). However, the double slit
yields a considerably brighter image (in the
image plane) than does the single slit, and
also yields a wider field of view (/3). This
seems a favorable compromise adaptation
for the bottlenosed dolphin, which can
rely on echolocation in water to detect dis-
tant objects, and which encounters rela-
tively few nearby objects of interest in air
in the open aquatic environment.

Since the double-slit effect disappears as
the pupil dilates, aerial acuity should de-
crease rapidly with lowered levels of illu-
mination, because of the increased optical
role of the cornea. In water, the eye is em-
metropic at favorable viewing distances,
even with the pupil dilated (/). Resolution
losses with decreasing illumination should
therefore occur much less rapidly in water
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than in air, as with pinnipeds (/7). Con-
siderably reduced underwater resolution in
very dim illumination has been found for
Tursiops (15), but systematic compari-
sons of aerial and underwater acuity under
various levels of illumination are not avail-
able.
Louis M. HERMAN
MicHAEL F. PEACOCK
MICHAEL P. YUNKER
CAROLYN J. MADSEN
Department of Psychology, University
of Hawaii, Honolulu 96822
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Objective Communication Between Chimpanzees

Abstract. The rate at which a chimpanzee approaches a hidden, distant goal varies ac-
cording to social conditions and according to whether the goal is a novel object or food.
This behavior furnishes a social group with sufficient information for simultaneous and
successive discriminations between leaders and between goals.

It is often assumed that without a sym-
bolic code of vocalizations, manual ges-
tures, or other displays which “‘stand for”
particular objects and relations, primates
are incapable of communicating about
things that are not present to the senses (/).
Consider, however, any molar behavior,
for example, locomotion (2-5). To most
human observers, walking seems purpo-
sive, that is, it appears to have some ex-
ternal referent. Walking is syntactic, or
possesses global organization. It is infor-
mative; for example, its velocity and accel-
eration suggest to us how interested an ani-
mal is in his goal, and consistency of direc-
tion suggests to us where the goal might be
located. There can also be considerable
displacement between this *“‘signal” and its
“referent”; the signaler’s behavior can be
highly devious and subject to learning,
hence arbitrary and noniconic; and finer
details of the animal’s behavior can supple-
ment or qualify the information available

from locomotion and reduce our uncer-
tainty about the environment still further.
In short, locomotion can, if one so chooses,
be said to possess most if not all of the ma-
jor logical ““design features” by which
Hockett and Altmann (6) have tried to
characterize language; and the ability of
nonverbal animals to ‘‘tell” each other
the precise nature and location of their
goals is limited only by the richness of
the signaler’s purposive movements and
the receiver’s knowledge of the signaler
and the environment in which he is
operating.

In this report we extend our previous
studies of inter-chimpanzee communica-
tion (3-5) and show that: (i) A chimpanzee
leader’s rate of locomotion provides the
rest of his group with a sufficient basis for
simultaneous and successive discrimina-
tions between novel toys and food, which
are both highly preferred classes of objects.
(ii) This result cannot be fully predicted
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from the leader’s behavior toward the
same classes of objects when he is alone.
The leader is dependent upon feedback
from his group and vice versa, and in this
sense communication is two-way if not in-
tentional (7).

Two male and four female preadolescent
wild-born chimpanzees, 5 to 7 years old,
were tested in the 30.5 by 122 m outdoor
enclosure in which they had lived for more
than a year. They had had extensive pre-
vious experience on similar delayed re-
sponse experiments, and effective lead-
ership behavior was observed even on the
first day of these experiments (3).

While all animals were locked in a set of
small cages on the periphery of the out-
door enclosure and could not see what was
going on, an experimenter entered the en-
closure and carefully hid one or more novel
toys (a different one on each trial) or piles
of six small pieces of fruit 15 to 65 m from
the release cages. The X-Y coordinates of
the locations of the caches were selected
from a table of random permutations and
were different on every trial (8). Then one
of four animals—Belle, Bandit, Bido, or
Gigi—was taken from the release cage,
carried to the cache, shown the goal object,
and returned to a release cage. This indi-
vidual will be referred to as the leader for
that trial. Two animals, Shadow and Polly,
were not tested as leaders because they
struggled and screamed when taken more
than a short distance from their compan-
ions.

In experiment 1, after a single leader
was shown a single goal and returned to
the release cage, the experimenter left the
enclosure and ascended an observation
tower and (about 2 minutes after the leader
had been given the cue) pulled a cable that
opened the release cage doors. The group’s
behavior was recorded for a minimum of 5
minutes. We gave each leader one trial a
day for 22 days (11 with each class of ob-
ject, toy or food).

In experiment 2 two goal objects instead
of one were hidden on each trial and were
located equidistant from the release cage
and separated by an angle of at least 90°
from the door of the release cage. One
leader was shown one object and returned
to the release cage and then the other lead-
er was shown the other object and also re-
turned to the release cage, after which the
procedure was the same as in experiment 1.
All six pairings of the four leaders were
tested, and on a given trial each leader
might see either a novel toy or food: the
possible combinations generated 24 differ-
ent conditions, including those on which
both animals saw the same class of object.
The 24 conditions were presented in ran-
dom balanced orders, and we similarly var-
ied which leader would be shown his goal
first and whose goal was on the left or the
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Table 1. Experiment 2: Number of trials in which the group majority went first to a given class of
goal that had been shown to a given leader, rather than to another goal shown to another leader.

In the case of ties, each leader was given /2 point.

Wins
Losses Bido Belle Bandit Gigi Total
losses
Toy Food Toy Food Toy Food Toy Food
Bido
Toy - - 2 35 1.5 4 1 2 14
Food - - 0 0.5 0.5 2 0.5 35
Belle
Toy 2 4 - - 4 4 0 2.5 16.5
Food 0.5 35 - - 0 1 0 1 6
Bandit
Toy 2.5 35 0 4 - - 1 11
Food 0 2 0 3 - - 1 ¢
Gigi
Toy 3 4 4 4 4 3 - - 22
Food 2 35 1.5 3 3 4 - - 17
Total wins 10 20.5 7.5 18 13 18 2 7 96
Percent wins 42 85 31 75 54 75 8 29

right. Altogether, 96 trials were conducted,
four per test condition.

The procedure for experiment 3 was the
same as that for experiment 1, except that
instead of all of the chimpanzees being re-
leased simultaneously, the leader was held
in a separate release cage and turned loose
alone for 22 minutes, and then the rest of
the group was also turned loose.

Recording of behavior was analogous to
snapshot photography. An electrical timer
produced a click every 30 seconds, and as
each click sounded we indicated on a map
where each individual was located. In addi-
tion we made written notes on the animals’
social interactions and on who got a share
of the food or who had the novel object. A
few sessions were filmed with a Bolex 16-
mm movie camera.

All four animals functioned as effective
leaders of travel, and in this sense there

Bido Belle

was “‘interchangeability” of individuals in
communication. Except on the few trials in
which a leader failed to move out, the
group either marched as a cohesive unit to
a single hidden goal or (in experiment 2)
they split into two parties, each led by one
animal, and headed to both goals simulta-
neously. And except when one leader tem-
porarily abandoned his own goal in experi-
ment 2 to accompany the other leader, his
path and that of his followers was usually
within 10° of a direct line to his goal.
Therefore, for purposes of simplifying the
analysis we rescored each animal on a par-
ticular trial as either going to one goal or
the other, or failing to run.

Consider next the detailed results of ex-
periment 2. Table | summarizes the major
data of experiment 2 in terms of in how
many trials the group majority went first
to a given leader’s goal object on a given

Bandit Gigi

Exp. 1

(Cumulative) No. of goals reached

Exp. 3

!

1T

[ 2 3 4 5

;

T T
I 2 3 4 5

T T T

‘12348 | 23 4 5

Time (min) since leader’'s release

Fig. 1. Each leader’s rate of locomotion to novel toys and to food. In experiment 1 (upper panels) all
group members, including the leader, were released at the outset of a trial; in experiment 3 (lower
panels) the leader was released first and given 2, minutes to get the goal for himself. The arrows
in the lower panels indicate the time at which the followers were released. Closed circles, food;

open circles, novel object.
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condition. It may be seen that group be-
havior was determined both by the leaders
(that is, there was a leadership hierarchy)
and by the goal objects. These data were
subjected to analysis of variance (4 lead-
ers X 2 classes of goal objects x 4 com-
plete replications of all conditions) and the
first two effects were significant beyond the
.05 level. Results were stable over the four
replications: Kendall’s coefficient of con-
cordance was .77 (P < .001).

From the standpoint of object communi-
cation, the crucial trials in experiment 2
are the 48 trials on which one animal was
shown food and the other was shown a
novel object. Here there were 38 trials on
which not only the leader but also the
group majority proceeded first to the food,
seven trials on which they proceeded to the
toy, and three trials with a tied score
(P < .001 by sign test). All seven fail-
ures of the group majority to go first to the
food involved the least preferred leader,
Gigi. Gigi’s relative unpopularity is not
hard to explain: she was the newest and
biggest member of the group, and in these
tests, as under routine conditions, she
shared her food only with Polly (whom,
incidentally, she actively tried to recruit as
a follower). The other leaders shared their
food fairly readily with all.

Usually each leader took a few steps to-
ward the goal object that we had shown
him (or her) earlier, and then stopped and
looked back at the rest of the group. If the
other leader was setting out or trying to re-
cruit followers more vigorously than he
(which usually occurred if the goal was a
more highly preferred one), he often aban-
doned his own goal, accompanied the other
leader, and then later led the group to the
second goal. The leaders split from each
other on 20 of 24 trials if both had been
shown food, 9 of 24 trials if both had seen
novel toys, and 21 of 48 trials if one had
seen food and the other had seen a novel
object. The first two figures are not greatly
different from those obtained in earlier ex-
periments in which two foods or two toys
were visible to all animals at the time of re-
sponse (4).

The data for individual animals would
lead to the same conclusions as the group
majority data of Table 1. Also, on 93 per-
cent of all trials excluding those involving
ties, whichever object attracted the largest
number of animals was also the object that
was eventually reached in the least amount
of time. It made no difference which leader
had been shown his object first.

Experiment 2 of course involves a simul-
taneous choice or ‘‘relative” discrimina-
tion, and experiments 1 and 3 involve suc-
cessive or ‘“‘absolute’” discrimination of
leaders and goal objects. How well can we
predict the former type of data from the
latter? The number of trials on which a giv-
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en leader reached a given class of goal in
less than 30 seconds in experiment 1 corre-
lated very highly (Pearson’sr = .97, N = 8
conditions, P < .01) with the group major-
ity choice data of experiment 2. In other
words, whichever member of the group
characteristically got the most immediate
reaction from his followers when he com-
menced to move out (that is, when the
group had a single goal) was also likely to
carry the group majority, if not the whole
group, in cases where he had to compete
with another leader of travel. However, it
would be more accurate to speak here of a
hierarchy of leadership behaviors rather
than a hierarchy of individuals as such, for
a given individual’s “‘rank’’ varied with so-
cial conditions and with goals.

The next question is how well the data of
both experiment | and experiment 2 could
be predicted from the behavior of the lead-
er when he was alone and could get all the
food for himself (experiment 3, first 2V
minutes). The answer is, not very well;
Pearson’s r = .69 and .62, respectively, and
P> 05 when the dependent variable
for experiment 3 is the number of goals
reached within 2> minutes, and similar re-
sults would be obtained with other mea-
sures. A much better predictor is the num-
ber of trials in experiment 3 on which the
leader reached the goal object within 30
seconds after the rest of the group had also
been released (r = .96 and .90 with experi-
ments | and 2, respectively; P < .01).

From the foregoing it is apparent that
the chimpanzees discriminated the two
classes of objects when these were present-
ed one at a time on successive trials (ex-
periments 1 and 3), as well as when they
were presented simultaneously (experi-
ment 2). Figure 1 shows the data of experi-
ments 1 and 3 in such a way as to graph-
ically illustrate both successive discrimina-
tion and the dependence of each leader’s
running speed upon his being followed by
others.

Probably because the animals had al-
ready had considerable previous practice
in the test situation, manual gesturing, vo-
calizations, and other such signals were
seldom observed in the present experi-
ments. We do not doubt that these signals
might supplement the information avail-
able from purposive locomotion and thus

Osmotic Power Plants

In his recent report (/) Norman con-
cluded that, although salination of fresh-
water by seawater is technically feasible as
a source of energy, it is uneconomical at
present because the cost of the power, 20¢
per kilowatt-hour, is too high. As shown
below, this statement may be corroborated

further reduce a fellow chimpanzee’s un-
certainty about the environment. Also, we
stress the fact that our data show only that
purposive locomotion is a sufficient (not a
necessary) cue. Indeed, in chimpanzees as
well as in man one of the most impressive
facts of all is the ability to get across the
same general message by any number of
alternative means. Whether or not inter-
chimpanzee communication can be mean-
ingfully compared with human language
depends upon the point of view of the ob-
server, but in our opinion the most funda-
mental similarities lie not in motor pat-
terns or in linguistic considerations but at
the level of perceptual and cognitive orga-
nization (2, 9).
EMiL W. MENZEL

Department of Psychology, State
University of New York, Stony Brook

STEWART HALPERIN
Departments of Psychology and
Anthropology, Washington University,
St. Louis, Missouri 63130

References and Notes

1. See, for example, R. A. Gardner and B. T. Gard-
ner, Science 165, 664 (19 =+ G. Hewes, Curr. An-
thropol. 14, 5 (1973); H. Kummer, Primate So-
cieties (Aldine-Athertori, Chicago, 1971), p. 31; J.
Lancaster, in Primates: Studies in Adaptation and
Variability, P. Jay, Ed. (Holt, Rinehart & Win-
ston, New York, 1968).

2. N. Chomsky, in Brain Mechanisms Underlying
Speech and Language, F. L. Darley, Ed. (Grune &
Stratton, New York, 1967), p. 73.

. E. W. Menzel, Folia Primatol. 15, 220 (1971).

in Behavior of Nonhuman Primates, A.

M. Schrier and F. Stollnitz, Eds. (Academic Press,

New York, 1974).

in Behavior of the Great Apes, D. Ham-
burg and J. Goodall, Eds. (Holt, Rinehart & Win-
ston, New York, in pizss).

6. C. F. Hockett and S. A. Altmann, in Animal Com-
munication, T. A. Sebeok, Ed. (Indiana Univ.
Press, Bloomington, 1968).

7. Clearer evidence that a chimpanzee leader knows
the sign value of his own behavior for his followers
and responds accordingly is the ability of the ani-
mals to withhold response to a preferred object as
long as a dominant animal is watching—or even to
deliberately mislead others and then sneak back
for the goal: see E. W. Menzel (4, 5); J. van Lawick
Goodall, In the Shadow of Man (Houghton-Mif-
flin, New York, 1971).

8. Previous tests had shown that under these condi-
tions the chimpanzees virtually never went straight
to a cache unless we had deliberately provided
them a cue; thus olfactory and other uncontrolled
cues were unimportant.

9. F. Attneave, Am. Psychol. 29,493 (1974); J. Brans-
ford and M. K. Johnson, in Visual Information
Processing, W. G. Chase, Ed. (Academic Press,
New York, 1973).

10. Data collection was supported by NIH grant
FR-00164 to the Delta Regional Primate Research
Center; analysis and writing were supported by
NSF grants GU-3850 and BO-38791 to the State
University of New York. We thank Palmer
Midgett for his help with the experiments.

31 March 1975

W

in another way by consideration of capital
costs and their amortization. However, it
can also be shown that salination by a
much saltier body such as the Dead Sea or
the Great Salt Lake should be economical
by the same criterion.

Case 1: Salination by seawater. First let
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