each decision. Changes in the EP’s
were assessed by measurement of the
peak-to-peak P,-N; amplitude (which
appears at 100 to 140 msec) and N;-
P, amplitude (140 to 200 msec). Sta-
tistical comparisons of the data ob-
tained during each run were made on
each amplitude with paired #-tests for
correlated samples.

In the first (baseline) run, when
only the bright and dim flashes were
presented, statistically significant dif-
ferences were obtained between the
two stimuli for P;-N, (¢t =3.54, P <
.0l) and at N;-P, (t=4.15, P<
.001).

Figure 1 also indicates the differ-
ence between EP’s to identical me-
dium flashes that were judged to be
either “bright” or “dim,” and were
interspersed among real bright and
dim flashes during the second run.
Statistically significant differences to
these identical medium stimuli were
obtained depending on the subject’s
decision about the physical properties
of the stimulus for both amplitudes
investigated (P,-N,: t = 2.80, P < .02;
N;-Py: t =294, P <.01). The sub-
ject’s decisions about the intensity of
the medium flash were not related to
the preceding stimulus, as an approxi-
mately equal number of bright and
dim flashes preceded each type of
decision.

Figure 2 shows the EP’s of three
typical subjects during the second run.
The EP’s to the same physical stimu-
lus are markedly different in trials
resulting in different decisions.

When a subject is presented with a
stimulus of medium intensity and de-
cides that it is “bright,” the EP to that
stimulus is quite different from the EP
elicited by an identical stimulus that
he decides is “dim.” This effect cannot
be explained in terms of contrast,
fatigue, or recovery, because it is inde-
pendent of the preceding stimulus. We
explored the possibility that EP differ-
ences might be due to a specific type
of instrumental behavior, such as the
pressing of a particular button. Nine of
the 18 subjects were asked to look at
another visual stimulus and subse-
quently press either of two buttons on
each-trial. The EP’s were retrieved in
terms of the subject’s presses. There
were no differences in the two averaged
EP’s. Therefore, we believe that our
results demonstrate a relationship be-
tween specific components of the EP
to a sensory stimulus and a cognitive
decision about the physical attributes
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of that stimulus. The findings suggest
that these patterns of neural activity
might reflect the activation of memory
traces about a specific experience.
The release of endogenous patterns
of activity appropriate to subsequent
behavioral response rather than to the
actual physical stimulus has been ob-
served in animals. John (5) reported
on the use of a differential generaliza-
tion paradigm in which animals were
trained to emit two different responses,
each appropriate to one of two stimulus
frequencies. He studied the electrical
and behavioral responses to a third
stimulus at a frequency midway be-
tween the original stimuli, and ob-
served that the same physical stimulus
could elicit different EP wave shapes
depending on the behavioral outcomes.
He concluded that certain aspects of
the EP may reflect previous experi-
ences rather than responses to an affer-
ent stimulus, and are in that sense
released from memory rather than

evoked. Our present data are consist-
ent with those results and suggest that
the EP recorded at the vertex might
reflect decision-making processes in
humans.
HENRI BEGLEITER
BERNICE PORJESZ
Department of Psychiatry,
Downstate Medical Center,
State University of New York,
Brooklyn 11203

References and Notes

1. H. Begleiter and A, Platz, Science 166, 769
(1969); H. Weinberg, W. Grey-Walter, H. J.
Crow, Electroencephalogr. Clin. Neurophysiol,
29, 1 (1970); S. Sutton, M. Braren, J. Zubin,
E. R. John, Science 150, 1187 (1965); H.
Begleiter, M. M. Gross, B. Kissin, Psycho-
physiology 3, 336 (1967).

2. H. Begleiter, B, Porjesz, C. Yerre, B. Kissin,
Science 179, 814 (1973).

3. B. Porjesz and H. Begleiter, Psychophysiology,
in press.

4. M. Buchsbaum, R. Coppola, T. E. Bittker,
Neuropsychologia, in press.

5. E. R. John, Mechanisms of Memory (Academ-
ic Press, New York, 1967).

6. Supported by NIMH grant AA-01231,

29 July 1974; revised 4 October 1974 ™

Primate Predation: Interim Report on the Development

of a Tradition in a Troop of Olive Baboons

Abstract. A troop of olive baboons, Papio anubis, has developed systematic
predation, which includes hunting and sharing of meat. Although meat-eating
among nonhuman primates—baboons and chimpanzees especially—had been
discovered in earlier field studies, systematic predation had been reported for
chimpanzees and humans only. Starting as an adult male activity in the olive
baboon troop, this tradition rapidly expanded to include capture and consump-
tion of prey by adult females and juveniles of all ages and both sexes. Infants eat
but have not been observed to capture prey.

Although there are isolated reports
of meat-eating in nonhuman primates,
systematic predation has been observed
only recently (I, 2). Meat-eating by
baboons and chimpanzees appears to
be restricted to limited populations. The
present study provides evidence con-
cerning the way in which a tradition
of predation can develop within a
group of nonhuman primates.

From December 1972 until January
1974 I conducted a field study of the
social behavior of a troop of free-
ranging olive baboons (Papio anubis)
near Gilgil, Kenya. This troop had
been studied by Harding (3) in 1970 to
1971 and by 1973 averaged 7 adult
males, 21 adult females, and 38 im-
matures. Harding observed 47 cases of
baboon predation on small animals in
1032 hours of observation, the highest
rate of predation reported for any pri-
mate other than man. The prey were

Cape hares (Lepus capensis), birds of
various species, and the young of di-
verse antelopes: Thomson’s gazelles
(Gazella thomsoni), dik-dik (Rhynco-
tragus  kirki), steinbok (Raphicerus
campestris), and impala (Aepyceros
melampus). All but three cases of
predation were the result of adult male
activity; in all but one case, adult
males were the only consumers of the
meat.

Although the primary focus of my
study was intratroop social dynamics,
I observed 100 cases of predation by
baboons in 1200 hours of observation.
In addition to this increased predatory
rate, important changes in the pattern
of predation had also taken place (4).

With minor exceptions the list of
species preyed upon by the baboons
remained the same as in the earlier
study period, although prey preferences
were different (Table 1). The propor-
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Table 1. Prey species caught in the 1971 to 1972 study and the 1972 to 1974 study. The
numbers of prey caught by male, female, and juvenile baboons are given for the later study.

Prey caught, 1972-1974

Prey
Species caught, Captor
1970-1971  Total By By . By uniden-
males females juveniles .
tified
Thomson’s gazelle 16 33 24 1 1 7
Hare 12 41 22 9 9 1
Bird 4 11 3 1 6 1
Dik-dik 8 7 4 3
Other ungulates: 7
Steinbok 6 6
Impala 1 1
Klipspringer 1 1
Total 47 100 61 14 16 9
tion of ungulates eaten, including migration, emigration, and death of

Thomson’s gazelles and dik-diks, de-
creased by 18 percent between the two
periods of observation, whereas that of
hares and birds increased by 18 per-
cent (5).

More significant than these fluctua-
tions in prey preferences, however,
were the concurrent changes in the
nature of participation in predatory
acts, both meat-getting and meat-eat-
ing. In the 1970 to 1971 study, adult
males did 94 percent of the killing and
98 percent of the eating, while adult
females, the only other class to par-
ticipate, did 6 percent of the Kkilling
and 2 percent of the eating (2). Dur-
ing my study year, males did 61 per-
cent of the killing; females, 14 percent;
and juveniles, 16 percent; 9 percent of
of the Kkills were unidentified as to
captor. This change in participation
may have contributed to the difference
in the prey profile since males and
other age and sex classes differed in
the type of prey taken (Table 1).

All adult males participated in at
lcast some meat-eating phases of pred-
atory events, but individual scores
ranged from that of an animal that ate
meat in 63 percent of the kills to that
of an animal that ate meat in only 11
percent of the kills (6). In all, at least
one adult male was present at 93 per-
cent of predatory episodes, with at
least one male eating meat in 91 per-
cent. Some males were more active in
capturing their own prey while others
were more persistent at getting meat
that others had captured. A single male
was the most frequent captor and con-
sumer during both study periods, al-
though the identity of the individual
changed from the first to the second
study. Other changes in male partici-
pation patterns were related to the im-
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males, and individual participation in
predation was not independent of
social variables such as relationship
between males, amount of tension in
the group, and so forth (4).

At the outset of the second study
period, adult females were already par-
ticipating more in all stages of preda-
tion than they had at the close of the
first. During the second period, females
attended the consumption phase of 68
percent of Kkills and obtained meat in
52 percent, although not all females
are represented in these figures. Only
specific individual females were inter-
ested in meat, and those that did the
most capturing were not the same ones
that obtained portions of meat cap-
tured by others (7). The range of
individual participation in meat-eating
for females overlapped that for males,
with some females participating in con-
sumption more than some males (6).
Also, one female had a higher score
for capture than two of the seven
males. If measures of meat-eating and
meat-getting are evidence of an indi-
vidual’s motivation, the interest of
some females in meat equaled or ex-
ceeded that of some males.

The major developments in juvenile
and infant participation in predatory
episodes occurred during my study.
Early, infrequent cases of juveniles
attending carcass consumption with
their mothers rapidly gave way to a
pattern of frequent attendance (and
participation when possible), once the
young animal had been successful in
obtaining meat. In addition, kills were
focal points of social interaction for
large male juveniles, and mixed juve-
nile play groups often approached and
investigated kill sites. Individual rates
of attendance increased markedly once

meat was successfully obtained, regard-
less of the way an animal was intro-
duced to the kill site (6). An increase
in juvenile capture rate was associated
with increased frequency of juvenile
participation in consumption. Juveniles
usually preyed on birds and hares, but
by the end of the study they had suc-
cessfully captured a young Thomson’s
gazelle as well. '

Infants also participated in meat-
eating but were never seen to capture
their own meat. Infants attended 54
percent and obtained meat at 18 per-
cent of all meat-eating episodes (6).
Two separate patterns of infant in-
volvement were apparent. First, those
infants that were still in close associa-
tion with their mothers and appeared
to be mainly attracted initially to the
mother and not the kill had the highest
meat-eating scores. Nonetheless, as they
gained some independence from their
mothers, these infants attended Kkills
more often than others of similar age.
Second, some older infants began their
participation independently as members
of play groups as described for juve-
niles. Attendance by older infants of
either category usually did not coin-
cide with the presence of their mothers.
Furthermore, those infants with high
scores for meat-eating were also those
with special relationships (8) with
adult male major consumers of the kill
9).

Many of the kills witnessed by
Harding (2) were the result of acci-
dental or fortuitous capture of con-
cealed prey. He also observed several
instances in which adult males left the
troop to investigate a nearby herd of
Thomson’s gazelles or detoured through
areas where other prey species might be
found; prey were captured on several
of these occasions.

Important differences in the pattern
of predation were observed in the sec-
ond study and resulted from increases
in the distance traveled and time spent
away from the troop by males in pur-
suit of prey. Individuals ranged up to
3.2 km from the periphery of the troop
and spent up to 2 hours in “hunting”
behavior, with or without success. The
same individual prey might be repeat-
edly hunted on successive days until
it was captured, the troop changed its
ranging pattern, or the prey matured
to the point that it could run faster
than the baboons, often only a matter
of a few days. A successful relay sys-
tem of chasing prey, at first employed
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accidentally, was quickly adopted as
a hunting strategy by adult males. Sub-
sequent episodes in which this rudi-
mentary cooperative technique was
used were much more successful than
those in which only one baboon pur-
sued a prey animal (4, 10).

In many ways, baboon predatory
behavior is now comparable to that
described for chimpanzees (1, 11), al-
though baboons do not exhibit the
elaborate sharing behavior of chim-
panzees engaged in meat-eating. Never-
theless, the carcass of the baboon prey
was shared, after a fashion, since it
often passed from one individual to
another when participants aggressively
displaced each other or became sated
and lost interest. At the same time, bits
and pieces of meat and bone, which
were dropped during normal social in-
teractions around the kill, were con-
sumed by the hangers-on.

In addition, I witnessed several inci-
dents that, although more rudimentary
than the chimpanzee pattern in that
they were not preceded by elaborate
communicative gestures, qualified as
sharing. This sharing was of two types,
that between a female and her off-
spring and that between an adult male
and an adult female. The adult pairs
were sometimes involved in a consort
(that is, sexual) relationship and some-
times not. In both types of sharing,
members ate in close proximity either
from the same pile of meat or from the
same piece of meat simultaneously.
Frequently, one individual moved to
allow another access to the meat. Such
behavior was not exhibited by the ba-
boons in any other circumstances (in-
cluding other feeding situations).

These observations on baboon preda-
tion add further detail to our knowl-
edge of the development of social tra-
ditions in a nonhuman primate group.
The data also yield important informa-
tion on the elaboration, sophistication,
and success of predation in a primate
species without tools or language. At
the same time, they may illustrate the
limitations which the lack of these ad-
vantages imposes on primate hunting
patterns. In this manner, observations
of meat-getting and meat-eating in
nonhuman primates are relevant to an
understanding of the evolution of hunt-
ing in Homo sapiens (4).

S. C. STrRuMm
Department of Anthropology,
University of California, San Diego,
La Jolla 92037
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Visual Construction of Color is Digital

Abstract. When disparate shapes are flashed under the appropriate temporal
and spatial conditions, the human visual system resolves their disparity smoothly
and continuously. No equivalent supplementations are found for color, which the
system resolves by abrupt transformation. Shape and color reveal themselves,
contrary to some modern theorizing, as properties handled in different ways by
the visual nervous system, continuous or analog for shape, abrupt or digital for

color.

When two solid or outline shapes are
illuminated briefly at a rate of 3 or 4
hertz, they appear to change into each
other in a smooth and continuous
fashion. The visual system supplements
the optical array in a manner that re-
solves many of the figural disparities.
If, for example, the two shapes are a
square and a triangle, each exposed for
about 150 msec with a pause of about
50 msec between the offset of one and
the onset of the other, most people re-
port seeing the shapes change smoothly
and continuously into each other. The
two shapes can be separated by a few
degrees of visual angle without loss of
this plasticity of appearance. When
separated, they seem to be in motion,
changing as they move (/).

We emphasize that the transforma-
tions of shape are smooth and con-
tinuous, over a large range of stimulus

conditions; moreover, they do not con-
form to any simple theory (2). The
resolutions, as supplementations of the
visual array, stand in contrast to the
more familiar analysis and decomposi-
tion of optical inputs that characterize
perception. Study of this perceptual
“resolving power” motivated the work
reported here, where the query con-
cerned resolution not of shape, but of
color. The question was, If the alter-
nated flashes were red and green, say,
would the visual system transform red
into green smoothly by going through
gray, by going through yellow, or by
changing in still some other way? That
is, what is the nature of the representa-
tional space for color change, and is it
the same for color and for shape (3)?

The measurements were made as
follows. Two pieces of colored paper,
approximately equal in brightness and
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