
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). 
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used in calculating scores for attendance 
and meat-eating since identification of par- 
ticipants in the remaining episodes was not 
comparable. Scores are adjusted to the length 
of an individual's membership in the troop 
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this way percentage figures are comparable 
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scores range from 23 to 75 percent for males, 
2 to 41 percent for females, 3 to 19 percent 
for juveniles, and 2 to 27 percent for infants. 
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the visual nervous system, continuous or 
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 (1). 

We emphasize that the transforma- 
tions of shape are smooth and con- 
tinuous, over a large range of stimulus 
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juvenile attended 54 percent of the kills and 
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eating was scored as 0 if none occurred and 
1 if any occurred, irrespective of the type 
of eating (carcass or scraps) or of the time 
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7. The pattern differs from that of males in that 
males with a high score in capture also had 
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analog for shape, abrupt or digital for 

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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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 
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saturation (4), appeared alternately in 
a tachistoscope on a matte white back- 
ground, illuminated by commercial 
"white" gas-discharge lamps which were 
controlled by suitable circuitry. The 
flashes illuminating the colored papers 
were each 150 msec long; 50 msec 

separated the offset of the first flash 
from the onset of the second, and 1.5 
seconds intervened between the offset 
of the second flash and reillumination of 
the first. The steady-state luminance of 
the matte white background on which 
the colored papers appeared was ap- 
proximately 4 mlam. The luminance 
of the colored papers was slightly less 
than that, varying with the particular 
papers used (4). The subject's view, 
therefore, was of a continuously lighted 
screen on which appeared first one and 
then another flash of color, cycling 
about once every 1.75 seconds. The ap- 
pearance was of a colored shape mov- 

ing from the first location to the sec- 
ond, changing during the course of 
the movement. 

The subject looked at a small neon 
fixation point that appeared, on any 
trial, at one of many positions parallel 
to the path of movement, some of which 
are indicated in Fig. 1. Immediately 
above the fixation point active on any 
trial appeared a small patch of spectral 
light. The subject adjusted the source 
monochromator until the spectral light 
"matched" the color of the apparently 
moving shape when the latter seemed to 
be immediately below the fixation point. 
Subjects typically used three to five 

cycles of stimulus presentation to make 
the match. The data to be shown are 
the wavelength settings of a Bausch & 
Lomb grating monochromator as a 
function of the distance of the illusory 
object along the perceived path of 
movement. Five measurements were 
made in random order by each of three 

subjects at each of the points along the 

path. The subjects were visually nor- 

mal, as assessed by Hardy-Rand-Rittler 
(H-R-R) pseudoisochromatic plates 
and a Bausch & Lomb Orthorater. 

Figure 2 shows the results for a 

single subject when similar shapes were 
alternated in dissimilar colors. A green 
square was alternated with a red one, 
a green triangle with a red triangle, 
and the same for blue and yellow. (The 
triangles had approximately the same 
area as the squares.) The arrows in 

Fig. 2 point to the settings of the mono- 
chromator that matched the stimuli pre- 
sented singly; the small vertical lines 
mark + 1 standard deviation, speaking 
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Fig. 1. The visual field 3.3? 
6.65? wide was always illumina 
two patches of color (hatching) 
briefly, in sequence. Above the 
the neon fixation points (FP), 
them a movable comparison tar 
a spectral beam from a monoc 
Everything else outside the i 
field was dark. 

in part to the variability of 

spectral hues to colored par 
curves reveal no systematic 
between triangles and squares. 
ture of main interest is the 
between a red and a green anc 
a blue and a yellow. That tranm 
always abrupt. It did not gc 
gray from red to green or f 
to yellow, through yellow fro 

green, or through green fron 

yellow; it went directly fror 

green and directly from blue 

(5). With this subject the trar 
curred typically before the 

point in the traverse. 
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Fig. 2. Transition between (das 
blue and yellow squares or trin 
between (solid lines) green 
squares or triangles. Arrows p( 
matching measurement of the s 
The abscissa shows the fracti 
distance along the path at whi 
parison was made. The data 
single subject. 

This abrupt change in color was 
found for all three subjects. For two 
subjects the color transition always oc- 
curred before the halfway point; for 

F the third subject the transition always 
occurred after the halfway point. These 
individual differences in the location of 
the transition aside, the main finding 
was always of abrupt change of color 
for all combinations tested. 

As it could be argued that in per- 
ceptual space the distance between tri- 

* 4?4 angle and square is less in some im- 

portant way than the distance between 
high and 

ted. On it red and green, it could then follow that 
appeared the finding of abruptness is a matter 

field were of perceptual distance, not of operation- 
and above al difference. To test this possibility, 
get (CT), measurements were made of the transi- 
:hromator. 
hluminated tion between two reds in one case and Iluminated 

between two greens in another (6). Re- 
futing the distance hypothesis, the reso- 
lution of the disparity was always abrupt 

matching matchng whenever a discrimination could be 
pers. The 

er. e made between the patches at their 
difference termini. 
The fea- termini. 

transit Observations but not quantitative mea- 
transition 

surements were also made of the re- 

i et e sults of alternating achromatic with 
sition was 

ton chromatic colors; for example, alter- 
o nating a black, gray, or white square rom blue om be with a green or other-colored triangle. Im red to m red to Subjects here reported directly their ob- 

n blue to be to servation of continuous change of shape mn red to1 red to but abrupt change of color. The same 
to yellow 

to ylow appearances were reported for two 
isition oc- 

achromatically colored shapes, as a gray 
alternated with a black or a white. 
Color and shape thus appear as prop- 
erties that are processed in quite differ- 
ent ways. The suggestion of some au- 
thors that dual-purpose channels medi- 
ate the two are questioned by these 

----- ~ results (7). 
Many studies of visual perception ex- 

------- plore the way the visual system loses 
information from the array presented 
to it, such as information about borders, 
brightness, colors, and similar proper- 
ties (8). The work reported here shows 
the visual system supplementing the 
information in an array, creating the 
shape and color of the perceived ob- 
ject in its traverse from one position 

- 1- ~to another. The rules governing these 

th supplementations are not fully known, 

d les) nor is the mechanism mediating them 

angles, and (2); we have shown that they may not 
and red be the same for color and shape (9). 
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by a monochromator setting. It was inquired 
after and never reported. 
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of red and yellow stripes. The motmots' 
indicates that mimic snake species can 
predators. 

A large complex of neotropical snakes 
from at least two families have ringed 
or banded patterns which usually in- 
volve red, yellow (or white), and black, 
but sometimes involve only two of these 
colors. They tend to be relatively small 
snakes, the majority being only 1 m or 
less in length (1, 2). Among these are 
the "true" coral snakes-the front- 
fanged elapid genera Micrurus and 
Leptomicrurus, whose venom can kill 
a small bird or mammal in minutes 
(1). Others, such as the rear-fanged 
colubrid genera Erythrolamprus and 
Rhinobothryum, are also venomous, but 
possess somewhat less virulent poison. 
Still others, like the colubrid Lampro- 
peltis, are nonvenomous (2). 

Considerable controversy exists in the 
literature as to whether this complex 
involves any mimicry at all, and if so, 
what kinds are included (1-4). Many 
believe that the true coral snakes are 
aposematically colored and serve as 
models for both Batesian and Miillerian 
mimics [for example, see (4)]. Wickler 
(1) proposed another interpretation, 
suggesting that if mimicry depends on 
predator learning, Micrurus and its 
allies are too deadly to serve as models; 
hence they are instead mimics of the 
more mildly poisonous rear-fanged 
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