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Visual Sensitivity: Significant Within-Species

Variations in a Nonhuman Primate

Abstract. Among squirrel monkeys (Saimiri sciureus) there are significant sex-re-
lated differences in visual sensitivity. As measured behaviorally in an increment-
threshold task, a sample of males was found to be substantially less sensitive to long-
wavelength (640-nanometer) light than a group of females tested in the same way,
although the two groups showed no significant differences in sensitivity to a middle-
wavelength (540-nanometer) light. The two groups also differed on a test designed to
measure the effects of chromatic adaptation.

The presence of significant variations
in sensory capacity among human popu-
lations has been documented for a num-
ber of sensory dimensions. Particularly
well known, and by far the most exten-
sively studied, are those variations col-
lectively categorized as defective color
vision (I). The differences in visual ca-
pacity between so-called color-defective
observers and those with normal color
vision can be substantial. For example,
sensitivity to long test wavelengths may
be on the order of 1 log unit or more
higher in individuals with normal color
vision than in those having one of the
most common types of color-defective
vision, protanopia (2). Study of these
naturally occurring differences has occu-
pied a prominent position in vision re-
search, primarily because of the possi-
bility of obtaining useful inferences
about biological mechanisms through a
comparison of normal and defective sys-
tems. However, because it is difficult to
directly test hypotheses about mecha-
nisms in human subjects, it would be
useful if significant within-species varia-
tions in visual capacity could be identi-
fied in a nonhuman species. I have re-
cently found such differences in the
South American squirrel monkey and
now report the results of behavioral tests
of members of this species to indicate the
nature and the magnitude of their varia-
tion in visual capacity (3). One of the in-
teresting aspects of this variation is that
it appears to be linked to gender.

All behavioral tests were conducted in
the context of a forced-choice discrimi-
nation task. Three stimulus panels were
transilluminated by light sources located
outside a small test chamber. Each of
these circular panels subtended 18° to 35°
of visual angle, depending on the posi-
tion of the unrestrained monkey. The in-
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terior of this chamber was continuously
illuminated with an achromatic light
(mean illuminance of 60 lux). Animals
were deprived of food for 22 hours be-
fore each daily test session. Through an
operant shaping procedure they were ini-
tially taught to receive a food reinforce-
ment—a 97-mg banana-flavored pellet—
by pressing a lever mounted adjacent to
that stimulus panel which was differently
illuminated from the other two. Between
test trials the three panels were identical-
ly illuminated. A test trial consisted of
opening a shutter which added light to
one of the three panels. A cueing tone
was used to demark the occurrence of
this observation interval. A noncor-
rection procedure was used. The posi-
tion of the positive panel (that is, the
panel to which light was added) was ran-
dom within the constraint that all three
panels were positive an equal number of
times in each test session.
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Fig. 1. Visual sensitivity of squirrel monkeys
as measured in an increment-threshold task.
The values plotted represent differences be-
tween the thresholds for 540- and 640-nm test
lights. Each symbol represents one animal.
These symbols are positioned' arbitrarily on
the ordinate for ease of viewing. The vertical
line indicates the mean difference for each
group, and the horizontal line encloses two
standard deviations.

The subjects were adult squirrel mon-
keys (Saimiri sciureus). All were feral
animals of the ‘““Roman Arch’’ phenotype
@), but they were otherwise unselected.
The first test consisted of measuring the
monkeys’ sensitivity to two different
monochromatic lights, 540 and 640 nm
(half-energy bandwidths of 10 nm). Ei-
ther of the stimuli at a high-intensity level
was added to one of the three panels, all
of which were continuously illuminated
with achromatic light (luminance = 3 cd/
m?, color temperature = 5820°K). Dur-
ing the initial training period, the two
test lights were presented an equal num-
ber of times in each test session. Once
the animal acquired the discriminations
(as indicated by performing at, or close
to, 100 percent correct), the intensity of
each monochromatic light was decreased
in steps of 0.3 log unit until a level was
reached that produced chance discrimi-
nation (33 percent correct). At this point
the full range of intensities for each test
wave length was presented until, over
test sessions, a total of 50 trials had been
accumulated at each wavelength-in-
tensity combination. From these results
the intensity of the light required to pro-
duce threshold-level discrimination (ar-
bitrarily defined as 50 percent correct)
was determined. Thresholds for each
test wavelength were determined twice,
and if any improvement occurred be-
tween the first and second determina-
tions, a third set of measurements was
also made.

The results from tests of 19 monkeys
(nine males, ten females) are shown in
Fig. 1. In order to minimize the effects of
individual differences in response crite-
rion, the data plotted are the differences
in threshold for the 540- and 640-nm test
lights. The male monkeys show a much
greater difference in sensitivity to the
540- and 640-nm lights than the females
do. The mean threshold difference be-
tween these two wavelengths for the fe-
males is 0.23 log unit, whereas for the
males, the corresponding comparison is
1.12 log units (¢t = 4.56, P < .001).
There is in this sample no overlap be-
tween the two groups; that is, the most
sensitive male was less sensitive to the
long test wavelength than the least sensi-
tive female. On the other hand, the two
groups showed no significant differences
in threshold to the 540-nm test wave-
length (¢ = 0.79, P > .05).

It seemed unlikely that the large dif-
ferences shown in Fig. 1 could be due to
any systematic differences in response
criteria or to some sort of preretinal filter
present in some, but not all, animals.
Nevertheless, these possibilities were
evaluated by redetermining thresholds

499



for several animals using the same two
test wavelengths, but with the panel and
house lights extinguished and the ani-
mals completely dark-adapted. Under
conditions of light adaptation the thresh-
old difference for a representative male
was 1.42 log units, that for a representa-
tive female, 0.02 log unit. However,
when the same two animals were tested
under conditions of dark adaptation, the
threshold differences were 2.16 and 2.28
log units, respectively; that is, the large
differences seen under conditions of light
adaptation disappeared when the ani-
mals were dark-adapted. This result
shows that the differences seen in Fig. 1
cannot be due to any sort of preretinal
filtering, and it suggests that they are not
explicable on the basis of any systematic
wavelength-related differences in re-
sponse criteria. Rather, they must be due
to differences in visual system mecha-
nisms located in the retina or beyond,
which operate only when the eye is light-
adapted.

In another experiment, I sought to de-
termine to what extent the visual sensi-
tivity of these animals could be altered
by chromatic adaptation. To do this, sen-
sitivity thresholds were measured in the
manner described but with the important
difference that the panels were contin-
uously illuminated with chromatic rather
than with achromatic light. The effects of
two different lights (having dominant
wavelengths of 540 and 640 nm and lumi-
nances of 20 and 25 cd/m? respectively)
on the thresholds for 540- and 640-nm
test lights were determined. From the
four measured thresholds, an index (1)
can be derived, which indicates whether
the subject tested has two or more spec-
tral mechanisms that are differentially af-
fected by the adapting lights. This index
is the difference between the sum of the
two heterochromatic threshold values
(for example, a 540-nm test light on a
640-nm background), given logarithmi-
cally, and the sum of the two homo-
chromatic threshold values (for example,
a 540-nm test light on a 540-nm back-
ground). If the subject shows differential
chromatic adaptation over this spectral
range, an index value greater than zero is
obtained; if not, the value approximates
zero (5, 6).

Table 1 shows the results of this exper-
iment for 14 monkeys. The index values
for the male monkeys were uniformly
clustered around zero, whereas the mean
value for the females was 0.49. The val-
ues obtained from individual female sub-
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Table 1. Effects of chromatic adaptation on
visual sensitivity. The tabled index values
were derived from four increment-threshold
measurements, two homochromatic and two
heterochromatic; S.D., standard deviation.

Subject N Mean S.D.
Squirrel monkeys
Male 6 .028 .036
Female 8 494 :369
Human
Normal trichromats 8 525 172
Protanope . 1 .025

jects varied considerably, but only one
animal gave an 7) value of less than 0.30.
For purposes of comparison, the results
from a number of human subjects tested
in the same situation are also shown. In
confirmation of previous measurements
(6), a human protanopic dichromat
showed no differential chromatic adapta-
tion over this spectral range. On the oth-
er hand, individuals classified as normal
human trichromats all gave significant
values of 7. Although there was a sub-
stantial overlap between the two groups,
the mean for the normal group was
somewhat higher than that for the female
squirrel monkeys. In sum, this experi-
ment shows that male squirrel monkeys
differ from female monkeys in showing
much less differential chromatic adapta-
tion over the 540- to 640-nm portion of
the spectrum.

The results from several earlier experi-
ments on squirrel monkey vision sug-
gested that, as a species, these animals
possess protanomalous color vision (7).
Although my results do not constitute di-
rect measurements of color vision, these
indices would be expected to covary
with other, direct measurements of color
vision. Specifically, an abnormally large
decline in sensitivity to the long wave-
lengths is one of the prominent charac-
teristics of the protanopic and protano-
malous color defects. Male squirrel mon-
keys thus seem to differ from females of
the same species at least in the degree,
and perhaps in the nature of their color
deficiency (8). Although there is already
some evidence to show that male squir-
rel monkeys are not so severely affected
as to be dichromatic (9), further testing
will be required to determine the details
of color vision in these two groups and to
ascertain how completely the sexes are
separated along these and other dimen-
sions of visual capacity. Also remaining
to be determined are the mechanisms un-
derlying these differences and what sig-
nificances these differences may hold for

normal visual behavior. Nevertheless, it
is apparent that this species provides a
range of possibilities for investigating vi-
sual mechanisms on a within-species
basis (10).
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