fect produced by the pathological con-
sequences of the disease. It is possible
that elevated spermidine in red blood
cells of patients with cystic fibrosis is re-
lated to a conjugation defect that inhibits
excretion, since the addition of exoge-
nous spermidine to membranes alters
their properties (10). A decreased sperm-
idine excretion and consequent extra-
cellular increase, therefore, could con-
tribute to the membrane pathology asso-
ciated with cystic fibrosis.
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Is Binocular Vision Always Monocular?

Abstract. Visual sensitivity of one eye was determined under binocular stimulus
conditions yielding apparent fusion, stereopsis, monocular dominance, and monocu-
lar suppression. Marked losses in sensitivity accompanied monocular suppression
but were not evident during stable single vision. The results are inconsistent with the
hypothesis that suppression alone mediates binocular single vision.

The singleness of binocular vision is so
immediate and compelling that we are
seldom aware of its dual monocular ori-
gins. Evidently inputs from the two eyes
are unified by the brain, but the details
of this inconspicuous process are in-
complete. The most popular theory of
binocular single vision assumes that the
two monocular inputs are combined, or
fused, in a cooperative fashion, such that
each eye contributes more or less equal-
ly to the final binocular product (I).
There is, however, an alternative theory
that assumes that we actually see with
only one eye at a time, owing to suppres-
sion of the partner eye’s information (2,
3). This so-called suppression theory, al-
though somewhat counterintuitive, ac-
counts for a variety of perceptual out-
comes that are troublesome for fusion
theory (3), and it is not incompatible with
the occurrence of stereoscopic depth
perception (4).

Because the two eyes ordinarily share
a common view, phenomenal observa-
tion cannot tell us which process, fusion
or suppression, operates to promote
single vision (5-7). Suppression is evi-
dent, however, when the two eyes re-
ceive different views by dichoptic stimu-
lation; instead of stable single vision, this
situation produces alternating periods of
dominance and suppression between the
two eyes, an outcome known as binocu-
lar rivalry. Indeed, this phenomenon of
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binocular rivalry has served as a major
impetus for suppression theories of bin-
ocular single vision. Work on binocular
rivalry has shown that phenomenal sup-
pression is accompanied by a general de-
crease in the visual sensitivity of the sup-
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pressed eye, relative to the eye’s sensi-
tivity during dominance (8). Now, if
binocular vision always involves sup-
pression, even under normal viewing
conditions, losses in visual sensitivity
should be a symptom of suppression
when the two eyes receive identical stim-
ulation. We have tested this possibility
by measuring monocular detection
thresholds under stimulus conditions
yielding stereopsis, apparent fusion, mo-
nocular dominance, and monocular sup-
pression.

Observers with excellent acuity and
stereopsis viewed displays generated
electronically on two cathode-ray tube
(CRT) displays and presented separately
to the two eyes by a mirror stereoscope.
Each display consisted of a rectangular
field, 8° by 10° of visual angle, produced
by placing a translucent mask over the
CRT screen; the luminance of this sur-
round field was 1.7 cd/m2. In the center
of each field was a circular aperture, 1° of
visual angle in diameter, through which
the CRT screen was exposed. Within
each circular area could be displayed si-
nusoidal grating patterns, either vertical
or horizontal, or a homogeneous area of
the same average luminance as the grat-
ing, 5.1 cd/m?. A briefly flashed spot of
light 10 minutes in diameter could be su-
perimposed optically in either the upper
or lower portion of the circular target
viewed by the left eye. Observers trig-
gered the flash by depressing a button
and indicated with a lever switch wheth-
er the flash appeared in the upper or
lower position (9).

We began by determining for each ob-
server the flash duration yielding approx-
imately 90 percent correct performance
when the left eye, which received the
test flash, was dominant; durations
ranged from 9.5 to 12 msec among ob-
servers. To promote dominance a 6
cycle/deg vertical grating was presented
to the left eye while the right eye viewed
a homogeneous field; grating contrast
was 1 log unit above threshold, a value
that ensured continuous visibility of the
pattern (condition MD); these values

Fig. 1. Correct detection for each observer on
a two-alternative forced-choice task. A small,
brief test flash was presented in either the up-
per or lower portion of the display viewed by
the left eye. The flash was delivered while the
left eye was continuously dominant (MD), in-
termittentiy dominant (BR-D), intermittently
suppressed (BR-S), continuously suppressed
(MS), or while the left and right eye patterns
were apparently fused (AF) and generated a
stereoscopic sensation of depth (ST). Per-
formance for conditions BR-S and MS dif-
fered significantly (P < .01) from all other
conditions. Each value is based on at least 100
trials.
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ranged from 20 to 30 percent among ob-
servers. Next, with that same test-flash
duration, percentage correct detection
was measured for the following stimulus
conditions: (i) The left eye received a 6
cycle/deg vertical grating, and the right
eye received a horizontal pattern of the
same spatial frequency and contrast, an
arrangement yielding binocular rivalry
(BR). During one set of 100 trials, ob-
servers initiated test flashes only while
the vertical grating to the left eye was
dominant (BR-D), and during a second
set of trials the flash was triggered when
only the horizontal grating to the right
eye was visible, the left eye being sup-
pressed (BR-S). (ii) The left eye received
an uncontoured field and the right eye re-
ceived a 6 cycle/deg vertical grating that
was continuously visible (MS). (iii) Both
eyes received a 6 cycle/deg vertical grat-
ing, a combination yielding apparent fu-
sion (AF). (iv) The left eye received a 6
cycle/deg vertical grating and the right
eye received a vertical grating whose
spatial frequency was 10 percent greater
than that of the left-eye pattern (ST).
Predictably (10), for all three observers
this last condition yielded the stereo-
scopic sensation of a single grating ro-
tated about its vertical axis, with its right
side farthest from the observer.

The results are presented in Fig. 1.
Keep in mind that the test-flash lumi-
nance and duration, which yielded
around 90 percent correct with the left
eye dominant (condition MD), were in-
variant. For the binocular rivalry condi-
tions, detection was very accurate when
the left eye was dominant (BR-D) but
impaired when the left eye was sup-
pressed (BR-S). This pattern of results
confirms that suppression involves a loss
in visual sensitivity, the symptom of sup-
pression demonstrated previously §). A
comparable decrement was seen when
only the right eye received contour infor-
mation (MS), with the left eye viewing an
uncontoured field (/7). Evidently, as pre-
dicted by suppression theory, monocular
suppression can occur even in the ab-
sence of conflicting pattern information
from the two eyes. Contrary to the pre-
diction from suppression theory, how-
ever, performance remained accurate
when the two eyes received congruous
pattern information (AF and ST). On the
basis of suppression theory we would ex-
pect at least some decrement in perform-
ance for these two conditions, although
probably not by an amount equivalent to
conditions BR-S and MS (12). The ab-
sence of any such a decrement must in-
dicate that both eyes participate fully
during fusion and stereopsis.

In a second experiment, we examined
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Fig. 2. Correct detection plotted as the func-
tion of the difference in spatial frequency be-
tween dichoptically viewed vertical gratings;
this difference is expressed as a ratio of the
two values. The arrow along the abscissa de-
notes for observer RB the spatial frequency
difference beyond which the percept of a
single grating rotated in depth gave way to
binocular rivalry. This value was determined
by gradually increasing the spatial frequency
to the right eye until the observer reported the
loss of fusion. Open circles give results when
a stable, single grating was perceived; half-
filled symbols show performance when the
pattern to the left eye was dominant (®) and
suppressed (©). Each point is based on 100
trials.

whether introducing graded dissimilari-
ties between the gratings viewed by the
two eyes would produce evidence for a
graded degree of suppression in the form
of a steady decrease in visual sensitivity.
The left eye always received a 6 cycle/
deg vertical grating; the spatial frequen-
cy of the vertical grating presented to the
right eye was varied over the range 6 to
7.8 cycle/deg. For each dichoptic combi-
nation of spatial frequencies, the per-
centage of correct detections was mea-
sured with the forced-choice procedures
used in experiment 1. The results pro-
vide no evidence for a graded loss in sen-
sitivity (Fig. 2). Phenomenally, the bin-
ocular combination of these discrepant
gratings yielded the global percept of a
single grating rotated in depth, with the
degree of rotation increasing with spatial
frequency to the right eye. For the ob-
server tested, the impression of depth
and fusion abruptly disappeared when
the spatial frequency of the two gratings
differed by more than 25 percent.
Beyond this point, the gratings engaged
in binocular rivalry, and performance by
the left eye depended on whether the ob-
server initiated trials with the left eye
dominant or suppressed. These findings
indicate that monocular suppression is
triggered only when stimulus differences
between the two eyes exceed some criti-
cal limit for stable single vision.

Our results demonstrate that the con-
tribution to single vision and stereopsis
by one eye is not always achieved at the
complete expense of the partner eye’s in-
put. On the contrary, when congruous

images strike corresponding retinal
areas, binocular vision is indeed binocu-
lar. Hence we must reject the more con-
ventional formulations of suppression
theory, which posit that single vision
consists exclusively of a mosaic of mo-
nocular components (2, 3). This is not to
say, however, that suppression plays no
role in single vision, for almost certainly
it must within certain localized regions of
the binocular visual field. The geometry
of binocular visual space dictates the ex-
istence of potential ambiguities con-
cerning the visual direction of objects sit-
uated in front of or behind the plane of
binocular fixation (/3). Because they
strike noncorresponding retinal areas,
the images from these objects should
give rise to diplopia and confusion (3),
yet during ordinary binocular vision nei-
ther of those outcomes is experienced. It
follows from geometry that these poten-
tial ambiguities must involve dissimilar
stimulation of corresponding retinal
areas. Our results and others (8) demon-
strate that these are the stimulus condi-
tions that lead to binocular suppression.
Evidently, for those local regions of vi-
sual space where potential ambiguity ex-
ists between the two eyes, binocular vi-
sion is monocular. Our results indicate
that theories of binocular vision should
incorporate the phenomena of both fu-
sion and suppression.

RANDOLPH BLAKE
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Insecticidal Benzoylphenyl Ureas: Structure-Activity

Relationships as Chitin Synthesis Inhibitors

Abstract. The I-benzoyl-3-phenylurea insecticide diflubenzuron is a potent inhib-
itor for the conversion of “C-labeled glucose to “*C-labeled chitin in isolated abdo-
mens of newly emerged adult milkweed bugs (Oncopeltus fasciatus Dallas). The in-
hibitory activity of 24 diflubenzuron analogs in this in vitro chitin-synthesizing system
is in good agreement with their toxicity to fifth instar nymphs of this species. These
insecticides act quickly and directly within the integument to ultimately block the
terminal polymerization step in chitin formation.

Chitin is the most abundant organic
skeletal component of insects, other in-
vertebrates, and many fungi, but it is ab-
sent in vertebrates and higher plants (7).
Insecticides that disrupt chitin deposi-
tion therefore have selectivity advan-
tages over earlier types that alter nerve
action or bioenergetic reactions that are
similar in insects and mammals. Diflu-
benzuron  [2,6-F,-C;H;-C(O)NHC(O)-
NH-C¢H,-Cl-4] and several other ben-
zoylphenyl ureas effectively control
major insect pests by interfering with the
molting process or by acting as ovicides
and chemosterilants (2).The larvicidal
activity is attributable to disruption of
chitin deposition (2). This benzoyl-
phenyl urea action may be indirect by
altering ecdysone or juvenile hormone
levels (3) or direct by inhibiting a critical
step in chitin formation ). An insect
system for in vitro chitin biosynthesis
is required to differentiate between these
hypotheses. We find, using abdomens of
newly emerged adult milkweed bugs
(Oncopeltus fasciatus Dallas) as reaction
vessels, that benzoylphenyl ureas act
directly within the integument to block
the terminal polymerization step in
chitin formation (5).

An ideal insect system for studies on
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Fig. 1. Diagram of the isolated adult milkweed
bug abdomen used as reaction vessel for chi-
tin biosynthesis.
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inhibitors of chitin biosynthesis should
meet the following specifications: rapid
and consistent in vitro formation of *C-
labeled chitin in reasonable yields from
convenient “C precursors such as glu-
cose, glucosamine, and N-acetylglucosa-
mine; sensitivity to polyoxin D, a chitin
synthetase inhibitor (6), and to diflu-
benzuron and its insecticidal analogs;
and no involvement of exogenous hor-
mones during the period of insecticide
action. Cultures of cockroach leg regen-
erates meet some of these requirements,
but this system requires activation by ex-
ogenous B-ecdysone and an assay period
of 2 weeks (7). In developing our system,
we used milkweed bugs for several rea-
sons. They are easy to rear and handle,
and the fifth instar nymphs are highly
sensitive to topically applied diflubenzu-
ron and its analogs (8). Insecticidal levels
of diflubenzuron do not alter the in vivo
metabolic conversion of a-ecdysone to
B-ecdysone or the subsequent metabo-
lism of B-ecdysone in fifth instar milk-
weed bug nymphs (5) or the endogenous
B-ecdysone titers in pharate pupae of
Stomoxys calcitrans whose larvae had
been exposed to the insecticide (9). Al-
though these findings tend to rule out
hormone mediation in the action of diflu-
benzuron, we chose to further minimize
the possibility of hormone effects by us-
ing young adults since their endogenous
ecdysone levels are low (/0); in imma-
ture insects the B-ecdysone titers reach
maximum levels shortly before molting
(10) and strongly influence chitin biosyn-
thesis (11).

Milkweed bug adults were used 12
hours after emergence because at this
time their activity for converting
[“Clglucose to [*C]chitin is higher than
it is either earlier or later. The abdomen
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