
If a pair of female CA and a 0 day ova-
ry were implanted into the males, the
pattern of JH synthesis (Fig. 1) resem-
bled that of normal females and was
identical in timing to that of females with
denervated CA (Fig. 3) (7). The final de-
cline in the cycle of activity of implanted
CA was achieved by implanting an ova-
ry, and this occurred in concert with the
completion of oocyte maturation. This
inhibition of JH synthesis by the im-
planted ovary must occur by way of a
humoral pathway.

Figure 4 shows ovaries implanted into
males with and without CA. Ovaries im-
planted into males in the absence of fe-
male CA showed no growth. Even after
10 days the basal oocytes remained in
the previtellogenic stage as at implanta-
tion (0.65 + 0.001 mm in length) (Fig. 2).
Hence the production of JH by male CA
was insufficient for oocyte development.
However, in the presence of female CA
the oocytes increased in length to 1.40
± 0.06 mm by day 5 and complete cho-
rion deposition occurred between days
7 and 8. These observations indicate
that the event leading to the decline
in rates of JH synthesis after day 7 is
the completion of vitellogenesis as sig-
naled by chorion formation.

In D. punctata, an ovary usually con-
tains six ovarioles (13). In ovaries im-
planted into males, only a fraction pro-
duced mature oocytes (Fig. 2). To com-
pare the relative suitability of male and
female environments for ovarian growth,
oocyte lengths were measured in ovaries
implanted into females ovariectomized
and implanted on day 0 with one ovary
and a pair of CA from day 0 females. On
days 5 and 7 after the operation, the
mean lengths of the oocytes were greater
than those of ovaries grown in males;
and more oocytes have developed (Fig.
2). In addition, the vitellin content was
greater by a factor of 10 (9). Hence the
male environment, although able to sup-
port oocyte growth in the presence of fe-
male CA, did not do so to the same ex-
tent as that which occurs in normal fe-
males.
The presence of ecdysteroids in ma-

ture cockroach ovaries and hemolymph
(14) suggests that ecdysteroids may par-
ticipate in regulating the rates ofJH syn-
thesis by the CA. To test this hypothesis,
CA from day 0 females were implanted
into day 0 males and males injected on
days 6 and 7 with doses of ecdysterone
(15). CA were assayed for JH synthesis
on day 8. The rates of JH synthesis as a
function of the total dose (two equal in-
jections) of ecdysterone are shown in
Fig. 3. These data show that the inhib-
itory effect of ecdysterone is dose-depen-

dent. At 100 ,ug and 10 ,ug the rates ofJH
synthesis are low, 13.15 ± 2.04 and
18.45 ± 2.59 pmole per pair per hour, re-
spectively. These low rates are similar to
those measured at the end of the gonado-
trophic cycle in normal females (4) and in
males implanted with an ovary and fe-
male CA (13.40 + 5.91 and 15.69 ± 4.92
pmole per pair per hour on days 9 and 10,
respectively) (Fig. 1). The rates are sig-
nificantly lower than those of the con-
trols (Fig. 3).
Whether ecdysterone from the ovary

limits the activity of the CA at the end of
a normal gonadotrophic cycle either di-
rectly or indirectly remains to be deter-
mined. However, our results show that
the ovary is acting humorally to limit JH
synthesis, supporting the hypothesis that
it is doing so by production of ecdyster-
one. Engelmann's observation, in an-
other cockroach species, that either im-
planted prothoracic glands or injection of
the hormone ecdysone inhibit both egg
maturation and increase in volume of
CA (16), is consistent with this hypothe-
sis. Ecdysone from mosquito ovary has
been shown to control production of vi-
tellogenin (17); the fly ovary is thought to
produce an oostatic hormone (18). The
demonstration of an endocrine function
for the cockroach ovary makes it likely
that the endocrine functions of insect
ovaries are more widespread than pre-
viously thought.

BARBARA STAY
Department of Zoology
University of Iowa, Iowa City 52242
THOMAS FRIEDEL, STEPHEN S. TOBE

ERIC C. MUNDALL
Department of Zoology, University of
Toronto, Toronto, Ontario, Canada

Under normal conditions of vision,
eyeblinks occur every few seconds (1-3),
each blink producing an almost total in-
terruption of light and pattern reaching
the eye. It is a surprising feature of visual
perception that the interruption of vision
typically goes unnoticed, and the sub-
jective visual world remains continuous
and stable. The effect is even more sur-
prising when one considers the magni-
tude and duration of this interruption.
Consider the voluntary blink dia-
gramed in Fig. IA. As the upper lid
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drops over the pupil, it severely attenu-
ates the light reaching the eye (4) and
wipes out nearly all visual information in
the form of contour and contrast. The
time during which the pupil is completely
obscured is relatively long: 110 msec in
the example shown (5, 6). Yet the blink
is scarcely noticed. By contrast, in the
absence of a blink, a much briefer inter-
ruption of room lights has a pronounced
visual effect (3, 7).
The observation that the perceptual ef-

fect of a blink is small with respect to the
SCIENCE, VOL. 207, 22 FEBRUARY 1980

Eyeblinks and Visual Suppression

Abstract. A technique for bypassing the eyelids permits equivalent visual stimula-
tion of the retina before, during, or after a blink. Sensitivity to these stimuli de-
creases during voluntary blinks. This indicates that the source of the deficit is neural
rather than optical. Such a visual loss may help to explain the common experience
that most blinks go unnoticed.
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changes that it actually produces on the
retina suggests that the brain generates
an inhibitory signal that accompanies the
blink and diminishes the effect of the
blink on the visual system. Such a neural
inhibition has already been shown in the
case of saccadic suppression, the reduc-
tion of visual sensitivity that accom-
panies saccadic eye movements (8).

If a neural inhibitory mechanism oper-
ates during blinks, its properties can be
assessed by measuring visual sensitivity
under special experimental conditions
such that closing the eyes has no effect
on the amount of light reaching the reti-
na. Accordingly, we have bypassed the
normal optical path through the pupil
and optic media. We placed a fiber-optic
bundle against the roof of the mouth and
used it to deliver light to a region directly
below the right eye, stimulating the reti-
na through the back of the eyeball.
Opaque goggles eliminated all other
sources of light, and the dark-adapted
subject saw a diffuse cloud of light lo-
cated over a large portion of the upper

0

-, 2 -_ __ _

--

10

E

us .5w

0 B

-100 0 100 200 300

Time in relation to blink onset (msec)

Fig. 1. Upper eyelid movement and electrical
signal of a typical blink. (A) Curve based on a
motion picture of the eye taken at 80 frames
per second. It shows the position of the ad-
vancing edge of the upper lid, relative to its
open resting position, as it executes a volun-
tary blink. The dashed lines represent the up-
per and lower margins of the pupil, also rela-
tive to the position of the upper lid at rest.
Successive points represent samples of the
blink taken at 12.5-msec intervals. (B) Corre-
sponding electromyographic signal (EBG), re-
corded between electrodes placed above and
below the eye. The EBG was displayed on a
storage oscilloscope and photographed along
with the blinking eye. Blink onset (time 0) is
the time at which the trigger detected the
blink. The sensitivity was set to detect the
blink before the upper lid began to cover the
pupil. For the blink shown here, the lid closed
maximally about 140 msec after the time it be-
gan to move. The pupil was completely cov-
ered about 40 msec after detection of the blink
and remained covered for 110 msec. Total
blink duration was about 350 msec.

22 FEBRUARY 1980

temporal visual field, that is, the lower
nasal retina.
The stimulus event was a brief decre-

ment of the otherwise steady, diffuse
light. On a given trial, the decrement oc-
curred at one of a number of possible
times before, during, or after a voluntary
blink. To detect the blink, we placed
standard skin electrodes above and be-
low the eye. A large electromyographic
response wave appeared between these
electrodes during the closing and open-
ing of the lids. We call this wave the
"electroblepharogram" (EBG) (Fig.
1B). The EBG was used to monitor
blinks and was differentiated to activate
trigger and delay circuits to present the
stimulus decrement at preset times dur-
ing or after a blink. To stimulate the reti-
najust before a blink, the decrement was
presented manually by the experimenter
just after a signal to the subject to exe-
cute the blink. The exact time interval
between the stimulus decrement and the
blink onset was read from a digital clock.
A sufficient number of intervals were
sampled to analyze temporal changes in
visual sensitivity associated with the
blink.
Our experiments were conducted with

two highly practiced adult male subjects,
according to a constant stimulus method
and a two-alternative forced-choice re-
sponse paradigm; on each trial, the sub-
ject executed two voluntary blinks and
judged which one was accompanied by
the stimulus decrement. Across trials,
the order of presentation was random-
ized, as were the principal stimulus vari-
ables: amplitude of decrement and time
of decrement in relation to the onset of
the blink. Such procedures are charac-
terized by lack of bias.
For each time of occurrence of the

decrement in relation to blink onset, the
experiment yielded a curve relating the
proportion of stimuli detected to the am-
plitude of the decrement. We corrected
these proportions for chance success (50
percent), transformed them to a normal
probability scale, and performed linear
regression analyses to arrive at a thresh-
old. We defined threshold as the particu-
lar size of decrement that would yield 75
percent correct detection (that is, half-
way between chance and complete suc-
cess).

Figure 2 shows log sensitivity (the log
of the reciprocal of the threshold) for
each of the designated times of occur-
rence of the decrement in relation to
blink onset. During blinks there was a
pronounced loss of visual sensitivity.
For both subjects, the loss began before
blink onset and reached a maximum be-
fore the lid covered the pupil. That maxi-

mum was about 0.4 log unit for subject
L.A.R. and 0.5 or 0.7 for subject W.J.D.,
relative to the sensitivity of the steady
eye (closed or open). Sensitivity did not
fully recover until about 200 msec after
blink onset.
The magnitude and time course of vi-

sual suppression during blinks are in
close agreement with comparable mea-
surements for voluntary saccades (8).
Thus, the question arises whether sac-
cades might be so closely associated
with blinks that blink suppression can be
explained by saccadic suppression. We
have conducted preliminary observa-
tions of eye movements during blinks (9,
10), with results in substantial agreement
with those of Lawson (6), Ginsborg and
Maurice (10), and Doane (11). They
show no evidence of saccades, and no
evidence of Bell's phenomenon (the up-
ward rotation of the eyes when closed as
in sleep). They support Doane's con-
clusion that a small inward rotation of
the globe results from a lateral motion of
the lower lid, and a small downward ro-
tation results from the pressure of the
upper lid. They also show that the extent
and direction of these small movements
depend on the primary position of the
eyes in the head as the blink occurs.
Thus, these eye movements are not of
the type that could account for visual
suppression during blinks.
A remaining question concerns the

generality of blink suppression to spon-
taneous, and perhaps also to reflex
blinks, in addition to voluntary ones (1-

.80 V
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steady -200 -100 0 100 200 300 400
Time of stimuLus in reLation to blink onset (msec)

Fig. 2. Visual sensitivity to the decremental
stimulus as a function of the temporal relation
of the stimulus to the onset of a blink, for two
subjects. At the left of each function, steady
eyes-open (open symbols) and eyes-closed
(closed symbols) control conditions for each
subject are shown. Upper function and tri-
angles, subject L.A.R.; lower function and
squares, subject W.J.D. Stimulus duration
was 20 msec for L.A.R. and 30 msec for
W.J.D. Each plotted point was derived from a
psychophysical function containing five or six
values of decrement, each value presented ap-
proximately 40 times at each temporal rela-
tion to blink onset.
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3). Others have concluded that whereas
spontaneous blinks are highly variable
and sometimes incomplete (11), they do
not differ objectively from voluntary
blinks (2). Our own preliminary observa-
tions confirm this conclusion (12) and
support the extension of our findings to
spontaneous blinks. Of still greater im-
portance is the fact that we have already
verified (3, 7}that voluntary blinks, like
spontaneous ones, cause subjective in-
terruptions of the visual scene that are
much smaller than objective measure-
ments would predict.
We conclude that the decrease in visu-

al sensitivity that we measured cannot be
attributed to optical factors. We attribute
this decrease to a neural inhibitory
mechanism in the brain. This mecha-
nism, by decreasing the perceptual effect
of the blink, contributes to the continuity
of vision.

FRANCES C. VOLKMANN
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Northampton, Massachusetts 01063
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caged individually and housed in a tem-
perature-controlled room with a 12 hour
light and 12 hour dark (0900 to 2100
hours) diurnal cycle. The animals were
fed a normal protein diet containing 25
percent casein (4) throughout gestation.
At birth, litter size was made unqiform by
randomly distributing the rat pups
among the lactating females, eight per lit-
ter. During lactation, experimental
mothers were fed a low protein diet con-
taining 12 percent casein (4), whereas
control mothers continued on the 25 per-
cent casein diet. The low protein intake
reduces the volume of milk without alter-
ing its composition (5). Thus, throughout
lactation the experimental pups were
subjected to undernutrition by receiving
suboptimal amounts of a diet of normal
composition; during the third week of

Table 1. Body and brain weights of control and undernourished rats. The data are expressed as
means + standard error (N = 30).

Weight (g) Percentage
Tissuedera*Control Experimental decrease*

Body 60.6 ± 1.13 30.4 ± 0.93 49.8
Whole brain 1.438 + 0.0166 1.267 ± 0.0117 11.9
Forebrain 1.128 ± 0.0121 1.009 ± 0.0105 10.5
Brainstem 0.128 ± 0.0049 0.115 ± 0.0030 10.3
Cerebellum 0.181 + 0.0053 0.142 ± 0.0042 21.5

*P < .001, one-tailed t-test.

0036-8075/80/0222-0902$00.50/0 Copyrigt © 1980 AAAS

Sparing of the Brain in Neonatal Undernutrition: Amino
Acid Transport and Incorporation into Brain and Muscle

Abstract. Rates of tyrosine and lysine transport and incorporation into protein
were measured in control and undernourished weanling rats. Undernutrition was
induced byfeeding lactating dams a low protein diet (12 percent casein)from birth to
day 21. At weaning, body and brain weights ofundernourished rats were 50 percent
and 88 percent, respectively, of control values. Lysine and tyrosine transport rates
into skeletal muscle were reduced by over 75 percent, more than twice the reduction
seen in brain. Rates ofamino acid incorporation into muscle protein were reduced by
approximately 50 percent; the change in rate ofincorporation into brain protein was
not statistically significant. These data indicate that, in spite of marked retardation
of amino acid transport into brain, the brain seems fully capable of maintaining
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