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Myopia is an extremely prevalent hu- 
man condition which, when severe, is as- 
sociated with progressive retinal pathol- 
ogy leading to blindness (1). For many 
years environmental factors have been 
theorized to play a role in the develop- 
ment of myopia. One such hypothesis is 
that close visual attention leads to myo- 
pia. This relationship is weakly sug- 
gested by (i) the tendency of children to 
become more myopic from the age of 
six, when schoolwork starts (2); (ii) the 
high incidence of myopia in Eskimo 
schoolchildren whose parents were illit- 
erate and tended to be hyperopes (3); 
and (iii) the tendency of men working in 
the close quarters of missile launch facil- 
ities to develop myopia related to their 
length of service (4). Young tested this 
close-work theory by keeping pig-tailed 
macaques seated in a monkey chair in an 
enclosed visual space for about a year; 
he reported that these animals developed 
a small amount of myopia (adults, 0.75- 
diopter change; young, 1.75-diopter 
change), which was retained for many 
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months after their removal from the 
chair (5). In addition, cats raised in cages 
are about 2 diopters myopic compared 
with feral cats (6). 

The amount of myopia found in all of 
these studies on environmental influ- 
ences is very small. It is possible, there- 
fore, that some of these myopias arise 
from an increased tonus of the muscles 
of accommodation, whereas the higher 
myopias found clinically have an ana- 
tomical origin. In part for this reason the 
hypothesis that there can be experiential 
influences on myopia has not fared well 
in comparison with the so-called biologi- 
cal theory that refractive errors are a ge- 
netic-embryological phenomenon (7). 

We now report that restricting the vi- 
sion of chicks to their frontal visual field 
produces extreme changes in ocular re- 
fraction (to a maximum of 24 diopters of 
myopia), which are not produced by re- 
striction to the lateral visual field. 

To restrict chicks to their frontal field 
of view, we developed lightweight, trans- 
lucent, hemispherical occluders that fit 
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over each eye and were glued to the skin 
with collodion (8). A trapezoidal notch 
cut in the front of the occluder permits 
the birds to have frontal vision (Fig. 1A). 
To restrict birds to lateral vision in one 
eye, an opaque vinyl cylinder 7 mm high 
was glued around the eye with collodion 
(Fig. 1B). Both types of occluders were 
put on at hatching and were exchanged 
for successively larger ones as the ani- 
mals grew. 

When the animals were 4 to 7 weeks 
old, their eyes were refracted by one of 
us (Trachtman), who is a retinoscopist 
familiar with refraction of the eyes of 
small animals. Measurements were made 
by streak retinoscopy in the horizontal 
meridian, 90? to the sagittal plane of the 
head, which is approximately 30? tem- 
poral to the optic axis. Neither the reti- 
noscopist nor the person holding the ani- 
mals knew to which group the animal be- 
longed. We assessed the reliability of the 
measurements by twice determining the 
refractions on 19 animals (r = .95). 

Postmortem measurements by means 
of an ocular micrometer in a dissecting 
microscope were made on formalin-per- 
fused enucleated eyes from a sample in- 
cluding the animals refracted. The ante- 
rior chamber depth was approximated in 
this series of measurements and was also 
roughly estimated in living animals by a 
photographic technique (9). 

The animals whose visual experience 
was confined to the frontal visual field 
were extremely myopic (mean, -10 
diopters), unlike the lateral-field animals 
(mean, + 1.9 diopters) (Mann-Whitney U 
test, P < .001), which did not differ from 
the normal animals (Fig. 2) (10). Similar- 
ly, the axial length of the eyes of the 
frontal-field animals was significantly 
greater than that of either the normals 
(P < .01) or the lateral-field animals 
(P < .05) (analysis of variance with 
Newman-Keuls test), which did not dif- 
fer from each other (Fig. 3A). 

It seems reasonable to suppose that 
the eyes of the frontal-field birds experi- 
enced more close vision than did the re- 
stricted eye of the lateral-field birds. In 
the frontal-field birds, vision was limited 
to the area around the beak, and the beak 
is a chick's only means of feeding and 
tactile exploring; in contrast, when the 
lateral-field birds approached an object, 
the eye with the occluder looked off to 
one side. There is evidence that in pi- 
geons the frontal field is normally used 
for close vision and the lateral field for 
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analogous to a monocular visual depriva- 
tion effect, involving the animal's sup- 
pressing one eye in favor of the other, 
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Abstract. Chicks whose vision was restricted to the frontal visual field became 
extremely myopic (mean, -10 diopters; maximum, -24 diopters) and had eyes of 
increased axial length. Animals restricted to lateral field vision did not differ from 
normal animals. Monocular deprivation of form vision also produced myopia and 
eye enlargement and, in addition, produced increased anterior chamber depth. 
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prevent form vision (C). 
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since nearly all the eyes became myopic 
(Fig. 2). 

To the best of our knowledge this is 
the first time that extreme myopia and in- 
creased axial length of the eye have been 
produced by alterations in the type of 
specific visual experience an animal has. 

There is some evidence that non- 
specific visual experience can cause 
myopia and changes in eye size. Wiesel 

nd to and Raviola (12) and Sherman, Norton, 
and Casagrande (13) found that neonatal 
lid closure caused extreme myopia and 

14 increased axial length in two very dif- 
12 
10 ferent primates (macaque and tree 
8 shrew), although this result was not ob- 
6 tained by von Noorden and Crawford 
2 (14), who used a different, and perhaps 

less severe, surgical technique. We too 
10 have found myopia and eye enlargement 
6 in chicks whose lids were sealed (with 
4 i collodion) at hatching (Fig. 3A). Since 
2 "u raising birds with the lids closed pro- 

o duces smaller lids, and since even the 
10 normal eye fits quite snugly in the orbit, 8 -0 
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Fig. 2. Effect of different visual restrictions on ocular refraction. The values on the abscissa 
refer to the correction in diopters necessary for emmetropia. In the cases of the normal and 
frontal-field animals, both eyes are included; in the other groups only the treated eye is plotted. 
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Fig. 3. Effect of different visual restrictions on morphological dimensions of the eye. Both eyes 
are plotted for normal and frontal-field animals; in all groups the untreated eyes did not appear 
to differ from the eyes of normal animals. The measurements in (B) were obtained by a photo- 
graphic technique (9). This pattern of results was the same as that obtained from measurements 
on enucleated eyes. Ultrasound measurements of the distance from the cornea to the anterior 
surface of the lens on several live animals from the frontal-vision and translucent-occluder 
groups confirmed the effect. Preliminary results indicate that, despite the changes in axial 
length, removal of the occluders caused a gradual reduction in the degree of myopia; this may 
be analogous to emmetropization in humans, or it may reflect changes in the tonus of the mus- 
cles of accommodation. 
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we were concerned that a physical, 
rather than visual, restriction might be 
involved. Consequently, we raised birds 
with translucent occluders over one eye 
(Fig. 1C). These birds were also very 
myopic (mean, -12 diopters) (Fig. 2). 
Their eyes were significantly larger than 
those of normal and lateral-field animals 
(Newman-Keuls test, P < .01) and fron- 
tal-vision animals (P < .01) and were not 
significantly different from birds with 
closed lids (Fig. 3A). The possibility that 
gluing an occluder to the skin around the 
eye causes increased eye size is argued 
against by the normal eye size of the lat- 
eral-field animals. 

There is a suggestion that the myopia 
produced by translucent occluders is dif- 
ferent from the myopia in the frontal- 
field animals: the birds with translucent 
occluders developed substantially deep- 
er anterior chambers (Fig. 3B). These 
birds are significantly different from all 
others except those with closed lids 
(Newman-Keuls test, P < .05), although 
there may be a small increase in anterior 
chamber depth in the frontal-field ani- 
mals as well. This increase in anterior 
chamber depth also distinguishes these 
birds from birds with avian glaucoma 
syndrome, in which being raised in con- 
tinuous light causes eye enlargement and 
a shallow anterior chamber, eventually 
leading to retinal degeneration and blind- 
ness (15). 

The mechanism by which any of these 

myopias is produced is obscure. In the 
frontal-field animals, it seems that a 
larger proportion of the objects they see 
are close to them, compared to normal or 
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lateral-field animals. We can speculate 
that this would cause their eyes to ac- 
commodate more and that accommoda- 
tion might conceivably lead to changes in 
eye growth. Others have made similar 
speculations (16). Another possibility is 
that near objects cause increased con- 
vergence of the eyes. We have shown by 
recording eye movements that frontal- 
field birds make more divergent and con- 
vergent saccades than do normal birds, 
whereas lateral-field birds make fewer 
(17). One could imagine that increased 
convergence might affect ocular growth. 
Alternatively, retinal location may be an 
important variable. If the absence of ob- 
jects in the lateral visual field either 
causes extreme accommodation or oth- 
erwise has a particular effect on eye 
growth, it would account for the similar 
degree of myopia in the frontal-field ani- 
mals and in those monocularly deprived 
of form vision. 

In normal animals, each of the dimen- 
sions of the eye that affect refraction 
shows substantial interindividual varia- 
tion (7). If, at least in birds, myopia is 
caused by increased accommodation for 
close vision, this etiology could be a clue 
to a developmental feedback mechanism 
that normally assures that the eye grow 
toward correct refraction. Thus an ani- 
mal that starts out somewhat hyperopic 
would tend to accommodate more than a 
normal animal, which might cause a pat- 
tern of ocular growth that would tend to 
decrease the hyperopia. 

The effects of different visual experi- 
ences on neuronal connectivity in the 
brain are well established. Our results 
suggest that the morphology of the eye is 
influenced not only by the absence of vi- 
sual experience but also by the nature of 
the specific visual experiences. 
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recording eye movements that frontal- 
field birds make more divergent and con- 
vergent saccades than do normal birds, 
whereas lateral-field birds make fewer 
(17). One could imagine that increased 
convergence might affect ocular growth. 
Alternatively, retinal location may be an 
important variable. If the absence of ob- 
jects in the lateral visual field either 
causes extreme accommodation or oth- 
erwise has a particular effect on eye 
growth, it would account for the similar 
degree of myopia in the frontal-field ani- 
mals and in those monocularly deprived 
of form vision. 

In normal animals, each of the dimen- 
sions of the eye that affect refraction 
shows substantial interindividual varia- 
tion (7). If, at least in birds, myopia is 
caused by increased accommodation for 
close vision, this etiology could be a clue 
to a developmental feedback mechanism 
that normally assures that the eye grow 
toward correct refraction. Thus an ani- 
mal that starts out somewhat hyperopic 
would tend to accommodate more than a 
normal animal, which might cause a pat- 
tern of ocular growth that would tend to 
decrease the hyperopia. 

The effects of different visual experi- 
ences on neuronal connectivity in the 
brain are well established. Our results 
suggest that the morphology of the eye is 
influenced not only by the absence of vi- 
sual experience but also by the nature of 
the specific visual experiences. 
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and (ii) that inactivation of the motor ap- 
paratus is a phase-locked event. It fol- 
lows that postural immobility, easily de- 
tectable in time-lapse photographic data, 
could by itself provide a simple quan- 
titative read-out of the state of the brain 
oscillator controlling the REM-NREM 
sleep cycle. In addition, the total dura- 
tion of immobility so measured might be 
correlated with objective or subjective 
estimates of sleep duration and thus 
serve as a simple but valid measure of 
sleep quantity or quality. If so, time- 
lapse photography might be a means of 
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ior that could be related to the findings of 
the sleep laboratory. Here we report the 
results of our first efforts to explore this 
possibility. 

Observation of 50 individuals sleeping 
at home and being photographed at 15- 
minute intervals revealed epochs of ap- 
parent postural immobility lasting from 
45 to 75 minutes and recurring with a pe- 
riodicity of 75 to 120 minutes (3). We 
wished to determine the relationship of 
these epochs to the EEG sleep cycle and 
to verify the apparent absence of move- 
ment in the photographs by continuously 
monitoring muscle activity on the poly- 
graph. The sleep of each of six subjects 
(three male and three female, between 
the ages of 20 and 30) was therefore re- 
corded in the sleep laboratory for four 
consecutive nights with an electroen- 
cephalograph (Grass model 6). A camera 
(Zeiss Contarex) was mounted on the 
ceiling over the bed and connected to an 
electronic timer. The camera was housed 
in a Lucite box lined with polystyrene 
foam for sound attenuation. Black-and- 
white pictures (35mm) of the subject 
were taken automatically every 15 min- 
utes throughout the night; a time ex- 
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