
Eye Movements Initiate Visual-Motor Development in the Cat 

Abstract. Visually naive kittens turn their eyes toward visual targets but lack other 
visual-motor coordinations. Light-reared animals were able to mediate guided be- 
haviors with an immobilized eye, but animals with the eye immobilized before initial 
exposure to a lighted environment were not. Eye movement is implied to play an 
essential role in visual-motor development. 

Upon first being brought into light, vi- 
sually naive kittens turn their eyes to- 
ward high-contrast visual targets but 
lack other visual-motor coordinations. 
The animals cannot move about so as to 
avoid colliding with objects, they do not 
refrain from walking off edges, and they 
are unable to reach with the forelimb to 
contact visual targets (1). We now report 
that when eye movements are pre- 
vented, these other capacities do not de- 
velop. 

Previous studies have shown that the 
behaviors absent in visually naive kit- 
tens are acquired if the conditions of ex- 
posure in light (that is, to a lighted envi- 
ronment) permit changes in visual input 
to be systematically related to self-pro- 
duced movement. The developmental 
process was described as the formation 
of a representation of visual space, 
which incorporates information con- 
tained in various motor-visual feedback 
loops. Manipulating exposure conditions 
permitted the feedback required for ac- 
quisition of each of several components 
of visually guided behavior to be identi- 
fied (2). For example, the ability to guide 
the entire body with respect to the loca- 
tion of objects was acquired if and only if 
displacement of images upon the retinas 
was systematically associated with loco- 
motion. That kittens permitted to move 
about in light only under stroboscopic il- 
lumination failed to develop visually 
guided behaviors reveals the essential 
contribution made by motion of contours 
across the retinas (3). 

Images are displaced on the retinas 
when the eyes move. Because fixation 
responses are present soon after birth, 
they provide frequent and reliable early 
opportunity to correlate motor com- 
mands with their visual consequences. 
We speculated that eye movements 
might be primary developmentally as 
well as historically; eliminating the ca- 
pacity to fixate targets (and the visual 
feedback that would result from fixation) 
might preclude utilizing subsequent feed- 
back opportunities. Our experiments in- 
dicate that surgical immobilization of the 
eye does prevent the acquisition of visu- 
ally coordinated behavior. An immobi- 
lized eye is capable, however, of mediat- 
ing guided behaviors that had been ac- 
quired prior to the surgery. These results 
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are interpreted as indicating that feed- 
back from visually elicited eye move- 
ments is essential to the construction of a 
representation of visual space. 

The method used to immobilize the 
eye of a kitten was unilateral denervation 
of the extraocular muscles by sectioning 
cranial nerves III, IV, and VI. The 
nerves were exposed by incising the soft 
palate and removing part of the sphenoid 
bone lateral to the optic nerve. Cranial 
nerves III, IV, and VI were gently dis- 
sected from nerve V and sectioned just 
caudal to the orbit (4). Two groups of 
dark-reared kittens were operated on at 6 
to 8 weeks of age. The first group com- 
prised four animals (animals 1 to 4) in 
which the eye contralateral to the dener- 
vated eye was sutured shut. These kit- 
tens were kept in light continuously after 
the surgery. The other group comprised 
six animals (animals 5 to 10) in which the 
contralateral eye was left open. These 

Table 1. Visually guided reaching after dif- 
ferent experimental treatments. Eight trials 
were given each cat with the bridge positioned 
randomly to the animal's right or left. Inter- 
spersed crossings with the bridge directly 
ahead helped maintain the behavior. 

Condition of h Reaches 
exposure Cat 
inexpose 

Cat 
(hits/misses) in light 

Immobilized eye alone 1 0/8 
2 0/8 
3 0/8 
4 1/7 

Immobilized and 5 2/6 8/0* 
intact eye exposed 6 0/8 8/0* 
alternately 7 2/6 7/1* 

8 2/6 8/0* 
9 0/8 8/0* 

10 1/7 7/1* 

With atropine 11 7/1 
12 8/0 
13 8/0 

After vestibulectomy 14 8/0 
15 7/1 
16 7/1 

Binocular 17 8/0 
preoperatively 18 7/1 

19 8/0 

Binocular 20 8/0 
postoperatively 21 7/1 

22 7/1 

*Intact eye. 

kittens were kept in the dark after sur- 
gery except for 3 hours of daily monocu- 
lar exposure to light with each eye ex- 
posed on alternate days. 

None of the kittens were able to move 
the immobilized eye toward high-con- 
trast visual targets. The absence of post- 
rotatory nystagmus of that eye, which is 
consistent with paralysis, was also con- 
firmed repeatedly. Formal testing of vi- 
sually guided behavior began after the 
kittens had been provided 2 weeks of ex- 
posure in light. In intact animals of this 
age, all visually guided responses are ob- 
served after a much shorter period in 
light (5). The kittens in which only the 
immobilized eye had been exposed dis- 
played visually triggered extension of the 
forelimb when they were lowered slowly 
toward a broad horizontal surface. They 
could not reach accurately toward visual 
targets, though, and, in formal testing, 
they failed to guide the forelimb across a 
gap to the position of a movable bridge 
(Table 1). In an obstacle course they re- 
peatedly collided with objects and 
showed frequent startle responses (6). 
Both visually guided reaching and visual- 
ly guided locomotion were reexamined 
periodically. When the experiment was 
terminated a year later, neither capacity 
had been acquired. This result is con- 
sistent with the hypothesis that the ab- 
sence of visually elicited eye movements 
precludes developing visually guided 
behavior. 

When tested while using the immobi- 
lized eye, the kittens that had been pro- 
vided alternating monocular exposure to 
light after unilateral cranial nerve section 
were indistinguishable from the group in 
which only the immobilized eye had 
been exposed (Table 1). When tested 
with the intact eye (after 21 hours of 
exposure of that eye), they displayed 
both visually guided locomotion and 
reaching (Table 1). Thus, the failure 
to mediate these behaviors with the 
immobilized eye was not due to some 
general disruptive or inhibitory effect 
of the surgery. In addition, eliciting 
a consensual pupillary response in the 
intact eye to changes in illumination 
of the immobilized eye provided evi- 
dence that input to the denervated eye 
was being processed. 

A number of questions arose in inter- 
preting these data. Sectioning cranial 
nerve III paralyzes the intraocular mus- 
cles serving accommodative and pupil- 
lary reflexes. Resulting degradation of 
the retinal image might contribute to the 
failure to acquire visually guided behav- 
iors. It is possible to paralyze the in- 
traocular muscles without eliminating eye 
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movement by applying atropine topical- 
ly. To evaluate the contribution of this 
factor, a new group of three dark-reared 
kittens (animals 11 to 13) 6 to 8 weeks of 
age had one eye sutured shut and the 
contralateral eye left intact. These ani- 
mals remained in the dark except for 3 
hours of daily exposure in light. Ophthal- 
mic atropine (1 percent) was applied 
each day 20 minutes before the animals 
were removed from the dark and reap- 
plied immediately before exposure. The 
pupil of the eye remained fully dilated 
during the entire period in light. After 1 
week, at the end of the daily exposure 
period, the kittens were tested for visual- 
ly guided locomotion in the obstacle 
course and visually guided reaching to 
the bridge. Both capacities were present. 
After another week of exposure with at- 
ropine applied to the eye, retesting in- 
dicated that the behaviors remained in- 
tact (Table 1). Thus, the absence of ac- 
commodative and pupillary reflexes did 
not prevent the kittens from acquiring vi- 
sually guided behaviors during 1 week of 
exposure in light and did not degrade 
those behaviors during an additional 
week of exposure. Therefore, the failure 
of kittens to exhibit guided behaviors af- 
ter cranial nerve section cannot be attrib- 
uted to their lacking these reflexes. 

Denervating the extraocular muscles 
precludes the elicitation of eye move- 
ments by vestibular as well as visual in- 
put. Eliminating the vestibulo-ocular re- 
flex might result in sufficient blurring of 
the retinal image to interfere with the ex- 
traction of information from motor-visu- 
al feedback. To determine the develop- 
mental consequences of eliminating the 
vestibulo-ocular reflex, a new group of 
three dark-reared kittens (animals 14 to 
16) 6 weeks of age was subjected to bi- 
lateral vestibulectomy. The vestibular 
apparatus was approached ventrally 
through the acoustic bullae, and the pet- 
rous portion of the petromastoid bone 
was excised. After surgery, the animals 
were kept in light continuously and ex- 
amined repeatedly for evidence of post- 
rotatory nystagmus. This response re- 
mained permanently absent, indicating 
that the vestibular apparatus was no 
longer functioning. 

Initially, the vestibulectomized kittens 
were both ataxic and hyperactive. Three 
months after surgery, these problems 
had subsided sufficiently for us to test vi- 
sually guided behaviors. At this time the 
animals traversed the obstacle course 
without colliding with objects and 
reached accurately with the forelimb to 
the position of the bridge (Table 1). Ac- 
quiring these responses in the absence of 
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vestibular input implies that the inter- 
ference with visual-motor development 
consequent on eye immobilization is not 
due to eliminating the vestibulo-ocular 
reflex. 

It remained possible that some un- 
known effect of denervation surgery pre- 
vented the animal from responding to vi- 
sual input to the immobilized eye. The 
display of a consensual pupillary re- 
sponse of the intact eye to changes in il- 
lumination of the immobilized eye, along 
with the capacity of the denervated eye 
to mediate visually triggered extension 
of the forelimb, made this unlikely. 
Moreover, if, as we have suggested, the 
contribution of eye movement to visual- 
motor coordination is made during the 
formation of a representation of visual 
space, guided behaviors acquired before 
eye immobilization might be spared after 
denervation. This result would also show 
that the surgery per se does not preclude 
guidance. 

To explore this possibility, three light- 
reared kittens (animals 17 to 19) 6 to 8 
weeks of age were tested while using 
only one eye. The presence of visually 
guided locomotion and visually guided 
reaching was confirmed. Subsequently, 
the tested eye was immobilized by uni- 
lateral section of cranial nerves III, IV, 
and VI. After the animals recovered 
from surgery, guided behaviors were me- 
diated by the immobilized eye (Table 1). 
Thus, denervation of the ocular muscles 
did not prevent the eye from controlling 
visually guided behaviors. This outcome 
is consistent with the readily made ob- 
servation that eye movements need not 
occur during the execution of visually 
guided behaviors. The contrasting ef- 
fects of eye immobilization in animals 
reared preoperatively in dark and light 
specify that it is in the initial acquisition 
of those behaviors that eye movements 
play a critical role. 

The light-reared kittens subjected to 
cranial nerve section differed from the 
visually naive kittens so treated in two 
respects. First, they had already ac~ 
quired visually guided behaviors. Sec- 
ond, they had acquired those behaviors 
under conditions of binocular exposure 
in light. A series of studies is underway 
to segregate these factors. When intact 
kittens are exposed in light under condi- 
tions differing for each eye, behaviors 
acquired under the control of one eye are 
not mediated by the other (7). This result 
suggests that for the light-reared animals 
of the present study, their binocularity 
during preoperative exposure may have 
been crucial to the subsequent display of 
behaviors guided by the immobilized 

eye. Results obtained with three kittens 
(animals 20 to 22) indicate that binocular 
exposure after unilateral cranial nerve 
section supports mediation of guided be- 
haviors by the immobilized eye (Table 
1). A complementary result would be a 
failure of animals provided alternating 
monocular exposure before unilateral 
denervation to mediate guided behaviors 
with the immobilized eye. The experi- 
ments reported here support the hypoth- 
esis that eye movements are essential to 
the formation of a representation of visu- 
al space; the conditions under which an 
immobilized eye has access to this repre- 
sentation remain to be determined. 
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