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Visual Experience Modifies Distribution of Horizontally
and Vertically Oriented Receptive Fields in Cats

Abstract. Cats were raised from birth with one eye viewing horizontal lines
and one eye viewing vertical lines. Elongated receptive fields of cells in the visual
cortex were horizontally or vertically oriented—no oblique fields were found.
Units with horizontal fields were activated only by the eye exposed to horizontal
lines; units with vertical fields only by the eye exposed to vertical lines.

Many investigators have studied the

response characteristics of single cells -

in the visual system in an effort to
understand the neural mechanisms of
perception (/—4). In the visual cortex
of the cat and the monkey, there are
units with elongated receptive fields
which respond vigorously to elongated
stimuli of the same orientation as the
receptive field (2-5). It is frequently as-
sumed that such units are important in
the perception of form (3, 6), but no
direct test of this hypothesis has been
made (7). Ideally, one might remove all
cortical units with receptive fields of a
given orientation and observe the sub-
ject’s visual capabilities. This would re-
quire ablation of cells on a physiolog-
ical rather than an anatomical basis.

We have developed a technique for
rearing Kkittens which results in all of
the elongated receptive fields being
~oriented-either vertically or-horizontal-
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ly, in contrast to the random arrange-
ment present in normal cats (3, 8).
Moreover, the units with horizontal
fields respond only to stimulation of
one eye, and the units with vertical
fields respond only to stimulation of the
other eye. Therefore, it should be possi-
ble to test the behavioral function of
either class of cells by simply occluding
one eye or the other.

We controlled the visual experience
of kittens from birth until 10 to 12
weeks of age. Each animal’s total visual
experience consisted of viewing a white
field containing three black vertical
lines with one eye and, simultaneously
viewing a field containing three hori-
zontal lines with the other eye. The
lines were 1 degree wide and their cen-
ter points were 6 degrees apart. These
conditions were used in order to pro-
duce discordant sensory input to the
binocularly activated - cortical cells,

The stimuli were mounted in a mask
which provided a 50- to 60-degree field
of view for each eye. Beginning at 3
weeks of age the animals wore these
devices for approximately 8 hours a
day. Masks were put on and removed
inside a darkroom in which the animals
were housed from birth whenever they
were not wearing the masks. Each set
of lines in the mask was positioned at
the focal plane of a lens so that small
changes in the position of the mask
would not affect the sharpness of focus.
The kittens soon became accustomed to
the masks and were active and playful
during the exposure periods. To insure
that the animals could not pull or rub
the masks off they wore a large neck
ruff similar to that used by Hein and
Held (9). The animals were checked
repeatedly while they were wearing the
masks. We estimate that slippage of the
mask did not exceed 10 degrees and
in most cases was less than 5 degrees;
eye movements were not measured dur-
ing exposure periods. It is clear from
the positive results obtained that any
rotations of the eyes or the mask did
not interfere with the aim of the ex-
periment.

Single unit recordings were made
from the visual cortex of these animals
between 10 and 12 weeks of age. We
used the preparation, recording, and
mapping technique developed by Spin-
elli (10). In brief, thiopental sodium
was injected intravenously to obtain
general anesthesia and a small opening
was made in the skin, bone, and dura
above the visual cortex in one hemi-
sphere. Subsequently the animal was
paralyzed with Flaxedil, artificially ven-
tilated, and held in a stereotaxic instru-
ment. All pressure points and incisions
were infiltrated with a long-acting local
anesthetic (Zyljectin). The cat was posi-
tioned at 57 cm from a white tangent
screen; at this distance 1 cm on the
screen is equal to 1 degree of arc at
the eye. Contact lenses were used to
correct for accommodation and to pro-
tect the cornea of the eye. The projection
of the optic disk onto the screen was de-
termined with a reversable ophthalmo-
scope, and the position of the area cen-
tralis was inferred (I1). The estimated
projections of the area centralis were
centered at or near the top of the
mapped region in four animals and about
5 degrees above in the remaining ani-
mal. The units were recorded from pri-
mary visual cortex between stereotaxic
coordinates anterior-posterior —1.0 to
+1.0 mm and medial-lateral 0.5 to
1.5 mm. In adult cats this corresponds
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Fig. 1. Cortical unit with diffuse receptive
field. Column a, Unit mapped with both
eyes open; b, eye exposed to horizontal
lines was left open; c, eye exposed to
vertical lines was left open. The spot moved
vertically during the mapping.

to the region that receives projections
from the area centralis (12).

The response of single units to a
black spot (1 to 4 degrees in diameter)
moving across the white background
was recorded with tungsten microelec-
trodes. We used spots rather than line
stimuli in mapping because this method
should reveal the shape of the receptive
field with the least bias (4). Elongated
receptive fields of single units in the vis-
ual cortex of the cat have been mapped
with stationary (3) and moving (4)
spots. The responsiveness to line stimuli
can be predicted from maps made with
spots, at least for units which have dis-
crete excitatory and inhibitory regions
within the receptive field [(4); simple
cells (3)] and perhaps for other types
of units [for example, complex cells,
diffuse cells (4)].

The spot was moved by a computer
{Digital Equipment Corp., PDP-8)
across a 25- by 25-degree field. The
unit’s activity was recorded at each of
2500 points within this field and pre-
sented on an oscilloscope screen as an
integral contour display. In this manner
the shape of the receptive field could
be visualized.  All units encountered
during the recording were analyzed
and whenever possible each was mapped
at least twelve times. The mapping
was first done with both eyes open and

Fig. 2. Cortical units with elongated re-
ceptive fields. Rows 1 to 5 illustrate in-
tegral contour displays of receptive fields
of five units. In column a, the units are
mapped with both eyes open; b, units
mapped with only the eye exposed to hori-
zontal lines open; c, units mapped with
only the eye exposed to vertical lines open.
Rows 3 and 4 illustrate receptive fields
from two units found in the same cat.
Note that all receptive fields are elongated,
that the units are activated by only one
eye, and that the orientation of the re-
ceptive fields is identical to the orientation
of the lines to which that eye was exposed
during development. The unit illustrated
in row 4 has one of the most poorly de-
fined receptive fields found when mapped
with both eyes open. It should, however,
be noted that the receptive field is well
defined when mapped with the horizon-
tally exposed eye open (4b) whereas it
is completely absent when mapped with
the vertically exposed eye open (4c). Dur-
ing mapping the spot moved horizontally
in rows 1, 3, and 5 and vertically in rows
2 and 4. :
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then for each eye separately. Two verti-
cal and two horizontal maps were made
for each of these conditions. During a
vertical map, for example, the spot was
moved with constant speed of 10 deg/sec
from bottom to top and top to bot-
tom; 50 such scans covered the field.
Data were collected separately for up-
ward and downward motion of the
spot to provide the two vertical maps.
Horizontal maps were also obtained in
this fashion.

Currently, a total of 50 units from
five animals have been mapped in de-
tail. Receptive fields of all units were
in the lower half of the visual field.
All maps were examined, but categor-
ization of the units was based largely
on the receptive field map obtained
with the spot moving in the direction
which elicited the strongest response
from the unit (4). Units encountered
during the recording were classified as
either diffuse or elongated. Diffuse re-
ceptive fields have no clearly defined
boundaries, and the units responded to
stimulation over a wide portion of the
visual field. Twenty-seven units were
of this type (Fig. 1).

Receptive fields from 23 units were
categorized as elongated. Their shapes
ranged from somewhat elliptic to clear-
ly edge- or bar-shaped in correspond-
ence with elongated receptive fields de-
scribed by others. Whereas normal
kittens have a full complement of re-
ceptive field orientations at birth (13)
all of the elongated fields found in our
animals were oriented either vertically
or horizontally (Fig. 2). Since diagonally
oriented receptive fields have been
mapped in normal animals with our re-
cording procedure [figure 7 in (4)],
their absence here is not an artifact.

Three characteristics of these elong-
ated receptive fields are striking when
compared to elongated receptive fields
found in normal cats. First, 21 of the
23 units with elongated receptive fields
were predominantly or exclusively acti-
vated by only one eye, whereas normal-

ly only 10 to 20 percent of the units

in the visual cortex of the cat respond
to just one eye (3, 4). The discordant
stimulation of the two eyes might have
produced this loss in binocularity (14).
The remaining two units were lost be-
fore we could determine whether they
were also monocular. Second, a partic-
ular eye could activate cortical units
with receptive fields of only one orien-
tation, either vertical or horizontal, al-
though in the normal cat receptive
fields of all orientations can be acti-
vated by both eyes. Furthermore, in 20
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of these 21 monocular units, the recep-
tive field orientation corresponded to
the orientation of the lines to which the
eye that activated the unit had been
exposed during rearing. Figure 2, rows
3 and 4, for example, shows elongated
receptive fields recorded from two units
found in the same cat—one unit was
activated only by the eye exposed to
horizontal lines, and the other only by
the eye exposed to vertical lines. Third,
some of the elongated receptive fields
were considerably larger than those
present in normal cats (3, 4).

The change in the distribution of
orientations of cortical unit receptive
fields that we found when kittens were
raised with both eyes viewing different
patterns demonstrates that functional
neural connections can be selectively
and predictably modified by environ-
mental stimulation. Whether the dis-
cordant stimulation is a necessary con-
dition is not known. A final aspect of
our technique is that we succeeded in
reviving our animals after the electro-
physiological recording. Therefore, we
can test the performance of these same

. cats in the discrimination of patterns

and determine the behavioral effects of

the physiological manipulation.
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Physiological Responses of Infant Rats

to Separation from Their Mothers

Abstract. Decreases of 40 percent in cardiac and respiratory rates occur during
the first 12 to 16 hours after 2-week-old rat pups are separated from their
mothers. These rates decrease without significant alteration .in activity level and
despite maintenance of body temperature, of nutrition by intubation, of an intact

litter, and of the home cage nest.

There is increasing experimental evi-
dence that immediate and prolonged
behavioral responses occur in infant
monkeys after interruption of the
mother-infant relationship at certain
early periods of development (7). Less
obvious behavioral changes have been
described after early separation in dogs
and cats (2), but little attention has been

paid to the possibility of separation re-

sponses occurring in mammals below
this phylogenetic level. Few studies of
early maternal deprivation have in-
cluded physiological measurements;
thus, the dimensions of the biological

impact of such experiences are as yet
unknown, although some interesting en-
docrine abnormalities have recently
been reported in a clinical study of
emotionally deprived human infants
3).

An earlier study from this laboratory
on the development of cardiac rate
regulation in rats prior to weaning (4)
demonstrated a phase from day 7 to
day 16 of postnatal life when resting
heart rates in the home cage litter
were maintained at relatively high levels
compared with rates at 3 weeks of age

“or in adulthood. The present experi-
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