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Activity of Superior Colliculus in Behaving Monkey.

1V. Effects of Lesions on Eye Movements
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WE HAVE DESCRIBED a series of cells in the
monkey superior colliculus related to visual
stimulation and eye movement (4, 5, 17). In
a vertical penetration through the superior
colliculus the visual receptive fields and the
movement fields of these cells are all tope-
graphically organized and all lie in the same
avea of the contralateral visual field. In the
present experiments we destroyed a small
volume of superior colliculus related to one
area of the visual field in order to see if it
was involved in the transier of visual in-
formation to the eye-movement sysiem. We
recorded from cells in the colliculus with a
microelectrode, located the receptive fields
of these cells in the visual field, and had the
monkey make saccades to spots of light
within this area of the visual field. Then
we ablated this part of the colliculus by
passing current through the same micro-
electrode and determined how well the
monkey could make saccades to points in
the part of the visual field which was no
longer represented in the superior col-
liculus,

METHODS

Four rhesus monkeys weighing between 3.6
and 11.8 kg were used. The monkeys had been
trained to fixate a spot of light projected on a
tangent screen in front of them and, if that
spot of light disappeared, make a saccade to
another spot. They had been prepared for
single-cell and electrooculogram (EOG) record-
ing as described previously (4).

Eye-movement measuvement

The monkey's normal ability to make
saccades to various parts of the visual field was
carefully measured before any lesions were
made using the {following procedure. The
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monkey was trained to make a saccade to spots
of light on a tangent screen 57 cm in front of
him. The points were located on a 5° x 5° or
10° x 10° grid; the spots of light were 0.2° in
diameter and 0.5 log unit above a background
of 1.0 cd/m2. The monkey first fixated a central
light for a varying number of trials. This fixa-
tion light was on the tangent screen at a point
on the vertical meridian 10° above eye level
During one of the trials the center light went
off, another spot of light appeared in the
periphery, and the monkey made a saccade to
that point. The next three to five trials re-
quired saccades to the same peripheral point
and then the next several trials required the
monkey to fixate the central point again with-
out making saccades. Fixation trials were then
interrupted, the monkey's view of the screen
was blocked, and the target point of the saccade
was changed to another point on the grid of
points. ‘The monkey first saw the target point
when he had to saccade to it. The order in
which the grid points were presented varied
from day to day. This set of eye movements,
which were measured by EOG recording and
stored on magnetic tape, provided a normal
control with which we could compare the sub-
sequent eye movements.

Focal lesions

In two monkeys a microelectrode penetration
was made into the superior colliculus and the
position and area of the visual receptive fields
of cells in the penetration were determined.
The microelectrode was advanced until it was
at least 2 mm below the surface of the colliculus.
The monkey's prelesion eye movements were
measured according to the protocol outlined
above, Both the area of the receptive fields of
cells in the penetration and the reflection of
that area across the wvertical meridian were
covered by the target grid. A lesion was then
made, without further movement of the micro-
electrode, by passing 400 pa of direct current for
20 min with the microelectrode as the anode.
The current removed the glass insulation for
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300-700 p from the tip of the platinum micro-
electrode. The monkey evinced no discomfort
during the lesioning procedure nor was any
detectable eye movement evoked by the elec-
trical stimulation. Immediately after the lesion
was made, with the microelectrode still in place,
the same set of eye movement measurements,
which had been done just before the lesion, was
repeated, The electrode was then removed. The
eye-movement series was repeated daily for
the first week and then at less frequent inter-
vals.

Large lesions

In two additional monkeys the superior col-
liculus was located using microelectrode record-
ings, but larger lesions were made later with
macroelectrodes, In one monkey an electrode
was inserted serially at the cornersof a 1 x 1.5
mm rectangle around the recording site, and
600 pa of direct current were passed at each
point for 20 min. The second monkey was
prepared under phencyclidine (1.0 mg/kg),
anesthetized with pentabarbitol, and placed in
a stereotaxic instrument; lesions were made on
a similar grid using a radio-frequency lesion
maker. At each point the lesions were con-
sidered complete when a thermistor at the tip
of the lesioning electrode registered 70 C. Eye-
movement measurements were obtained both
the day before the lesion and the day after,
and on subsequent days.

Three monkeys (one with a microelectrode
lesion and two with macroelectrode lesions) had
been used in previous experiments; a few
microelectrode penetrations and several small
electrolytic marking lesions such as those shown
in the preceding paper (ref 17, Fig. 1} had been
made in the superior colliculus contralateral
to the side of the Jarge lesion.

After the last series of eye-movement mea-
sureraents, each monkey was anesthetized and
perfused with saline and formalin, the brain
examined histologically, and the extent of the
lesion reconstructed from serial sections,

RESULTS
Focal lesions

We were unable to detect any deficit by
simply observing eye movement or general
behavior in either of two monkeys follow-
ing focal superior colliculus lesions. When
eye movements were measured both mon-
keys had a longer latency for a visually
guided saccade, that is, the time between
the appearance of the target for a saccade
and the start of the saccade was greater

after the lesion than it was before, This
increased latency was limited to saccades
made to points in the contralateral visual
field. Figure 1 shows an example of such an
increased latency. Figure 14 shows the hori-
zontal EOG for a set of saccades to a point
about 10° to the left of midline (top traces)
and 10° to the right of midline (bottom
traces) immediately before a lesion. Figure
1B shows the saccades to the same points on
the day following a focal lesion in the left
superior colliculus, The saccades to the left,
the ipsilateral side, were unaffected; the
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FIG. 1. Longer latency for saccades to visual field
area where cells damaged by a focal lesion had
their receptive fields. Eye-movement records in A
were made before the lesion and show the EOG
of the first three consecutive eye movements made
to a point 10° to the left and 5° down, and then
the first three eye movements made to the sym-
metrical point on the right. On the day after a
lesion in the left superior colliculus the eye move-
ments shown in B were made to the same point on
the left (ipsilateral to the lesion, top three traces)
and right (contralateral to the lesion, bottom three
traces). Records are from the day after the lesion
shown in Fig. 3. In this and subsequent figures,
each trace is a horizontal EOG with a downward
deflection indicating an eye movement to the right,
up to the left; the time between successive dots
on the time line is 50 msec.



EFFECTS OF COLLICULAR LESIONS

saccades to the right, the contralateral side,
now had a latency of 100-200 msec longer
than the saccades to the lefr side. For both
of these monkeys with focal lesions in the
superior colliculus, the increase in latency
for the saccade to a new fixation point was
between 150 and 300 msec on the day fol-
lowing the lesion (an indication of this
range for one monkey is given in Fig. 6).
Occasionally the monkey did not make a
saccade at all during the first trial using a
new target point.

The accuracy of the eye movements was
not altered by the lesion. In Fig. 1, for ex-
ample, there are no more corrective saccades
nor greater variation in amplitude of the
saccade after the lesion than before. In ad-
dition the shape of the EOG of the eye
movement, which would reflect the speed of
execution of an eye movement, was not
changed in the example shown in Fig. 1.
The eye movements were sometimes slowed
slightly (as for example, in Fig. 4C). This
slowing of the execution of the saccade was
inconstant and was gone within 2 days after
the lesion while the latency deficit per-
sisted. Thus in spite of a lesion in the
superior colliculus, the monkey can ac-
curately locate a point in space in order to
make a normal saccade to that point; the
monkey is just slow in doing it.

The deficit was found for eye movement
to large areas of the contralateral visual
field immediately after the lesion. However,
by the second day after the lesion the de-
ficit was limited to movements to that area
of the field where the visual receptive fields
of the destroyed cells had been located, and
the size of that area remained about the
same for a number of days. To determine
the area of the deficit more exactly, we had
the monkey make saccades to a series of
points on both the ipsilateral and contra-
lateral sides. Since the monkeys did not
make perfect eye movements every time, not
even on the prelesion days or in the control
directions, we were forced to use an arbi-
trary scoring system to identify the deficit.
On a given day for a given target, we com-
pared the first three eye movements to a
point in the ipsilateral field to the first three
eye movements to the symmetrical point in
the contralateral field. We defined the
deficit as unequivocal when the latency of
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each of three saccades to the contralateral
side was greater than all three saccades to
the ipsilateral side; Figure 24 shows such a
deficit. We regarded the deficit as marginal
when the first contralateral saccade was
longer than all three ipsilateral saccades
(Fig. 2B); and we scored other sets of eye
movements as showing no deficit (Fig. 2C).
The area of the visual field which was as-
sociated with an unequivocal deficit (L,
outlined by solid and dashed line in Fig. 2)
was approximately the same area which had
the receptive fields of cells ablated by the
lesion (R¥, outlined by dotted line).

The deficit is related to the retinotopic
location of the target point, not to its posi-
tion in the real world. As long as the mon-
key generated a saccade to a target in the

FiG. 2. Area of the visual field associated with
the deficit due to the focal superior colliculus
lesion shown in Fig. 3. The eye-movement records
show consecutive eye movements to the ipsilateral
side (top three traces in 4, B, and C) and to the
contralateral side (bottom three traces). 4 shows an
unequivocal deficit, B shows a marginal deficit, and
C shows no deficit. In the drawing the solid line
outlines the area of the unequivocal deficit due
to the lesion (L); the medial edge is indicated by
a dashed line since too few points were available
to determine this border exactly. The marginal
points were beyond the solid lime shown. The
dotied line outlines the receptive field area (RF)
of cells in the penetration determined before the
lesion. This receptive field area was for cells studied
1-2 mm above the point of the lesion. The map
of the lesion-effect area (L} was made on the second
day after the lesion; traces in 4 are from the same
point as is shown for the first postlesion day in
Fig. L.






