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Interaction between Smooth Pursuit Eye Movements and Ocular Following
Responses
g
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We have studied the effects of a brief movement (perturbation) of a textured background
during smooth pursuit eye movements in monkeys and found that the ongoing eye velocity
was strongly modulated by the background perturbation. The magnitude of the modulation
was dependent on the direction and the velocity of the current smooth pursuit. A large eye
movement response was evoked when the background was moved in the same direction as
the pursuit. On the other hand, when the background was moved in the opposite direction to
the pursuit, only a small modulation was observed. To know whether this modulation is due
to the retinal slip of the background associated with the ongoing pursuit, we first simulated
the retinal stimulation by moving the background (conditioning stimulus) while the animal
was fixating a stationary target, and measured the responses to brief perturbations (test
stimulus) of the background motion. When the direction of the test stimulus was the same
as the conditioning stimulus, the response to the test stimulus was small. The response to
the test stimulus was large when the test stimulus moved in the opposite direction to the
conditioning stimulus. The gain of the response to the test stimulus was increased as the
function of the conditioning stimulus velocity. Secondly, we moved the background together
with the pursuit target so as to effectively eliminate the motion of the background on the
retina in the period preceding the application of the background perturbation during pursuit.
we observed enhanced responses to the perturbation whether in the same or the opposite
direction to the pursuit, indicating that the asymmetry observed during the pursuit against a
stationary background was due to the prior motion of the background images secondary to
the pursuit eye movement. The result suggests that the modulation of the eye velocity by a
brief background motion during pursuit is due both to the ongoing operation of the pursuit

system, and to the retinal stimulation during the ongoing pursuit.
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Fig.2 Responses to the background perturbation. Superimposed eye velocity traces (small
dots) and the average eye velocity profiles (N=27 in A, N=47 in B) are shown.
A: Responses to the background perturbation during the fixation task. Weak responses
to the background perturbation (at 250ms after the target motion onset, 60deg/s, 40ms
duration in rightward direction) were observed.
B: Responses to the background perturbation during pursuit of a moving target
(rightward at 20deg/s). Large responses to the same background perturbation as A
were observed. From top to bottom, each panel shows superimposed eye velocity
traces, background velocity (black line) and target velocity (gray line).
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Fig.3 Responses to the background perturbation. Average velocity profiles are shown.
A: Responses to the background perturbation during the fixation task.
B: Responses to the background perturbation during pursuit of a moving target
(rightward and leftward at 20deg/s). For comparison, pursuit eye movements
without the perturbation are also shown (thin lines).
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Fig.4 A: Responses to the background perturbations
(rightward, at 5, 10, 15, 20, 30, 40, 50, 60 deg/sec, 40ms
duration) during smooth pursuit rightward at 10deg/s.
B: Responses to the background perturbations. Average
eye velocity profile during the pursuit (rightward 10deg/
sec) without the background perturbation was subtracted
from the data shown in A. The amplitude of the
responses to the perturbation increased with the velocity
of the perturbation.
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Fig.5 Effect of changing the speed of the background perturbation on the response. A: The
amplitude of the responses to the perturbation (measured at the initial peak) was plotted
against the velocity of the perturbation. B: The amplitude of the responses to the perturbation
was plotted against the velocity of the perturbation on the retina, which was calculated by
subtracting the eye velocity from the background perturbation velocity. The amplitude of
the responses increased as the background velocity. Enhanced responses were observed
only when the retinal slip velocities of the background perturbation were positive.
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Fig.6 Effect of changing the speed of the smooth pursuit on the response. A: Responses to the background perturbation

(rightward, 40deg/s on the retina, 40ms duration) while the animal pursued a target moving at 6 different speeds
(rightward 5, 10, 15, and leftward 5, 10, 15), and while the animal fixated a stationary target. Superimposed thin
lines indicate control tasks (smooth pursuit without the perturbation). B: Superimposed response profiles to the
background perturbation (rightward, 40deg/s on the retina, 40ms duration). Each response to the background
perturbation was calculated by subtracting the pursuit eye velocity profile without the perturbation from the eye
velocity profile in A. Horizontal thick lines (in A and B) indicate the time period when the background perturbation
was introduced. C: Dependence of the responses to the background perturbation on the velocity of the pursuit
eye movement. The amplitude of the responses to the perturbation was plotted against the velocity of the pursuit
eye movement. same: same direction of the test stimulus with current pursuit eye movement.
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Fig.7 Responses to the background perturbation while pursuit of a target moving together with the background.
A: Eye velocity profiles when the background started to move simultaneously with the pursuit target
(rightward at 20deg/s) and then changed its velocity at 250ms after the pursuit target onset (rightward at
80deg/s (black thick line) or leftward at 40deg/s (gray thick line), 40ms duration).

B: Superimposed response profiles to the background perturbation (rightward, 60deg/s on the retina,
40ms duration). Each response to the background perturbation was calculated by subtracting the pursuit
eye velocity profile without the perturbation from the eye velocity profile in A.

C: Superimposed response profiles to the background perturbation (rightward, 60deg/s on the retina,
40ms duration) during pursuit of a moving target (rightward at 20deg/s) against a stationary background.
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Fig.8 Responses to the background perturbation while fixation
of a stationary target against a moving background. Eye
velocity profiles when the animal fixated a stationary
target against a moving background (leftward at 20deg/
s). The speed of the background motion was changed
at 250ms after the conditional background motion onset
(rightward at 40deg/s (black thick line) or leftward at
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Fig.9 A: Superimposed response profiles to the background
perturbation (rightward, 40deg/s on the retina, 40ms
duration) while fixation of a stationary target against a
moving(at 10, 20, 40, 80deg/s) background. .

B: Comparison between response profiles to the
background perturbation while pursuit of a target

moving (at 20deg/s) against a stationary background
(black line) and fixation of a stationary target against a
moving (at 20deg/s) background (gray line).
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