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val. Figure 3A shows the raster plot that generated the
rate histogram shown in Figure 2B. We calculated a
series of visual response functions from the spikes that
arrived at different times relative to the eye movement.
Four of these are shown in Figure 3B; the visual response
functions plotted in different colors were generated from
the correspondingly colored spikes in the raster plot.
The visual responses plotted in gray are the same in all
four panels and represent the control visual response
obtained during fixation (see Experimental Procedures).
Well before and well after the saccade, the visual re-
sponse was a close approximation to the control (red
and blue traces in Figure 3B). Just after the saccade,
however, the amplitude of the visual response de-
creased (magenta trace in Figure 3B), and then in-
creased (green trace in Figure 3B). Figure 3C plots the
strength of the visual response as a function of time
from the onset of the saccade. We will refer to this as
the peri-saccadic response function.

Origin of the Effect
This saccade-related variation of the gain of the visual
response is not predicted by our current understanding
of geniculate processing. It reflects an effect of sac-
cades on either retinal activity or retinogeniculate trans-
mission. The stimulus was designed so that saccadic
modulation of retinal activity was unlikely, but it cannot
be excluded entirely. Because some global features of
the display, such as the edges of the flickering stimulus,
are not spatially invariant with saccades, they could in
principle produce saccade-locked modulations of reti-
nal activity.

We first asked whether a visual signal from remoteFigure 2. LGN Spike Rate Is Modulated around the Time of a
regions of the retina might cause peri-saccadic effectsSaccade
(as in the “shift effect,” see Derrington and Felisberti,The animal made saccades between horizontal target locations 12!

apart. (A) The horizontal component of the eye position for a subset 1998). With every saccade, the rapid motion of the
of these trials. (B) The peri-saccadic spike rate from a single magno- screen edges stimulates the peripheral retina, albeit at
cellular neuron. The solid horizontal line is the mean spike rate least 10! from the receptive fields we studied. We there-
produced by the flickering stimulus, measured during periods of fore replicated the retinal consequences of the sac-fixation; the heavy dotted lines are "2.5 SD of this value. The average

cades by shifting the edges of the visual stimulus rapidlysaccade duration was 33.5 ms and is indicated by the horizontal
across the monitor as the animal fixated (see Experimen-black bar. For the period #75 ms to 200 ms, rate decrements are

shaded dark gray, and increments are shaded light gray. The light tal Procedures). In no case did we observe a significant
and dark gray areas correspond, respectively, to the enhancement modulation of visual responses in neurons that showed
and suppression indices described in the Experimental Procedures significant peri-saccadic response modulation (n $ 10
(see also Figure 4B). cells; integral from 0–200 ms: p % 0.005, two-tailed

paired t test).
Another feature of our display, the fixation target,The Visual Response of LGN Neurons

Is Modulated by Saccades might also have confounded our results. First, there
might have been a visual response when the target dis-We illustrate our main result with a magnocellular cell

that showed a change in response properties typical of appeared at one position and appeared at another.
When LGN responses were analyzed relative to this tran-our data set (Figures 2 and 3). In this experiment, we

measured the visual response for different time intervals sition, however, no modulation of firing was seen until
!270 ms, when there was a monophasic enhancement.before, during, and after 12! horizontal saccades (Figure

2A). The mean spike rate over 329 trials is shown, aligned This latency is much too long to be visually driven (aver-
age visual response latency: 24.6 ms; n $ 16 cells), butby the time of each saccade (Figure 2B). The eye move-

ment had a significant effect on the firing rate, despite can be explained as the sum of the delays imposed by
the average saccade latency (167 ms) and the time-to-the fact that the visual stimulus was otherwise un-

changed. The effect was biphasic: the mean rate dipped peak of post-saccadic enhancement (!90 ms). Second,
like the screen edges, the fixation point is a stationaryto !15% below baseline soon after the onset of the

saccade, and then peaked at approximately 60% above feature that traces an arc across the retina with each
eye movement, generating a potential shift effect. Be-baseline around 75 ms after the eye movement.

In Figure 3, we show that the strength of the visual cause the trajectory of the saccade determines the shift
of the fixation spot with respect to the receptive field,response also varied over the same peri-saccadic inter-
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