Encoding the Time Course of Saccades in Macaque Lateral Intraparietal Area (LIP)
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Primates frequently make saccadic eye movement to direct their fovea on objects of interest
in order to receive acute visual information. However, saccades can cause serious problems
to vision due to sliding and displacing the retinal image of still objects. To retain visual
stability, the pre- and postsaccadic visual information need to be updated / integrated at the
right moment, making the time course of saccades crucial. Current belief associates the
source of real-time saccadic signal with the oculomotor plants, such as superior colliculus2-4
and cerebellum5. However, the real-time saccadic signal has not been identified in the
cortical regions. Here we show that the activity of neurons in macaque lateral intraparietal
area (LIP) which was previously reported to be involved in spatial perception6,7, saccadic
planning8-10, and other cognitive processingl1-17, to be highly correlated with the time of
saccade onset or offset. First, some presaccadic response neurons decayed activity either
around the time of saccade onset (saccade-on-decay) or offset (saccade-off-decay). However,
the time difference between saccade-off-decay and saccade-on-decay activity was not
precisely correlated with the real saccadic duration, but rather correlated with a fixed
interval (predicting the time course of saccades). Furthermore, the activity decay was more
precisely correlated with saccade offset than saccade onset, indicating that saccade offset
was more crucial for the integration of pre- and postsaccadic visual information. Second,
another group of neurons vigorously and briefly discharged immediately following the time
of saccade onset or offset. The peak activity plateau of these neurons precisely
corresponded with the real saccadic duration (monitoring the time course of saccades).
Taken together, these two saccade timing related signals (predicting and monitoring) in LIP
might play important roles in facilitating and calibrating the visual integration across
saccades for accurate spatial perception and action navigation.
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