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Modeling saccade reaction time in marmosets: the contribution of earlier visual
response and variable inhibition.
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Marmosets are a relatively new primate model for studying human brain functions,
including the visuomotor system, due to their oculomotor similarities to humans and macaques.
However, differences exist, such as challenges In training marmosets to suppress unwanted
saccades and their consistently shorter yet more variable saccade reaction times (SRT) compared to
humans and macaques. This study investigates whether these differences in SRT are linked to
variations in visual signal transduction and inhibitory control variability.

Three marmosets used in this study. Each marmoset was aseptically mounted with a
custom-designed headpost, tailored to its MRI-base skull reconstruction, then trained on a gap
saccade task, which required subjects to make a saccade toward a target (1-degree diameter) that
appeared after a 200 ms fixation period and 200 ms gap period. A computational SRT model based
on Coe et al. (2019) was refined by adjusting parameters to better fit the marmoset SRT
distribution. The model incorporates multiple component-based inputs simulating neural processes
underlying saccade generation in marmosets, with each of the eight inputs characterized by four
parameters: onset delay, rate of response (RoR), maximum strength (MaxVal), and center of activity,
updated every millisecond.

The threshold separating anticipatory and express saccades from regular saccades was first
identified. The onset delay of inputs 4-8, representing the cut-off between express and regular
saccades, was considered as the most apparent parameter to modify. Coe et al. (2019) used a regular
saccade cut-off of 140 ms, but marmoset SRTs required a lower cut-off (75, 100, and 125 ms). Despite
this adjustment, the model did not fully capture the marmoset data, leading to further adjustments
in the onset delay for the visual transient and automated motor inputs.

Weaker inhibition, contributing to shorter SRTs, was addressed by enhancing the disinhibition of
inhibitory gate and peripheral inhibition inputs. Moreover, since express saccades frequently occur
when active fixation or directed visual attention is disengaged 200 ms before the saccade target
appears, and almost completely abolished if fixation or attention is still engaged when the saccade
target appears. This suggests that fast saccades occur when visual attention has already been
disengaged from its previous locus before the saccade target onset. This implies a deficit in the
ability to maintain fixation and inhibit reflexive saccades triggered by abrupt visual onsets,
therefore, the fixation strength of the voluntary fixation was lessened to simulate cases of weaker
fixation.
Additionally, some previous research suggested that marmosets have a smaller pool of neurons
than macaques (or humans). Thus, the RoR for inputs 1, 2, 7, and 8 was increased to reflect faster
build-up activity. These adjustments (step 2) brought the simulation results closer to matching the
short SRTs observed in marmosets. Additionally, marmosets show greater SRT variability than
humans, resulting in an extended cumulative distribution function (CDF) tail. To account for this, a
minimum RoR for the inhibitory gate and peripheral inhibition inputs was introduced, along with
enhancements to the RoR for automated and voluntary fixation inputs. Further adjustments to
voluntary motor input RoR helped replicate the observed SRT variability (step 3).

Our findings indicate that visual information processing is faster in marmosets, and that

saccadic inhibition is more variable than other species.
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