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Tracking visually a target that moves in the physical world involves two types A TWO TYPES OF EYE MOVEMENT SMOOTH TRACKING IS NOT SPONTANEOUS;

of eye movement which recruit parallel and largely distinct neuronal streams. DURING VISUAL TRACKING B IT REQUIRES PRACTISE
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retina and the tracking is punctuated by catch-up saccades. The performance -E’ 5 | E .
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spontaneous oculomotor behavior; it is the outcome of a repeated training (B). B 0 | g |
This artifact is important to consider when eye movements are used as a probe O \ pursuit Vertical ’
for detecting neurological or even psychiatric disorders. I_|>J~ 5 , , e , , | =
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neurons in D) but different premotor circuits. The premotor neuronal network s
generating saccades involves complex symmetries between multiple pools of 5
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excitatory and inhibitory neurons (D). Its interactions with the premotor
network generating slow eye movements is still under investigation (E). E SACCADE — PURSUIT INTERACTIONS E
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D Left Eye Right Eye Typical oculomotor behavior of a monkey tracking a visual target moving horizontally with a constant speed. The
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horizontal eye position is plotted as a function of time after target motion onset for 3 trials recorded during the first
(Beginning, left) and last (End, right) training sessions. The time course of horizontal target position is illustrated by
the dashed line. The selected trials were recorded in 5 monkeys (from top to bottom, monkeys A, B, C, M, and G)

PMPN - when the target moved in the upper right quadrant with a constant speed (20°/s). During the other randomly
ng htward saccade Up ward saccade “, interleaved trials, the target moved similarly, horizontally and away from the vertical meridian, but in the lower right,
. OLPN - VPL-Th the lower left, or the upper left quadrant.
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from Goffart, Bourrelly & Quinton J Neurophysiol (2018)
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~ X A X see also Bourrelly, Quinet, Cavanagh & Goffart J Neurophysiol (2016)
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Simplified scheme by which the saccade-related (SFN), pursuit-related (PFN), and saccade-pursuit-related (SPFN)
neurons in the caudal fastigial nuclei influence the generation of the horizontal component of saccades and pursuit.

The arrows correspond to the excitatory connections, whereas the connecting lines ended by a circle depict inhibitory
connections. The gray shaded box represents the fastigial oculomotor region. The oculomotor vermis, the superior QU ESTI ON I NG TH E ISO MO RPH ISM
muscle muscle muscle muscle .. . . . . . . .
. colliculi, and the various saccade-related regions in the pons are not shown for simplicity. Gray and black lines were
Left Eye Right Eye used to facilitate the identification of the different channels. See text for other explanations. MR, medial rectus; LR,
Pontomedullary lateral rectus; MN, motoneurons; IN, internuclear neurons; EBN and IBN, excitatory and inhibitory burst neurons; NRTP, ?
Reticular nucleus reticularis tegmenti pontis; DMPN and DLPN, dorsomedian and dorsolateral pontine nuclei; TN, tonic neurons;
Formation VPL-Th, ventrolateroposterior region of thalamus; FEF (fpa), pursuit-related region of frontal eye field. Positi
: osition error
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CP: CHrrent position A Ae'  [Rosettable rrre : motor error RAE 4[,/ RAE ret!nal acceI?ratlon error The fact that we measure and model the movement of the eyeball (a rigid body) with kinematic notions does not imply an
. op Tr : Trigger Integrator e : eye velocity . RVE: retfnal VEIO.C_'ty error equivalence in the brain, and notably that the firing of neurons ought to "encode" (i.e., emit spikes related to) amplitude,
l_',_ . RPE : retinal position error velocity or acceleration of the eye movement).
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s B ! L] ' Jfdt fundamental problem may be briefly stated. The process of locating and intercepting moving
Cerebellum . . . . . . .
b ) — ! _ objects by an animal (a coincidence of the interceptor and a target) is generally described as a
RNI : | pursuit
| - . . . . .
| — -‘ niegrator i command coordinated sensorimotor act. While both sensory and motor functions relate to events taking
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R D'Sp'a"e""e"‘h,(-[\/ dss | Senerter Integrator | € | eye motion { tinat motor | for this deficiency appears to be the usage of separate frames of reference for ‘space’ and
L Feedback pathways ¥ ‘time’... However, the utilization of separate systems of coordinates for space and time hinges
from Sparks Nat Neurosc Rev (2002) from Scudder, Kaneko & Fuchs Exp Brain Res (2002) from Lisberger, Morris & Tychsen Annual Rev Neurosci (1987) upon the concept of simultaneity. Since within the brain there is no ‘instantaneous’
When a model was adopted, results were often interpreted within its framework. If the data did not fit with the model predictions, some tweaks or smart adjustments were made ad hoc in the model. SImU/t.GI‘IEIty caqent C?mp arqble to the Ilg ht’ the .CIGSSICG.I usage Of .Sep arate SP aCi and time
But we can also ask ourselves : Is there anything in the brain activity that would correspond to amplitude, duration and velocity? This is a crucial question because we can search for such signals in the brain activity for a very long time, an even longer time if these coordinates is mappllcable in the case Of descr lbmg the inner wor kmgs Of the CNS

notions have no physiological substrate. When evidence is claimed to be found, we must verify to which extent the empirical data have not been distorted by statistical artifacts or analytical biases (e.g., coding of dynamic motor error in the SC, coding of eye velocity

by premotor burst neurons, coding of saccade duration in the oculomotor vermis etc.). from Pellionisz & Llinas Neuroscience 1982

GAZE AND HEAD ORIENTATIONS AS EQUILIBRIA TARGET FOVEATION SUPPOSES FINE ADJUSTMENT OF MUSCLES CONTRACTION

H | during fixation (static target) during pursuit (moving target)
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see also Guerrasio, Quinet, Buttner & Goffart J Neurophysiol (2010) see also Bourrelly, Quinet & Goffart J Neurophysiol (2018b)
and Goffart, Hafed & Krauzlis J Neurosc (2012) and Hafed, Goffart & Krauzlis J Neurosc (2008)
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According to our framework, asymmetric perturbation of fastigio-collicular activity leads to a fixation offset (see schema H)

—— _ MAINTAINED ASYMMETRY DURING PURSUIT SYMMETRY RESTORATION
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counterbalance each other. For generating saccadic and pursuit eye movements, the symmetry breaking involves il Nucleus Nucleus
different groups of neurons. Saccades involve neurons located in the pontomedullary and mesencephalic reticular . . . . AVW.FN WA
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Bourrelly, Quinet & Goffart J Neurophysiol (2018a)

Saccade toward the right

from Goffart Progress in Brain Research(2019) see also Goffart, Chen & Sparks J Neurophysiol (2004)
see also Goffart, Bourrelly & Quinton J Neurophysiol (2018) \ from Bourrelly, Quinet & Goffart J Neurophysiol (2018b) / \ Quinet & Goffart J Neurophysiol (2007) Abducens /
Nuclei




