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ABSTRACT

In what frame of reference does the supplementary eye field (SEF) encode
saccadic eye movements? In this study, the “saccade collision” test was used to determine
whether a saccade electrically evoked in the monkey’s SEF is programmed to reach an
oculocentric goal or a non-oculocentric (e.g. head or body-centered) goal. If the eyes
start moving just before or when an oculocentric goal is imposed by electrical stimulation,
the trajectory of the saccade to that goal should compensate for the ongoing movement.
Conversely, if the goal imposed by electrical stimulation is non-oculocentric, the
trajectory of the evoked saccade should not be altered. In head-fixed experiments, we
mapped the trajectories of evoked saccades while the monkey fixated at each of 25
positions 10° apart in a 40° by 40° grid. For each studied SEF site, we calculated
convergences indices, and found that “convergent” and “non-convergent” sites were
separately clustered: non-convergent rostral to convergent. Then, the “saccade collision”
test was systematically applied. We found compensation at sites where saccades were of
the “non-convergent” type and practically no compensation at sites where saccades were
of the “convergent” type. The results indicate that the SEF can encode saccade goals in at
least two frames of reference, and suggest a rostro-caudal segregation in the

representation of these two modes.
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INTRODUCTION

One of the best arguments that led to the identification of an oculomotor area at
the dorso-medial edge of the frontal lobe in monkeys was the ease with which saccades
could be electrically evoked from this region (Fujii et al. 1995; Huerta and Kaas 1990;
Russo and Bruce 1993; Schall 1991b; Tehovnik and Lee 1993; Tehovnik et al. 1998;
Tian and Lynch 1995), sometimes with currents as small as 10 pA (Schlag and Schlag-
Rey 1987a). Its oculomotor function has been verified by a number of studies, notably by
recording single units that start bursting prior to saccades in a particular direction (Bon
and Luchetti 1992; Isoda and Tanji 2004; Kim et al. 2005; Mann et al. 1988; Mushiake
et al. 1996; Russo and Bruce 1996; Schall 1991a; Schlag and Schlag-Rey 1987a).
However, still today, there is little agreement on the significance of this region now
identified as the supplementary eye field (SEF). At issue is not only finding a common
denominator among the roles postulated for the SEF in various cognitive tasks (Amador
et al. 2000; Chen and Wise 1995; Fukushima et al. 2004; Lu et al. 2002; Olson and
Gettner 1999; Schlag-Rey et al. 1997) but even, at a more elementary level, recognizing
the frame of reference used in the SEF to program eye movements. How are encoded the
goals of saccades evoked by electrical stimulation of SEF sites? Is it in the frame of an
eye position or a head position or body position (Martinez-Trujillo et al. 2003a)? The
answer is not obvious because saccades electrically evoked from the SEF appear to be of

two kinds: fixed-vector and goal-directed.

In experiments on monkeys with head-fixed, the amplitude and direction of fixed-
vector saccades (Fig. 1, Al) are practically constant, at least within 20-30° of the primary
eye position, which is the area in which the effect of an electrical stimulation is usually
tested. Saccade dimensions are solely a function of the site where stimulation is applied
(thus the label "fixed-vector"). Long stimulation trains do not make saccades longer but,
eventually, triggers successive stereotyped saccades at intervals of about 100 ms (a
phenomenon called stair-case saccades, Robinson 1972). It is only when fixed-vector

saccades extend to more than 20-30° from the primary eye position in the direction
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toward which the eyes move that saccade trajectories clearly appear to converge. As Klier
et al. (2001) pointed out, the appearance of convergence is illusory; it is due to the way
trajectories of eye rotation are usually plotted on a flat map with a linear scale in degrees.
When so represented, parallel fixed-vectors appear to converge, and the site of
convergence is necessarily at 90° from the primary eye position. A point at 90° on such a
map is at a finite distance from center (corresponding to the maximal coil signal) whereas,
in fact, an eye turned to 90° (were it possible) would look at an infinite distance on a
frontal plane. Fixed-vector saccades are the most common type of evoked saccades. They
were first observed in stimulations of the superior colliculus (SC, Robinson 1972) and
frontal eye field (FEF, Robinson and Fuchs 1969). For a long time, fixed-vector saccades
were thought to be the only type that could be produced by stimulation anywhere in the

brain.

Goal-directed saccades evoked from the SEF (Fig. 1, B1) are quite different.
Provided that the duration of stimulation is long enough (i.e. lasting up to the end of the
evoked movement) and current is above threshold, saccade amplitude and direction vary
depending on the orientation of the eyes in orbit at the time of stimulation. Here
convergence is real: what is invariant is no longer the vector of evoked saccades but the
position of the goal. This goal cannot be oculocentric (i.e. specifiable in retinal
coordinates) since its location in space remains the same whatever the initial eye
orientation. Trajectories of goal-directed saccades starting far away from the goal are
longer, saccade latencies tend to be shorter, and the current threshold is lower (as if the
stimulated neurons were more responsive in this condition). Conversely, no movement is
produced by stimulation when the eyes are already pointing within the goal or close to it.
Goal areas can be small (e.g. 6° in diameter) or large (e.g. a whole quadrant) and

generally their center is more than 20° eccentric.

Unfortunately, not all evoked saccades neatly correspond to one of these two
prototypes. Sometimes, at least one of the attributes specified above appears missing. For

instance, in one variant of the fixed-vector type, saccades cannot be evoked when the

















































































































