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INTRODUCTION

THE EXPERIMENTS reported below were aimed at elucidating a perceptual event associated
with saccadic eye movements, generally referred to as “‘saccadic suppression”. In man, the
occurrence of a saccade corresponds to a rise in psycho-physical threshold for the per-
ception of dim flashes (LATOUR, 1962; VoLxMAN, ScHICK and RiGGs, 1968; ZUBER and
STARK, 1966), or letters (UTTAL and SMITH, 1968); this effect starts some 40 msec prior to
the onset of the saccade, and lasts some 100 msec, i.e. up to the beginning of the next
fixation. Similarly, cortical responses evoked by light flashes (DuFFy and LoMBROsO, 1968),
or by a brief pattern shift presented at the time of a saccade (GROSS, VAUGHAN and VALEN-
STEIN, 1967) are reduced in amplitude, with the same time course. These phenomena were
also investigated at a neurophysiological level in animals, with the idea that a central
mechanism related to the activation of the oculomotor system would reduce the transmission
of retinal information to the higher visual centers. Changes in the excitability of intra-
geniculate optic terminals (and interpreted as a pre-synaptic inhibition) were observed in
pre-trigeminal cats, in relation with following eye movements (KAWAMURA and MARCHIA-
FAVA, 1968), and in normal cats, in relation with rapid eye movements of sleep (Bizzi,
1966b). However, CoHEN, FELDMAN and DiamonD (1969), in the alert monkey, could not
find any significant change in the geniculate or calcarine responses to optic tract stimulations
during saccades. A similar negative result was reported by MarcoLm, BRUCE and BURKE
{1970), in the cat, when the animal is in complete darkness, although in light the geniculate
response is reduced in amplitude during saccades.

Another alternative explanation would be that the visual, rather than the motor com-
ponent of the saccade would influence optic transmission. This hypothesis, already put
forward by several authors (see Discussion) may be tested in experimental situations where a
displacement of the retinal image occurs without displacement of the eye. Results to be
reported here, obtained in paralyzed cats, by recording visual responses evoked by flashes
paired with fast movements of a pattern, confirm the importance of a purely visual factor in
saccadic suppression.

METHODS

Ten adult cats were used. Under ether anaesthesia, the trachea and a femoral vein were cannulated, the
skull was exposed, and drill holes were made above the location of the lateral geniculate bodies, of the right
superior colliculus and posterior visual cortex. The animal was then paralysed with i.v. Flaxedil, artificially
ventilated and rewarmed, and the anaesthesia was discontinued. Wounds and pressure points were infiltrated
repeatedly with 19, Procaine.

F ! Present address: Unité de Recherches sur la APhysiopathoIogz’e du Systéme Nerveux, Lyon-Bron, 69,
Tance.
161

V.R. 13/1—1



162 M. JEANNEROD AND G. CHOUVET

The animal remained fixed in a stereotaxic apparatus designed for visual studies, allowing stimulation
of the entire visual field (LPC, Paris). Both eyes were dilated with atropine sulfate, and lids were maintained
retracted with Neosynephrine. One eye or the other could be easily covered.

The cat faced a white tangent screen, at 1 m from the eye, and normal to the plane of gaze, in a dimly lit
room. Two types of stimuli were projected onto the screen:

1. Rectangular patterns (40 x 50 cm, subtending about 25°), made of alternating dark and lighted stripes,
or squares, or of dark grids on a bright background. Luminance was about 2 x 10-2 cd/cm? for the bright
areas of the pattern, and 1 x 10~* for the dark areas. The pattern could be moved horizontally by reflecting
the projector beam on a small mirror attached to a galvanometer. A stop was inserted in the system so that
only the pattern would move, and the extent of the image would remain unchanged. The galvanometer was
fed with adjustable ramps of current from a generator. The resulting displacement of the pattern was of a
constant amplitude (about 7 cm, 3-5°), but could be varied in speed (from 30°/sec to about 800°/sec), and
direction (to the right or to the left).

2. One msec flashes of light (discs 9 cm dia., about 5°) appearing near the center of the pattern, and produced
by a neon tube. Their intensity was filtered until it matched subjectively the intensity of the brightest parts
of the pattern. Their exact position on the pattern was adjusted so as they would project on areas of com-
parable luminance (e.g. bright squares) throughout the same experiment whether the pattern was stationary
or moving. The center of the pattern and consequently, the flash, were positioned on the screen close to the
visual axis of the animal. However, because of the relatively large size of the stimuli, no attempt was made
to locate them more precisely relatively to the projection of the area centralis.

Movement of the pattern (which we will refer to as ‘““test-movement’), and presentation of the flash were
paired through cycles of stimulation, programmed on the ramp generator. Usually, the test-movement was
followed by a 1-sec epoch during which the pattern remained in the position of deviation; then the initial
position was restored by a slow (30°/sec) return movement, and maintained during 3 sec more before a new
cycle started. The flash could be triggered by the onset of the test-movement (Zo), or delayed from ¢, by up
to 250 msec. In other experiments, the flash was delivered before the test movement (negative delays), up
to to — 100 msec. In addition, control experiments were performed, by presenting the flash on the stationary
pattern, or by presenting the test-movement without flash. Due to the averaging technique (see below) the
same type of cycle (direction, speed of the test-movement, delay of the flash from ¢,) was repeated 50 or 100
times.

Bipolar nichrome electrodes (tip separation, 500 ux) were implanted stereotaxically. The activity was
amplified on Tektronix type 122 amplifiers (bandpass, 1-250 Hz), displayed on an oscilloscope, and pro-
cessed on-line with a multichannel analyser (Intertechnique Didac 800). Activity was averaged through
successive cycles, during 400 or 600 msec after ¢, when the test-movement occurred first, or after the flash
when the delay was negative. Algebraic summation of the potentials generated by the two stimuli was tested
in some experiments, The curve obtained with the test-movement alone was stored, and subsequently
subtracted from the curve obtained with the paired stimuli.

RESULTS

1. Test-movement without flash

A saccadic like displacement of the image of a pattern across the stationary retinae
induces a large biphasic potential (movement potential) which can be recorded in the lateral
geniculate body, in the superior colliculus, and in the visual cortex (Fig. 1), as already shown
in chronic preparations (JEANNEROD and Saxal, 1971). The initial polarity depended upon
the location of the electrode tip: for instance, in the optic radiations above the lateral
geniculate body, the initial polarity was positive, but, when the electrode penetrated the
nucleus, polarity inverted and became negative. For a given location of the electrode tip,
the initial polarity was the same as that of the flash evoked response (see for instance Figs.
1 and 3). Latency of the averaged movement potential was 3545 msec, i.e. significantly
longer than that of the flash response (17-25 msec, in the same conditions). Amplitude of
the movement potential, in the lateral geniculate body, as well as in the optic radiations was
maximal when both eyes were stimulated. Occlusion of one eye reduced the amplitude by
about one half.

Reversal of the direction of the test-movement did not alter either the waveform or the
polarity of the movement potential (Fig. 1). However, the amplitude of the movement
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Fi1G. 1. Averaged movement potentials from the visual cortex, in response to a left to right and

right to left displacement of the pattern. Numbers on the left indicate the depth of the electrode

relative to the cortical surface. Lower row: potential evoked by flashing the spot at the center

of the stationary pattern, the electrode tip being at 2 mm under the cortical surface.

In this and subsequent figures, horizontal arrows indicate the onset of the test-movement, and
vertical arrows, the onset of the flash. Vertical calibration, 100 pV.
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FxG. 2.. Geniculate averaged movement potentials in response to pattern displacements of
increasing speed (see indication of the speed in degrees/second, on the left). Diagram on the
right shows the relationship between potential amplitude and the log of the speed.
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potential was found related to the speed of the test-movement. Figure 2 shows a fairly
linear relationship between potential amplitude and the log of the angular speed of the
movement.

The waveform of the movement potential was found rather independent of the structure
of the pattern. However, its amplitude tended to increase with the spatial frequency of the
pattern, and with the extent of its displacement, for instance, when the displacement
affected the whole image (pattern 4 contours) rather than the pattern only.

Thus, the characteristics of the movement potentials described here are closely similar
to those described in man (by surface EEG recordings) in relation with pattern reversal
(CoBB, MORTON and ETTLINGER, 1967), or with accelerated visual motion (MACKAY and
RIETVELD, 1968 ; CLARKE, 1972).

2. Test-movement paired with flash

a. Positive delays (test-movement precedes flash). With relatively long delays (i.e. longer
than 200 msec), potentials evoked by the two stimuli were clearly distinct from each other,
and their waveform and amplitude did not differ from those obtained in control cycles.
But when the delay was shortened, interactions between the two responses was observed.
Figure 3 can be considered as a good example of such interactions: the response to the
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Fic. 3. Interaction, at the supra-geniculate level, between movement potentials and flash

evoked potentials. In this experiment, the test movement was a fast (600°/sec) leftward pattern

displacement. Flashes were presented at 50 msec (upper record), 100, 150, 200 msec after the

onset of the test movement. Lower row: potential obtained by flashing the spot at the center
of the stationary pattern.
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FiG. 4. Same experiment as in Fig. 3. Record a is averaged movement potentials obtained by
presenting the test movement alone. Records b, ¢, d, are averaged curves obtained by pairing
test movement and flash with positive delays of 50, 100 and 150 msec, respectively, Records on
the right are the result of digital subtraction of the movement potential (record a) from records
b, ¢, and d. Lower record: potential obtained by flashing the spot on the stationary pattern.
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FiG. 5. Comparison between flash evoked potential obtained in “control” conditions with
flash evoked potential obtained by subtracting the movement potential as in Fig. 4.
a: records obtained from the Lateral Geniculate Body. b and ¢: records from the visual radia-
tions. Records ¢ are redrawn from Fig. 4. In all records, the “subtracted” potential (dotted
line) is obtained from records where test movement and flash were paired with a 50-msec

positive delay. )



166 M. JEANNEROD aAND G. CHOUVET

flash was generally of a greater amplitude (20--30 per cent greater than the control) when
the flash was presented at about 150 msec after the onset of the test-movement. When the
delay between the two stimuli was further reduced, the response to the flash tended to
decrease in amplitude. Maximum depression occurred when the initial component of this
response coincided with the slow wave following the movement potential. Figures 3 and 4
(left) clearly show the absence of the early peak from the response evoked by a flash pre-
sented 50 msec after the test-movement. Subtraction of the movement potential from the
whole curve confirms the lack, or at least the strong depression of this component of the
response, and shows that the other components still occur at the same delay from the flash
onset than in control responses, even though they are also depressed in amplitude (Figs. 4,
right, and 5).

The movement potential was little altered compared to the flash response. However, it
was constantly of a larger amplitude when the test-movement preceded the flash by less than
100 msec (Fig. 3).

b. With negative delays( flash precedes test-movement). The movement potential presented
fundamentally the same type of changes than those described in the previous section,
concerning the response to flash, i.e. mainly a strong depression for the —30 to — 50 msec
delays. The response to flash was similarly reduced in amplitude for about the same delays.
Pairing flash and test-movement with “negative delays”, thus resulted in a strong depression
of both responses in the —30 to —50 msec zone (Fig. 6).
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FiG. 6. Interaction, at the geniculate level, between flash evoked potentials and movement

potentials. In this experiment, flash was presented at 20 msec (upper record), 30, 40, 50, 70,

100, 130 msec (subsequent records) before the onset of the test movement (negative delays).

Upper record on the right: movement potential obtained by presenting the test movement

alone. Lower record on the right: potential evoked by flashing the spot at the center of the
stationary pattern.
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None of the interactions reported in this paper were observed when the speed of the
test-movement was slower than 200 or 300°/sec.

DISCUSSION

Transmission of the signals generated by localized changes in luminance is altered by
the brisk displacement of a pattern across the retina. This conclusion was first reached by
MaAckay (1970) who demonstrated that a small dim flash may not be perceived by the
subject if presented at the time of the saccadic-like motion of a larger spot in front of the
stationary eyes. In his experiment, psycho-physical “suppression” for the flash was maximal
when it was timed to occur between 40 msec before and 100 msec after the displacement.
Our results show that this rise in perceptual threshold corresponds, at least for the “positive™
delays, to a depression of the potential generated by the flash in the central visual pathways.
Accordingly, it is tempting to generalize this effect of retinal image motion, to situations
where “‘saccadic suppression” has been invoked to account for a similar rise in perceptual
threshold (and for a similar depression in evoked potentials), i.e. active saccades (see
references in the Introduction), and passive displacements of the eyeball (RICHARDS, 1968,
1969). This generalization is further supported by the fact that suppression during active
saccades is strongly dependent upon the content of the visual field: suppression decreases
when the stimulus presented during the saccade is uniform rather than structured; it is
absent when the stimulus is displaced synchronously with the saccade, i.e. when it stays on
the same retinal locus during the eye movement; and it tends to disappear when the stimulus
is presented under low luminance levels (MITRANI, MATEEFF and YAKIMOFF, 1970, 1971,
see also KRAUSKOPF, GRAF and GAARDER, 1966). Image motion over the retina (displace-
ment of the field before stationary eyes, or displacement of the eyes across a stationary
field) may thus be considered as a sufficient factor to cause a concomitant alteration in
perception. '

This interaction between a stationary flash and a moving pattern in fact represents
another example of visual “masking”, like, for instance, the rise in brightness detection
threshold in relation with brief flashes (CRAWFORD, 1947), or in relation with transition
from dark to light, or from light to dark (BAKER, 1963). Similarly, when two flashes of equal
intensity are presented at very short intervals, in man, the amplitude of the potential evoked
by the second flash is strongly depressed for intervals shorter than 50 msec, and then
enhanced for intervals around 100 msec (CIGANEK, 1964; BERGAMASCO, 1966). This time
course is closely similar to that we have observed by pairing a flash and a moving pattern.
In addition, in our experiments, the order of presentation of the two stimuli was not critical,
since the flash response was “masked” by the movement potential in the “positive delays”
experiments, whereas the reverse occurred with “negative delays”.

It is thus clear that the competition between displacements of the retinal image and
perception of other stimuli is only contingent to a particular association, as occurs in eye
movements, or in experimental situations like we are describing here. The explanation of
this phenomenon should lie in the characteristics of the transfer of information along the
visual pathways (see DONCHIN and LINDSLEY, 1965), rather than in a specific mechanism
such as an involvement of “oculomotor” projections to the visual centers (see Intro-
duction). This, of course, does not exclude that eye movements nevertheless exert a central
influence on the visual system. Changes in neuronal firing have been demonstrated (in cats)
at the geniculate level in relation with active saccades, and in the absence of visual input
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{Bizzi, 1966a; JEANNEROD and PUTKONEN, 1971; LomBrOsO and CORRAZZA, 1971). But
these saccade-locked discharges start several tens of milliseconds after saccade onset, which
logically excludes that they would account for such an early phenomenon as “‘saccadic
suppression”.
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Abstract—Electrical activity of lateral geniculate nucleus, optic tract and visual cortex was
recorded in cats paralysed with curare. The responses to a low intensity flash of light were
studied when the flash was associated with the sudden movement (> 300°/sec) on the retina of an
image involving contours. When the flash occurred 50 msec after the beginning of the move-
ment, the response was strongly diminished in amplitude, and was normal again if the delay
between both stimuli became longer than 200 msec. When the flash occurred before themove-
ment, it was on the contrary the potential induced by the movement which was reduced in
amplitude with the same delays. These results show that any movement on the retina of a struc-
tured image may alter the signals of stationary stimuli. It would be possible to explain on these
lines the perceptive ‘“‘suppression” observed during rapid ocular movements.

Résumé—On enregistre I'activité électrique du corps genouillé latéral, du tractus optique et
du cortex visuel chez des chats paralysés au curare, On étudie les réponses a un éclair de lumiére
de faible intensité quand I'éclair est associé avec un mouvement brusque (> 300°/sec) sur la
rétine d’une image comprenant des contours. Quand I'éclair se produit environ 50 msec avant
le début du mouvement, Pamplitude de la réponse diminue fortement, et redevient normale
si le délai entre les deux stimuli dépasse 200 msec. Quand I'éclair précéde le mouvement, ¢’est
au contraire le potentiel dit au mouvement dont 'amplitude est réduite avec les mémes délais.
Ces résultats montrent que tout mouvement sur la rétine d’une image structurée peut altérer
les signaux d’un stimulus stationnaire. On pourrait expliquer ainsi la *‘suppression” perceptive
que I'on observe durant des mouvements oculaires rapides.

Zusammenfassung—Die elektrische Aktivitdt wurde im Geniculatum laterale, im Sehnerv und
im visuellen Kortex bei Katzen gemessen, die mit Curare gelahmt waren. Die Antwort auf
einen Lichtblitz niedriger Intensitat wurde in Verbindung mit der piétzlichen Bewegung (> 300°;
sek.) eines konturenreichen Bildes untersucht. Wenn der Blitz 50 msek. nach Beginn der
Bewegung kam, wurde die Antwort darauf stark geschwicht. Sie war wieder normal, wenn der
Zeitunterschied zwischen beiden Reizen mehr als 200 msek. betrug. Wenn der Blitz vor der
Bewegung kam, wurde das durch die Bewegung induzierte Potential bei den gleichen Verzo-
gerungen geschwicht, Diese Frgebnisse zeigen, dass jede Bewegung eines strukturierten
Bildes auf der Netzhaut, die Antwort auf stationdre Reize dndern kann. Es solite méglich sein.
damit die wahrend schneller Augenbewegungen beobachtete Suppression zu erkliren.

Peatome—Y xomex napanusoBannbix Kypape Bbina 3aperucTpHpoBana 3NeKTpHUECKas
AKTHBHOCTD JIATEPRNLHOTO KO/CHYATOrO TENA, 3PHTSILHOIO TPAKTa M 3IPHTETLHOR KODbI.
BBUTH HCCTIENIOBAHE! PCAKUAH HA BCHBIIKA CBETA HH3KOH MHTEHCHBHOCTH, KOTHOA BCITBUIIKA
aCCOLMMPOBANTACL CO CTPEMEETIBHBIM IBikenHeM (> 300°/cex) mo cer4aTke KOHTYPHOro
u3o6paxenus. Korja BCnsimka nossnanach yepes 50 Mcex moc/e Havana HBIKEHUS, peakuns
GBUTa CHTBRO YMEHBIICHA IO AMIUTHTYZE % §bila CHOB2 HOPMAMBLHON, €C/TH 3aJepkKa GbLta
nonbme 200 mcex. Ecri BCTIBIIIKG NOABIANACH NEPEN ABHXCHHEM, TO HANPOTHS, TIOTCHUMAT
BBI3bIBAEMBI IBAKEHHEM YMEHD IIaJICK 110 AMIUTHTY IE IIPH TOM XK€ CAMOM 3amma3AbBalMK. 3TH
Pe3ynbTATHI HOKA3LIBAIOT, ITO BCAKOE OBHXECHME CTPYKTYPHPOBAHHOrO W306paxeHHs MoxeT
H3MEHATH CHTHAI, JABAEMBIA CTAUHOHAPHBIM CTHMYJIOM. Bal10 661 BOIMOXKHO OGBACHHUTE 3THM
nyTeM ‘‘nomasneHne’’ BOCTIpHATHSA, HaGMIONAEMOE BO BpeMA GHICTPOrO IBHXEHHA I'Na3.
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