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Abstract We investigated the effects of stationary aralso be in motion. The background motion may either be
moving textured backgrounds on the initiation andduced externally, for example, treetops moving in the
steady state of ocular pursuit using horizontally movingnd or flowing water, or induced by self-motion when
targets. We found that the initial eye acceleration waalking or driving.
slightly reduced when a stationary textured backgroundHowever, when moving objects are tracked against a
was employed, as compared to experiments with a Btationary background or one moving in the opposite di-
mogeneous background. When a moving textured baoketion, inhibitory interactions between the optokinetic
ground was introduced, the initial eye acceleration wassd smooth-pursuit system may occur. During pursuit
significantly larger when the target and the backgrouttte whole background drifts across the retina, and this
moved in opposite directions than when the target atwherent movement represents an optimal stimulus for
the background moved in the same direction. The usetwf optokinetic system. In fact, these two systems do not
stationary and moving textured backgrounds resultedseem to work independently, as studies on humans (e.qg.,
comparable effects on the initial eye acceleration whifterrill and Stark 1963; Yee et al. 1983; Collewijn and
they were presented either as a large field or as a narfGamminga 1984; Howard and Marton 1992; Niemann et
horizontal small field, only covering the trajectory of thal. 1994; Masson et al. 1995) and on nonhuman primates
target. Moreover, small-field stationary background&eller and Khan 1986; llg et al. 1993; Mohrmann and
slightly reduced the eye velocity during steady state pdikier 1995) indicate. Eye velocity is reduced when ob-
suit. A small-field background moving in the oppositiects are tracked over textured backgrounds, compared
direction to the target distinctly reduced eye velocityith the eye velocity with objects tracked over homoge-
while a target and a background moving in the same neous backgrounds. When the target and the background
rection sometimes even improved pursuit performancegve in the same direction, pursuit is even enhanced
when compared with a homogeneous background. TMerrill and Stark 1963; Yee et al. 1983; van den Berg
influences of small-field textured backgrounds on steadgd Collewijn 1986; Masson et al. 1995). Recent neuro-
state pursuit were comparable with those of large-figdiysiological data of single neurons in the nucleus of the
backgrounds in both stationary and moving conditions.optic tract (NOT) seem to support the idea of such an in-
teraction (Mustari and Fuchs 1990; llg and Hoffmann
Key words Smooth pursuit - Steady state pursuit - 1991). llg and Hoffmann (1991) reported a reduced re-
Pursuit initiation - Textured background - Hurian sponse in target-sensitive NOT neurons in monkeys
when they pursued a target across a structured back-
ground, as compared with the neurons’ response when a
Introduction uniform background was in place. These interactions be-
tween the target and the background, and the effects on
Human and nonhuman primates have the ability to fodbs steady state pursuit performance have so far only
on moving objects with the fovea, by executing voluieen investigated for large-field backgrounds. We were
tary smooth-pursuit eye movements. In natural enviranterested in the influence of stationary or moving small-
ments objects frequently move relative to stationary tdield textured backgrounds on pursuit in order to deter-
tured backgrounds. Moreover, these backgrounds ecame whether the interactions could be attributed to local
rather than to global mechanisms. In fact, we found that
T. Niemann - K.-P. Hoffmanr( () the effects on the purSL_Jit performance, using small-field
Allgemeine Zoologie und Neurobiologie, Ruhruniversitat, backgrounds or large-field backgrounds were compara-
D-44780 Bochum, Germay ble.
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Furthermore, we focused on pursuit initiation. Thepse both stimuli. The presentation of the superimposed stimuli
smooth-pursuit system is not influenced by visual feeff@s coplanar. The subject viewed the stimuli from a distance of

- S . cm. The subject’s head was stabilized using chin and forehead
back during the initial phase because of the delay in ports. The ambient luminance of the laboratory was

visual system. The eye acceleration is only dependent@m1 cd/m.

the retinal events preceding the onset of eye movement

(e.g., Lisberger and Westbrook 1985; Keller and Khan

1986; Tychsen and Lisberger 1986; Carl and Gellmaimul

1987; but see also Kao and Morrow 1994). The influenggo types of stimuli were presented simultaneously, a target stim-
es of stationary textured backgrounds have so far ounlys and a background stimulus. Both stimuli were generated by
been investigated in monkeys and have produced con¢rrputers (two PCs 486DX with VGA graphic cards) and devel-

; . K ; ped using Nystrom, a stimulus generation software implemented
dictory results (Keller and Khan 1986; Kimmig et af the eye movement recording system (Ober 2). The two stimuli

. . . I
1992; Mohrmann and Thier 1995). While Keller an\ﬁere superimposed optically. Thus, two stimuli, the target and the
Khan (1986) and Kimmig et al. (1992) demonstrated thiickground stimulus, were viewed by both eyes at the same time.
the initial eye acceleration is distinctly impeded by ®he physical parameters of the two stimuli shown on each monitor
structured background, Mohrmann and Thier (199%gre as follows.

PO .~ 0On one monitor was a target stimulus comparable with the
found only a small inhibitory effect. Mohrmann and Thls?tep-ramp stimulus of Rashbass (1961). Preceding each trial, a sta-

er (1995) mainly attributed these differences to the mafnary target, which had to be fixated, was presented at the center
key’s experience in the paradigm and to a good targé&the screen. After a randomly chosen time between 500 and

visibility. We tested the influence of stationary structured@00 ms, the target started to move horizontally to the right or left
ediately after it had stepped instantaneously away, right or left

bc’_;lckgrounds on humans and f_ound effects Compara@@e center. Thus four possible target trajectories could be pre-
with those of Mohrmann and Thier (1995) when both eXsnted: the ramp moved either in the same direction as the step,

perience and good target visibility were provided. Addjt) to the right or (2) to the leffqveofugalstimulus); or in the op-

tionally, we examined the influence of moving texturegpsite direction to the step, bringing the target toward the center,

backgrounds on smooth-pursuit initiation. Target aig) t0 the right or (4) to the leffdveopetalstimulus). The direc-
tion of the steps and ramps was presented randomly. The step of

background movement in opposite directions resultedy 1arget was selected in such a way that the target always needed
greater accelerations than when the target and ba@o ms to return to the center during a foveopetal target trajectory
ground moved in the same direction. The experimentsioelevant of the target velocity. In these circumstances foveation
initial pursuit were also performed using small-field stgaccades on the moving target either do not occur at all or only oc-

: : . after a delay (Gellman and Carl 1991). Thus the initial pursuit
tionary and moving textured backgrounds. They yield rarely disturbed by saccades. Two different target velocities

results very similar to those obtained with large-fielglere tested (2.5°/s and 10°/s). The target moved for 1000 ms. It
backgrounds. had a diameter of 0.2° of visual angle with a luminance of

In order to faciliate the comparison of smooth-pursiii cd/n#.

; : ; ; The second monitor served to present either a homogeneous or
performance in our experiments with other studies, xtured (stationary or moving) background. The moving back-

repeated some pursuit initiation and steady-state purgidtind was a large-field pattern consisting of black and white
experiments with homogeneous, large-field, stationaiyipes (spatial frequency 1 cycle/deg) moving horizontally. The

and moving textured backgrounds. The results obtairvetpcity of the pattern was adjusted to the tested target velocities

concur with the studies cited above for smooth pursuit{f®°/s and 10°/s, respectively). The moving background was con-
tinyously in motion during an experimental session. The stationary

humans (e.g., Yee et al. 1983; Tychsen and L'Sberg%kground consisted of the same stripes as the moving back-

1986). ground. Both backgrounds were 30° x 20° (large fietd)

30° x 0.5° (small field) of visual angle (see Fig. 1). The luminance

of the homogeneous and dark parts of the textured background and

of the light parts was 1 cdArand 4 cd/m, respectively. In both

Materials and methods backgrounds conditions, small field and large field, the target
moved across the background.

Subjects

The experiment employed three subjects ranging from 29_§§perimental procedure

years old with normal or corrected-to-normal vision. Two subje

: h ) ; AN the trials were viewed binocularly. At the beginning of each
had prior experience of psychophysical oculomotor expenmentséession the eye-movement recording system was calibrated by in-

structing the subject to alternately fixate two dots 25° horizontally
apart. The subjects had to initially fixate the target until they de-
tected the onset of movement. Subsequently, the subject had to ac-

. . tively follow the target.
The horizontal eye movements of one eye were measured witt ﬁNhen investigating the influence of small-field backgrounds

:gfr_atg?gie%g[tcrggtg:tg?egszs)bngSamp“ng rate of the 12-bit A smooth-pursuit performance, the step of the target was provid-
9 9 ) ed with an additional vertical component of 1.5° of visual angle
downward. The target trajectory was placed in the middle of the
small-field background (see Fig. 1). This experiment was per-
formed with a target and background velocity of 10°/s. All the

jects had to perform at least 50 trials with each background

. . . . S
The two monitors used to present the stimuli were positioned ; : . 4
. "y : o in 3 days, the one exception being the moving background,
right angles to each other. A semisilvered mirror was positione ere 100 trials were required.

a 45° angle between the monitors in order to optically superi

Eye movement recording

Experimental setup
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Data analysis and right were pooled. A Kruskal-Wallis ANOVA

Eye velocity was determined by digital differentiation of eye posg-howed that small-field stationary and moving back-

tion over time. To reduce the noise of eye velocity, data was di r-OL.mdS had significan'_[ effects on purs#£Q.0001, all
tally low-pass filtered (0-25 Hz bandwidth). ubjects). The small-field, stationary structured back-

Each trial was displayed on a computer monitor with a positiground had an inhibitory effect on the steady state pur-
and velocity trace. Saccades were excluded from eye velocity. Bigt. This is reflected in a reduction in gain of about 6%,

beginning and end of the saccades were determined by a - ; : _
board-controlled cursor. The segment of eye velocity between mpared with the pursuit over a homogeneous back

beginning and end of a saccade was interpolated linearly. The @j@uUnd (subjectr.N. With P<0.05, Dunn’s test). More- _
acceleration of an initial pursuit and the eye velocity during tiaver, the smooth-pursuit performance depends on the di-

steady state in individual trials were calculated within user-definedction of the pattern movement. When the target and
time intervals. The manually controlled cursor was positioned @bttarn move in the same direction (synergistic stimula-

the beginning of the pursuit when the eye velocity started to [h- - - . .
crease. The mean eye acceleration of an initial pursuit was tHed), the tracking is comparable with or slightly better

calculated over an interval of 100 ms, commencing at the onsetlédn tracking over a homogeneous background (signifi-
pursuit. Steady state pursuit was characterized by its gain, defigaght improvement in gain for subjegi. with P<0.05,

as the mean eye velocity calculated over a 300-ms intergglinn’ i -
200-400 ms after pursuit onset divided by target velocity. The t'mmn s test). When the target and pattern move in oppo

ing of the steady state interval remained variable in order to exa%;t-e_ direct_ions _(antagonistic stimulation)_, the tracking is
ine catch-up saccade free intervals. distinctly impaired, when compared with the tracking

In addition, a control analysis was carried out to determine tvhere a homogeneous background is present (subjects

pursuit acceleration according to the method used by Carl ang|. andV.S.with P<0.05, Dunn’s test). Thus, the effect

Gellman (1987). At first a regression line was calculated over, : ; P _
140-ms interval, beginning 100 ms before the onset of tar the moving pattern on pursuit gain is more pro

movement and ending 40 ms later. When the eye velocity of pgsﬂ)ppnced in the antagonistic than in the synergistic stimu-
suit deviated from this line by 3 SDs, a second regression line @aton.

fitted to the next 100 ms of eye velocity starting from this point. As a control, we also investigated the influence of
Pursuit eye acceleration was given as the slope of this velocitylgﬁr-ge_ﬁem stationary and moving backgrounds on the

gression line. However, values obtained using this method devi : . .
ed less than 10% from the values obtained in the original d§%§ady state pursuit (Fig. 1). The effects of large-field

analysis. Moreover, in some experiments we averaged eye velobiagkgrounds on steady state pursuit were similar to those
for the same stimulus conditions. Trials were aligned to the onset

of target motion and averaged. The mean eye acceleration was

also determined according to the method used by Carl and Geify. 1 Gain (ratio of eye and target velocity) of steady state pur-
man (1987). Again, the averaged records yielded results compauat with different backgrounds. Target velocity was 10°/s. Indi-
ble with those obtained by the mean of the eye accelerations witlual L, TN, VS gray barg and accumulated®( black bar$

tained in the individual trials. data of all the subjects are shown. Each bar represents the mean
gain in a 300-ms interval of steady state pursuit averaged from at
least 40 identical trials. The background conditions are indicated
below each bartHB homogeneousSB stationary texturedMB

Results moving background). Target movemenith or againstthe back-
ground movement in the MB condition is marked under the corre-
Steady state pursuit sponding bars asyn (synergistic stimulation) andnt (antagonis-

tic stimulation), respectively. The diagrams shown on |dfieof
e corresponding graphs indicate the spatial extent and relation-

Figure 1 shows the ratio of eye velocity and target Veli&ﬁp between the stationary and moving background and the tra-

ity (gain) of three subjects pursuing a target over diﬁtctory of the target. Note that in the case of a small-field back-
ent backgrounds. The data of target movement to the géiund, the target also moved across the backg ound

JL TN VS )3

1 14 1

Gain
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0.59 ¢ roresntrmmems sememeeam s
.
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Table 1 Relative values of gain reduction (negative values) or ilromogeneousSB stationary texturedMB moving background,
provement (positive values) of steady-state pursuit with differesjgn synergistic stimulation, ant antagonistic stimulation).
backgrounds compared with homogeneous backgroudB (MeantSD from three subjec:s

Background condition Small-field background (%) Large-field background (%)
HB - SB -6.16t1.05 -6.31£1.17
HB - MB syn +5.023.79 +5.944.71
HB - MB ant -11.0%2.04 -14.8:9.41

fugal petal

=]
g:‘g e | 25°
'8
Q“ .
100ms '.. ot . € 1001 a< o r
2 o’ ’ ~ e
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2 Y = o _/ﬂ
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latency latency
(86ms) (140ms)

Fig. 2 Representative initial pursuit with a foveofugaldal) and in nonhuman primates (Keller and Khan 1986). Foveo-

foveopetal peta) step-ramp target paradigm. Thper trace netg| stimulation leads to distinctly longer latencies than
shows the eye and target position, linger tracethe eye velocity.

The target moved to the right with a velocity of 10°/s. The onsetfaveprQal stimulation (approx. 50 m.s)' I
the target movement is marked byeatical dashed lina Figure 3 shows the eye acceleration of the initial pur-

suit with homogeneous and stationary structured back-
grounds. Accelerations to the right and left of foveofugal
of small-field ones (Table 1; Kruskal-Wallis ANOVA,and foveopetal stimulation have been pooled. The fol-
P<0.0001, all subjectsstationary backgroundsignifi- lowing observations were made:
cant reduction in gain witlfr<0.05, subjecV.S; syner-
gistic movement of the backgroursignificant improve- 1. The acceleration increases with the faster target velocity.
ment with P<0.05, subjectV.S; antagonistic movement
of the backgroundsignificant reduction withP<0.05, all 2. When compared with the foveofugal stimulation,
subjects; compared with the tracking over a homogefi@reopetal stimulation results in distinctly higher accel-
ous background, Dunn’s test). The results obtained wétations.
large-field backgrounds concur with other studies inves-
tigating the influence of stationary structured and optold: A stationary structured background only seems to
netic backgrounds on steady state pursuit in humdrave a slightly inhibitory influence on the initial phase in
(Merrill and Stark 1963; Yee et al. 1983; Collewijn anthe foveopetal condition. The effect was significant on
Tamminga 1984; van den Berg and Collewijn 1986ubjectsV.S. and J.L. with a target velocity of 10°/s
Howard and Marton 1992; Niemann et al. 1994; Mass{<0.005, U-test). Eye acceleration was reduced by ap-
et al. 1995). proximately 10%.
The experiments with foveofugal and foveopetal stim-
ulation with a homogeneous background were again per-
Initial pursuit formed as a control. The results concur with other stud-
ies investigating the initial pursuit in humans (Tychsen
A representative example of initial pursuit in a foveofand Lisberger 1986; Carl and Gellman 1987; Kao and
gal and foveopetal target paradigm is shown in Fig. Morrow 1994).
After a short latency the eye started to move and accelerFigure 4 shows the eye accelerations in case of target
ate up to the velocity of the target. A saccade intrudewvements with a large-field moving background. When
upon the pursuit initiation with the foveofugal target moving background is used, four different stimulus
movement. Saccades occurred frequently during the icdnfigurations can be distinguishedfawveofugalmove-
tial phase with the foveofugal and rarely with the foveaent of the target moving in the same (Fig. 4A) or oppo-
petal target movement. This behavior was also obsergéié (Fig. 4B) direction and f@veopetamovement mov-
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Fig. 3 Eye acceleration of the initial pursuit with different backing in the same (Fig. 4C) or opposite (Fig. 4D) direction
grounds, tar%ets)velogitLes, and talrge&p()glradligtr)nsé éndividfﬂj.allI (of the large-field moving pattern.

TN, VS gray barg and the accumulated;(black bar$ data of a : ; P

subjects are shown. Each bar represents the mean eye acceler, tiﬁ}n asymmetry in acceleratlon, .Wh'Ch is dependent on
in the first 100 ms of pursuit averaged from at least 20 identidfe Toveofugal and -petal stimulation, was also observed
trials. Accelerations with foveofugaiugal) and foveopetalpetal)
are showrabove with homogeneousHB) and stationary textured
background $B below the corresponding bar3he velocity of

; : o;cFig. 4 Eye acceleration during initial pursuit with a large-field
tlhOeO/tSa}rget is shown on theft of the corresponding graphs (2.5 /smoving background. Acceleration when the target mavied (A,

C synergistic stimulation) oagainst(B, D antagonistic stimula-
tion) the movement of the large-field backgrourldMB) are
shownbelow the corresponding barBor further details see Fig. 3
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Fig._5 Eye acc_eleration during initial pursuit with stationary an(h = 213) compared with =0.103 + 0.67°/s SD:( 66)

Tt Bkl ot ooy ouursa, When  homogeneous background was presented (300-

backgrouynd. IndividuaIJq_,gTN, VS gray bar9 and a?:cumulated ms interval, see also Murphy et al'. .1975)' The drift

(= black bar§ data of all the subjects are showBMB small- Wwould result in smaller retinal velocities of the target

field moving background) For further details see Figs. 3 &nd 4 when it moves in the direction of the pattern, and higher
retinal velocities when the target moves in the opposite
direction. As a consequence, different accelerations

with the large-field moving pattern. However, the initiahight occur because different retinal velocities of a tar-

acceleration was more pronounced when the target getiresult in different amounts of acceleration (see Fig. 3;

background moved antagonistically (Fig. 4B, D) confychsen and Lisberger 1986).

pared with the synergistic movement direction (Fig. 4A,

C; all the data were significant wifP<0.01, U-test, ex- i

cept the foveofugal condition at a target velocity &fontrol experiment

2.5°/s).

. . ) A control experiment was carried out in order to test
Two reasons might account for this result:

which of the two mechanisms described above could be

1. Recent investigations concerning the initial pursuit ivolved. We ensured that the fixation was also stable

humans and nonhuman primates have revealed that \¥)gn & moving background was presented. On the one
acceleration depends on the retinal image motion precé@Pd, we reduced the size of the background and, on the
ing the onset of eye movements (“open-loop” mode; e. ther hand, we separated the fixation target from the
Keller and Khan 1986; Tychsen and Lisberger 1986; cBAckground (see Materials and methods; Fig. 1). The
and Gellman 1987). Thus, the motion of the backgrouf@cessary additional vertical step of the target in this

could also be integrated and would be reflected in the §ebfiguration only has a negligible effect on the acceler-

celeration. The acceleration may not only be modulaf@on (see Tychsen and Lisberger 1986). _

by the absolute velocity of the target in relation to the Again, we analyzed the eye velocity during the fixa-

retina, but also by relative movements between the tarff@ Phase with a homogeneous and a moving back-
and background. ground. The eyes had a mean velocity of —-0.03 + 0.73°/s

SD (h = 140) with a homogeneous and 0.162 + 0.58°/s
2. During optokinetic stimulation an optokinetic nystagsD (h = 142) with a moving background (300-ms inter-
mus (OKN) should not occur when a target for fixatioval). Thus, when the moving background was presented
is simultaneously presented (e.g., Barnes and Crompiactically, no drift occurred during the fixation phase.
1985). However, in the case of the large-field pattern However, an antagonistic movement of the target and
moving at 10°/s, the eyes drifted during the fixatiomackground still resulted in significantly higher accelera-
phase with a mean velocity of 2.05 + 2.54°/s Sfions than in the case of a synergistic movement
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Fig. 6 Averaged initial pursuit velocities with homogeneous andause of the inhibitory influence of the stationary struc-
small-field backgrounds and target paradigms. Target velocity Wased background during the initial and steady state pur-

10°/s and the onset of target movement was at Gthirs dashed . .
line). A, B The averaged initial pursuit velocity of the subj&dt. suit. Figure 6C, D shows the averaged desaccaded eye

with a foveofugal fugal) and foveopetalpeta) step-ramp target Velocities of all the subjects when they tracked a moving
paradigm. Thesolid tracesrepresent the initial pursuit velocitytarget over a small-field moving background. The solid

with a homogeneous background (foveofugat 21, foveopetal regression lines of the first 100 ms of pursuit initiation

n = 26), thedotted traceswith a stationary structured backgroun ; ;
(foveofugaln = 26, foveopetah = 19).C. D Averaged initial pur- eveal, in both the foveofugal and foveopetal stimulus

suit velocities and latencies of pursuit onset of all the subjects windition, that the slope of the line and consequently the
a foveofugal fugal) and foveopetalpetal) step-ramp target para-degree of acceleration is more pronounced when the tar-
digm. Thesolid traceswith a negative slope at thmttomrepres- get and background move in opposite directions (antago-
ent the initial pursuit velocity in the antagonistic conditi@amt( nistic movement). However, approximately 200 ms after

foveofugaln = 110, foveopetah = 113), thesolid traceswith a h f h loci f the initial
positive slope at theop indicate the initial pursuit velocity in the tN€ ONnset of target movement, the velocity of the Initia

synergistic conditionsyn foveofugaln = 98, foveopetah = 91). pursuit changes; the corresponding dotted regression
Solid regression lineare plotted through the first 100 ms of purlines of the ensuing 100 ms of pursuit show that the ac-
suit beginning from the pursuit onseiptted regression lineare Eeleration is more pronounced when the target and back-

plotted through 100 ms of pursuit beginning at 200 ms after t : : . .
onset of target movement. Thars in the insetén C andD com- found move in the same direction (Synergistic move-

pare eye accelerations derived from the slopes of each regresBigit). Eye acceleration derived from the slope of each
line (synsynergistic.ant antagonistic stimulatiorgnsetregression regression line is also documented in the inserts in
throu?hh 10% ITISOObegInglng_ from OTS%S]‘ prSf%ﬂo meetgfeést‘ Fig. 6C, D. This finding will be discussed in the context
sion throug ms beginning a ms after onset of target.

movement) ®F'visual feedback onset.

(P<0.005,U-test; all subjects and target movement con- .

ditions; Fig. 5). Compared with the homogeneous badMscussion

ground, a small-field stationary textured background de-

creased the acceleration slightl§<0.005, U-test; sub- The main results documented here indicate that steady

jectT.N.andV.S.in the foveopetal condition). state pursuit is affected by small-field stationary and
The influence of small-field stationary and movingoving textured backgrounds. The initial pursuit is only

structured backgrounds is also exemplified in the trigarginally influenced by stationary and to a greater ex-

means in Fig. 6. Figure 6A, B shows the averaged dest&et by moving textured backgrounds.

caded eye velocities of one subject as he tracked a movOur observation, namely that a slightly smaller gain is

ing target over a homogeneous and a small-field, statiobtained during smooth-pursuit performance over sta-

ary structured background in the foveofugal and foveienary structured backgrounds, is similar to that found

petal stimulus condition. The two curves in both conddy other studies in humans and nonhuman primates (e.g.,

tions start to diverge at the beginning of the pursuit gollewijn and Tamminga 1984; Keller and Khan 1986;

Howard and Marton 1992; Mohrmann and Thier 1995).
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Furthermore, our investigation into the influence of eration. Our results appear to support the observations
moving large-field pattern obtained results comparabteade by Mohrmann and Thier (1995), as we also ob-
with those found in literature (Merrill and Stark 1963%erved only a slight reduction of about 10% in eye accel-
Yee et al. 1983; van den Berg and Collewijn 1986; Nieration with stationary textured backgrounds. All of the
mann et al. 1994; Masson et al. 1995). Thus, large-fitésbted subjects were familiar with the stimulus configu-
stationary or moving patterns reveal an antagonistic ration, and two of them even had prior experience of oc-
synergistic interaction between smooth-pursuit and optdemotor experiments. Moreover, target visibility was
kinetic systems. However, we were able to show thgod because of a high contrast between the target and
small-field stationary or moving textured backgroundsackgroundK = 0.85). Masson et al. (1995) investigated
covering the trajectory of the target influence thée initial eyevelocity of pursuit when tracking a target
smooth-pursuit performance in a similar fashion. Thusyer a stationary textured background. They reported a
the local interactions between the target and backgroutetrease in the initial eye velocity of up to 12% com-
seem to be of greater significance than the global intpared with the initial eye velocity when tracking a target
actions. over a dark background. This correlates quite well with
Recent neurophysiological data of single neuronsthre reduction in eyeaccelerationin humans we mea-
the NOT of monkeys appear to support the idea of swstired and those found by Mohrmann and Thier (1995) in
an interaction (Mustari and Fuchs 1990; Ilg and Hoffronkeys.
mann 1991). During pursuit across a structured back-However, the initial eye acceleration also depends on
ground, two types of neurons were described in NG, moving background. If the target and background
one coding target slip and one coding background slipove in opposite directions, this results in higher accel-
Target-sensitive neurons in NOT showed reduced egations than if they move synergistically. Thus, to accel-
sponses to the target during a smooth-pursuit over a tevate the eye up to the target velocity, the smooth-pursuit
tured background, compared with the responses duringyatem does not only analyze the motion of the target,
pursuit across a uniform background. Cortical areas sieh also the motion of the background. Apart from the
as the middle temporal area (MT) and the mediatinal velocities of the target, movements of the back-
superior temporal are (MST), projecting to NOT anground are important for the initial pursuit. Our results
pontine nuclei, might represent a site where the targgparently contradict the results of Masson et al. (1995)
and background interactions during steady state pursuito found anincreasedinitial pursuit when the target
occur. For example, MST cells in monkeys dischargeand background moved in the same direction (synergistic
relation to smooth-pursuit eye movements as well asmovement). However, Masson et al. (1995) measured
image motion during fixation (Newsome et al. 1988jnitial eye velocitieswhile we were interested in the ini-
MT and MST are parts of the parieto-occipito-pontocergal eyeacceleration.Their evaluation (based on eye po-
bellar circuit for smooth pursuit in alert monkeys (e.gsition rather than eye velocity) perhaps accounts for why
Komatsu and Wurtz 1988). Moreover, MT cells in awakhbey discovered latencies of ocular pursuit that are well
monkeys show reduced responses when, in additionabmve those obtained in other studies (approx. 180 ms la-
the preferred direction, a nonpreferred direction is prency compared with 100-135 ms recorded by Tychsen
sented (e.g.Snowden et al. 1991). and Lisberger, 1986, and Carl and Gellman, 1987). In
The initial acceleration phase of smooth pursuit waentrast, our latencies of ocular pursuit agree with those
observed to be dependent on the target velocity anddmecumented by Tychsen and Lisberger (1986) and Carl
the foveofugal or foveopetal target trajectory. These @md Gellman (1987); (see our Figs. 2, 6). The first
sults are comparable with those obtained by Tychsen 480 ms of pursuit reveal that pursuit acceleration is
Lisberger (1986) and Carl and Gellman (1987). The igreater with an antagonistic target and background
fluence of a stationary structured background on the intovement. However, approximately 200 ms after the on-
tial acceleration of pursuit was only tested on nonhumset of target movement, the course of eye velocity chang-
primates. Contradictory results were found by Keller aed: the acceleration increases when the target and back-
Khan (1986), Kimmig et al. (1992), and Mohrmann argtound move in the same direction and decreases when
Thier (1995). While Keller and Khan (1986) and Kimthe target and background move in opposite directions
mig et al. (1992) found distinct reductions of up to 50¢kig. 6, dotted regression lines compared with solid re-
in the acceleration with a textured background, Mohgression lines). Moreover, the acceleration during this
mann and Thier (1995) only found marginal reductiomsmporal interval can even be reversed by antagonistic
(only about 7% smaller accelerations). According #nd synergistic stimulation, compared with the accelera-
Mohrmann and Thier (1995), the differences in the sitien when measuring the first 100 ms of pursuit (see also
of the reduction are mainly due to the monkey’s expemserts in Fig. 6C, D). The results of Masson et al. (1995)
ence in the paradigm and the spatial frequency of the @orrespond to our result for the later temporal interval.
get and background. Large reductions in acceleratibhey started their analysis approximately 180 ms after
were only observed when the monkey was inexperiendbd onset of target movement. We suppose that the early
and when the target and background had similar spatehporal interval of the initial acceleration reflects the
frequencies. When good target visibility is provided, @pen-loop behavior of initial pursuit over moving back-
textured background might have little effect on the accgkounds. In contrast, Masson et al. (1995) measured the
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initial pursuit when the first corrective feedback of thend Heinen 1991), these findings might represent a neu-
visual system comes on (see also Tychsen and Lisbergeal substrate of our observed behavior of eye accelera-
1986). tion with moving backgrounds. As the electrophysiologi-
Our control experiments with the small-field statiorcal experiments of Allman et al. (1985) were done with
ary and moving backgrounds reveal that the initial puanesthetized monkeys, the animals’ eyes were immobile.
suit is also influenced by local rather than global interathe motion information responsible for the eye accelera-
tions between the target and background. The expéion is collected and analyzed approximately 100 ms be-
ments on initial pursuit with large-field moving backfore the onset of eye movement during the fixation
grounds could also be interpreted with different retinphase, in which the eyes are also immobile (Carl and
target velocities due to the drift of the eye. But, as tlellman 1987). During this period, the antagonistic
control experiment showed, the integration of backiovement of the target and background could enhance
ground motion rather than different retinal target velodhe neuronal response rate, resulting in higher eye accel-
ties is important for controlling initial pursuit. erations. Synergistic stimulation would result in the re-
Ferrera and Lisberger (1995) investigated the initiatrse effect.
pursuit in monkeys with a moving target when a secondThe initial acceleration bias depending on the foveo-
small moving target was simultaneously presented afugal and foveopetal paradigm may be caused by the
distractor. They interpreted the results in terms of targeturonal behavior of NOT neurons being involved in
selection. As we also used a second moving stimufugsuit. NOT neurons in anesthetized and awake mon-
(background stimulus) together with the moving target keys show an increase in response during ipsiversive ob-
our experiments, our results may also be interpretedjgnt motion (Hoffmann and Distler 1989; Mustari and
the context of target selection rather than background luchs 1990; Ilg and Hoffmann 1991). Ipsiversive move-
teraction. We disagree with such an interpretation for threents toward the fovea in the contralateral visual field or
following reasons. First of all, the monkeys in the expedeross the nasal retina evoke stronger responses than
ments carried out by Ferrera and Lisberger (1995) mlevements away from the fovea in the ipsilateral visual
ways had to choose a “goal target” from two moving tdreld or across the temporal retina. As the results of
gets just before the onset of target movement. In cdnustari and Fuchs (1990) and llg and Hoffmann (1991)
trast, our subjects always knew in advance which stininelicate a functional connection between the smooth-
lus they had to pursue and which stimulus would semersuit and optokinetic system, the asymmetry in eye ac-
as a background. Thus, target selection could readilyda¢eration due to foveofugal or foveopetal stimulation
made beforehand throughout the experiments. Secondiight reflect features of receptive fields of neurons in
the results of Ferrera and Lisberger (1995) are quite dNfOT.
ferent to ours. Whereas Ferrera and Lisberger (1995)Stationary textured backgrounds only have marginal
found distinct differences between the pursuit latencieects, while moving backgrounds have noticeable ef-
dependent on the movement of the distractor (appréects on steady state and initial pursuit. In natural cir-
70 ms), the pursuit latencies in our experiments, abimstances the object and background usually occur at
though not quantitatively investigated, showed no ddiferent depths. In psychophysical experiments investi-
tinct differences in the antagonistic and synergistic stigating the smooth-pursuit gain with moving objects at a
ulus condition (see Fig. 6C, D). Moreover, contrary tepth other than the textured background, no or only a
our experiments, Ferrera and Lisberger (1995) found megligible influence of the background on the smooth-
significant effect on the acceleration profile. Altogethepursuit performance has been found (Howard and Mar-
this suggests that our results on initial pursuit during s8n 1992). Thus, in naturally occurring situations a sta-
multaneous presentation of moving backgrounds cantlmmary or moving background probably has only a negli-
accounted for by background interaction rather than giple influence on the smooth-pursuit system.
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