Response to Motion in Extrastriate Area MSTI: Disparity Sensitivity
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Eifuku, Satoshi and Robert H. Wurtz. Response to motion in been shown to be disparity sensitive (Maunsell and Van Essen
extrastriate area MSTI: disparity sensitivity. Neurophysiol.82: 1983b), and this disparity, like direction of motion, has a
2462-2475, 1999. Many neurons in the lateral-ventral region of tG%atial organization (DeAngelis and Newsome 1999). The dis-
medial superior temporal area (MSTI) have a clear center surrox.i?frity sensitivity in MT has recently been shown to be impor-

separation in their receptive fields. Either moving or stationary stim . - -
in the surround modulates the response to moving stimuli in t ent for the separation of overlapping planes in transparent

center, and this modulation could facilitate the perceptual segme otion and image segmentatlon (Bradley and Andersen 1998;
tion of a moving object from its background. Another mechanism th&¥adley et al. 1995). Neurons in the dorsal region of MST
could facilitate such segmentation would be sensitivity to binoculdMSTd) also have been shown to be sensitive to the disparity
disparity in the center and surround regions of the receptive fields@f moving stimuli, and some MSTd neurons even show a
these neurons. We therefore investigated the sensitivity of these M®@Versal of preferred directions for stimuli moving at different
neurons to disparity ranging from three degrees crossed dispadigparities (Roy et al. 1992; Roy and Wurtz 1990).

(near) to three degrees uncrossed disparity (far) applied to both than contrast to MT and MSTd, the disparity sensitively of
center and the surround regions. Many neurons showed clear dispa{it% T| neurons has remained largely unknown. In the present
sensitivity to stimulus motion in the center of the receptive fieldsyyariments we have investigated the disparity sensitivity of
About ¥5 of 104 neurons had a clear peak in their response, Wher‘?ﬁé)se MSTI neurons, and the relation of this sensitivity to the

another¥s had broader tuning. Monocular stimulation abolished the tati Iread ided by the int fi fth t
tuning. The prevalence of cells broadly tuned to near and far disparﬁ gmentation aiready provided Dy the interaction of the center

and the reversal of preferred directions at different disparities of'd surround regions of the visual receptive field (RF). We find
served in MSTd were not found in MSTI. A stationary surround dhat many neurons are sensitive to changes in disparity not only
zero disparity simply modulated up or down the response to movii‘@the center but also in the surround of the visual field and that
stimuli at different disparities in the receptive field (RF) center but disome neurons convey information about the relative differ-
not alter the disparity tuning curve. When the RF center motion wasices between center and surround disparity rather than about
held at zero disparity and the disparity of the stationary surround wfe absolute disparity of either.
varied, some surround disparities produced greater modulation ofan apstract of these findings has been published previously
MSTI neuron response than did others. Some neurons with differ ifuku and Wurtz 1997)
disparity preferences in center and surround responded best to?t%t'e '

parity p p
relative disparity differences between center and surround, whereas
others were related to the absolute difference between center dtHops
surround. The combination of modulatory surrounds and the sensitiv-
ity to relative difference between center and surround disparity maRéysiological and behavioral procedures
these MSTI neurons particularly well suited for the segmentation of a
moving object from the background. We studied areas MSTI in the same two adult male rhesus monkeys
(Macaca mulattq used in the previous report (Eifuku and Wurtz
1998), and the monkeys were trained, cared for, and prepared for
INTRODUCTION single neuron and eye movement recording as described in that paper.

All experimental protocols were approved by the Institute Animal

In a previous study on the lateral region of the mediaare and Use Committee and complied with Public Health Service
superior temporal area (MSTI) of monkey extrastriate cortéolicy on the humane care and use of laboratory animals including the
(Eifuku and Wurtz 1998)stimulation of the surround regionsPrinciples of Laboratory Animal Care. _ o
of the receptive fields of these neurons was shown to modulat&uring the experiment, the monkey sat in a primate chair with its
their response to stimuli falling in the center of the receptiv@Yes 58 cm away from the center of a 12L00° translucent tangent
field. This modulation occurred whether the surround stimul%freen' Each trial began with the appearance of a spot of light (0.3° in

I

. : meter) at the center of the screen. The monkey’s task was to fixate
was stationary or moving. We suggested that one role for t spot within 500 ms of the onset and maintain fixation. The position

surround modulation was the segmentation of a moving objelach eye was monitored separately so that any change in vergence

from the baCkgrOU"]d- _ ) was easily detected; such recording indicated that the monkey usually
Another mechanism for such segmentation of object fromaintained binocular fixation within=0.25° so that the trial was
background is the difference in the depth in the visual fieldrely terminated when either eye left the 2° square fixation window.
between the object and the background, which can be detected/e used the same computer-generated random dot patterns pro-
by the relative difference in disparity of their images falling ofected onto the screen in front of the monkey as those in the previous
the retina. Neurons in the middle temporal area (MT) haveport, butin these experiments the stimuli were presented to each eye
separately. To avoid the dim stimuli necessary to achieve color
The costs of publication of this article were defrayed in part by the paymef@Paration in the overlapping red/green disparity stimuli used previ-
of page charges. The article must therefore be hereby magdtftisemerit ously in this laboratory (Roy et al. 1992), we projected separate
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. = images to each eye. A prism was positioned in front of each eye so
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that the line of sight was deflected to the right for the right eye and Data analysis

the left for the left eye. The image projected onto the screen by the TV N o ) )
projector was also divided into separate right and left halves with aWe quantified the activity of each neuron by measuring spike
fixation point included in each half. The prisms were checked féieéduency inthe 400-ms period beginning 70 ms after stimulus motion
alignment by determining that the fixation spots in the two half imagé’@set to allow for the latency we observed in the MSTI neurons under

were superimposed when the correct interocular distance was setddf Stimulus conditions (Eifuku and Wurtz 1998). Because the only

the subject. Center and surround stimuli were presented in each fagtion used in these experiments was in the center of the RF, and a
. . X rge surround of stationary dots was frequently present, we did not
stimulus. The random dots used for stimulation were generated l%r

each session, and the pattern had 90% dark and 10% light areas. eei,bewdence of the ocular following responses, which we had seen in

. ) . ) revious report with the motion of the large surround stimulus, and
random dot _subtended 0.4°. Th? d_lsparlty stlmu_lus CO‘_JId be exten gtherefore did not truncate the response measuring period at 170 ms
only 30° horizontally from the midline of the projected image to eac

b e _ s we had in the previous report. As in that previous study, the onset
eye (d}Je to the horizontal limit of the prisms and the o.verlap. of thegg the image projected by the Sharp 850 (LCD) projector had a fixed
prism images) but 50° down and 50° up from the fixation point. Thishase lag of 4 ms in the onset of the projected image and a variable
Iarger vertical I’egion allowed for Study of a few neurons with Iarg%ne of between 0 and 16 ms, which produced a mean stimulus de|ay
RF center eccentricities than was possible on the horizontal meridian12 ms. We shifted the responses studied by 12 ms to allow for this
On each side of the central 30° area was a band of nondispad#lay (82—482 ms). We did not measure or report visual latencies.
random dot pattern (monocular), but this extension generally did notFor comparison of the responses of a neuron at different disparities,
fall on the most effective region of the surround of the neuronse used a one-way ANOVA (factor: disparity) with a significance
studied. We extended the dot pattern in this way to have as largéewel of P < 0.05. We also plotted the magnitude of the response at
stationary field as possible to increase the stability of the monkeyegch disparity and fitted a curve through these data points using a
fixation in the presence of moving stimuli even though this exposé&tbic spline fit. We determined the peak location from this curve.
each eye to a nondisparity stimulus (Liu et al. 1994; Nakayama et &hose curves that had two crossing points at which the value was
1995). The fixation point was always at zero disparity. The display g§lual to the peak value on the curve divided by {/i2 (Poggio and
each eye had a maximum of 1,660 dots. Otherwise the display welbot 1981; Schiller et al. 1976) we classified as having a peak in
identical to that in our previous report (Eifuku and Wurtz 1998). their disparity tuning curve. For those cells with such a peak, we took

Disparity was produced by shifting the location of the dots in eithdfl® Width of the reSponse as equal to those W2 reference points,
the center or the surround to produce 1, 2, or 3° of crossed pich includes~60% of the area under the curve. For the strength of
uncrossed disparity. The disparity calculation was the same as t gt_dlsparlty tuning we used a contrast comparison as an index of

. . . uniing strength: (max- — (min — §/(max — + (min — 9,
described previously (Roy et al. 1992). We used a wide range \?/ﬂerg max gémd (min ar? the( maximuS)m( and mi)imugn vaIueS)of the

disparity (J.r?’o tq —3°) 1o see the range of_ disparity in this first SurVe)g;lisparity tuning curve an8is the spontaneous activity during 200 ms
of MSTI disparity, and to allow comparison to MSTd. Even the lpefore the stimulus motion onset. The maximum and minimum re-

disparity stimulus could not be fused while fixating on the screen a@fonses were taken from the disparity tuning after cubic spline fitting.

appeared to the investigators as a dot pattern lying just in front of e index was similar to that used recently in area MT (Bradley and
just behind the screen. We used-8° disparity stimulus even though andersen 1998).

it produced a disparity that was beyond the normal physiological Displays used for off-line data analysis were spike density histo-

range. grams created by replacing the millisecond-wide square pulses repre-
Recordings were made in one hemisphere in each of the twenting spikes with Gaussian pulses with a width corresponding to a

monkeys. MSTI was identified using the same physiological critstandard deviation of 10 ms using the method of McPherson and

ria as in the previous paper: neurons responded preferentiallyAllridge (1979).

moving stimuli, were directionally selective, had RF centers with

a medial edge close to the fovea, had relatively large recepti\ée SULTS

fields, and responded to single spots of light as well or better th&F

to the motion of random dot patterns. Again, we first mapped thg/pes of response to disparity shifts in the RF center

RF center of each neuron using either a small spot or a random dot

pattern at zero disparity; this procedure meant that we only studiedWe recorded from 104 MSTI neurons (67 from the right

neurons that responded at least somewhat to zero disparity stimhiémisphere of one monkey and 37 from the right hemisphere

This procedure was identical to that used in the previous study gfthe other monkey) and tested the disparity sensitivity of the

MSTd in this laboratory (Roy et al. 1992; Roy and Wurtz 1990)RF center of each. We first determined the size and location of

We then determined the optimal speed and direction of moti9fe RF center and the direction and speed of preferred motion.

across the RF center at zero disparity using computer-controll¢le range of RF center sizes and eccentricities in the present

stimuli with eight directions (0, 45, 90, 135, 180, 225, 270, andy,qy were 10-15° and 3.3-21.9°, respectively. We then ran-

315°; 0% was horizontal to the right) and five speeds (6, 10, 20, 48 1y varied the disparity of the stimulus matched to the RF

and 80°/s). In the subsequent experiments on disparity sensitivi nter size and moved the stimulus at the preferred speed in

we used a random dot field that matched the size of the RF cenfer. . - .
and that moved at the optimal speed and in the preferred e?th the preferred and anti-preferred directions. Many neurons

opposite direction. The surround stimulus was also a random ;ponded more strongly to moving stimuli at some dISpE}r_Itles
pattern of the same density as the center stimulus, was usud{i" at others, and we classified neurons as being sensitive to

90 X 100°, and was stationary. We presented stimuli in the cent@iSParity by using a one-way ANOVA (factor: disparity) with
and the surround with different disparities, with the presentation 8 Significance level of? < 0.05. Of the 104 neurons, 74
these stimuli randomly interleaved. The time of stimulus onset wa41.1%) showed significantly different responses as disparity
separated from the time of stimulus motion: after looking at thwas varied.

fixation point for 400—800 ms, the visual stimulus appeared as aFigure 1A shows an example of such a disparity-sensitive
stationary random dot field, which on some trials had disparity, af@uron. This neuron responded better to a few uncrossed
then after 800 ms the dots moved for 400 or 600 ms. disparities (far stimuli) than to crossed disparities (near stimuli)
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with the strongest response at zero disparity. The disparity of A 12
the stimuli minimally affected the response to motion in the N =236
anti-preferred direction (Fig. B). We fit the means of the 10

responses to each of the seven different disparities with a cubic
spline function, and Fig.@ shows the curve for the range of
disparities shown in Fig. 1A andB. The shapes of the curves
and the location of the peaks varied considerably across neu-
rons (Fig. 1,C—F). Figure D shows another example of a cell
with a peak at zero disparity, whereas FigElandF, shows

two neurons with peaks away from zero.

In spite of the substantial variation in the shape of the curves
that is evident in Fig. 1C—F, they all had a clear peak in their oWl d | REEEEREEEE
response to the disparity range tested. While we observed a 3 2 1 0 1 2 3
great variation in the disparity tuning curves among the neu- Peak location (deg)
rons, we frequently found neurons with such peaks in the
tuning. To objectively classify neurons as having a peak in the

Number of neurons
[o)]
1

response profile, we required the curve to have two crossing B 4; o 'o =,
points at which the value was equal to the peak value on the 2.5 o
curve divided by the,/2 (Poggio and Talbot 1981; Schiller et ]
al. 1976). We found 36 neurons that met this criterion, and Fig. 34 0
2A shows the distribution of the disparities at which the peak ] ©a
t

o
n
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o
o

occurred. Although the peak is most frequently at zero dispar-
ity, both crossed and uncrossed disparities are also represented.
Figure B shows the substantial variation in the width of the
disparity tuning of these neurons with a peaked tuning curve,
and the lack of any obvious relationship between the location
of the disparity peak and the tuning width. !
Other neurons were sensitive to stimulus disparity (as indi- ] :
cated by the ANOVA) but did not meet the above criteria for ] :
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a peaked response. Of the 38 neurons that did not meet the
criteria for a peaked response, 33 had broadly tuned curves, o] .
H. H . L I L L I L I L I S |

and the remaining 5 neurons had multiple peaks. Figui 3, 3 2 -1 0 1 2 3
and B, shows an example of a more broadly tuned neuron, Peak location (deg)
which responded to many dISp.amleS’ and Fig. @OWS the .FIc. 2. Distribution of responses of neurons with a peak in disparity tuning.
grap_h of these responses. Again ther_e was con5|derable Vafl&requency histogram of the disparity at which the peak response occurred.
tion in such broader tuning curves as indicated in the examplasik location was taken from the spline fit cuBescatter plot of disparity of
shown in Fig. 3,C-F The peaks of these neurons were alsibe peak response against the width of disparity tuning. The width of the
distributed over both crossed and uncrossed disparities ThiEgRONSe was taken between the 2 points at which the value was equal to the
. indicati f d f : di eak value on the curve divided by tRg2, which includes~60% of the area
IS No Indication of a preponderance ol Neurons responaiffiyer the curve. That the points are largely aligned aroundig,and+2° is
preferentially to near or far disparities as was the case in MS§@bably related to the large steps used in disparity testing.
(Roy et al. 1992).

We also found no indication in any of the MSTI neurons ofve have referred to as the anti-preferred direction and at other
a change in direction preference of the neurons as the dispadigparities in the preferred direction. Figures 1 and 3 show that
changed, as has been described previously for neuronsthare is no such response in the eight example neurons shown,
MSTd (Roy et al. 1992; Roy and Wurtz 1990). The neurons Bnd we never observed such a response comparable to that seen
MSTd that show this effect have a striking characteristic: they MSTd in any of our sample of 74 disparity-sensitive neu-
respond to one direction of motion at one disparity and tons. One of the strongest variations in response in the anti-
another direction at another disparity. Therefore for the MSTteferred direction is that shown in FigEland this is not
neurons there is a clear response at some disparities for wtanparable to that seen in MSTd. Based on our current sample

Fic. 1. Examples of neurons that had a peak in their response to stimuli of different dispari@es/pical example of a neuron with
the peak at zero disparith: responses of the neuron in the preferred direction of motion for zero disparity, crossed disparities (negative
1-3°), and uncrossed disparities (positive 1-3°). The crossed stimuli appear as if in front of the screen (near stimuli), and the uncrossed
stimuli appear as if behind the screen (far stimuli). The schematic drawtng sthows the fixation point (FP) that was at zero disparity
while the stimulus was at different disparities. The RF center of the neuron was 7.5° to right and 7.5° down and was 15° on each side.
Preferred direction of motion was 0° and optimal speed was 20°/s. Rasters and spike density functien$Q(®i3) are aligned on
stimulus motion onset (OB: responses in the anti-preferred directiGnresponses of the same neuron showing responses in the preferred
(e) and in the anti-preferredj. Curves were fit by a cubic spline function. Error bars show standard errors of the mean. The mean
SE of the spontaneous activity level during 200 ms before the stimulus motion onset is indicated by the solid and dashed horizontal lines,
respectively. A 1-way ANOVA (factor: disparity) showed a significant differeri€@, 77) = 58.622 P < 0.0001).D-F: 3 other
examples of similar neurons with a peaked tuning curve. One-way ANOVASs (factor: disparity) showed significant differebe&g6for
96) = 4.621 P = 0.0004), forE, F(6, 84) = 10.565 P < 0.0001), and fof, F(6, 106)= 8.608 P < 0.0001), respectively. Note that
E andF have their peaks at uncrossed disparities, not at zero.
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ments we covered the prism in front of one eye or the other so

2
O? T that the binocular and the two monocular presentations were
187 run in blocks of trials. The response curve to binocular stimuli
o 16 always differed from that for monocular stimulation, and Fig.
S 14 5, A and B, shows sample graphs for neurons with a peaked
3 ] ] tuning curve and a more broadly tuned curve, respectively. We
£ 127 B N =74 did two one-way ANOVA based on disparity. The first was
g 10 - neuronal response versus disparity for binocular viewing; the
Q5 second was neuronal response versus disparity for monocular
z ] viewing (separate eye conditions were pooled). All 15 neurons
g 6 tested showed a significant disparity effect for binocular view-
L 4 ing (P < 0.05) but no significant effect for monocular viewing.
] Figure 8C shows a scatter plot of the strength of the response
27 —H of each of the 15 neurons to stimulation through each eye and
0 — —T reveals no systematic bias toward either the contralateral or the
0 0.2 04 0.6 0.8 >1 ipsilateral eye.
Tuning Strength Index In summary, we found that about two-thirds of the neurons

. , o . . sampled in MSTI were sensitive to the disparity of the stimulus
FIG. 4. Strength of tuning to stimulus disparity. Tuning strength is a con-__ . . . -
trast measure: (max § — (min — 9/(max — S + (min — S, where max moving in the RF center. Although there was substantial vari-
and min are the maximum and minimum value of the disparity tuning cun@tion in the shape of the tuning of the neurons, about half of the
and Sis the spontaneous activity during 200 ms before the stimulus motiwjisparity-sensitive neurons tested had a clear peak in their
onset. The response to the 36 neurons with a peak in the disparity tuning CLtﬂngarity tuning curves. None of the MSTI neurons showed the

as well as the remaining disparity-sensitive neurons are included. Tuni i . . L .
strength index for cells shown in Fig. D-F, are 0.75, 0.35, 0.62, and 0_39’895parlty dependent direction sensitivity reported prewously

respectively. Those for cells shown in Fig.3-F, are 0.25, 0.33, 0.28, and 10 MSTd neurons.
0.30, respectively.

. . N ... Effect of stationary surround stimuli
of neurons, the disparity-dependent direction selectivity is noI y

present in MSTI. In previous experiments (Eifuku and Wurtz 1998), we found
For the strength of the disparity response, we used a contridistt a surround stimulus in MSTI modulated the response to
measure, and Fig. 4 shows the range of variations that wemtion in the RF center and that the modulation was frequently
observed across the 74 neurons that had significant dispaa$ygreat with a stationary stimulus as with a moving one. We
sensitivity. The strength of the response using this meastinerefore studied the effect of a stationary surround on the
ranged from 0.27 to 2.94 (median: 0.62) for the 36 neuronssponse to motion in the center of the RF by first varying the
with a peak response and from 0.19 to 1.77 (median: 0.29) fdisparity of the RF center stimulus during motion in the pre-
the 33 more broadly tuned neurons. ferred direction of the neuron with the addition of a stationary
There was also considerable variation in the time course safrround at zero disparity (FigAp. We then varied the dis-
the response to the disparity stimuli. For example, the neurparity of the stationary surround while holding the disparity of
shown in Fig. A showed a change in both the initial responsne center stimulus at zero disparity with motion in the pre-
and the continuing discharge to motion for stimuli at uncrosséerred direction (Fig. B). Before studying each neuron, we
and zero disparities, but the initial response was present fwst verified that we could elicit no response from stimulating
crossed disparities as well. To see the extent of differencestle surround areas alone.
the initial and continuing responses in our sample of neurons,Figure 7A shows the response of a neuron to stimuli at seven
we divided the response into two periods: the first 200 ms addferent disparities in the RF center. When the surround was
the last 200 ms of the 400-ms period we have used for quadded, the neuron responded better, but the peak remained at
tification of the response magnitudes. We observed all combero disparity. Such modulations also occurred in broadly
nations of initial and continuing responses to disparity stimuliuned neurons (Fig. B and C) and included both increases
those in which the response in the first 200 ms was consisteralyd decreases in activity. These results extend our previous
greater than that in the second 200 ms, those in which thiayding that the stationary surrounds simply modulate the di-
were the same, and those in which the second 200-ms perniedtional response to motion in the RF center by showing that
showed much larger responses. Activity in both periods coit-modulates the response to stimuli with disparity as well.
tributed to the activity of both the peaked and broadly tuned A factor that could account for the effect of the surround in
group of neurons. Fig. 7 would be a systematic change in the monkey’s vergence
For 15 neurons with disparity tuning, we checked to seahuring fixation, and this vergence was measured on all trials.
whether monocular stimulation of one eye or the other was tRegure 7,D—F, shows the meart SE of the difference in the
source of the apparent disparity sensitivity. For these expdmirizontal eye positions recorded during each condition shown

Fic. 3. Examples of neurons with broad disparity tuning. Figure organization is the same as that ofAR@. 4 typical example
of a neuron with the response in the crossed disparities. The receptive field (RF) center was 10.0° to the right and 10.0° up from the
fixation point and was 15° on each side, and the preferred direction of motion was 270° with an optimal speed of 20°/s. A 1-way ANOVA
(factor: disparity) showed significant differené¢&6, 147)= 4.699 P = 0.0002).D-F: 3 other examples of responses of broadly tuned
cells. One-way ANOVAs (factor: disparity) showed significant differencesbidf(6, 124)= 4.285 P = 0.0006), forE, F(6, 79) =
6.145 P < 0.0001), and foF, F(6, 65) = 4.376 P = 0.0009), respectively.
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in Fig. 7, A-C. The changes in disparity sensitivity of the(Fig. 10, Eifuku and Wurtz 1998). Thus a stationary stimulus
neurons cannot be ascribed to the small changes in vergefadkng on the surround of these MSTI neurons modulates the
that were measured simultaneously. response to motion in the RF center but does not change the
To quantify the effect of the surround on disparity tuning idisparity tuning in the RF center.
the RF center across our sample of neurons, we plotted th&Ve next determined the effect of changing the disparity of
location of the peak of the disparity tuning for the 36 neurortee surround (as in Fig.B). We kept the center stimulus
with a peaked tuning curve with and without a surround (Fignotion in the preferred direction and at zero disparity and
8A). We found that the disparities producing the peak responggried the surround disparity, and we compared these re-
with and without a surround were well correlated. To compasponses to those to the surround at zero disparity and the center
the amplitude of the response, we computed a modulation ragiodifferent disparities. The graph in FigAShows the re-
for the response of neurons to center motion with a stationagponses of the same neuron as that in FAg.For changes in
surround divided by the response to center motion alone; ratmenter disparitied(]) the maximum response was close to zero
differing from one indicate effects of the surround. FiguB 8disparity as was the maximum for changes in the surround
shows that the modulations cover a range of increases afisparity. For this neuron the optimal disparity in both the
decreases, but the effect of the surround was usually an éenter and surround was about the same, but this was not the
crease in the response, and this effect was similar to that fourase for many other neurons. Figui $hows a case in which
previously when there was no change in RF center disparitye maximum response to disparity in the center wasland

FIG. 6. Two experiments on the effect of disparity on the interaction between center and susoeffdct of addition of a
surround at zero disparity on the response to motion in the RF center at zero and near and far digpaitexs.of addition of
a surround at zero and near and far disparities on the response to motion in the RF center at zero disparity. In all cases the motion
in the center was in the optimum direction and at the optimum speed, and the stimulus in the surround was stationary.
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O No-surround

i @ Surround

FiG. 7. Effect of a stationary surround
stimulus at zero disparity on the response to
motion in the RF center at different dispari-
ties.A: plot of the responses (meanSE) of
a neuron with a peak in its tuning curve
showing that the added surround produced
an increased response but did not change the
preferred disparity. Solid and dashed hori-
zontal lines indicate mean SE of the spon-
taneous activity level during 200 ms before
the stimulus motion onseB andC: plots of
2 broadly tuned neurons that produced an
increased or decreased response but no
change in the preferred disparitp—F: dif-
ference in eye position during the recording
1 in each condition for the cells iA—C. The

W O+ No-surround difference is that between the average of
horizontal eye position of the right eye minus
that of the left eye during the analysis period

" o used for neuronal activity (70—470 ms after
W 0. _ okg:g:a/hﬂﬂ stimulus motion onset). The relatively flat

’—4 - 3 N curves indicate that changes in vergence are
unlikely to account for differences in the
neuronal response to disparity differences.

40

w
o

n
(=]

Neuronal activity (spikes/s)

-
o

(=]

(")_Itnlxlx‘u i

o

0.5 % —— Surround 0.5 0.5—

Right - Left (deg)
& o

-0.5 -0.5 ‘

SarD28b OrrD35a OrrD48b
7 T | T T | -1 T T T i -1- i S |

I
3 2 4 0 1 2 3 3 2 4 0 1 2 3 3 2 4 0 1 2 3
Disparity (deg)

the minimum was at-1 to —2, but for the surround thesesensitivities for stimuli in the RF center as compared with the
values were reversed with a minimum-a2 and a maximum modulatory surrounds.
at —2. Figure € shows a similar striking reversal of maximum The difference in the most effective disparity in the RF
and minimum. center and surround for some neurons raised the possibility that

Again, variations in vergence during fixation in the presendbese MSTI neurons might be sensitive to thifferencebe-
of these changing disparity stimuli did not account for theveen the center and surround disparities, that is, to the relative
changes in disparity response of the neurons because the gidipparity between center and surround rather than to the abso-
of the difference in the position of the two eyes during recordidte disparity of either. Although we had not set out to sys-
ing in each condition for each neuron (Fig3;F) was largely tematically study this issue, we did have a number of compar-
flat across disparities{3 to 3°). To verify that there were noisons between center and surround disparities that would allow
systematic changes across our sample of neurons, we plottedo make such difference comparisons. FigureAland B,
the mean difference in eye positions across all fixation trials fshow this comparison to relative disparity for one of the
each of the disparity conditions in our series of experimentgeurons that had a near reversal in the peak disparity preferred
center disparity stimuli with no surround (Fig. AY) center by the center and the surround (FigC)9 To determine the
disparity with a surround (Fig. B), and center stimulus with relqtlve_dlsparlty we compared the response to the same dis-
no disparity but with surround disparity (Fig. @D The parity difference in center and surround. For example, center
mean= SE of the difference in right and left eye were flager© © surround-1 is compared with surroungt1 to center
across disparities<3 to 3°) in each condition. zero, zero to-2 is compared with+2 to zero, etc. This is

To compare the disparty gvng the maximum response (AUVAENL 1 SN0 e 301 9 o e sround e
motion In th.e RF center to the disparity giving the Maximulty e surround disparities. Figure Bplots these relative differ-
modulation in the surround, we used a scatter plot. In Fig 1

for th ith ked tuning. if th i d ces with the horizontal axis showing the response with
or the neurons with peaked tuning, I the center and surroug parity in the RF center with the surround at zero disparity,
maximums were similar, all the points should lie in the uppey,

: ] " - d the vertical axis shows responses with surround disparity
right quadrant for far disparities (uncrossed, positive) or the,q zero center disparity. The regression line through the six

lower left quadrant for near disparities (crossed, negativejsparity differences has a positive slope indicating that the
That is clearly not the case, and although a complete revergalironal response generally varies with the disparity difference
of maximums between center and surround was not frequegtween center and surround.

(the examples in Fig. 9B and C, are indicated by filled  Figure 12,C and D, compares the response of this same
squares), a shift in the maximum was common. The same gasuron to the absolute disparity difference between center and
be said for the minimums of these tuning curves (FigB)11 surround. We take the response to each disparity difference for
Thus these MSTI neurons frequently had different disparithe center disparity and the surround disparity stimuli (Fig.
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A showed a significant positive slope to absolute disparity dif-
3? ferences as in the example of Fig.BL&nd either a significant
; negative slope or one not significantly different from zero for
27 @/ relative disparity. The remaining neurons that belong to neither

g group included neurons that did not have marked differences
between center and surround disparity as shown by the exam-
ple in Fig. 13 (same neuron as i). There was therefore no
indication that these neurons were preferentially related to
absolute or relative disparity.

In summary, we found that a stationary surround at zero
disparity simply modulated up or down the tuning curve for
disparity of the moving stimulus in the RF center. When the
disparity of the stationary surround was varied, the strongest
modulation by surround disparity was frequently at a disparity
different from the disparity most effective in the center. Some

Surround (deg)
o

O N=36
’ r=0.87 (P <0.001)
'3 } T [ T i T 1 ! ‘ T T ! ‘"r“‘_'—\

3 2 1 0 1 2 3

No-surround (deg) of these neurons with different disparity preferences in center
B and surround responded best to the relative disparity differ-
» 30— ences between center and surround, whereas others were re-
5 lated to the absolute difference between center and surround.
2 25 ]
s -
gQOi DISCUSSION
% 15~ Our goal was to determine the effects of disparity on both
%10 i the receptive field center and the receptive field surrounds of
g ] MSTI neurons, neither of which had been investigated previ-
o 5- ously. We have found that MSTI neurons have clear disparity
o g% L N B B S sensitivity to stimuli presented in either the center or the
O 05 1 15 2 25 3 35 surround, and we will compare this disparity sensitivity in the

RF center to that in other extrastriate areas, particularly MSTd,
then compare the RF surround sensitivity to other areas, par-
Fi. 8. Modulation of the response to motion in the RF center in thgcylarly MT, and then consider the how these phenomena

optimum direction and speed by the addition of a stationary surroand. ‘gt contribute to the perceptual segmentation of objects
scatter plot comparing the disparity giving the peak response with and wnhqtut

a stationary surround stimulus. Each point corresponds to the locations of tHaM background. Finally we suggest that this new information
peak in the disparity tuning curves for one of the neurons with a peaked tun@fengthens the possibility that MSTI makes functional contri-

curve. The horizontal axis is peak location of the responses to the certertions that differ from those of MSTd.
stimulus at 7 disparities<3, —2, —1, 0, 1, 2, 3) with no surround, and the

vertical axis is the same with the surround at zero disparity. Locations of peaks

are well correlated (linear regression, slope0.81, intersect= —0.03,r =  Disparity sensitivity in RF center

0.87,P < 0.001). Solid line is the regression line, and the filled square is the

value for the neuron in Fig. A B: histogram of the magnitude of the We found that about two-thirds of the neurons sampled in
";OdU'?ttimZ?OVSV":?Ob%tg if%(;]feearigz alg(tii gﬁcrft%s?ss tiﬂéeépsogsni ;Vittg ttfr‘]z idedt'!ifé‘ ventral-lateral region of MST (MSTI) were sensitive to the
gtirzuslue; Svith );heusururound at zeroudisparity/response Wit':f)\ no surround. §par|ty of the Stlr_nUIus maoving In the RF center. A.IthOUQh
neurons with either peaked or broadly tuned curves are plotted together ( (N€re was substantial variation in the shape of the tuning of the
728: 104 neurons for 7 disparities) because both groups showed the modulafi@urons, those with disparity sensitivity were about equally
by the surround. divided between those with a clear peak in their disparity
_tuning curves (Fig. 1), and those tuned to a broader range of
12C). Because the peaks of the center and surround d'SpaHIXparities (Fig. 3).
curves are at nearly opposite disparities, the graph that compisparity sensitivities of neuronal responses have been iden-
pares the six pairs of absolute differences (FigoJl&hows a tified in a series of cortical areas in the monkey including V1,
regression line with a negative slope so that the same absoMg V3A, V4 (Cumming and Parker 1997; Hubel and Wiesel
value of disparity in center and surround can produce larg@70; Poggio and Fischer 1977; Poggio et al. 1985, 1988;
differences in neuronal activity. We conclude that the dis2oggio and Talbot 1981; Smith et al. 1997), MT (Bradley and
charge rate of this neuron indicates the relative disparity b&ndersen 1998; Bradley et al. 1995; DeAngelis and Newsome
tween center and surround rather than the absolute disparityl®®9; Maunsell and Van Essen 1983b), and MSTd (Roy et al.
either. 1992; Roy and Wurtz 1990), but the disparity sensitivity of
Figure 13 illustrates the types of neuronal responses MSTI neurons has not been previously studied. In many of
relative and absolute disparities we observed in the 31 neurdhsse studies it was convenient to classify the disparity tuning
with adequate data on the effect of both center and surrourutves into the categories adopted by Poggio et al. (1985,
disparity. Six neurons showed a significant positive slope 1®88): near, far, tuned excitatory (near, zero, far), and tuned
relative disparity differences as in the example of FigAa8d inhibitory. In the motion pathway, these categories were orig-
either a significant negative slope or one not significantiyally used in MT, where neurons were described as being
different from zero for absolute disparity. Four neuronsear, far, and tuned excitatory or inhibitory (Maunsell and Van

Modulation ratio
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Fic. 9. Different effect of a stationary surround at different disparities on the response to motion in the RF A&eGte3.
examples of neurons whose response to motion in the center of the field was altered by changing the disparity of the surround
stimulus. Arrows indicate the location of peaks in the curves. Same conventions as inB@ndC show a reversal of preferred
disparities in the center and surroum®-F: difference in eye position during the recording in each condition for the cells-@
as in Fig. 7
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FiG. 10. Difference in position of the 2 eyes during fixation across all experiments in which only a disparity stimulus was in
the RF centerA), when a disparity stimulus was in the RF center with a surround stimulus at zero disBaramd when the center
stimulus was at zero disparity and the surround stimulus had disp@}it¥lie difference shown is the meanSE of the horizontal
eye position of the right eye minus that of the left eye during the analysis period used for neuronal activities (70—-470 ms after
stimulus motion onset). In all cases, the vergence was flat across dispariigs 3°) in each condition making it unlikely that
changes in vergence account for differences in the neuronal response to disparity differences.
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steps in disparity that would be required to see fine changes in

‘ tuning. This strategy could miss fine tuning, but even if it
O ‘ missed a peak of fine tuning, such a peak would be superim-
posed on the broad tuning observed in almost all of the MSTI
neurons. Such relatively broad disparity tuning in MSTI is
similar to the broad tuning in MSTd (Roy et al. 1998t the
difference in the areas is the strong tendency in MSTd for
neurons to be broadly tuned for near or far stimuli, and al-
though we have seen both such neuronal types in MSTI, there
appears to be no such tendency for these neurons broadly tuned
for near and far disparity to predominate. Broad tuning seems
to be a characteristic of both MSTI and MSTd, and this implies
N =31 ! a function that is not related to the precise tuning of fine
1r=-0.60 (P<0.001) stereopsis but rather that related to functions more appropri-
I e B N R ately referred to as coarse stereopsis (Bishop and Henry 1971;
3 -2 A 0 1 2 3 Roy et al. 1992).

Center disparity (deg) The most striking difference between MSTd and MSTI,
however, relates to the disparity-dependent direction selectiv-
ity found in MSTd: the optimal direction of motion in the RF
of some neurons is reversed depending on the disparity depth
at which the motion occurs (Roy et al. 1992; Roy and Wurtz
1990). We saw no indication of such a reversal in any of the
neurons sampled in MSTI, as indicated by a lack of response
for motion in the null direction that is comparable to the
response in the preferred direction (Figs. 1 and 3). The pres-
ence of disparity sensitivity in both MSTI and MSTd indicates
that disparity is involved in the functional contributions of
these areas, but the difference in disparity-dependent direction
sensitivity suggests a difference in function between the areas.

>
w

\V]
‘ 1.l 4‘
0

j—re
I

‘\\
O

Surround disparitry (deg)
<
b
o

1
N
|

1
[9)]

Surround disparitry (deg)

| r=-074 (P<0.001) Disparity sensitivity of the surround

-3 A In the present study, we used a stationary rather than a
3 2 - 0 1 2 3 moving surround, because in our previous experiments (Eifuku
Center disparity (deg) and Wurtz 1998) we found that a stationary surround was

FiIG. 11. Comparison of preferred disparity in RF center and surro@nd. usually as effective as a moving one. We found that a station-
scatter plot showing the relation of the disparity giving the maximum respon@éy,surround at zer_o dIS.pal‘Ity simply mOdUIa_ted up _or down the
in RF center and surround for the neurons with peaked tuning curves. E&HRING curve for disparity of the moving stimulus in the RF,
point corresponds to one neuron. The horizontal axis shows the disparity of itich was consistent with the modulatory effect of the MSTI
fosted at 7 dispariios. G, -2, *1 0. 1. 2. 3 wi the suound at zero o ound reported previously (Fig. 10, Eifuku and Wurtz
disparity. The vgrtical axis'shO\’/vs tr;e ciisp’ari’ty of the peak response to the sajnge98)' In Cont.raSt’ when the dlsparlty Qf the statlonaw_sur-
motion in the center at zero disparity with the surround at 7 disparitig ( 'ound was varied, the strongest modulation occurred at dispar-
-2,-1,0,1, 2, 3). The solid line is the regression line, and the filled squariiées that were frequently different from the disparity that
ihow _th? valu”ezofﬁ; Igfleednzﬁrggrsrien ggé%r?ngl C. ggtgsp?ﬂ;ggggogz gre produced the largest response for RF center stimulation.

egatively we . . . . . :
r =g —O.gO, P < 0.001).B: scattergplot shbwﬁ% the (iisparity giving ihe. For many neurons, the. peak n t.he.dISpamy tuning Wf"‘s the
minimum responses in center and surround. Same conventionsfaBth inverse of the most effeCt'Ve d'Spa”ty 'r_] the RF center (FIgS. 9,
peak locations are negatively well correlated (linear regression, stepe B andC, and 11). This prevalence of differences between the
—0.80, intersect= —0.09,r = —0.74,P < 0.001). preferred disparity in the center and surround led us to deter-
mine whether the discharge of the neurons might indicate the
Essen 1983b), although a recent study described the dispajéiative difference between the center and surround rather than
tuning as falling along a continuum (DeAngelis and Newsomge absolute disparity. We did find some neurons that re-
1999). In MSTd, neurons could be largely grouped as havisgonded best to the relative disparity differences between cen-
broad tuning to near and far disparity. The neurons in MSTI didr and surround, but the discharge of other neurons was better
not fit into these categories but rather had relatively broadlated to the absolute difference between center and surround
disparity tuning. Although we identified the MSTI neurons thafFigs. 12 and 13). Our sample of neurons sensitive to relative
had a clear peak in their disparity tuning curve using atisparity was small as was the number of disparity differences
objective criteria, this was done only to convey a sense of thested so that our results on relative disparity are limited. But
variation within the sample of neurons that we think have they do suggest that at least some MSTI neurons are conveying
continuum of disparity tuning functions. In both the study oihformation on the relative disparity difference between center
MSTd and MSTI, the disparity steps used were large, to studpnd surround rather than the absolute difference. It may be that
sensitivity to a broad range of disparities, and omitted the smik indication of relative disparity seen in these MSTI neurons
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C FIG. 12. Comparison of the modulation of the response to
120 120 motion in_ the _RF center_as a fun_ction of the absolute differences
- . 3 B and relative differences in disparity between center and surround.
% 100 100 4 A andB: response to relative disparity differencésthe relative
= L 3 - disparity comparison (see text) is essentially the same as reversing
2 80 + 80— the surround curve around the zero disparity, and the curves show
%‘ 60 El Ea this reversal of the surround values for the neuron shown in Fig.
'§ 1 60 9C. The curves are neuronal responses to disparity of the center
5 40 0 B stimulus with the surround at zero disparity (Center Disparity) and
S ] o | responses to surround disparity with the center at zero disparity but
3 20 o Senter disparly § with the curve reversed (Surround Disparity). In both cases, mo-
2 1 @ Surround disparity 20+ :

tion in the center is always in the optimal direction and optimal

0 ‘ J 4 ‘ — speed and the stimulus in the surround is statiorirgcatter plot

3 2 1 0 1 2 3 for each of the 6 pairs of differences between the curvés The

horizontal axis shows response with disparity in the RF center with

120 D 120+ the surround at zero disparity, and the vertical axis shows re-

i i sponses with surround disparity and zero center disparity. The
- slope of the curve is positive & 0. 87,P <0.05) indicating that

vy}

- ] / _

% 100 ] ] 100 X the neuron changed its response with differences in relative dis-

= . nd . \‘o\ parity. C andD: response to absolute disparity differences. Com-

% 80— o 80 ] \\ parison was made between the response to each disp@)ity (

= : A ] i which is the same as taking the difference between the 2 curves

g 1 x ] (same curves as in FigC). In D the horizontal axis again shows

a 997 OA3 WAl 80703 my responses to different center disparities with zero surround dispar-
] OA2 @A2 ]o-2 e2 ity and the vertical axis shows responses to different surround

40 e ‘XIA‘-‘1‘ ‘A‘Ay3l 40 ><1 ‘ “‘3\ ——— disparities with zero surround di_spa_lrity: The slop(_e of the curve is
40 60 80 100 120 0 60 80 100 120 negative ( = —0.91,P <0.05) |nd|ca_t|ng t_hat _thls neuron re-
Center (spikes/s) OrD39b sponded very differently to absolute disparity differences.

may become more prominent at the next higher stage of d&hown both direction and disparity for MSTI in this and the
parity processing. preceding paper (Eifuku and Wurtz 1998).

So far there has been little other indication of relative dis- If the disparity were to contribute to the segmentation of the
parity in extrastriate cortex, although changes in vergence dilject from the surround, the neurons might be expected to be
modulate the response of a few neurons in MSTd (Roy et &gnsitive to the relative difference in disparity between the
1992) and a substantial number of neurons in V1 (Trotter et 8Pject and its background (between RF center and surround)
1996). Disparity sensitivity of V1 and V2 neurons has recentf@ither than to the absolute disparity of either. The presence of
been reported to be altered by the addition of contextu#@Me neurons whose response was better related to the differ-
stimuli, and the effect depends on the position of these stim§(iceS in disparity of center and surround, even though the
in depth (Bakin et al. 1998), which suggests that the relati solute values of these disparities changed considerably over

disparity between center and surround may be established e §,range tested, is consistent with su_ch a cpntrlbunon for'at
in cortical visual processing. edst some of the neurons in MSTI. This rel_atlve _d|ﬁerence in

We have previously shown that the direction of motion iffiSParity would be analogous to the relative differences in
the center and surround of MSTI neurons can differ and that fA&cCtion of motion in center and surround found in the pigeon

response in the center is most strongly modulated upward wi gRtum (Frost and Nakayama 1983): as long as the directions of

the center and surround move in opposite directions (Eifulﬂ]nonon.In the two areas are the opposite, the response in the
gnter is modulated.

and Wurtz 1998). This separation produces an edge or disch hink th £ di . ing th h
tinuity, such as at the edge of a moving object, that would ser; eIn net, we think the type o d_lsparl_ty processing that we have
to segment motion in the center from that in the surround. T ind in MSTI is more compatible with the segmentation of the

difference in preferred disparities in center and surround prgSu@l Scene than the determination of the depths of objects
vides a further method for segmentation of an object from tM@th'”. _the visual field. Suqh segmentation hqs been shown to
background, even if the object and its background were moti’/‘? critical for the separation Of. one object in Fhe field .from
ing at the same direction and speed. Such an interpretatior"f‘ri‘:‘.)ther floS;SQercSeptﬁal dlscrlm|nat|pﬂ§ (Iﬁragd:gkblgg& Na-
identical to that recently put forward by Bradley and Anderséﬁ?ama h )- IUC bseparar;[lon wit mfft N r']e y ||sp]§1rlty
(1998) for the function of the modulatory surrounds previous"% erences has also been shown to effect the control of eye
reported for MT (Allman et al. 1985a,b). They showed that tHCVements: the amplitude of short-latency ocular following
modulatory surround in MT could serve the purpose of Sel‘E]er_gsponses depends on the disparity of the peripheral visual field
mentation on the basis of differences in disparity, and that t awano et al. 1994).

segmentation was consistent with that derived from differences

in direction and speed of motion between center and surrouf@inctional comparison of MSTI and MSTd

MT centers also were reported to be mainly tuned for near

disparities, followed by zero, then far (Bradley and Andersen The type of disparity sensitivity we have observed for MSTI
1998). In the present study neurons that had prominent peaka@urons adds to the list of differences between MSTI and
their tuning curves were distributed across near, far, and ze&i&Td. First, MSTI neurons usually respond better to motion of
disparities. Of this trilogy of segmentation mechanisms remall spots than to large moving patterns (Komatsu and Wurtz
ported for MT (direction, disparity, and speed), we have noth988), whereas neurons in MSTd respond better to motion of
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Relative disparity Absolute disparity MSTd. Fourth, the MSTI neurons have disparity sensitivity in
A 20— 20— the center, and the surround and differences in disparity pref-
1 Das mat ] 03 mi erence between the center and surround provide another
2 ] os2 ew ; 02 e2 method of segmenting activity in one region of the field from
£qgq AT A x / TR . A another. Again, no such difference has been demonstrated for
2 ] ] N MSTd. In contrast, many neurons in MSTd show a change in
5 1 K their preferred direction of motion with changes in disparity
UE) 10 10 x o (Roy et al. 1992; Roy and Wurtz 1990), but we found no such
. differences in MSTI. Finally, stimulation and lesions of MSTI
1 OrrD46b alter the maintenance of smooth pursuit eye movements,
5 s 1 15 20 s s 10 15 a0 whereas such stimulation and lesions closer to MSTd do not
Center (spikes/s) (Dursteler and Wurtz 1988; Dsteler et al. 1987; Komatsu and
B % 257 _~ Wurtz 1989). Thus, although both MSTI and MSTd receive
1 ] /// direct inputs from MT (Maunsell and Van Essen 1983a; Un-
207m o 20 . gerleider and Desimone 1986; Van Essen et al. 1981) and
] \ ] }1/. respond preferentially to moving stimuli (Tanaka et al. 1986;
157 '\ 154 _7° Ungerleider and Desimone 1986; Van Essen et al. 1981), the
1 X \ g/ differences in the activity of neurons in the two areas suggest
10 10 that their functional contributions are different.
1 As indicated in this list, there are many gaps in our knowl-
5 e ‘ ‘ \ 52378 edge of the differences between MSTI and MSTd, particularly
5 w0 1520 25 5 10 15 20 25 jnthe direct comparison of each difference in the same exper-
C =, 70 iment. Given this limitation, however, the differences observed
] 3 so far are striking and are made even more so with the addition
%0 607 of the present finding on disparity. The characteristics of MSTd
50 50 neurons are consistent with a mechanism for the analysis of
. S 1 oy W optic flow; they respond to a variety of flow component mo-
awl” . o A tions over a large field, and their sensitivity to disparity allows
1 1 them to parse the visual field into depth planes to distinguish
%03 80 motion at different distances from the observer. This relation to
20?HH_H‘_mlm,l,,,,‘ 20:‘WW_MW‘S‘a‘rp‘zgp‘ optic flow is supported by recent experiments that altered

20 30 40 50 60 70 0 30 40 50 e 70 Judgments based on optic flow by electrically stimulating

Fic. 13. Types of disparity differences between center and surrou I\o/lls-rd (Britten and van Wezel 1998). These characteristics led

Graphs comparing relative and absolute disparity between center and surro &he hypothe5|s that MSTd contributes to the analyS|S of the
are the same as those in Fig. BandD. A: the graph for this neuron had a Mmotion that results from the movement of an observer through
positive slope for relative disparity; its discharge changed consistently with tttee environment. In contrast, the characteristics of MSTI mo-
s 5D 30 s wbane s saneqtn make these neurons appropriae fo the segmentation of a
\?vith };bsolute diisparity. For ’relative disparity,= —0.84; for absolugt;er = relatively small moving object from the background (Elfl.Jku
0.90.C: a neuron with little difference in center and surround disparity foRNd Wurtz 1998; Tanaka et al. 1993); they have relatively
which a distinction between relative and absolute disparity sensitivity was r@nall center size, modulatory surrounds, and sensitivity to
possible. For relative disparity,= 0.24; for absoluter = 0.51. Slopes i'A  disparity differences in center and surround. These character-
gﬂfsrgrﬁost'?g'cam'y different from zero using a Studenttest € < 0.05) jstics support the hypothesis that MSTI contributes more to the
' analysis of object motion than to optic flow.
patterns rather than spots. The sizes of the receptive fields ar&his distinction between observer generated and object gen-
also smaller in MSTI than in MSTd (Tanaka et al. 1993). Takegrated motion might turn out to be an oversimplification as
together, this suggests that the MSTI neurons are best suitethticated, for example, by motion parallax in the visual field
respond to motion in small parts of the field while neurons ithat should be processed most efficiently in MSTd but could be
MSTd respond to motion over a large part of the field. Secondsed for object segmentation, as discussed previously (Eifuku
many MSTd neurons respond preferentially to the componeiatsd Wurtz 1998). But this does not alter the salient distinctions
of large field optic flow stimuli such as expanding, contractingpetween the areas related to the processing of large field optic
and rotating fields of motion (Andersen et al. 1990; Duffy anflow motion and small field segmentation that seems to be
Wurtz 1991; Saito et al. 1986), and there is no indication thekearly different between MSTI and MSTd; it only alters the
MSTI neurons do so. Third, most MSTI neurons have a clefterpretation of what generated the motion.
RF center surround organization with the effect of the surround
being one of modulating the response to motion in the cente{ye are grateful to J. W. McClurkin, who developed the real time visual
rather than producing a response in the absence of cenifigflay system (VEX) and modified it for the purposes of these experiments;
stimulation (Eifuku and Wurtz 1998). Such center surrourtd T. Ruffner and A. Nichols, who developed prism separation of the images;
interaction should act to segment motion in one part of the fi d to L. M. Optican for valuable discussions. The Laboratory of Diagnostic
from that in the other. Such modulatory surrounds have n qllscgfngC);Research provided the MRIs of the monkeys as well as advice and
been demonstrated in MSTd, and the response to large fielghesent address of S. Eifuku: Dept. of Physiology, Faculty of Medicine,
stimuli make surrounds like those in MSTI seem unlikely imoyama Medical and Pharmaceutical University, Toyama 930-0194, Japan.
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