pected, irrelevant stimulus changes (27),
and so forth. In this regard, P3 can be
considered to index the relative timing of
stimulus evaluation between experimen-
tal conditions (/, 21), independent of RT.
But our results suggest that P3 can be
used to assess the temporal occurrence
of stimulus evaluation because it is re-
lated in time to N2.

The data and theoretical implications
indicate that many of the hypotheses
concerning the functional significance of
the brain activity P3 reflects (22), such as
target selection (2), are more appropri-
ately regarded with respect to N2 (5).
More recent hypotheses (23) conceptual-
ize P3 as reflecting brain activities con-
cerned with future events, since P3 often
occurs too late to be involved in the be-
havioral responses related to the eliciting
stimulus. Understandably, P3 has re-
ceived more attention from investigators
than N2; it is larger in amplitude and
therefore more readily observed and
measured, whereas N2 is not only small-
er but is also often obscured by P2 (Fig.
1). Whereas P3 can index the relative
timing of stimulus evaluation between
conditions, however, N2 can more di-
rectly measure the absolute timing of
certain decision processes.
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Smooth Pursuit Eye Movements: Is Perceived Motion Necessary?

Abstract. It has recently been shown that perceived motion, in the absence of any
appropriate retinal motion, is a sufficient stimulus to generate smooth pursuit eye
motions. This raises the question of whether perceived motion is necessary for pur-
suit. In three experiments we obtained a negative answer to this question: retinal

motion always governed pursuit.

When a moving object enters the visu-
al field, it is frequently followed by the
eyes with a slow smooth motion dis-
tinctly different from the rapid ballistic
eye motions known as saccades, which
serve to change the eyes’ point of fixa-
tion. Rashbass () presented evidence
supporting the traditional viewpoint that
the stimulus for these slow eye motions
is the movement of an image over the
retina. Recently, however, investigators
have begun to argue that it is not retinal
motion but rather the perceived motion
of a stimulus that is a condition for
smooth pursuit (2). There is now evi-
dence that the eye can engage in smooth
pursuit when there is perceived motion
of a target in the absence of any appro-
priate retinal motion. It has not thus far
been demonstrated, however, that per-
ceived motion is actually necessary for
pursuit. Two relevant questions to be an-
swered are (i) whether pursuit eye mo-
tions can be elicited when there is retinal
motion but no perceived motion and (ii)
whether the smooth pursuit response of
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the eye will be to the retinal or perceived
motion of a target in a situation in which
there is a conflict between the two. An-
swers to these questions should reveal
the relative importance of perceived and
retinal motion in driving the pursuit sys-
tem.

‘We now report the results of three ex-
periments which address these ques-
tions. In one of these the pursuit behav-
ior of the eye was examined for a set of
stimulus velocities which ranged from
well below to well above our subjects’
detection thresholds. In the second, the
addition of a stationary frame of refer-
ence could be used to render visible the
slowest of these velocities, and a moving
frame of reference could be used to in-
duce the perception of motion in a stimu-
lus which was in fact stationary. In the
third experiment, eye movements were
examined under conditions in which the
phenomenon of induced motion was
used to create a conflict between the di-
rection of a target’s retinal motion and
the perceived direction of its motion.
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In all the experiments the stimulus dis-
play was multiplexed onto a fast phos-
phor cathode-ray tube 2 feet in front
of the subject; the display was all that
was visible to the subject. Eye motions
were monitored with a Double-Purkinje
image eyetracker (3) with a noise lev-
el that was typically less than 5 min-
utes of arc and recorded with an analog
chart recorder for subsequent analysis.
In each experiment, mean data for three
subjects are presented.

In experiment 1, a single point of light
was moved either left or right for 2 sec-
onds at velocities of 3, 6, 9, 12, or 15
minutes of arc per second. There were
nine trials of leftward and nine of right-
ward motion for each stimulus velocity
and 30 zero-motion trials. The total set of
120 trials was administered according to
a predetermined randomized design.

Prior to each trial, the subject was
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F—— 2 seconds —
Stimulus
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6 minutes | r-
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Eye vw+\-.; e et ﬂ'r\*r-."*-’w-v‘:h-‘/f'ry
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light-adapted for 10 seconds in an effort
to minimize autokinetic motion. Follow-
ing this there was 10 seconds of dark-
ness, after which the stimulus appeared
on the cathode-ray tube. In this and in all
subsequent experiments, the subject was
instructed to fixate the target stimulus
and to follow it with his eyes if it moved.
When the eyetracker indicated proper
fixation, the experimenter announced
“ready’’ and initiated the stimulus move-
ment. The stimulus vanished after 2
seconds, and the subject reported wheth-
er it had moved left or right. In experi-
ments 1 and 2, a forced choice procedure
was followed.

We were primarily interested in
whether the tendency to pursue the mo-
tion of the stimulus would develop as a
function paralleling the subject’s increas-
ing ability to detect and report stimulus
motion. All eye records were analyzed

1 second—j

Target motion left

Target moves 1° left

Frame motionless

Target moves 1° left
Frame moves 2° left

Target motionless
Frame moves 2° left

Fig. 1. (A) Sample eye records from experiment 1 demonstrating the pursuit of subthreshold
motion. Upper eye motion trace is from a trial in which the stimulus moved left at 3 min/sec.
The lower eye trace is from a zero-motion trial. (B) Sample eye records from experiment 3
demonstrating the pursuit of suprathreshold motion.
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Fig. 2. Results of experiment
1. Eye motion and psycho-
physical report as a function of
stimulus  velocity. Dashed
line, total change in eye posi-
tion; solid line, slow pursuit
component in eye position
change; dotted line, percent
correct in psychophysical re-
port of direction. Eye motions
are plotted against the left or-
dinate as a percentage of total

T

~

3
Percent correct

Velocity (min/sec) 2 & 9 12
Displacement (minutes) 6 12 18 24

Motion of stimulus
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by measuring the total change in hori-
zontal eye position from the start to the
end of the stimulus motion interval, and
by subtracting out the measurable sac-
cadic contribution to obtain an estimate
of slow pursuit. We believe our records
allowed us to dependably detect all sac-
cades which were 3 minutes of arc or
larger (Fig. 1A).

As was expected, the accuracy of mo-
tion detection increased from near
chance to largely correct as the stimulus
velocity increased (Fig. 2). A 75 percent
criterion threshold falls just above 9 min/
sec, which is in agreement with earlier re-
search (¢). The following response of the
eye, however, is near optimum at the
slowest stimulus velocity and remains at
a high level for all other velocities (5).
Thus, it seems that pursuit motion of the
eyes is not dependent on the perception
of motion. The data support this con-
clusion even if only trials in which the
subjects incorrectly report the direction
of motion are considered.

Since the eye tracks almost perfectly
when stimulus motion is well below
threshold, making that slow motion per-
ceptible does not seem likely to alter the
tracking response. This was confirmed in
experiment 2. Of greater interest is the
fact, ascertained in experiment 2, that if
a motion is induced in a stationary tar-
get, the eye holds a nearly stable fixation
despite the perceived apparent motion.
This should not be the case if the primary
stimulus for pursuit is perceived motion.
This experiment had three conditions.
The first was a replication of the 3 min/
sec condition of the previous experi-
ment. In the second condition, the target
motion of 3 min/sec was made percepti-
ble by virtue of a surrounding stationary
frame consisting of four points which
marked the corners of a rectangle 3° high
and 0.5° wide. In the last condition, the
target remained stationary while the
frame moved left or right for 2 seconds
at 3 min/sec, inducing an apparent oppo-
site motion in the stationary target.

The stimulus array was effective in in-
ducing motion in the stationary target in
condition 3 and in making the target mo-
tion perceptible in condition 2 (Table 1).
As expected, the pursuit behavior of the
eye is not better in condition 2, the ob-
ject-relative condition, in which the
frame is present and target motion is
consistently perceived, than in condition
1, the subject-relative condition, in
which the target is all that is visible and
in which its motion is not detected. Fur-
thermore, despite the apparent and slight
tendency of the eye to drift in the direc-
tion of the induced motion in condition 3,
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the drift is small (less than 1 minute), and
is primarily attributable to one subject.
Thus, it seems that when there is a con-
flict between retinal and perceived mo-
tion, the retinal information exerts pri-
mary control over the pursuit system.

This conclusion is supported by the re-
sults of a third experiment, which, unlike
the first two, involved suprathreshold
motion; we can thus generalize our con-
clusion to tracking velocities well out-
side the slow-drift range and well within
the normal range of smooth pursuit. The
display, slightly altered from the pre-
vious experiment, consisted of the target
point surrounded by a 6° by 1° rectangu-
lar array of six points. The two addition-
al points marked the midline of the rec-
tangle and were aligned with the target.
There were three conditions: (i) the
frame was stationary and the target
moved left or right at 1° per second,
which resulted in simple object-relative
motion; (ii) the target moved left or right
at 1° per second for 1 second while
the frame moved 2° per second in the
same direction, which resulted in an in-
duced motion of the target in the direc-
tion opposite its real motion due to its
displacement relative to the frame; and
(iii) the target was stationary and the
frame moved 2° per second for 1 sec-
ond, which also frequently produced an
induced motion of the target opposite the
frame. At the end of each trial, the sub-
ject reported whether the target ap-
peared to move left or right, or remain
stationary.

The psychophysical data indicate that
98 percent of target motion reports in
condition 1 were veridical, while in con-
dition 2, 100 percent of the reports were
of induced motion, and in condition 3, 77
_percent of the reports were of induced
motion. The data on eye movements are
consistent with those of the slow-veloc-
ity experiments. A comparison between
condition 1, in which there was simple
object-relative motion, and condition 2,
in which an induced motion caused the
moving target to appear to be moving in
the opposite direction, reveals that the
total displacement of the eye is similar
(50.11 minutes and 47.47 minutes). The
slow-pursuit component of that dis-
placement is, if anything, slightly greater
in condition 2 (38.72 minutes as opposed
to 32.13 minutes) (6). This is so despite
the consistent reports from all observers
that the motion of the target was oppo-
site its real motion in this condition.
Thus while object-relative displacement
determined the direction of the per-
ceived motion, retinal motion deter-
mined pursuit.
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Table 1. Mean direction appropriate eye mo-
tions and psychophysical reports (experiment
2). In condition 1 the target motion is subject-
relative, in condition 2 it is object-relative,
and in condition 3 it is induced. In the eye mo-
tion data, a + indicates eye motions in the
same direction as stimulus motion, and a —
indicates eye motion opposite stimulus mo-
tion. The numbers are eye movements in min-
utes of arc. A +6 would indicate a perfect fol-
lowing response in the subject-relative and
object-relative conditions, while a 0 would
represent perfect fixation in the induced mo-
tion condition. In the psychophysical report
data, the percentages of veridical reports are
given for condition 1 and condition 2, and the
percentage of induced reports is given for
condition 3. The subjects’ mean confidence
ratings are on a scale from 1 (indicating cer-
tainty) to 3 (indicating a guess).

Psychophysical
Total reports
Condi- eye Slow
tion move-  drift Correct Confi-
ment dence
(%) .

rating
1 +5.06 +5.17 52 2.125

2 +4.64  +4.55 99 1.08

3 - .8 - .76 99 1.17

Figure 1B illustrates characteristic eye
records of one subject in the three condi-
tions. The tendency for the eye to drift in
the direction of frame movement in con-
dition 3 in which the target was station-
ary, which was typical of the eye records
of all our observers, is apparent in the
sample eye record. This tendency was
evident regardless of whether an induced
motion of the target was reported. No
tendency to pursue the perceived in-
duced motion was noted in any subject
who reported induced motion.

Taken together, the results demon-
strate that retinal displacement in the ab-
sence of perceived motion is an adequate

stimulus for pursuit; thus, perceived mo-
tion cannot be considered necessary for
pursuit. Moreover, in instances in which
retinal and perceived motion conflict,
pursuit is controlled by retinal and not by
perceived motion. This is so both for
very slow stimulus motion as well as for
stimulus motions well within the range of
normal tracking. These data are not in-
compatible with the view that smooth
pursuit movements are predominantly
under subcortical control. The findings
of other investigators (2, 3) suggest that
in the absence of a conflict between reti-
nal and perceived motion, perceived mo-
tion may control pursuit, but our data in-
dicate that the power of perceived mo-
tion to drive the pursuit system is limited
and confined to such nonconflict situa-
tions.
ARIEN MACK
ROBERT FENDRICH
- JOAN PLEUNE
New School for Social Research,
66 West 12 Street, New York 10011
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The Dodo and the Tambalacoque Tree

I do not dispute that coevolution be-
tween plant and animal exists and that
the germination of some seeds may be
assisted by their passing through the gut
of animals. However, that ‘‘mutualism”’
of the famous dodo and Calvaria major
(tambalacoque) is an example (/) of co-
evolution is untenable for the following
reasons.

1) Calvaria major grows in the upland
rain forest of Mauritius with a rainfall of
2500 to 3800 mm per annum. The dodo
according to Dutch sources roamed over

‘the northern plains and the eastern hills

in the Grand Port area—that is, in a drier
forest—where the Dutch established
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their first settlement. Thus it is highly im-
probable that the dodo and the tambala-
coque occurred in the same ecological
niche. Indeed, extensive excavations in
the uplands for reservoirs, drainage ca-
nals, and the like have failed to reveal
any dodo remains.

2) Some writers have mentioned the
small woody seeds found in Mare aux
Songes and the possibility that their ger-
mination was assisted by the dodo or
other birds. But we now know that these
seeds are not tambalacoque but belong
to another species of lowland tree re-
cently identified as Sideroxylon longi-
folium.
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