Under Nembutal anesthesia 30 Long-
Evans male rats had bilateral implants of
bipolar plastic products (No. MS-303,
0.025 cm in diameter) cranial plugs
placed into the frontal cortical region
(N = 25) (coordinates 2.0 mm anterior to
Bregma, 2.5 mm lateral, and at the sur-
face of the brain) and into the caudate nu-
cleus (N = 5) (coordinates 0.5 mm ante-
rior to Bregma, 2.5 mm lateral, and 5 mm
vertical); measurements were taken from
a level skull. The electrode assembly
was fixed to the skull with acrylic ce-
ment. Another eleven rats did not under-
go any surgery. At least 2 weeks after re-
covery from surgery, all animals re-
ceived the initial injection of morphine
(30 mg/kg) followed either 5 minutes lat-
er (N = 7) or 180 minutes later (N = 8)
by bilateral frontal area stimulation
(eight 5-second trains of biphasic pulses
with 10 seconds between trains at an in-
tensity of 1.5 ma, 100 hertz, 1 msec dura-
tion), or, 5 minutes later, by bilateral
caudate stimulation (N = 5) (eight 5-sec-
ond trains of biphasic pulses with 10 sec-
onds between trains at an intensity of 500
uma, 30 hertz, 1 msec duration), or no
stimulation for the frontal implanted
(N = 10) and the nonoperated (N = 11)
groups. Electrical stimulation was deliv-
ered via two Nuclear-Chicago constant-
current stimulators. Electrographic activ-
ity was recorded from the frontal cortical
region or caudate electrodes immediate-
ly after stimulation offset. At the stimula-
tion levels employed, no seizure after-
discharges or other electroencephalo-
graphic abnormalities were recorded.
Forty-eight hours later all rats received
an injection of morphine (15 mg/kg) fol-
lowed 30 minutes later by the test for
analgesia (8). The mean shock intensities
for the flinch, jump, and jump and squeal
thresholds, and criterion for all the
groups are shown in Table 2

The data were analyzed with a one-
way analysis of variance which indicated
that there were significant differences
among the groups only for the jump and
squeal measure (F = 3.1, d.f. = 4/36,
P < .05). A Duncan Multiple Range Test
revealed that frontal cortical region stim-
ulation applied 5 minutes but not 3 hours
after the first morphine injection dis-
rupted the development of tolerance as
indicated by a significant increase in
mean jump and squeal threshold relative
to unoperated and operated controls
(P < .01 and P < .05 respectively). The
results of frontal cortical stimulation
therefore suggest that the frontal cortical
region and interconnected neuronal sys-
tems may play a role in the development
of morphine tolerance. Caudate nucleus
stimulation did not disrupt morphine tol-
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erance. However, the failure of caudate
nucleus stimulation to disrupt morphine
tolerance could have been due to in-
appropriate selection of frequency or in-
tensity parameters, or both, or due to the
strong possibility that different neuronal
regions mediate different kinds of learn-
ing experiences (3).

In conclusion, the data from both the
ECS and discrete brain stimulation ex-
periments provide additional support for
a possible parallel between conventional
learning and tolerance to drugs.

RAYMOND P. KESNER
D. J. PriaNnoO
J. R. DEWITT
Department of Psychology,
University of Utah,
Salt Lake City 84112
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Perceptual Analysis of Moving Patterns

Abstract. Configurations of moving points are often perceptually analyzed into rel-
ative and common vectors that are different from the actual motions. If a movement
configuration is abruptly replaced by a test point whose objective velocity continues
the apparent (but illusory) course of one of the original points, observers perceive
that course as uninterrupted and colinear. This finding provides a quantitative mea-
sure of the vector extraction phenomenon and was used to show that neither of the
two current models adequately fits that phenomenon.

Johansson and his colleagues (I, 2)
have shown that, in configurations of
moving elements that share common mo-
tion components, one common vector be-
comes the frame of reference for residual
component motions (Fig. 1). The rows of
spots labeled A and C move from left to
right, while B moves between them along
a diagonal path. If the horizontal com-
ponent of B’s motion equals that of A
and C, and if this configuration is viewed
against a homogeneous black back-
ground, the diagonal motion of B be-
comes almost impossible to discern (/).
Instead, B appears to move vertically be-
tween A and C, while the whole system
of spots, ABC, may also be perceived as
moving to the right.

The phenomenon of perceptual vector
extraction is not merely a laboratory cu-
riosity. It has been taken as an example
of the visual system’s sensitivity to high-
er-order variables of stimulation (3), as
the basis for much of the observer’s in-
formation about his movements in his en-
vironment (2), and as an important com-
ponent of tridimensional space per-

ception (2, 3). To Johansson, the process
is a direct vector analysis, performed au-
tomatically by the perceptual system on
the entire visual field. Stoper (¢) has sug-
gested, however, that the phenomenon
has a peripheral explanation, that it oc-
curs because the eye pursues the com-
mon vector, and that what we perceive is
simply the residual movement that the
pursued stimulus then projects to the reti-
na of the eye.

We now describe a quantitative mea-
sure of the phenomenon of vector extrac-
tion that calls into question the adequacy
of both earlier explanations. In Fig. 2,
the pattern of moving elements is the
same as that in Fig. 1, until some time 7,.
At that time, rows A and C are deleted
and, simultaneously, element B changes
its path to the vertical (8 = 90°). If B’s
motion, before ¢,, is really perceived as
vertical (and if the effect of the moving
framework ceases when A and C are de-
leted), then B’s motion should appear to
be continuous and colinear between
movements ii and iii, even though that is
not the physical situation.
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Four male and four female paid volun-
teer subjects constituted the experimen-
tal group. Naive as to the stimulus condi-
tions and the hypothesis under examina-
tion, all subjects reported some degree of
perceptual vector extraction while view-
ing the standard stimulus (Fig. 2) in a pre-
liminary session.

Stimuli were generated by a small
computer (Digital Equipment Corpora-
tion PDP-8¢) and displayed on an os-
cilloscope (Tektronix RM503) (5). Sub-
jects viewed the oscilloscope screen
from a distance of 50 cm through a visor,
which reduced head movements and ob-
scured any stray light that might enter
the darkened experimental room. A red
filter (Corning No. 244) mounted be-
tween the screen and the subject attenu-
ated the persistent glow of the os-
cilloscope phosphor.

Subjects sat before a response panel
mounted vertically at chest height. Keys
designated ‘‘Ready’” (to begin a trial),
“Match’’ (perceived colinear motion),
and ‘‘Mismatch’’ (perceived change in di-
rection at ¢,) were located above an ad-
justable potentiometer whose output
(converted to a 12-bit digital code)
served as input to the program (6) that
generated the display. The potentiome-
ter was adjusted so that the direction of
motion iii matched that of motion ii, after
which the absolute reference of the po-
tentiometer was randomly changed.

When the subject initiated a trial, a
single stationary spot, D, appeared. He
was instructed to look directly at this
spot and to signal the computer to begin
the standard motion: Initially, seven dots
were shown to the left of D (Fig. 2).
Three dots, labeled C in Fig. 2 (7), were
colinear with D. The spots labeled A
were always directly above C. Both A
and C moved at 0.833° visual angle per
second on the paths shown. Point B ini-
tially coincided with the center dot in C.
During the standard motion, B moved
along a path at 45° with respect to C at
1.18° visual angle per second (horizontal
and vertical components both equal to
0.833%sec). Spot B reached a point mid-
way between A and C 3.24 seconds after
the standard motion started. At this
time, all lights but B and D were deleted,
and B assumed the comparison velocity,
iii; the vertical component remained un-
changed, while the horizontal com-
ponent reflected the setting of the adjust-
able potentiometer (8).

After each trial, the observer pressed
either the ‘“Match’’ or the ‘‘Mismatch’’
key and, in the latter case, readjusted
the potentiometer before the next trial
9). The observer received no feedback
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Fig. 1. Johansson phenomenon: real motions
are shown by arrows i and ii; apparent mo-
tions, by vectorsi’ and ii’.

concerning correctness. Experimental
sessions began with instructions to the
subject and as many practice trials as
were needed to achieve two subjective
matches; an additional 25 matches were
then made. A 3-minute rest followed the
15th match.

The comparison angle formed with the
horizontal by dot B and judged to be co-
linear with the standard (45°) path was
measured for each subject. The constant
error was significant for each subject
(P < .001), and the mean across subjects
is significantly different from 45°
(X =69.8°, S.D.=11.32, =597,
d.f. = 7,P < .001). c

Subjects’ introspections and their co-
linearity adjustments confirmed the exis-
tence of a phenomenon similar to Johans-
son’s vector analysis. The possibility

A .
---------- 00—/
— H
I a2
y
!
I~
S
L
5/
Qy
5/
(&3
!
|
'
1 h
.
4
P
’
- d 1
i A7 H
N
4
4
// H
I,. |
‘b// B I
2
& !
X7,
s . I
, i h
’ q t
e * S0 —————— - ®
c D

Fig. 2. Standard motions of A, B, and C are
shown by i and ii; D was stationary. The
comparison motion of B, labeled iii, was set
by the subject so that its direction, 6, ap-
peared equal to ii.

that the results are an artifact of the
measurement method was ruled out by a
control experiment with eight naive paid
observers in which conditions were iden-
tical to those described previously, with
the exceptions that (i) a different oscillo-
scope was used (Tektronix 5103N with a
rapid-decay phosphor), and the displays
were approximately equated for bright-
ness; and (ii) only spots B and D were
presented during the standard motion.
Each subject made ten matches. Means
of the groups in the experimental and
control conditions are significantly differ-
ent (¢t = 6.00, d.f. = 14, P < .005). The
mean for the control group was not signif-
icantly different from 45°. We conclude,
therefore, that (i) the Johansson effect
obtained in the experimental group re-
sults from the presence of the reference
elements A and C and is not an artifact
of the measurement method, and (ii) our
procedure is a psychophysical measure
of movement organization.

Because the Johansson effect was ob-
tained under strict fixation instructions,
we must consider whether pursuit move-
ments, executed against instructions, are
likely to be responsible for these results.
The first experimental subject, still naive
as to the experiment’s purpose, made an-
other 25 matches while her eye move-
ments were monitored by a Whittaker
eye view monitor system (/0); she
showed a significant Johansson effect
(mean perceived direction = 76.35°,
t =34.75, d.f. =24, P < .001) and no
discernible pursuit movements. Subse-
quently, six new judgments were made
with a larger display, in which spot B
reached the midpoint 6 seconds after the
standard motion started, so that the hori-
zontal and vertical excursions were now
5° instead of 2.7°. The subject’s mean
perceived direction was now 77.36°
¢t =9.1,d.f. =5, P < .005). Small sac-
cades were now evident, with a mean of
0.8° and a standard deviation of 0.32°.
With the possible exception of one pre-
sentation, which contained two move-
ments of 1-second duration each (but in
opposite directions), no discernible pur-
suit movements were displayed, nor did
an overall trend in the direction of the
display motion appear: least-squares
lines fitted to plots of horizontal devia-
tion from the fixation point’ over time

gave an average slope of —.10,
S.D. = 0.28.
We should not, of course, over-

generalize this point. Pursuit movements
may, when they occur, contribute to the
Johansson effect by canceling the stimu-
lus motion in the retinal image, just as
Stoper proposed; the procedure that we
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have developed could then serve to
measure that contribution. We have no
way of knowing the degree to which the
other subjects in the main body of our ex-
periment made pursuit movements de-
spite the fixation instructions and the fix-
ation point. This auxilliary experiment
shows that the Johansson effect cannot
be explained solely as the cancellation of
the stimulus motion by effects of pursuit
eye movements.

A second substantive finding in these
data is that, because of the stationary
point D, there is no common vector
greater than zero. Thus the results do not
support an explanation of the Johansson
effect in terms of an automatic vector ex-
traction applied over the entire field of
view. Perhaps the vector-extraction mod-
el must be phrased in more local terms
(for example, beyond some distance, the
points do not affect each other), or per-
haps it must take the observer’s in-
tention into account.

Both findings call for quantitative
measurement under a wider range of con-
ditions before we can essay a more ade-
quate theory. Our method should prove
valuable for that purpose and for the
more general problem of determining the
stimulus and task factors responsible for
the organization of motion perception.

JuLiAN HOCHBERG
PETER FALLON
Department of Psychology,
Columbia University,
New York 10027
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Deep-Sea Macroplanktonic Sea Cucumbers: Suspended Sediment

Feeders Captured from Deep Submergence Vehicle

Abstract. Observations in situ confirm the swimming and feeding behavior in pre-
viously unreported dense assemblages of the holothurian Peniagone diaphana, at a
depth of 2000 meters, off southern California. Proximate analysis of captured speci-
mens indicates that this organism may represent a numerically significant, but low
organic content member of many near-bottom deep-sea communities.

Ever since Théel defined the deep-sea
holothurian order Elasipoda (/), the bi-
zarre variations in body form of these un-
usual animals have been of great interest
to zoologists who study morphology (1,
2). Indeed, one can hardly invoke a less
appropriate term than ‘‘sea cucumber’’
to describe the translucent, vertically ori-
ented, free-swimming forms (Fig. 1),
which we saw in all directions from a
deep sea submersible cruising near the
sea floor, 2000 m deep off San Clemente
Island. The real significance of being sur-
rounded by living hordes of an organism

known previously from only a handful of
preserved specimens (3), is that we now
have a record for the existence of a sub-
stantial population ) of relatively large
deep-sea organisms, living in close asso-
ciation with the sea floor, yet scarcely
considered (5) in the various models of
energy exchange proposed for the deep
ocean (6). This oversight is undoubtedly
due to the fact that deep-sea near-bottom
communities (within 200 m of the bot-
tom) have not been routinely or effective-
ly sampled.

A series of dives in Deep Submer-

E

Fig. 1. A photograph in situ of Peniagone diaphana drifting above the sea floor at a depth of

approximately 2000 m.
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