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allometric consequence of increasing body size expressed in a
hominid with a pattern of gait widely divergent from that of
the African apes.

On the other hand, because of the unique proportions of
Lucy’s limbs relative to each other, the biomechanical require-
ments of this gait pattern differed somewhat from those for
living people. It is possible that Lucy’s limb proportions corres-
pond to a different, perhaps broader, locomotor repertoire than
is the case today. If, as claimed above, this difference does not
lie in the bipedal gait pattern evidenced by the pelvic and
hindlimb adaptations, contra Jungers it might be productive to
focus on the unique aspects of the australopithecine forelimb.
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Rapid motion aftereffect seen
within uniform flickering test fields
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Prolonged viewing of a movmg pattern selectively elevates the
threshold for a pattern moving in the same direction' and
induces the classical motion afterefiect (MAE). The afterefiect
is seen as a slow drift® in the opposite dlrectlon, which is visible
even with the eyes shut>® or while viewing a uniform field™*.
However, as we report here, a strikingly different aftereffect is
seen when the test field is uniform and sinusoidally flickered:
the field is filled with rapid motion in the direction opposite
the adapting motion. This flicker MAE has distinct properties:
the adapting grating must be of low spatial frequency; the effect
is promoted by high contrast and high temporal frequencies of
both adapting and test stimuli; and the aftereffect does not
transfer interocularly. In all these respects the flicker MAE
differs from the traditional MAE. Motion detectors have been
identified in human vision by the threshold detectability®® and
discriminability® of moving patterns and by selective adaptation.
The flicker MAE selectively taps a class of transient motion
mechanisms that are selective for rapid motion and low spatial
frequency. Uniform flicker is an effective stimulus for these
mechanisms. It thus appears that the human visual system
contains at least two distinct classes of mechanisms for sensing
motion.
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Stimuli were displayed on a cathode ray tube (CRT) that had
a 6 deg diameter field of constant mean luminance (45 cd m™2)
with dark surround. The observer stared at a central fixation
point and saw a vertical sinusoidal grating that moved right-
wards at a rate expressed in Hz. Periodically the adapting
grating was replaced by spatially uniform sinusoidal flicker,
whose rate (in Hz) was typically the same as that of the adapting
grating. The observer pressed a button the instant that the rapid
leftward motion aftereffect disappeared from the flickering
field. This duration provided a measure of aftereffect strength.
Most measurements were done with four to six observers; the
results shown here for one or two observers are typical.

For a better impression of the aftereffect, consider the follow-
ing. The observer adapted to a high-contrast, vertical grating
of 0.4 cycle per deg moving rightwards at 8§ Hz. The grating
filled a 25 deg diameter field, of constant mean luminance.
When the adapting grating was turned off, spatially uniform
test flicker was presented in only the central 5° of the field. The
observer reported that the rapid motion aftereffect was seen
only in this central area. However, the aftereffect was seen over
the entire field when the flickering region was increased to 25
deg diameter. Thus, the rapid motion aftereffect is seen only
on flickering regions, and a very large flickering field may elicit
the aftereffect.

Measurements with the 6 deg field demonstrate that the
aftereffect is produced only with low spatial frequencies. Figure
1a shows that the aftereffect decreases as the spatial frequency
of the adapting grating increases to 3.0 cycles per deg. When
the adapting pattern was raised to the next step (4.2 cycles per
deg), observer M.C. saw no aftereffect and M.G. saw a fleeting
effect that was too brief to measure. The adapting and test rates
were 8 Hz, and each adapting grating was 1.3 log units above
threshold. Varying the adapting spatial frequency did not seem
to change the appearance of the aftereffect, but only affected
its duration. The aftereffect is thus obtained only by adapting
to patterns below about 4 cycles per deg. This conclusion is
reinforced by magnitude estimates’ of the initial vividness of
the aftereffect. The 0.38 cycles per deg adapting pattern pro-
duced the most vivid aftereffect, and vividness decreased as the
adapting pattern was raised to 3 cycles per deg.

We next measured the effect of temporal frequency with the
adapting pattern at 0.38 cycles per deg. Figure 15 shows that
the aftereffect is greatest at the highest rates used, 8 and 16 Hz.
The adapting and test rates were the same. Very weak effects
were obtained when the adapting pattern was 8 Hz and the test
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Fig.1 Duration (x1 s.d.) of flicker MAE—the rapid motion seen
on a uniform flickering field after adapting to a rightward-moving
grating. In a, the spatial frequency of the adapting grating was
varied. The rate of motion of the adapting grating and the flicker
rate of the test field was 8 Hz. Adapting and test stimuli were set
1.3 log units above threshold. Observers M.C. and M.G. adapted
to the moving grating for periods of 15 and 30, respectively. In
b, the moving adapting grating was held at 0.38 cycle per deg,
and the rate of motion of the adapting grating was varied. The
adapting and test rates were the same. Stimuli were 1.3 log units
above threshold, and the adapting period was 90's.

© 1983 Macmillan Journals Ltd



62

38 a

s MC
L °o MG

3.8

mC

3af-

30 3.0+

log duration (ms)
T

2.8 26

1

1 J 1 |

LETTERSTONATURE

38

34

3.0

2.6

NATURE VOL. 304 7 JULY 1983

MC Fig. 2 Duration of flicker MAE.
The moving adapting grating was
0.38 cycle per deg; the adapting and
test rates were 8 Hz. In a, the con-
trast of the adapting grating was
varied. The adapting period was
15 s, and the test flicker was 1.1 log
units above threshold. In b the
amplitude of the test flicker was
varied. The adapting period was 90 s
and the adapting grating was 1.8 log
units above threshold. In ¢, the dur-
ation of the adapting period was
varied. Adapting and test patterns
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1 Hz or vice versa. Thus, for a strong aftereffect, rapid rates
are needed in both adapting and test phases.

Further measurements examined the effect of stimulus con-
trast. The optimum adapting spatial frequency (0.38 cycle per
deg) and adapting and test rates (8 Hz) were used. Figure 2a
shows that the aftereffect increases as the adapting contrast is
raised to the highest level used, 64 times the threshold. Figure
2b shows that the aftereffect also increases with the amplitude
of the test flicker. Magnitude estimations for two observers
showed that the initial vividness of the aftereffect was greater
when the test flicker was 1.5log units above threshold as
opposed to 1.2 log units. This result was obtained with adapting
spatial frequencies from 0.38 to 3 cycles per deg. The increasing
strength of the aftereffect with high test amplitudes is surprising
as the traditional MAE is strongest with low test contrasts®.

The flicker MAE is also distinguished from the traditional
MAE by its duration, The latter may last 20 s°, several minutes'®
or longer''. The flicker MAE is quite ephemeral. Long adapta-
tion periods were used to maximize the aftereffect. The
aftereffect lasted less than 5 s after 4 min adaptation (Fig. 2¢),
and the effect was extended to only 7 s with 10 min adaptation
(data not shown).

We were unable to obtain interocular transfer of the flicker
MAE when the moving adapting grating was presented to one
eye and the flickering test field was presented to the other eye
with a mirror haploscope and two CRTs. Both the flicker and
traditional MAEs were seen, however, when the adapted eye
simultaneously viewed a stationary grating and uniform flicker-
ing field. The stationary grating appeared to drift slowly, and
the flickering component contained rapid motion. When the
same test stimulus was presented to the unadapted eye, only
the slow drift was seen. It is well known that the traditional
MAE transfers interocularly®. The flicker MAE transfers poorly
if at all.

The most interesting feature of the flicker MAE is its tuning
to low spatial frequencies (below 4 cycles per deg). The tradi-
tional MAE can be obtained with much finer adapting patterns
of 8 or 10 cycles per deg'*'®, and the direction-selective
threshold elevation is present at 15 cycles per deg'*. The flicker
MAE shows that the direction-selective mechanisms tuned to
low spatial frequency may respond to uniform flicker. This
hypothesis is supported by the finding that adaptation to uni-
form flicker impairs detection of moving gratings only below 4
cycles per deg'™'® and moving gratings below 4 cycles per deg
mask uniform flicker'”. Studies'®'® on threshold summation
between low spatial frequency patterns in rapid flicker show
that transient, low spatial frequency mechanisms have high
sensitivity to uniform flicker. King-Smith and Kulikowski'®
suggest that such mechanisms may be primarily concerned with
the detection of motion. There are presumably also motion
analysers sensitive to higher spatial frequencies, as demon-
strated by the traditional MAE. Various investigators have
obtained psychophysical evidence for several types of motion-
processing mechanisms***, Murray et al.** hypothesize that
two specific classes of mechanisms detect motion: fast motion,
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transient mechanisms that are sensitive to low spatial frequen-
cies and receive Y-cell inputs and slow motion, pattern mechan-
isms that are sensitive to higher spatial frequencies and receive
X-cell inputs.

The flicker MAE shows that the lowest spatial frequency
motion mechanisms are sensitive to uniform flicker and are
directionally selective. An intriguing question is whether the
majority of mechanisms sensitive to uniform flicker are highly
directionally selective. Directional selectivity provides rich
information and thus provides an economy of neural encoding.
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Pioneer axons lose directed
growth after selective
killing of guidepost cells
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The first nerve cells to appear in the limb buds of embryonic
grasshoppers are a pair which lie at the distal tip and project
axons along the length of the limb to the central nervous system
(CNS)'. The stereotyped route navigated by these ‘pioneer’
axons is followed by other neurones and eventually becomes
that of a major adult nerve trunk® The guidance cues which
delineate this route are unknown, but it has been suggested
that guidance is provided by a set of nonadjacent ‘guidepost’
cells along which the pioneers grow (Fig. 1), We have now
tested this suggestion by selectively destroying identified
guidepost cells and observing pioneer axon trajectories in their
absence. Our results support the guidepost cell hypothesis.
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