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mimicry in the sexually deceptive pollination system therefore also provided an economical way for the plant to ensure its
transfer of gametes.
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Fractal analysis of
Pollock’s drip paintings
Scientific objectivity proves to be an essential tool for determining the fundamental
content of the abstract paintings produced
by Jackson Pollock in the late 1940s. Pollock
dripped paint from a can onto vast canvases
rolled out across the floor of his barn.
Although this unorthodox technique has

been recognized as a crucial advancement
in the evolution of modern art, the precise
quality and significance of the patterns
created are controversial. Here we describe
an analysis of Pollock’s patterns which
shows, first, that they are fractal1, reflecting
the fingerprint of nature, and, second, that
the fractal dimensions increased during
Pollock’s career.
To quantify the fractal content of Pollock’s drip paintings, such as Alchemy
(Fig. 1), we used the well-established ‘boxcounting’ method2 to calculate the fractal
dimension D. We cover the scanned photograph of a Pollock painting with a computergenerated mesh of identical squares. The
number of squares N(L) that contain part
of the painted pattern is then counted; this
is repeated as the size, L, of the squares in
the mesh is reduced. The largest size of
square is chosen to match the canvas size
(Lö2.5 m) and the smallest is chosen to
match the finest paintwork (Lö1 mm). For
fractal behaviour, N(L) scales according to
N(L)]L1D, where 1*D*2. The D values
are extracted from the gradient of a graph
of log N(L) plotted against log L. This fractal analysis reveals two distinct D values
occurring over the ranges 1 mm*L*5 cm
and 5 cm*L*2.5 m. Our analysis of a film
of Pollock while painting shows that the
fractal patterns occurring over the lower
range are determined by the dripping
process, whereas the fractal patterns across
the higher range are shaped by his motions
around the canvas.
Our analysis shows that Pollock refined
his dripping technique: the fractal dimensions increased steadily through the years,
from close to 1 in 1943 to 1.72 in 1952.
Because D follows such a distinct evolution
with time, the fractal analysis could be used
as a quantitative, objective technique both
to validate and date Pollock’s drip paintings.
The change in D reflects a dramatic evolution in visual character. His initial drip
paintings of 1943 consisted of a single layer

Figure 1 Alchemy, painted by Jackson Pollock in 1947. Drip paintings of this period are characterized by
fractal dimensions close to 1.5. Reproduced by permission of ARS, NY and DACS, London, 1999.

422

© 1999 Macmillan Magazines Ltd

of paint trajectories that occupied only 20%
of the 0.35-m2 canvas area; by 1952 he was
painting multiple layers of trajectories that
covered over 90% of his 9.96-m2 canvas. It
is important that Pollock introduced his
fractals systematically: the initial fractal
layer essentially determined D by acting as
an anchor layer for the subsequent fractal
layers, which then fine-tuned the value of D.
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Release from inhibition
reveals the visual past
Prolonged viewing of a high-contrast
repetitive pattern such as a grating leads to
adaptation of the corresponding visualprocessing channels1. We have found that
such viewing also leads to the short-term
establishment of a subthreshold trace in the
brain that can cause a visual illusion of the
pattern during rebound from the crossorientation inhibition2–4 that is induced by
viewing moving patterns with an orthogonal orientation.
McKay5 reported that viewing a stationary pattern of radial lines causes the illusion
of fine grains or wavy lines moving in circles. This has been explained as being due to
antagonism between pattern and movement
channels within an orientation column6. We
have discovered a new visual after-effect by
extending this model to explore antagonism
between different orientation columns.
With the subject fixating at the centre, a
windmill pattern is presented that slowly
rotates at 0.2 Hz in one direction for 5 s,
and then in the other direction (Fig. 1a). If
this is followed by a pattern orthogonal to
the windmill, namely concentric rings,
diverging and converging for 5 s each at
2 Hz, viewing a blank screen after the concentric rings causes a vivid after-effect of a
stationary windmill for a few seconds. This
after-effect is quite different from that seen
after viewing the concentric rings alone at
2 Hz, if indeed any after-effect is visible.
With a cyclical presentation of the sequence
shown in Fig. 1a, a striking windmill-like
after-effect is always seen after the concentric rings (bottom left blank in Fig. 1a), but
no comparable after-effect is visible immediately after the windmill (top right blank
in Fig. 1a). We found that the after-effect
could be produced if the rings were delayed
by up to 30 s, but not after 60 s.
NATURE | VOL 399 | 3 JUNE 1999 | www.nature.com

scientific correspondence
a

c

Anticlockwise Clockwise
0.2 Hz

Inward

Outward
2 Hz

b

Anticlockwise Clockwise Anticlockwise Clockwise
0.2 Hz
2 Hz

Inward

Outward
2 Hz

Inward
Outward
0.2 Hz

Figure 1 The stimuli used and the after-effect. a, b, Two different sequences of images that were used to
test for the after-effect. The stimuli were produced with a VSG series 3 stimulus generator (Cambridge
Research System, Rochester, UK). The radial patterns rotate clockwise or anticlockwise and the concentric
rings move either inwards or outwards. The grey image is the blank screen of the same average luminance
(31.3 cd m12) as the patterns. The screen was placed at a distance of 85 cm. c, A simulated enlarged image
of the windmill after-effect that most observers see (lower left blank in a and b). The contrast approximates
to the strength of the percept. The Supplementary Information includes a demonstration of the illusions as
in a and b, as well as the script for viewing them on the VSG system.

The after-effect in Fig. 1a resembles the
windmill pattern and is not related to the
spatial frequency of the rings. If the angular
frequency of the windmill changes, so does
that of the after-effect. An essential requirement for the after-effect we describe is that
the windmill pattern should be moving
slowly, at 1 Hz or less, indicating that the
stimulation of sustained pattern channels7
is crucial to the illusion.
The version shown in Fig. 1b demonstrates the effect more vividly. If the windmill and concentric patterns are both
presented at a slow and then at a faster rate
(for example, 0.2 Hz and then 2 Hz) with
intervening blank screens, and the routine
is cycled, after-effects can be seen in each
blank period. In the period after the windmill (Fig. 1b, top right), a concentric ring
after-effect can be seen; in the period after
the concentric rings (bottom left), a windmill after-effect is seen. We presented these
patterns to 13 naive subjects, who all
reported seeing the illusions. Figure 1c
approximates the windmill after-effect that
most subjects perceive. It is unlikely that a
retinal after-image could produce the illusion because the inducing patterns were
not stationary and the after-effects seen
were not of the immediately preceding
patterns.
Even though the effects could be
obtained with simple sine-wave gratings, we
NATURE | VOL 399 | 3 JUNE 1999 | www.nature.com

recommend radial patterns to avoid retinal
after-images from pursuit eye movements.
The after-effect is also stronger with radial
patterns, which might be related to the
meridional bias reported at many levels of
the visual system4,8,9.
If, after the windmill pattern, a moving
grating is presented instead of concentric
rings, the after-effect is seen in an hourglass
fashion, with the radial lines only at orientations orthogonal to the grating. This orientation selectivity, together with our
finding that the effects are seen better
binocularly than monocularly, suggests that
a cortical locus is involved.
We propose the occurrence of two neuronal processes to explain the illusion. First,
the stimulation of pattern channels not only
leads to a decrease in sensitivity for that pattern1, but also causes the deposition of a
trace lasting for about half a minute, possibly at the synaptic level, akin to some form
of short-term plasticity10. Second, this trace
is brought to perceptual threshold by a
rebound from inhibition caused by orthogonal orientations.
Georgeson6 explained McKay’s rays by
proposing that there is mutual antagonism
between pattern and movement channels
within the same orientation column. We
suggest that this antagonism between pattern and movement channels also exists
between orthogonal orientation columns.
© 1999 Macmillan Magazines Ltd

The phenomenon that we have observed
might serve as a strategy of the visual system for preventing the spurious excitation
of contour detectors. Visual cortical cells,
although best stimulated by bars moving
perpendicular to the long axis of their
receptive fields, often respond to small
stimuli moving along this axis11. During eye
movements, texture elements in the scene
could therefore inappropriately stimulate
cells whose optimum orientation is the
same as the direction of movement. We
propose that this excitation is prevented by
inhibition from cells tuned to orthogonal
orientations when the latter are activated by
moving stimuli.
The transient existence of a stimulus
trace is hard to explain. It might be an
inevitable consequence of synaptic processes underlying short-term or long-term
potentiation. It might also be a way of
rapidly facilitating the perception of preexisting contours after an eye movement.
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Climate change related
to egg-laying trends
Analysis of 20 species of UK breeding birds
over a 25-year period found a long-term
trend towards earlier egg-laying1. Further
studies have correlated such trends with
spring temperatures (one species)2 or the
North Atlantic Oscillation (three species)3.
We have studied a data set spanning 57
years and find that laying date is related to
temperature or rainfall for 31 of 36 species
(86%), and that 53% of species show longterm trends in laying date over time, of
which 37% can be statistically accounted
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