
visual selectivity of a neuron in the face of
variations in stimulus contrast (10). Adapta-
tion by contrast gain control is thought to
originate in signals from a pool of neurons
tuned to a wide range of orientations and
spatial frequencies (11) and is therefore dis-
tinguished from stimulus-selective adapta-
tion, in which losses of sensitivity are great-
est for stimuli like the adapting one (12). In
this context, rapid adaptation as in Fig. 1 is of
special interest, for if the loss of sensitivity is
stimulus-specific we can place constraints on
the properties of the underlying mechanisms.

Rapid, stimulus-specific adaptation would
have other important implications. During the
course of a fixation lasting perhaps a few
hundred milliseconds, the image often re-
mains nearly constant. A persisting response
to an unchanging stimulus is metabolically
expensive and conveys little information. Re-
ducing the response to the persisting stimulus
without diminishing a neuron’s capacity to
respond to a new one would be beneficial. It
would save energy and could also improve
the capacity to signal small differences be-
tween stimuli. This in turn might support
improved perceptual discriminations (13).

We therefore examined the stimulus se-
lectivity of the rapid adaptation in Fig. 1. We
found that adaptation in complex cells was
pattern-selective and made subsequently pre-
sented patterns more discriminable.

Figure 2, A and B, show how interleaved
brief presentations of adapting gratings in

different orientations brought about orienta-
tion-selective losses of sensitivity that were
greatest near the orientation of the adapting
grating (14). Adaptation to orientations other
than the one initially preferred brought about
a shift in orientation tuning, away from the
adapting orientation. This shift was signifi-
cant for the 28 complex cells on which com-
plete measurements were made (Wilcoxon
signed-ranks test, P ! 0.005) (15). The tun-
ing tended to become steeper and less vari-
able in the neighborhood of the adapting
orientation, potentially improving the neu-
ron’s capacity to discriminate orientation. We
explored this by measuring how reliably neu-
rons could distinguish two gratings that dif-
fered in orientation before and after a brief
period of adaptation. We express discrim-
inability as the percentage of trials on which
the gratings could be correctly identified
(16).

Figure 2C shows, for each of these 28
complex cells, how adaptation altered the
discriminability of the two gratings. For 20
of 28 cells (those below the solid diagonal),
adaptation improved the discriminability of
gratings. Improvements arose from two
sources: (i) the response to the grating at
the adapting orientation fell substantially
whereas the response to the other grating
fell less or not at all; and (ii) the variability
of responses was reduced. Simple cells be-
haved differently: Adaptation reduced re-
sponsivity in all 10 neurons that we studied

exhaustively, but orientation selectivity did
not depend on the orientation of the adapt-
ing stimulus.

Because the improvements in discrim-
inability are confined to the neighborhood (in
stimulus space) of the adapting stimulus, they
will be valuable if successive fixations place
similarly structured stimuli on a neuron’s recep-
tive field (17). Adaptation brings other poten-
tial benefits: By depressing the responsivity of a
neuron locally in stimulus space, adaptation
reduces the correlation among the responses of
the population of neurons that will respond to a
particular stimulus. This will increase the infor-
mation transmitted by each spike (18). Consider
how the responsiveness of a population of neu-
rons tuned to similar orientations changes with
adaptation. Figure 3A shows orientation tuning
for two complex cells before and after adapta-
tion to a grating with nominal orientation 0°.
Adaptation sharply reduced both neurons’ re-
sponses to gratings near the adapting orienta-

Fig. 2. (A and B) Orientation
tuning of two V1 complex
cells,measuredwith station-
ary gratings, before (solid
line) and after adaptation to
each of two stationary grat-
ings, at "14° (!) or #14°
(F) relative to the neuron’s
(initial) preferred orienta-
tion; adapting orientations
are indicated by arrows. Oc-
casional vertical bars show
#1 SEM. As adaptation re-
duced response, it also re-
duced standard error of
response, in (A) by 30 to
50%, in (B) by up to 30%.
(C) Change in the discrim-

inability of two gratings differing in orientation by 14°, after
adaptation to one of them.Usually the adapting grating lay 14°
from, and the other grating at, the preferred orientation; both
gratings were always at orientations to which the neuron
responded well. Each of the 28 complex cells on which com-
plete measurements were made is represented by a point.
When adaptation improves discriminability, points fall below
the diagonal (20 of 28 cells). Adaptation improved perfor-
mance significantly (Wilcoxon signed-ranks test, P! 0.01), on
average from 64 to 73% correct. Adaptation in 10 simple cells
reduced responsivity without improving discrimination (im-
proved in 4 of 10 cells). Measurementsweremade as described
for (A) and (B); the interval between offset of the adapting
pattern and the onset of the probe varied between 13 and 215

ms. For four cells thatwere unusually narrowly or broadly tuned, the orientations of the adapting stimuli were
separated less, or more, than the standard 14°. (!) The neuron in (A); (}) the neuron in (B).

Fig. 3. Adaptation reduces the correlation among
responses of a population of neurons that all
respond to the adapting pattern, but have differ-
ent preferred orientations. (A) Tuning curves for
two complex cells before (solid line) and after (!,
F) adaptation at orientation 0° (arrow). (B) The
reduction brought about by adaptation in the
redundancy among responses of a group of 28
complex cells to probe gratings at different ori-
entations around the adapting orientation. Re-
dundancy is most reduced when the orientation
of the probe is near the adapting orientation.
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