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ABSTRACT The class of neurons within the visual cortex
of normal adult cats that has the smallest receptive fields (<2.25
degrees2) and that responds only to low rates of stimulus motion
(S5O0/sec) responds preferentially to lines oriented about either
the horizontal axis (+22.50) or the vertical axis (±22.50). In an-
imals reared without exposure to patterned visual stimulation,
many of these cells display orientation preferences but are ac-
tivated monocularly. In contrast, in normal animals, neurons
that have larger receptive fields or that respond to higher rates
of stimulus motion do not exhibit a similar bias in the distri-
bution of their orientation preferences. Cells of this type, studied
in animals reared without exposure to patterned visual stimuli,
are activated binocularly but do not display orientation pref-
erences.

Three classes of cells have been identified in the retina and in
the dorsal lateral geniculate nucleus (LGNd) of the cat: X cells,
Y cells, andW cells. During postnatal development these three
neuron types are not affected equally by visual stimulation-the
populations of X cells and W cells in the cat's visual system
appear to be less dependent than the population of Y cells upon
sensory stimulation for the maintenance or for the development
of normal function (1-5). The manner in which these differ-
ences in experience sensitivity in the retina and LGNd affect
cortical development, however, remains unclear (6).
To examine further the role that early visual experience plays

in the development or maintenance of the response properties
of cortical neurons, we have compared cells in the visual cortex
of normal cats with those in cats reared from birth for prolonged
periods without exposure to patterned visual stimuli. We now
report that the class of cortical cells found in normal cats that
has the smallest receptive fields and that responds only to rel-
atively low rates of stimulus motion responds preferentially to
horizontal and to vertical lines. These cells appear to be insen-
sitive to early experience for the development or maintenance
of orientation sensitivity but appear to be sensitive to such ex-
perience for the development or maintenance of binocularity.
Many neurons of this type studied in cats raised without pat-
terned visual stimulation display orientation preferences but
are activated monocularly. The remaining neurons in normal
animals-cells that have larger receptive fields or that respond
to rapid stimulus motion-display no convincing bias in the
distribution of their orientation preferences. These cells appear
to be sensitive to early experience for the development or
maintenance of orientation selectivity but appear to be insen-
sitive to such experience for the development of binocularity.
In cats deprived of exposure to patterned visual stimulation for
extended periods neurons of this type exhibit no obvious ori-
entation preferences but, as in normal animals, most of these
cells can be activated by visual stimulation of either eye.

METHODS
Eight normal adult cats and three cats deprived of exposure to
patterned visual stimuli from birth to 10-12 months of age were
studied. Two of the pattern-deprived cats were reared entirely
in total darkness (dark-reared). The third cat was also housed
in the dark from birth to 11 months of age except that in its
second month of life it was removed from the dark daily and
placed in an illuminated environment while it wore a mask such
that each eye could view a blank white field (diffuse-reared).
This animal received 6 hr of diffuse stimulation each day for
a total of 73 hr.

Animals were prepared for electrophysiological recording
in a conventional manner (6-9). Insl-X-coated tungsten mi-
croelectrodes were used to record the action potentials of cor-
tical cells (10). The electrode was moved at an oblique angle
through the cortex and was advanced at least 75 ,gm between
units to reduce sampling bias by recording from many different
columns of orientation-sensitive cells (11). Responses of units
were amplified and single units were isolated in a conventional
manner (8, 12). Significantly, while advancing the electrode,
we presented a wide range of visual stimuli to include, in our
sample, units with low spontaneous activity, small receptive
fields, and distinct preferences for slow stimulus motion (8).
Once a unit was isolated, a number of its response charac-

teristics were assessed with the aid of a hand-held projector-
receptive field size, preferred orientation, the range of orien-
tations eliciting a response, preferred direction, and ocular
dominance. Subsequently, an optical display capable of pre-
senting moving line-shaped stimuli at various speeds, directions,
and orientations was used to determine the maximal stimulus
velocity that elicited a reliable response from the unit (cutoff
velocity).

For this study we defined a neuron's receptive field as the
area in visual space within which a visual stimulus elicited a
response. For most cells, the "minimum response field" was
plotted by using light bars and both light and dark edges in a
manner similar to that described by Barlow et al. (13). If a
neuron's receptive field could not be determined adequately
in this fashion (if the cell responded erratically or the limits
obtained did not delineate a positive area) we moved light bars
as well as light and dark edges of various sizes and shapes into
and out of the cell's receptive field in an effort to determine a
region within which responses could be evoked. If all attempts
to define a positive receptive field failed, the unit was excluded
from our analysis of field size. The receptive fields of most cells
were plotted both before and after the determination of the
unit's cutoff velocity. If the field size determined initially could
not be reproduced reliably, the unit was not included in our
analysis. By utilizing these procedures, receptive fields were
determined for 93% of the units studied.
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Abbreviation: LGNd, dorsal lateral geniculate nucleus.
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FIG. 1. Receptive field sizes and cutoff velocities of cortical
neurons preferring either horizontal (+22.50) lines or vertical (+22.50)
lines (solid circles) and either 450 (±22.50) lines or 1350 (±22.50) lines
(open circles).

To estimate the preferred orientation as well as the range of
orientations over which a cell would respond, an elongated
stimulus was moved at a constant velocity through the neuron's
receptive field. After each pass through the receptive field, the
orientation of the stimulus was changed systematically until
moving it through the response field produced no detectable
response. This stimulus orientation was defined as one of the
cell's orientation limits. The second orientation limit was then
determined by changing the orientation of the mapping stim-
ulus systematically in the opposite direction until a stimulus
orientation was again reached for which responses could not
be detected. The preferred orientation, the stimulus orientation
to which the cell gave its strongest response, generally lay
midway between the two orientation limits [it has been sug-
gested that this procedure decreases the effects of experimenter
bias on the determination of the preferred orientation of cortical
neurons (14)]. The angle between the two orientation limits
defines the cell's width of tuning.
The maximal stimulus velocity to which a cell would respond

(cutoff velocity) was determined as follows. Long, light bars
moving in the preferred direction and oriented appropriately
were presented to the dominant eye and moved through the
cell's receptive field at a velocity that was controlled by the
experimenter. The velocity of the stimulus was first increased
gradually (from 1 /sec to a maximum of 1500/sec) until re-

sponses could no longer be detected. After a pause to allow the
unit to recover, the stimulus velocity was decreased gradually
from 1500 /sec until the cell resumed responding. If different
values were obtained for these tests, the greater of the two ve-

locities was considered to be the cutoff velocity for the unit. To
verify this measurement, stimuli moving either at the cutoff
velocity or slightly above or below it were moved across the
cell's receptive field with suitable pauses between trials to
permit recovery of the unit. The entire procedure was repeated
if a discrepancy was observed at this point. For units with low
spontaneous activity the output of an audio monitor was used
to determine the velocity at which the cell ceased to respond.
If a cell's spontaneous activity was sufficiently high to make this
determination difficult, the unit's evoked and spontaneous
discharge rates were determined and compared by using a

digital counter.

RESULTS
Normal Cats. We sampled neurons along 14 oblique elec-

trode penetrations through the visual cortex of eight normal

U'0

0
W 0 30 6 0 1 0 150 30 60 90 120 150
20
20

10

0 30 60 90 120 150
Preferred orientation (degrees)

FIG. 2. Distribution of the orientation preferences of cortical
neurons having both receptive fields <2.25 degrees2 and cutoff ve-
locities <50'/sec (shaded bars) and distribution of the orientation
preferences of cells with receptive fields >2.25 degrees2 and/or cutoff
velocities >500/sec (open bars).

cats. For most of these animals, histological examination of the
cortex could be carried out and all electrode tracts that were
reconstructed were within area 17. We determined the re-
ceptive field characteristics of 282 single units in normal adult
cats. As reported by others, most cortical neurons examined
were responsive to visual stimulation (97%), selective for ori-
entation (92%), and could be influenced by stimuli presented
to either eye (83%) (7, 8). Also in agreement with earlier reports,
the preferred orientations of cortical units recorded during most
penetrations were observed to vary gradually and systematically
as the electrode was advanced obliquely through the visual
cortex (11, 15).
We also observed a relationship among the receptive field

size, the cutoff velocity, and the orientation preference of
cortical cells (Fig. 1). Specifically, a majority of neurons that
had both a small receptive field (<2.25 degrees2) (1 degree2
0.3 mstereradian) and a low cutoff velocity (<500/sec) re-
sponded best to either horizontal (+22.50) or vertical (±22.50)
stimuli (x2; P < 0.001) (Fig. 2). In contrast, among those cells
in our sample that had larger receptive fields (>2.25 degrees2)
or responded to stimuli moving rapidly (>500/sec), a more even
distribution of orientation preferences was evident (Fig. 2).
The high spontaneous activity and the broad orientation

tuning of some cortical cells made the determination of their
response characteristics difficult. In particular, neurons with
large receptive fields or high cutoff velocities tended to respond
to a wider range of stimulus orientations than did cells with
small fields and low cutoff velocities (SEM, P < 0.001). To see
if this significantly affected the results reported here, we ex-
amined separately units in both classes which displayed no
spontaneous activity and which had a tuning width of <500.
These neurons would be expected to have half-widths of 12.50
or less (16-18). Preferred orientation, receptive field size, and
cutoff velocity could be determined readily and quite unam-
biguously for this subset of units in our sample. This analysis
confirmed that most cells with small receptive fields and low
cutoff velocities preferred lines oriented either horizontally or
vertically (x2; P < 0.001) and that there was no bias in the dis-
tribution of orientation preferences of cells having large re-
ceptive fields or high cutoff velocities. We conclude from this
that errors in the determination of preferred orientation, re-
ceptive field size, or cutoff velocity are unlikely to significantly
affect the relationships that we have observed among these
three parameters.

Cells with small receptive fields and low cutoff velocities
were found to be concentrated in cortical areas subserving
central vision (Fig. 3). Most neurons displaying these properties
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FIG. 3. Visual field distribution of neurons having cutoff veloc-
ities <500/sec and receptive fields <2.25 degrees2.

responded best to horizontal or to vertical lines regardless of
their position in the cortex. On the other hand, cells with larger
receptive fields or higher cutoff velocities were encountered
more frequently in cortical areas subserving the peripheral
visual field, though many cells of this type were encountered
at all eccentricities. Finally, as reported by others (7, 8), when
all neurons we studied were considered together, no convincing
bias in the distribution of preferred orientations was evident
at any eccentricity. *

Pattern-Deprived Cats. We also studied a sample of 184
cortical units along 10 electrode penetrations through the visual
cortex of a group of cats deprived of exposure to patterned
stimuli (19). As in our sample of normal adult cats, all of the
reconstructed electrode tracts in these animals were within area
17.

Consistent with earlier reports, we.observed that many cor-
tical cells sampled from pattern-deprived cats did not display
the specificity of response typical of neurons studied in normal
animals (20). In particular, over half of the neurons recorded
from these animals either failed to respond to any of the visual
stimuli presented or responded indiscriminately to various
stimuli: they displayed no obvious preferences for the shape,
orientation, or direction of movement of any stimulus pre-
sented. The remaining cells were either direction-selective
(30%) or orientation-selective (15%) (21, 22). Most significantly,
nearly all orientation-sensitive cortical cells in these animals had
small receptive fields (S2.25 degrees2), responded only to
stimuli moving slowly (cutoff velocities S500/sec), and re-
sponded best to either horizontal or to vertical lines (x2; P <
0.001) (Fig. 4). Orientation-sensitive neurons were found at all
eccentricities studied (0°-17° from the estimated projection
of the area centralis). Furthermore, in contrast to normal adult
cats in which only 12% of the cells with small receptive fields
and low cutoff velocities were activated monocularly, most cells
of this type (70%), regardless of eccentricity, responded to
stimulation of only one eye in deprived animals (Fig. 5).

Neurons that had larger receptive fields or that responded
to more rapidly moving stimuli were affected differently by
deprivation of patterned visual stimulation. In particular, most
cells of this type studied in pattern-deprived cats displayed no
evidence of normal orientation selectivity (93%) and a majority
(73%) were activated binocularly. This proportion is similar to
that observed in normal adult cats in which 80% of these cells
respond to stimulation of either eye (Fig. 5). Finally, the pro-
portion of cells of this type encountered at all eccentricities
studied was lower in pattern-deprived cats than in normal
cats.
* Preliminary evidence indicates that the cells with small receptive
fields and low cutoff velocities that we have described are concen-
trated in or above layer IV of the striate cortex. Cells with larger fields
or higher cutoff velocities, however, were also encountered within
these laminae. This organization appears compatible with the gradual
shifts in the orientation preferences of cortical cells we observed
during the course of most of our oblique electrode penetrations.
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FIG. 4. Receptive field sizes and cutoff velocities of orientation
selective neurons (solid circles and triangles) and of visually respon-
sive cells displaying no obvious orientation preferences (open circles
and triangles) in long-term pattern-deprived cats. Circles and trian-
gles represent cells recorded from two dark-reared cats and a dif-
fuse-reared cat, respectively.

DISCUSSION
We have observed that the class of cells in the normal cat's visual
cortex that has the smallest receptive fields and that responds
only to stimuli moving slowly, responds preferentially to lines
oriented about either the horizontal axis (+22.50) or the vertical
axis (±22.5°). Many of these cells are activated monocularly
and display orientation preferences after extended periods of
visual deprivation. The remaining cells-neurons in normal
animals that have larger receptive fields or respond to more
rapid stimulus motion-do not exhibit a similar bias in the
distribution of their orientation preferences. Cells of this type
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FIG. 5. Ocular dominance distributions of cells having receptive
fields <2.25 degrees2 and cutoff velocities <500/sec (Column A) and
of cells with larger receptive fields and/or higher cutoff velocities
(column B) in normal cats (Top) and in pattern-deprived cats (Bot-
tom). Ocular dominance groups are defined as follows: group 1, cells
activated only by the contralateral eye; group 2, cells activated by both
eyes with the contralateral eye being strongly favored; group 3, cells
activated by both eyes with the responses evoked by the two eyes
being comparable; group 4, cells activated by both eyes with the
ipsilateral eye being strongly favored; group 5, cells activated only by
the ipsilateral eye.
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do not display orientation preferences and are activated bino-
cularly in cats reared for a prolonged period without exposure
to patterned visual stimulation.

Results consistent with our findings have been reported by
Pettigrew et al. (8). These experimenters observed that a pre-
ponderance of simple unimodal direction-selective cells located
near the cortical projection of the area centralis respond
preferentially tQ either horizontal or vertical lines. Because these
cells were reported to have the smallest receptive fields of all
neurons studied and were observed to prefer stimuli moving
slowly, they may be similar to our sample of cells with small
receptive fields and low cutoff velocities. In addition, Blak-
emore and 'Van Sluyters (22) observed a predominance of
neurons responding best to either horizontal or vertical lines in
the visual cortex of one cat exposed only to a blank white cyl-
inder during rearing (24). Finally, Blakemore and Van Sluyters
(22) and 13uisseret and Imbert (24) have reported that most
orientation-sensitive cells in the cortex of visually deprived
kittens are activated monocularly.
A number of explanations could account for the absence of

orientation-seleptive cells having large receptive fields and/or
high cutoff velocities in animals deprived of patterned visual
stimulation. We think that the most likely of these are: (i) Most
cortical cells may be orientation-sensitive in visually inexperi-
enced kittens; prolonged pattern deprivation causes cells with
large receptive fields or high cutoff velocities to lose their innate
orientation preferences while many cells with small fields and
low cutoff velocities retain their intrinsic preferred orientations
after such deprivation. (ii) Only cortical neurons with large
receptive fields and high cutoff velocities require early visual
experience for the development of normal orientation sensi-
tivity; prolonged pattern-deprivation eliminates early experi-
ence and thus prevents these neurons from becoming selective
for orientation. To differentiate between these two possibilities,
it is necessary to know the extent to which these different cell
types are orientation selective in the inexperienced kitten cortex.
Unfortunately, many conflicting reports exist in this area
(21-25). Furthermore, changes in the cortical physiology of
young kittens have been reported to occur during acute re-
cording sessions (26, 27), making the interpretation of the dis-
tribution of the orientation preferences of cortical cells observed
in young animals even more difficult.

Cortical neurons with small receptive fields that are selective
for slQw stimulus motion reportedly receive afferent inputs from
X cells in the LGNd whereas cells with larger receptive fields
that are responsive to stimuli moving rapidly are reported to
receive inputs from LGNd Y cells (28). Our results, therefore,
suggest that certain X cells axons terminate on a class of cortical
cells that is insensitive to early experience for the development
of orientation sensitivity and that responds best to horizontal
and vertical stimuli. The axons of Y cells, on the other hand,
may terminate on neurons that require early patterned visual
experience for development or maintenance of orientation
selectivity and that do not exhibit a biased distribution of ori-
entation preferences. (A contribution of afferent inputs from
LGNd W cells to the groups of cells we have described cannot
be ruled out because the response properties of cortical cells
with W-cell afferents have not been determined.) Consistent
with this, we have found that the relative number of cortical
neurons with small receptive fields and low cutoff velocities is
high near the cortical projection of the area centralis and is low
ip more eccentric regions while the relative frequency of cells
having larger receptive fields or higher cutoff velocities is rel-
atively low near the projection of the area centralis and in-

the retina. These findings are consistent with the reported in-
homogeneities in the distributions of X cells and Y cells in both
the retina and the LGNd (1). In addition, our finding that the
relative proportion of cells with large response fields and high
cutoff velocities is reduced by early binocular deprivation is
compatible with the suggestion that Y cells in the LGNd are

affected most severely by this procedure (1-5). Furthermore,
since cells with small receptive fields and low cutoff velocity
are activated monocularly in pattern-deprived cats, and possibly
also in visually deprived kittens (22, 24), their sensitivity to
binocular competition still remains to be demonstrated. Our
results do, however, lend support to the hypothesis that Y cells
in the LGNd are affected severely by binocular competition
(1,3).

It has been suggested that simple cortical cells receive inputs
from LGNd X cells while complex cortical cells receive LGNd
Y cell afferents (29). This suggestion has, however, been chal-
lenged (30). The present study was not designed to approach
this question directly. However, since many cortical neurons
remain uncategorized according to the classification system
proposed by Hubel and Wiesel and since simple cells, complex
cells, and uncategorized cells can display receptive fields larger
than 2.25 degrees2 (7, 31) it is unlikely that one of the two
groups we have described consists only of simple cells while the
other consists only of complex cells. In fact, our own observa-
tions suggest that the class of cells with small fields and low
cutoff velocities we have described consists mainly of certain
simple and hypercomplex cells with these response properties
while the other group of cells we have characterized contains
both simple and complex cells with larger fields or higher cutoff
velocities.
A number of reports suggest that the relationships reported

here for the cat can be generalized to other species. In partic-
ular, Mansfield (32) observed a preponderance of cells pre-
ferring either horizontal or vertical lines only near the cortical
projection of the fovea in the monkey; a similar anisotropy was
not evident in more eccentric regions. Apparently, these cells
receive inputs from neurons analogous to X cells found in the
cat's visual system because the great majority of ganglion cells
near the primate fovea are of the tonic type but fewer cells of
this type are observed in the peripheral retina (33-35). Fur-
thermore, virtually all orientation-sensitive rabbit retinal
ganglion cells prefer lines oriented either horizontally or ver-

tically, have small receptive fields, prefer slow stimulus motion,
and are concentrated near the visual streak (36, 37). Finally,
most orientation-sensitive ganglion cells in the pigeon's central
retina prefer lines oriented horizontally and have small re-

ceptive fields (38). The presence of cells of this type in the retina
in some species and in the visual cortex in others may reflect
an evolutionary centralization in the processing of certain visual
information.
We suggest a functional significance for the class of cortical

cells with small receptive fields and low cutoff velocities that
we have characterized. Specifically, these neurons may mediate
the preferential response characteristic of the visual systems of
many species, including man, to horizontal and vertical con-
tours. The observations that the anisotropic response of the
human visual system is greatest at the fovea, decreases with
increasing eccentricity, appears to be mediated by cells with
small receptive fields, and is not observed when subjects are

tested with rapidly flickering stimuli that should not activate
neurons with a low cutoff velocity (temporal sensitivity) are all
compatible with this suggestion (32, 39, 40).

It has been suggested that the localized biased distribution

creases in portions of cortex subserving peripheral regions of
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visual cortex (32) results from an early visual environment
dominated by horizontal and vertical contours (32, 41). Re-
cently, however, we and others have challenged this view (6,
42). On the basis of our present results, we now suggest that the
visual system's preferential response to horizontal and vertical
patterns is determined intrinsically and reflects the response

properties and distribution of certain cortical neurons, possibly
a subset of those cells that receive afferent inputs from X cells
in the LGNd.

We thank L. Festinger, P. Grobstein, J. D. Pettigrew, H. Sherk, S.
M. Sherman, M. P. Stryker, and S. Tieman for critical comments on

the manuscript. We also thank P. Caruccio and S. Johnson for expert
technical assistance, and M. L. Leder for valuable help with the his-
tology. Support was provided by U.S. Public Health Service Research
Grant RO1 EY-01268 and Alfred P. Sloan Foundation Fellowship BR
1677.

1. Sherman, S. M., Hoffmann, K. P. & Stone, J. (1972) J. Neuro-
physiol. 35, 532-541.

2. Sherman, S. M. & Stone, J. (1973) Brain Res. 60, 224-230.
3. Sherman, S. M., Wilson, J. R. & Guillery, R. W. (1975) Brain Res.

100,441-444.
4. .Hoffmann, K. P. & Sherman, S. M. (1974) J. Neurophysiol. 37,

1276-1286.
5. Hoffmann, K. P. & Sherman, S. M. (1975) J. Neurophysiol. 38,

1049-1059.
6. Leventhal, A. G. & Hirsch, H. V. B. (1975) Science 190, 902-

904.
7. Hubel, D. H. & Wiesel, T. N. (1962) J. Physiol. (London) 160,

106-154.
8. Pettigrew, J. D., Nikara, T. & Bishop, P. 0. (1968) Exp. Brain Res.

6,373-390.
9. Bishop, P. O., Kozak, W. & Vakkur, G. J. (1962) J. Physiol.

(London) 163, 466-502.
10. Hubel, D. H. (1957) Science 125,549-550.
11. Hubel, D. H. & Wiesel, T. N. (1963) J. Physiol. (London) 165,

559-568.
12. Hubel, D. H. & Wiesel, T. N. (1959) J. Physiol. (London) 148,

574-591.
13. Barlow, H. B., Blakemore, C. & Pettigrew, J. D. (1967) J. Physiol.

(London) 193,327-342.

14. Wilson, J. R. & Sherman, S. M. (1976) J. Neurophysiol. 39,
512-533.

15. Stryker, M. P. & Sherk, H. (1975) Science 190,904-905.
16. Henry,-G. H., Bishop, P. O., Tupper, R. M. & Dreher, B. (1973)

Vision Res. 13, 1771-1779.
17. Henry, G. H., Dreher, B. & Bishop, P. O. (1974) J. Neurophysiol.

37, 1394-1409.
18. Rose, D. & Blakemore, C. (1974) Exp. Brain Res. 20, 1-17.
19. Hirsch, H. V. B. & Leventhal, A. G. (1976) Paper presented at

annual meeting of the Association for Research in Vision and
Ophthalmology, Sarasota, Fla.

20. Wiesel, T. N. & Hubel, D. H. (1965) J. Neurophysiol. 28,
1029-1040.

21. Pettigrew, J. D. (1974) J. Physiol. (London) 237, 49-74.
22. Blakemore, C. & Van Sluyters, R. S. (1975) J. Physiol. (London)

248,663-716.
23. Hubel, D. H. & Wiesel, T. N. (1963) J. Neurophysiol. 26,994-

1002.
24. Buisseret, P. & Imbert, M. (1976) J. Physiol. (London) 255,

511-525.
25. Sherk, H. & Stryker, M. P. (1976) J. Neurophysiol. 39,63-70.
26. Pettigrew, J. D. & Garey, L. J. (1974) Brain Res. 66, 160-164.
27. Pettigrew, J. D., Olson, C. & Barlow, H. B. (1973) Science 180,

1202-1203.
28. Stone, J. & Dreher, B. (1973) J. Neurophysiol. 36,551-567.
29. Hoffmann, K. P. & Stone, J. (1971) Brain Res. 32,460-466.
30. Singer, W., Tretter, F. & Cynader, M. (1975) J. Neurophysiol.

38, 1080-1098.
31. Albus, K. (1975) Exp. Brain Res. 24, 159-179.
32. Mansfield, R. J. W. (1974) Science 186, 1133-1135.
33. Gouras, P. (1968) J. Physiol. (London) '199,533-547.
34. Gouras, P. (1969) J. Physiol. (London) 204,407-419.
35. DeMonasterio & Gouras, P. (1975) J. Physiol. (London) 251,

167-195.
36. Oyster, C. W. (1968) J. Physiol. (London) 199,613-635.
37. Levick, W. R. (1967) J. Physiol. (London) 188,285-307.
38. Maturana, H. R. & Frenk, S. (1963) Science 142,977-979.
39. Berkeley, M. A., Kitterle, F. & Watkins, D. W. (1975) Vision Res.

15,239-244.
40. Camisa, J. M., Blake, R. & Lema, S. (1977) Perception, in

press.
41. Appelle, S. (1972) Psychol. Bull. 78,266-278.
42. Leehey, S. C., Moskowitz-Cook, A., Brill, S. & Held, R. (1975)

Science 190,900-902.

Proc. Natl. Acad. Sci. USA 74 (1977)


