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Parallel Convergences: A Glimpse To The Magno-
And Parvocellular Pathways in Visual Perception

Carlo Aleci, Elena Belcastro

Abstract— The processing of an image, which begins in the
retina and continues on the cortex, is provided by two distinct,
parallel cellular pathways: the parvocellular (P-) or sustained
system, and the magnocellular (M-) or transient system. The
P-system is made of small ganglion cells and arranged in
receptive fields of small size. In turn, the M-system, is made of
larger ganglion cells making up wider receptive fields. Like
their anatomical features, also the information carried by the
M- and P-cells is different and basically complementary, at least
at the subcortical level. A common opinion in the last decades
supports the idea that a model based on this parallel M/P
complementary processing of the image may account for the
various aspects of visual perception. Yet, tracing separately M-
and P- information beyond the striate cortex turns difficult due
to the diffuse anatomical crossroads, functional intermixing,
and to the overlapping of the psychophysical response. The
present paper aims at making the point on this issue,
pinpointing the already reported caveat for an attractive, albeit
probably too simplified (and therefore potentially misleading)
schematization.

Index Terms— Color, Contrast Sensitivity, Magnocellular,
Motion, Ocular Movement, Parvocellular, Shape. Stereopsis

I. INTRODUCTION

It is commonly accepted that visual perception relies on
two different anatomical and functional domains: the
parvocellular and the magnocellular system.

Magnocells make up only about 5-10% of the ganglion
population, while parvocells constitute almost 90% of the
retinal neurons (1, 2) .

On the retina parvocells, that are specialized for the
recognition of stimuli at or around the fixation point, localize
mainly in the central region (the macular area) and their
number tends to decrease with eccentricity. In turn, the
number of magnocells reaches a peak more peripherally (3),
so that the topographical transition from one quota to the
other occurs in a progressive manner.

It is worth considering that the density of both types of

neurons peaks close to the fovea (4), and if the overall
amount of P- exceeds the amount of M-cells even in the
periphery, the receptive fields of the latter cover a retinal
surface 10 times wider (5).
From the retina each of the two systems projects onto specific
regions in the lateral geniculate nucleus (LGN). Here the
retinal parvocells synapse with the small ganglion neurons
located in the four external layers while the magnocells
synapse with the large ganglion cells placed in the two most
internal layers (Fig.1).
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Figure 1. The lateral geniculate body. The inner two
layers are composed of M cells, the remaining four
external consist of P cells.

From the lateral geniculate body the transmission of the
visual input continues and reaches the striate cortex (area
V1). Up until this point the information processed by each of
the two systems is carried separately (6, 7), so that the
M-axons are directed to the lamina 4C and from here to 4B,
while the parvocellular projections reach the lamina 4C and
from here to the blobs and interblobs ( 8-10).

From the layer 4B of V1 the magnocellular stream
continues towards the thick stripes of the extrastriate area V2
(11), while from the blobs and interblobs the P-pathway
synapses with neurons of the thin and pale stripes of V2 (8).

From the thick stripes in V2 the M-pathway carries the

information to the middle temporal area (MT, V5 in the
macaque), from here to the medial superior temporal area
(MST in the macaque), and finally to the posterior parietal
cortex (PPC). In turn, the P-pathway connects the thin and
pale stripes in V2 to V4 (12, 13). From V4 the signal is
projected to the inferotemporal cortex (IT, Fig. 2 and 3).
The P-pathway on the cortex is also known as the temporal or
ventral or the “what” stream, being in charge of object
recognition, including their fine details, color and shape. In
turn, the M-pathway on the cortex is also known as the
parietal or dorsal or the “where” stream, being in charge of
spatial localization, especially of moving targets.
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Figure 2. Schematic representation of the visual pathway.
In red is represented the parvocellular, system starting
on the retina from the small ganglion cells, mainly
localized in its central region (the fovea), organized in
receptive fields of small size.

The fibers of each P cell are collected in the optic nerve and
meet with those of the contralateral eye in the optic chiasm.
Here, the outermost portion (temporal) continues its course in
the homolateral optic tract while the remaining inner fibers
(nasal) cross those of the other side (decussation) and then
continue in the contralateral optic tract. At the end of the
optic tract both nasal and temporal parvocellular axons
project to the lateral geniculate body, a layered structure
made up of P cells in the more dorsal portions (layer 111, 1V,
V, VI). Here the transmission of the parvocellular input is
transferred to the geniculate P cells and finally reaches the
striate cortex, area V1, via the optical radiation. From V1 the
stimulus continues in V2, V3 and eventually in the
inferotemporal area. In green is the magnocellular pathway
beginning from big retinal ganglion cells, mainly localized in
the peripheral areas, organized in large receptive fields. The
M projections are similar to those described for the P
pathway: magnocellular fibers gather in the optic nerve,
reach the chiasm where the nasal portion decussates while the
temporal one remains on the same side and meets with those
of the contralateral eye.From the right and left optic tract, M
fibers get to the more ventral layers of the lateral geniculate
body (layer I-11). Here the impulse is elaborated by M
geniculate receptive fields, along the optical radiations it
reaches the striate cortex, area V1, then V2, V3, and finally
the mediotemporal area (MT or V5) and the posterior parietal
cortex (PPC).

The magnocellular and parvocellular pathway show
functional peculiarities that have been extensively
investigated in the last decades (e.g. 11, 17-21). Such
functional peculiarities make each of the two ganglion
systems specialized to separately analyze the features that
characterize the stimulus (like speed, spatial frequency,
shape, color, texture). Subsequently these decoded
characteristics can be integrated according to a cortical
hierarchical process.
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Figure 3. The magnocellular and parvocellular pathway.
In red are reported some cross-connections.

In the next pages the characteristics and functions of the
two systems will be briefly described, underlining on the one
hand the importance of their complementary, cooperative
perceptual analysis, on the other hand how some important
requisites like the visual persistence or the fine balancing
proper of the saccadic/fixation sequence during reading can
be explained by their reciprocal inhibitory modulation.

A. Discharge rate and conduction speed

The response of the parvocells to abrupt changes in
luminance is tonic (22, 23). In addition, since their axons are
scarcely myelinated, parvocells show low conduction speed
(22, 24). Due to these characteristics the P-pathway is
suitable to process the details of static stimuli: so, the
parvocellular system is also referred to as the "sustained
system".

In turn, the discharge rate of the M-cells is phasic, showing
a peak when a stimulus appears, followed by an abrupt drop
of the response to its disappearance. Being highly
myelinated, the M-axons show high conduction speed (22).
For these reasons, the M-system is defined the transient
system, able to process dynamic configurations.

As pointed out by Skottun (25), the terms magnocellular
and parvocellular belong to the physiological field, whereas
in psychophysics sustained and transient would be
preferable. However, the words magnocellular and
parvocellular are now customary.

B. Contrast sensitivity

Individually, parvocells are less sensitive to spatial
contrast compared to magnocells. The former, in fact, are not
able to respond to a contrast less than 10% (26) while the
latter are still sensitive to contrasts as low as 2%, (26, 27).
Yet, due to the spatial summation among the overwhelming
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number of P-cells compared to M-detectors, contrast
sensitivity of the sustained system reaches 0.5%, being
therefore comparable to that of the transient pathway (28,
29).

Parvocells show best contrast sensitivity at high spatial
frequencies and low temporal frequencies, especially in
photopic conditions. This fact makes them suitable for the
analysis of the details of images projected onto the foveal
region, but (as a consequence of their tonic response)
unsuitable for the detection of rapid temporal changes
(motion perception). On the contrary, especially at low
luminance levels, the M-system shows higher contrast
sensitivity at low spatial frequencies and high temporal
frequencies, which makes it less sensitive to details and
highly sensitive to rapid changes over time (27, 30- 32).

Important contribution for understanding the functions of
the two ganglion subsystems has been provided by
deprivational studies focused on the lateral geniculate body
of the cat and monkey. The selective destruction of the inner
layers of the LGN, pertaining to the M system, revealed
reduced contrast sensitivity when serial configurations were
displayed at very low spatial and high temporal frequencies
(33, 34): for example, gratings of 1 cycle/degree flickering at
10 Hz (33). In this experimental condition a consistent
functional segregation of the M pathway is expected, whereas
presenting stationary stimuli or gratings with low temporal
frequency does not prevent from the concomitant stimulation
of the P pathway, irrespective of the spatial frequency
adopted.

The same occurs with gratings of high temporal frequency
but with spatial frequency not low enough (28, 35, 36).

In turn, reduced contrast sensitivity at high spatial and low
temporal frequencies after lesions of the parvocellular
pathway confirms the P-pathway is preferentially activated
by stimulations belonging to this spatiotemporal domain (28,
33, 36).

Still, after selective destruction of the geniculate
parvocellular layers Merigan and Eskin found defective
contrast sensitivity with stationary gratings also at low spatial
frequencies (as low as 0.5 c/deg), that is to say in the
magnocellular spatial domain (28). This finding confirms
that even in the magnocellular domain the P-system takes
part in the processing of the stimulus. The parvo-mediated
deficit, however, is shown to fade as the temporal frequency
is increased.

It follows that in viuew of the fact the P-response is
saturated for spatial frequencies of about 1 cycle/degree and
temporal frequency beyond 10 Hz, (with due caution) a
grating with spatial frequency lower than 1 cycle/degree and
temporal frequencies equal or higher that 10 Hz should be
considered as the most effective combination to segregate the
magnocellular function.

The normal contrast sensitivity function (CSF) and the
contribution provided by the magnocellular and parvocellular
system is shown in Figure 4.The curve depicted in the left
panel is the result of the joined activity of the M system,
mainly effective at the lowest spatial frequencies and of the P
system, especially sensitive to the highest spatial frequencies.
The optimal cutoff to differentiate the P/M function in the
spatial frequency domain is set around 1.5 cycles/degree (37)
or between 0.2 and 3.5 cycles/degree (38).
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Figure 4. Left: CSF for spatial frequencies from 0.75
cycles/degree to 18 cycles/degree. Right: individual CSF
of the M- and P system, sensitive to low and high spatial
frequencies, respectively.

The transition point is set around 1.5 cycles/degree and
marked by the arrow. Above this value of spatial frequency,
the P system is mainly active, under this value it depends on
the M system.

From the figure it can be deduced that reduced contrast
sensitivity at low luminance for gratings with spatial
frequency less than 1.5 cycles/degree is sign of prevalent
malfunction of the M system, because the P activity is weaker
in these conditions of stimulation. However, the result of the
combined M+P functions shows that even when processing
very low spatial frequencies the magnocellular system is
joined by the parvocellular activity to a certain amount so
that, due to this large overlap of the M/P functional
architecture, this cutoff must be considered with caution. The
selectivity of the M system can be increased presenting
stimuli not stationary, but shifting or reversing at high
temporal frequency, even more under low mean luminance
levels.

A main reason why as a matter of fact segregating the
transient from the sustained function is difficult, is that even
if the activation level of each P-cell is lower compared to the
M cells, due to spatial summation the cumulative activation
threshold of the parvocellular system is lower compared to
the magnocellular pathway (21, 26, 31): as a consequence the
former tends to respond to a broader spectrum of frequencies
than expected based on the CSF.

Indeed, selective lesions of the P-system reduce contrast
sensitivity not only at the higher spatial frequencies, but less
selectively and to a certain extent even at the lower ones (1
cycle/degree: 35, 39; 2 cycles/degree: 36). In other terms, as
pointed out by Skottun, the effect of the sustained pathway is
overwhelming, so that its deprivation ends up suppressing not
only the response in its own domain but even in the transient
spectrum (25).

C. Visual Acuity

In a lesion study selective parvocellular damage
determined tree-four-fold reduction of visual acuity, while
M-ablation did not achieve any appreciable effect (36). Yet,
contrary to what expected, the spatial resolution of individual
P- and M-cells is similar irrespective of the eccentricity (40),
despite at any eccentricity the receptive fields of parvocells
have smaller centre (and less diffuse dendritic spreading: 41)
than the magnocellular units (31, 42,, but see 7, p. 374 for
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counter-evidences). So, the superiority of the parvocellular
system in processing visual acuity is believed to depend on
the higher parvocellular density (43) (P vs M density: 8:1
according to Perry et al (44).

D. Color

Color perception stems from the L (“red”), M (“green”),
and S (“blue”) cones in the retina, showing a peak
wavelength respectively at 562, 535, and 440 nm. After
transduction, their wavelength is processed by red-green (L-
vs M-cones) and blue-yellow (S- vs L+M-cones)
color-opponent receptive fields on the retina, then on the
lateral geniculate nucleus, and finally on the striate cortex.

Color perception is probably the most effective marker of
the parvocellular activity, since P- but not M-cells show color
opponency: in other terms parvocells (but not magnocells)
respond selectively to isoluminant colored stimuli (31). As a
matter of fact, lesions of the parvocellular pathway lead to
loss of color perception (35, 45).

On the cortex the ventral stream is in charge of color
perception trough the blobs in V1, the thin stripes in V2 and
finally V4 (e.g. 46; see also 7).

As recalled by Roe et al (47), if the generation of color
perception depends on the wavelength-selective cones and
the subsequent color-opponency processing provided by
dedicated parvocellular receptive fields, for the perception
and ability to discriminate the hues the thin stripes in V2 play
a fundamental role (48).

The pivotal function of V4 in color perception has been
claimed since the early Seventies (49) and further supported
by experimental evidences (50-52). Even if lesions involving
bilaterally V4 demonstrated slight (albeit permanent) deficit
in color perception (53, 54), the contribution of V4 in this
respect seems crucial and far more complex than believed.
On the analogy of the blob-color sensitive neuronal clusters
of V1, the regions (several millimeters wide) of V4 narrowly
tuned for hue, therefore functionally associated with color
processing, have been named by Conway et al “globs™ (it
follows that the “interglobs” are the interleaved no-glob
regions: 55).

V4 is advanced to be essential for color constancy that is to
correctly judge the color of an object under different
environmental illuminations. Difference in the illumination,
in fact, can change the wavelength composition of the light
reflected by the object: in other terms, as exemplified by Roe
et al (47), thanks to V4 “ared apple remains red whether it is
in shadow or under sunlight” The goal would be obtained
since V4 color-responsive neurons would shift their spectral
tuning as a function of the illumination of the environment
(46, 56). As a matter of fact, neurons in the globs are found to
be tolerant to luminance variation (55).

In addition, V4 is sensitive to forms defined by
equiluminant color-contrast borders (57).

The processing of color would be integrated beyond V4,
since also in the inferotemporal cortex (IT) the majority of
the neurons are found to be sensitive to color (see for
example: 58).

Wi

E. Shape

Shape perception is considered a function processed by the
parvocellular system, that takes place on the cortex in the thin
and pale stripes in V2, continues in V4 and ends in the
inferotemporal cortex. Lesions involving bilaterally V4
demonstrated to a certain extent deficit in shape and texture
discrimination (53, 54). In the so-called “interglob” regions
of V4 (55) neurons are sensitive to orientation (59): as
recalled by Roe et al (47), since curvature processing is
considered as an integration of the orientation response of the
neurons whose receptive field (2-10 deg wide) receives the
input, interglob neurons in V4 can be regarded as contour
analyzers and, finally, as shape detectors (60). Unlike
lower-level orientation tuned neurons, in V4 detectors
respond optimally to acute convex and concave curvatures
(61), with a marked bias toward the former (60). In addition,
at a higher cortical level, the inferotemporal cortex (IT) is
found to be particularly sensitive to specific shapes like
snakes, flowers-like forms, hands, and even faces, as well as
textures (62).

F. Motion

Motion perception is considered as the most effective
marker of the magnocellular activity.

As expected from its high sensibility to temporal contrast,
the transient system, indeed, plays a pivotal role in processing
dynamic configurations. A selective lesion of the transient
system in the inner (M-) layers of the lateral geniculate body
reduces motion sensitivity of the macaque (33-35, 39, 63). As
a matter of fact, Schiller found a deep loss of motion
perception after ablation (obtained by injecting ibotenic acid)
of geniculate M-neurons of the macaque but not after
destruction of geniculate P-cells (35, 39).

Motion processing on the cortex follows the dorsal stream
and starts from the thick stripes in V2, a magnocellular
domain where direction selective neurons have been found
(64).

As far as we know, the higher-level processing regions of
motion perception are the mediotemporal area, also called
MT or V5, and the middle superior temporal area (MST: 65),
both characterized by the large size of their magnocellular
receptive fields.

Studies in macaques showed that about 90% of the cells of
MT are direction sensitive (66), so that a selective lesion of
the transient system on the mediotemporal (MT) and medial
superior temporal cortical region (MST) makes the animal
less sensitive or insensitive to dynamic configurations (65,
67, 68).

It has been suggested that the relationship between motion
perception and magnocellular system simply depends on the
fact that the M-cells see (that is detect) better fast moving
stimuli compared to the parvocells. Based on this property,
the judgment of the position of the target over time provided
by the magnocells would be more accurate, so it would be the
perception of its movement (7). If it were the case, according
to Merigan & Maunsell, it follows that “the M pathway is not
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specialized for motion perception, but is specialized for the
transmission of middle and high velocity stimuli that are
important to some functions of the parietal visual stream” (7,
p.394).

According to a more sophisticated perspective motion
perception in MT derives from a mechanism of signal
integration in both the temporal domain and visual space:
Mikami, in fact, showed in monkeys that neurons in MT are
sensitive to motion when it is simulated by using a high
number of presentations, while they do not respond if just two
kinematograms are displayed (69).

At a higher cortical level (area MST) neurons of the
M-system are found to respond to complex types of mation,
like the rotatory and translational components of the optic
flow (70).

Even if motion has been considered as a function mediated
by the transient system, a body of research suggests the
ventral stream may play a role as well.

Directions selective neurons have been found not only at
the early stage of the dorsal stream, that is in the thick stripes
of V2, but (to a lower extent) even in the pale stripes of V2,
that is in a cortical station along the ventral stream (64).
Moreover, at a higher cortical level up to one third of the
neurons in V4 are found to be directionally selective (71).

Yet, the meaning and role of motion processing provided
by the ventral stream is argued to be substantially different
from the classical information coded by the dorsal pathway:
V4 would process not motion per se, but more strictly motion
differentiation, being suitable for detecting difference in the
dynamic component of a moving object compared to the
(static) environment. Accordingly, motion differentiation can
be regarded as the way to discriminate a moving figure from
the background. In the final analysis, directionally selective
neurons in V4 make motion a tool for the recognition of the
characteristics of dynamic stimuli (71, see also 47).

G. Stereopsis

Stereopsis or depth perception derives from the small
positional differences between the corresponding visual
features projected to the two eyes. Even if such binocular
disparity has been found as early as in neurons of the striate
cortex (in the cat: 72), the relative disparity signals used in
depth perception are constructed outside area V1 (73). In V2
neurons selective for binocular disparity are prevalent in the
thick stripes, leading to the conclusion that depth perception
is a magnocellular function (e.g. 21).

Still, as recalled by Roe, neurons selective for binocular
disparity have been found also along the ventral stream, in the
thin and pale stripes of V2, and at a upper stage in V4. Some
researchers advanced the existence of two different types of
stereopsis: a coarse stereopsis, processed along the dorsal
pathway, in charge of depth perception by processing large,
absolute retinal disparities (0.5-10 deg) relative to low spatial
frequencies of moving targets, and a fine stereopsis, coded by
the ventral stream, in charge of depth perception by
processing small, relative, retinal disparities (less than 0.5
deg) in presence of high spatial frequencies of stationary or
quasi-stationary objects (see 47). As a confirmation the
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parietal and temporal pathway underlie differential
stereoscopic domains, microstimulation of V4 and MT led,
respectively, to impaired fine (but not coarse) and coarse (but
not fine) depth perception (74, 75)

H. Visual attention

Visual attention is the function that allows selecting the
information of interest from the information globally
available. The selection of the information may involve a
portion of the visual space (visual attention) or a particular
feature of a stimulus (feature attention). Spatial attention can
be modeled as a spotlight encompassing a region of the visual
space where the neuronal activity is enhanced. Feature
attention, in turn, acts picking out relevant items of a visual
configuration, be it a scene or an object (see 47). There is
strong evidence that V4 underlies both spatial and feature
attention (e.g. 76), modulating feedback projections coming
from the temporal cortex as well as from the frontal eye fields
(FEF) located in the Broadmann area 8 (77-79). As a matter
of fact, visual attentive-related neuronal enhancement has
been recorded in V4 and at a higher hierarchical level, in IT
(see for example 80-82). Moreover, V4 cells can alter their
modulation pattern according to the tuning characteristics of
the neurons stimulated by the feature of the object that is
capturing the visual attention of the observer (83).

Alongside these findings suggesting the area V4 to be the
visuoattentive region par excellence, another strand of
research ascribes a relevant part to the dorsal stream. In fact,
the posterior parietal cortex is found to play an important role
in processing spatial attention (84-86). Moreover, spatial
attention would not be modulated just by the higher
hierarchical structure of the dorsal pathway, as suggested by
Britten (87), but it would involve the magnocellular pathway
as early as at MT area as well, with a magnitude of the effect
comparable to V4 (88). According to the model proposed by
Vidyasagar, visual attention depends on the two-stages serial
cooperation of the dorsal and ventral stream: the faster
transient system would preattentively process (in parallel) the
visual scene, allowing subsequently the sustained system to
concentrate the attentional focus on the spatial region of
interest (86).

. FEMs control

The dorsal stream at the level of the posterior parietal
cortex is found to be involved also in modulating the saccadic
control: More specifically, the main regions in charge of the
saccadic control are the Parietal Eye Field (PEF), the
mediotemporal area and the medial superotemporal area (e.g.
89-93). Interestingly, visual attention has a modulatory effect
on the triggering of saccadic movements (94-97) and the
cortical regions along the dorsal stream responsible for visual
attention and saccadic control are found to be the roughly the
same or to overlap consistently (see for example 92).
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J. Integration vs competition: the case of visual
persistence and saccadic/fixation rhythm during reading.

Evidently, the dorsal and the ventral stream cooperate in
integrating the perceptual processing required by the
different characteristics of a visual scene or in focusing and
orienting visual attention.

Still, antagonistic activity of the parvocellular and
magnocellular pathway has been theorized to explain the
perceptual phenomenon of visual persistence and an
important  physiological ~ mechanism, namely the
saccadic/fixation alternation required to perform a lexical
task.

i- visual persistence: visual persistence (VP) is the
response to a visual stimulation that continues after its
disappearance and that is indistinguishable from the response
occurred during its presence: so, due to visual persistence,
two targets displayed in quick succession are perceived as a
single image if their temporal separation is below a given
limit (98).

A strand of research suggests visual persistence is
modulated by the inhibitory effect of the M-pathway on the
sustained activity of the parvocells. In effect VP time
increases with the spatial frequency of the target (99-101),
and is found to be higher in dyslexic subjects (101, 102-108),
who are hypothesized to suffer from a magnocellular deficit
(e.g. 108-111).

ii- Oculomotor pattern during reading: it has been
advanced that the rhythmic alternation of saccades and
fixations during reading is driven by the inhibition of the P-
over the M-system and vice versa. According to such “pull
and push” or “competition-interaction” model, the foveal
parvocellular center is in charge of maintaining stable foveal
fixation on a syllable whereas the magnocellular system
drives the saccadic triggering. The P-system, fully activated
at the early phases of the foveal fixation, is progressively
inhibited by the peripheral magnocellular center that in turn is
activated by the presence of a extrafoveal syllable. When the
magnocellular —activation is preponderant, i.e. the
parvocellular center is maximally inhibited, the saccadic
triggering occurs (see also 112).

During the saccadic “jump”, the process reverses: the
parvocellular activation rises progressively, suppressing
more and more the magnocellular center. When the activation
level of the latter drops below a threshold, the “jump” comes
to an end: as a consequence the “landing” of the saccade takes
place, generating the fixation (113, 114).

Il. CONCLUSION

When dealing with visual perception, Nature seems to
have simplified the matter by adopting two formally separate
visual pathways, each carrying its own, specific information.
The functional selectivity of the parvo- and magnocellular
systems makes their projection toward the cortex a parallel,
segregated stream of data. In their review (7), Merigan &
Maunsell concluded stating that, even if incomplete, M/P
segregation does exist along the visual pathway not only at a
subcortical (retino-geniculate-striate) level, but (to a certain
extent) even on the cortex: in effect, after injecting tracers in
the inferior parietal and inferotemporal cortex the dorsal and
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ventral streams remain morphologically separated along their
way from the magnocellular-/parvocellular portions of V1 till
to the upper cortical areas (respectively the posterior parietal
cortex [PPC] and the inferotemporal area [IT]: 115, 116). But
if the existence of two specialized and separated
anatomofunctional systems would help accurately process
the individual characteristics of the object, evidently at a
certain level of the cerebral hierarchy the characteristics of
the visual stimulus, elaborated so far along two different
channels, need integration to provide the observer with the
final percept: so, the convergence of the two parallel
pathways cannot be other than the final, crucial step. In
effect, from the striate cortex the dorsal and ventral input
tends to merge, converging onto the extrastriate parietal
(dorsal) and temporal (ventral) pathway, Interestingly, such
extrastriate merging would be asymmetric, so that the parietal
stream would be made almost exclusively of magnocells,
while in the temporal stream the contribution of the two
cellular types would be equivalent (7, 117).

The functional (and anatomical) integration of the two
streams is supported by the existence of striate and
extrastriate cross-connections between the parvocellular and
magnocellular stations. Cross-connections have been
documented as early as in V1 between the layer 4B and 4Ca
and the blobs; in addition, the striate parvocellular system
(namely blobs and interblobs) is found to receive
magnocellular projections, since a blob and interblob residual
activation state persists even after disruption of the
P-pathway in the lateral geniculate nucleus (118 ). Finally, as
recalled by Merigan & Maunsell (7), the magnocellular layer
4B of V1 is found to some extent responsive to color: a
function closely related to the ventral stream.

At a higher level, beyond V1, reciprocal projections have
been documented between MT and V4 (119).

Evidently, such cross-connections end up reducing the
precortical M/P segregation of the magnocellular and
parvocellular pathways, yielding their convergence and
integration.

Yet, the results of the experiments aimed at clarifying first
the stages of segregation and then the mechanisms of
integration of the two systems are often conflicting, since the
functional P-/M-spectrum of response at the cortical level
overlaps to a certain extent; in addition, the spatial and
probabilistic summation make the cumulative response of a
class (the P) of neurons far different from that expected by
single cell recordings (consider for example contrast
sensitivity). Evidently, all these peculiarities make the results
of the surveys (especially lesion studies) not univocal.

As a matter of fact, even if cortical localized (selective)
lesions may generate quite specific functional M-P deficits,
these deficits are small and overall transitory. Such small and
transitory functional effect after destruction of the parietal or
temporal cortical stream may depend not only on the
distributed pattern of M/P visual processing (120), but also
on the (so far obscure) substitute action of other visual areas
(65).

The cross-connections are therefore the substrate for the
functional interaction between the transient and sustained
system: in some cases, like the modulation of the
saccadic/fixation rhythm, such interaction does not integrate
the separate M/P complementary inputs (7), but acts
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competitively.
In conclusion, in order to fully achieve the perception of an

object

magnocellular

the parallel, segregated parvocellular and
pathways require subsequent

anatomofunctional convergence onto the cortex. The way
and extent of such “parallel convergence” is still matter of

debate.

Evidently, Nature made things more complicated than
expected, and the notion of a parallel processing system of
the individual features of the visual stimuli albeit captivating
very likely suffers from excessive schematism. No doubt
further investigations are required to better understand the
process of segregation and subsequent integration underlying
visual perception.

REFERENCES

[1] Shapley R & Perry VH. Cat and monkey retinal ganglion cells and

their functional roles. Trends Neurosci. 1986;9:229-35.

[2] Dacey DM. Physiology, morphology and spatial densities of

identified ganglion cell types in primate retina. Ciba F Symp J.
1994;184:12-28.

[3] Hoffman KP, Stone J and Sherman SM Relay of receptive-field

[4] Silveira LCL & Perry VH.

properties in dorsal lateral geniculate nucleus of the cat. J
Neurophysiol. 1972;35:518-31.

(1991). The topography of
magnocellular projecting ganglion cells (M-ganglion cells) in the
primate retina. Neuroscience. 1991;40:217-37.

[5] Stein JF. Visual motion sensitivity and reading. Neuropsychologia.

2003;41:1785-93.

[6] Kaplan E & Lee BB,Shapley RM. New views of primate retinal

function. Prog Retin Res. 1990;9:273-336.

[7] Merigan WH & Maunsell JHR. How parallel are the human visual

pathways? Annu Rev Neurosci 1993;16:369-402.

[8] Livingstone M & Hubel DH. Anatomy and physiology of a color

system in the primate visual cortex. J Neurosci- 1984;4:309-56.

[9] Fitzpatrick D, Lund JS and Blasdel GG. Intrinsic connections of

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]

[21]

w

macaque striate cortex: Afferent and efferent connections of
lamina 4C. J Neurosci. 1985;5:3329-49.

Movshon JA & Newsome WT. Visual response properties of
striate cortical neurons projecting to area MT in macaque
monkeys. J Neurosci. 1996;16:7733-41.

Livingstone M & Hubel D. Psychophysical evidence for separate
channels for the perception of form, color and movement, and
depth. J Neurosci. 1987;7:3416-68.

DeYoe EG & Van Essen DC. Segregation of efferent connections
and receptive field properties in visual area V2 of the macaque.
Nature. 1985;317:58-61.

Shipp S & Zeki S. Segregation of pathways leading from area V2
to areas V4 and V5 of macaque monkey visual cortex.
Nature.1985;315(6017):322-5.

Yoshioka T & Lund JS. Substrates for interaction of visual
channels within area V1 of monkey visual cortex. Society for
Neuroscience. 1990; Abstr.16:707.

Blasdel GG, Lund JS and Fitzpatrick D. Intrinsic connection of
macaque striate cortex: Axonal projections of cells outside
lamina 4C. J Neurosci. 1985;5:3350-69.

Zeki SM & Shipp S. Modular connections between area V2 and
V4 of macaque monkey visual cortex. Eur J Neurosci.
1989;1:494-506.

Breitmeyer BG. Simple reaction time as a measure of the
temporal response properties of transient and sustained channels.
Vis Res. 1975;15:1411-14.

Breitmeyer BG & Ganz L. Implications of sustained and transient
channels for theories of visual pattern masking, saccadic
suppression, and information processing. Psychol Rev. 1976; 83:
1-36.

Stone J, Dreer B and Leventhal A. Hierarchical and parallel
mechanisms in the organization of the visual cortex. Brain Res
Rev. 1979;1:345-9.

Breitmeyer BG.Unmasking visual masking: a look at the “why”
behind the veil of “how”. Psychol Rev. 1980;87:52-69.
Livingstone M & Hubel D. Segregation of form, color
movement, and dept: anatomy, physiology, and perception.
Science. 1988;240:740-9.

{{

40

World Journal of Research and Review (WJRR)
ISSN:2455-3956, Volume-3, Issue-3, September 2016 Pages 34-42

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

371
[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

Schiller PH & Malpeli JG. Functional specificity of lateral
geniculate nucleus laminae of the rhesus monkey. J
Neurophysiol. 1978; 41(3):788-97.

Purpura K, Tranchina D, Kaplan E and Shapley RM. Light
adaptation in the primate retina: analysis of changes in gain and
dynamics of monkey retinal ganglion cells. Vis Neurosci.
1990;4(1):75-93.

Kaplan E & Shapley RM. X and y cells in the lateral geniculate
nucleus of macaque monkeys. J Physiol. 1982;330:125-43.
Skottun BC. The magnocellular deficit theory of dyslexia: the
evidence from contrast sensitivity. Vis Res. 2000;40:111-27.
Shapley R, Kaplan E & Soodak R. Spatial summation and
contrast sensitivity of X and Y cells in the lateral geniculate
nucleus of the macaque. Nature. 1981;292:543-5.

Purpura K, Kaplan E & Shapley RM. Background light and the
contrast gain of primate P and M retinal ganglion cells. Proc Natl
Acad Sci USA. 1988;85:4534-7.

Merigan WH & Eskin TA. Spatio-temporal vision of macaques
with severe loss of Pb retinal ganglion cells. Vis Res.
1986;26:1751-61.

Watson AB. Transfer of contrast sensitivity in linear visual
networks. Visual Neurosci. 1992; 8:65-76.

Hicks TP, Lee BB and Vidyasagar TR. The responses of cells in
the macaque lateral geniculate nucleus to sinusoidal gratings. J
Physiol. 1983;337:183-200.

Derrington AM, Lennie P. Spatial and temporal contrast
sensitivities of neurons in lateral geniculate nucleus of Macaque.
J Physiol-London. 1984;357:219-40.

Lee BB, Smith VC, Pokorny J and Kremers J. Rod Inputs to
macaque ganglion cells. Vis Res. 1997;37:2813-28.

Merigan WH, Byrne CE & Maunsell JHR. Does primate motion
perception depend on the magnocellular pathway? J Neurosci.
1991;11:3422-9.

Merigan WH & Maunsell JHR. Macaque vision after
magnocellular lateral geniculate lesions. Visual Neurosci
1990;5:347-52.

Schiller PH, Logothetis NK and Charles ER. Functions of the
colour-opponent and broad-band channels of the visual system.
Nature. 1990;343;68-70.

Merigan WH, Katz LM and Maunsell JHR. The effects of
parvocellular lateral geniculate lesions on the acuity and contrast
sensitivity of macaque monkeys. J Neurosci. 1991;11:994-1001.
Legge GE. Sustained and transient mechanisms in human vision:
temporal and spatial properties. Vis Res. 1978;18:69-81.
Tolhurst DJ. Reaction times in the detection of gratings by human
observers: a probabilistic mechanism. Vis Res. 1975;15:1143-9.
Schiller PH, Logothetis NK and Charles ER. Role of the
colour-opponent and broad- band channels in vision. Vis
Neurosci. 1990;5:321-46.

Crook JM, Lange-Malecki B, Lee BB and Valberg A. Visual
resolution of macaque retinal ganglion cells. J Physiol.
1988;396:205-24.

Rodieck RW, ,Binmoeller KFand Dineen J. Parasol and midget
ganglion cells of the human retina. J Comp Neurol.
1985;233(1):115-32.

deMonasterio FM & Gouras P. Functional properties of ganglion
cells of the rhesus monkey retina. J Physiol. 1975;251:167-95.
Merigan WH & Katz LM. Spatial resolution across the macaque
retina. Vis Res. 1990; 30(7):985-91.

Perry VH, Oehler R and Cowey A. Retinal ganglion cells that
project to the dorsal lateral geniculate nucleus in the macaque
monkey. Neuroscience. 1984; 12(4):1101-23.

Merigan WH. Chromatic and achromatic vision of macaques:
role of the P pathway. J Neurosci. 1989; 9:776-83.

Schein SJ & Desimone R. Spectral properties of V4 neurons in
the macaque. J Neurosci. 1990; 10(10):3369-89.

Roe AW, Chelazzi L, Connor CE, Conway BR, Fuijta I, Gallant
JL, et al.. Toward a unified theory of visual area V4. Neuron.
2012;74:12-29.

Xiao Y, Wang Y and Felleman DJ. A spatially organized
representation of colour in macaque cortical area v2. Nature.
2003; 421:535-9.

Zeki SM. Colour coding in rhesus monkey prestriate cortex.
Brain Res. 1973;53:422-7.

Zeki SM. The distribution of wavelength and orientation
selective cells in different areas of monkey visual cortex. P Roy
Soc Lond B. 1983;217:449-70.

Murphey DK, Yoshor D and Beauchamp MS. Perception
matches selectivity in the human anterior color center. Curr Biol.
2008;18: 216-20.

WWW.Wjrr.org


http://www.ncbi.nlm.nih.gov/pubmed/?term=Crook%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=3411497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lange-Malecki%20B%5BAuthor%5D&cauthor=true&cauthor_uid=3411497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=3411497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=3411497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Merigan%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=2392842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=2392842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perry%20VH%5BAuthor%5D&cauthor=true&cauthor_uid=6483193
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oehler%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6483193
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cowey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=6483193

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Parallel Convergences: A Glimpse To The Magno- And Parvocellular Pathways in Visual Perception

Kotake Y, Morimoto H, Okazaki Y, Fujita | and Tamura H.
Organization of color-selctive neurons in macaque visual area
V4. ] Neurophysiol. 2009;102:15-27.

Heywood CA & Cowey A. On the role of cortical area V4 in the
discrimination of hue and pattern in macaque monkeys. J
Neurosci. 1987;7:2601-17.

Desimone R, Li L, Lehky S, Ungcrleider LG and Mishkin M.
Effects of V4 lesions on visual discrimination performance and
on responses of neurons in inferior temporal cortex. Society for
Neuroscience. 1990;Abstr.16:621.

Conway, BR, Moeller S & Tsao, D. Specialized color modules in
macaque extrastriate cortex. Neuron. 2007;56:560-73.

Kusonoki M, Moutoussis K, & Zeki SM. Effect of background
colors on the tuning of color-selective cells in monkey area V4. J
Neurophysiol. 2006;95:3047-59.

Bushnell BN, Harding PJ, Kosai Y, Bair W and Pasupathy A.
Equiluminance cells in visual cortical area v4. J Neurosci.
2011;31:12398-412.

Komatsu H, Ideura Y, Kaji S and Yamane S. Color selectivity of
neurons in the inferior temporal cortex of the awake macaque
monkey. J Neurosci. 1992;12(2):408-24.

Desimone R & Schein SJ. Visual properties of neurons in area
V4. Of the macaque: sensitivity to stimulus form. J
Neurophysiol. 1987;57:835-68.

Pasupathy A & Connor CE. Responses to contour features in
macaque area V4. J Neurophysiol. 1999; 82(5): 2490-502.
Carlson ET, Rasquinha RJ, Zhang K and Connor CE. A sparse
object coding scheme in area V4. Curr Biol. 2011;21:288-93.
Desimone R, Albrigh TD, Gross CG and Bruce C.
Stimulus-selective properties of inferior temporal neurons in the
macaque. J Neurosci. 1984;4(8):2051-62.

Maunsell JHR, Nealey TA and Depriest DD. Magnocellular and
parvocellular contributions to responses in the middle temporal
visual area (MT) of the macaque monkey. J Neurosci.
1990;10:3323-34.

Lu HD, Chen G, Tanigawa H and Roe AW. A motion direction
map in macaque V2. Neuron. 2010;68(5):1002-13.

Newsome WT & Paré EB. A selective impairment of motion
perception following lesions of the middle temporal visual area
(MT). J Neurosci. 1988; 8: 2201-11.

Albrigth TD, Desimone R and Gross CG. Columnar organization
of directionally selective cells in visual area MT of the macaque.
J Neurophysiol. 1984;51:16-31.

Yamasaki DS & Wurtz RH. Recovery of function after lesions in
the superior temporal sulcus in the monkey. J Neurophysiol.
1991,66(3):651-73.

Pasternak T, Maunsell JHR, Polashenski W and Merigan WH.
Deficits in global motion perception after MT/MST lesions in a
macaque. Investigative Ophthalmology & Visual Science. 1991;
(Suppl) 32: 824.

Mikami A, Newsome WT and Wurtz RH. Motion selectivity in
macaque visual cortex. Il. Spatiotemporal range of directional
interactions in MT and V1. J Neurophysiol. 1986;55:1328-39.
Duffy CJ & Wurtz RH. Sensitivity of MST neurons to optic flow
stimuli. 1. A continuum of response selectivity to large-field
stimuli. J Neurophysiol. 1991;65:1329-45.

Ferrera VP, Rudolph KK and Maunsell JH. Responses of neurons
in the parietal and temporal visual pathways during a motion task.
J Neurosci. 1994;14(10):6171-86.

Poggio GF & Fischer B. Binocular interaction and depth
sensitivity in striate and prestriate cortex of behaving rhesus
monkey. J Neurophysiol. 1977;40:1392-405.

Cumming BG & Parker AJ. Binocular neurons in V1 of awake
monkeys are selective for absolute, not relative, disparity. J
Neurosci. 1999;19(13):5602-18.

Shiozaki, HM, Tanabe S, Doi T and Fujita I. Neural activity in
cortical area V4 underlies fine disparity discrimination. J
Neurosci. 2012;32(11):3830-41.

Uka T & DeAngelis GC. Linking neural representation to
function in stereoscopic depth perception: roles of the middle
temporal area in coarse versus fine disparity discrimination. J
Neurosci. 2006; 26(25):6791-6802.

Chelazzi L, Della Libera C, Sani | and Santandrea E. Neural basis
of visual seletive attention. In: Wiley Interdisciplinary Reviews,
Nadel L editor. Cognitive Science; New York, 2011.

Felleman D J, Xiao Y and McClendon E. Modular organization
of occipito-temporal pathways: cortical connections between
visual area 4 and visual area 2 and posterior inferotemporal
ventral area in  macaque monkeys. J  Neurosci.
1997;17(9):3185-200.

W -

41

[78]

[79]

[80]

[81]

[82]
[83]
[84]
[85]
[86]
[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Ungerleider LG, Galkin TW, Desimone R and Gattass R.
Cortical connections of area V4 in the macaque. Cereb Cortex.
2008;18(3):477-99.

Pouget P, Stepniewska I, Crowder EA, Leslie MW, Emeric, EE,
Nelson MJ, et al. Visual and motor connectivity and the
distribution of calcium-binding proteins in macaque frontal eye
field: implications for saccade target selection. Front Neuroanat.
2009;3:1-14.

Reynolds JH., Chelazzi L and Desimone R. Competitive
mechanisms subserve attention in macaque areas V2 and V4. J
Neurosci. 1999;19(5),1736-53.

Reynolds, JH, Pasternak, T., and Desimone, R. Attention
increases sensitivity of V4 neurons. Neuron. 2000;26(3):703-14.
McAdams, CJ & Maunsell JHR. Attention to both space and
feature modulates neuronal responses in macaque area V4. J
Neurophysiol. 2000;83(3):1751-5.

David SV, Hayden BY, Mazer JA and Gallant, JL. Attention to
Stimulus Features Shifts Spectral Tuning of V4 Neurons during
Natural Vision. Neuron. 2008;59(3):509-21.

Bushnell MC, Goldberg ME and Robinson DL. Behavioral
enhancement of visual responses in monkey cerebral cortex. I.
Modulation in posterior parietal cortex related to selective visual
attention. J Neurophysiol. 1981;46(4):755-72.

Posner MI. Attention: the mechanisms of consciousness. P Natl
Acad Sci USA. 1994;91:7398-403.

Vidyasagar TR. A neuronal model of attentional spotlight:
Parietal guiding the temporal. Brain Res Rev. 1999;30(1):66—-76.
Britten KH. Attention is everywhere. Nature. 1996;382:498.
Treue S & Maunsell JHR. Attentional modulation of visual
motion processing in cortical areas MT and MST. Nature.
1996;382:539-41.

Andersen RA. Visual and eye movement functions of the
posterior parietal cortex. Annu Rev Neurosci. 1989;12:377-403.
Pierrot-Deseilligny C,Gaymard B, Miri R and Rivaud S.
Cerebral ocular motor signs. Journal of Neurology.
1997;244:65-70.

Anderson TJ, Jenkins IH, Brooks DJ, Hawken MB, Frackowiak
RSJ and Kennard C. Cortical control of saccades and fixation in
man. A PET study. Brain. 1994;117:1073-84.

Corbetta M, Akbudak E, Conturo TE, Snyder AZ, Ollinger JM,
Drury HA, et al.. A Common Network of Functional Areas for
Attention and Eye Movements. Neuron. 1998;21:761-73.

Bisley JW & Goldberg ME. The role of the parietal cortex in the
neural processing of saccadic eye movements. Adv Neurol.
2003a;93:141-57.

Shepherd M, Findlay JM and Hockey RJ. The relationship
between eye movements and spatial attention. Q J Exp Psychol.
1986;38:475-91.

Inhoff AW, Pollatsek A, Posner MI, and Rayner K. Covert
attention and eye movements during reading. Q J Exp Psychol.
1989;41:63-89.

Henderson JM & Ferreira F. Effects of foveal processing
difficulty on the perceptual span in reading: implications for
attention and eye movement control. J Exp Psychol Learn.
1990;16:417-29.

Johnson J. Visual attention and the control of eye movements in
early infancy. In: Attention and performance, Umilta, (1994)
Moscovitch editors. Cambridge, UK: MIT Press.

Haber RN & Standing L. Direct measures of the apparent
duration of a flash. Can J Psychol. 1970;24:216-29.

Bowling A & Lovergrove WJ. The effect of stimulus duration on
the persistence of gratings. Percept Psychophys. 1980;27:574-78.

[100] Lovergrove WJ & Heddle M. Visual persistence as a function of

spatial frequency and age. Perception. 1980;9:529-32.

[101]Slaghuis WL & Lovergrove WJ. Flicker masking of spatial

frequency dependant visible persistence and specific reading
disability. Perception. 1984;13:527-34.

[102]Stanley G & Hall R. Short term visual processing in dyslexics.

Child Dev. 1973;44:841-4.

[103]Badcock DR & Lovergrove WJ. The effect of contrast, stimulus

duration and spatial frequency on visible persistence in normal
and specifically disabled readers. J Ex Psychol Human.
1981,7:495-505.

[104]Di Lollo V, Hanson D and Mclintyre JS. Initial stages of visual

information processing in dyslexia. Journal of Experimental
Psychology. 1993;9:923-35.

[105]Slaghuis WL & Lovergrove WJ. Spatial-frequency-dependent

visible persistence and specific reading disability. Brain Cogn.
1985;4:219-40.

WWW.Wjrr.org


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ungerleider%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=17548798
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galkin%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=17548798
http://www.ncbi.nlm.nih.gov/pubmed/?term=Desimone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17548798
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gattass%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17548798

World Journal of Research and Review (WJRR)

ISSN:2455-3956, Volume-3, Issue-3, September 2016 Pages 34-42

[106]Slaghuis WL & Lovergrove WJ. The critical duration in spatial
frequency dependent visible persistence and specific reading
disability. Bull Psychon Soc. 1986;24:416-8.

[107]Winters RL, Patterson R and Shontz W. Visual persistence and
adult dyslexia. J Learn Disabil. 1989;22:641-6.

[108] Lovegrove WJ, Garzia RP and Nicholson SB. Experimental
evidence for a transient system deficit in specific reading
disability. Journal of the American Optometric Association.
1990;61:137-46.

[109] Livingstone MS, Rosen GD, Drislane FW and Galaburda AM.
Physiological and anatomical evidence for a magnocellular
defect in developmental dyslexia. P Natl Acad Sci USA.
1991;88:7943-7947.

[110]Galaburda AM & Livingstone M.Evidence for a magnocellular
defect in developmental dyslexia. Ann NY Acad Sci.
1993;682:70-82.

[111]Stein JF & Walsh V. To see but not to read: the magnocellular
theory of dyslexia. Trends Neurosci. 1997;20:147-52.

[112] Aleci, C. The Game of Reading: When Saccades and Fixations
Play on a Seesaw. Am J Med Biol Res. 2014;2(2):31-6.

[113]Findlay JM & Walker R. A model of saccade generation based on
parallel processing and competitive inhibition. Behav Brain Sci.
1999;22(4):661-74.

[114]Yang SN & McConkie GW. Eye movements during reading: a
theory  of saccade initiation  times. Vis  Res.
2001;41(25-26):3567-85.

[115]Moriel A & Bullier J. Anatomical segregation of two cortical
visual pathways in the macaque monkey. Visual Neurosci.
1990;4(6):555-78.

[116]Baizer JS, Ungerleider LG and Desimone R. Organization of
visual inputs to the inferior temporal and posterior parietal cortex
in macaques. J Neurosci. 1991;11(1):168-90.

[117]Ferrera VP, Nealey TA & Maunsell JH. Mixed parvocellular and
magnocellular geniculate signals in visual area V4. Nature.
1992;358(6389):756-761.

[118]Nealey TA, & Maunsell JHR. Magnocellular and parvocellular
contributions to the responses of neurons in macaque striate
cortex. J Neurosci. 1994; 14(4): 2069-79.

[119]Ungerleiden LG & Desimone R. Cortical connections of visual
area MT in the macaque. J Comp Neurol. 1986;248(2):190-222.

[120]DeYoe EG & Van Essen DC. Concurrent processing streams in
monkey visual cortex. Trends Neurosci. 1988;11:219-26.

W=

42

WWW.Wjrr.org



