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Visual areas are defined by
FACTs!
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What technical development allowed
for the topographic mapping of primary visual cortex?
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 Tatsuji Inouye (1909) W. Engelmann (Translated from German by Glickstein and Fahle)

Tatsuji Inouye
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DISTURBANCES OF VISION BY CEREBRAL LESIONS 355

infliction of the wound, and again a week later. There was then a large left homony-
mous paracentral scotoma to an object 7mm.2 which reached the fixation point and
extended outwards from it to about 25Q. Its mesial border coincided with the vertical
above the fixation point, but receded from it below this. Peripheral vision was
unaffected, and the colour fields were normal in the right halves, but there was ne
perception of either red or green to the left of the middle line (Fig. 1).

LE FT R I OIlT

FIG. 1.

In this and the following figures the position of the wound of the skull is represented
in a diagram of the head, and when missiles were retained in the brain their positions
as seen in radiographic plates are also indicated. The vertical and horizontal lines in
the diagrams represent distances in inches (2.5 cm.) from the inion as measured on a

normal head.

In this case a lesion of considerable size in the occipital pole at
the level of the posterior end of the calcarine fissure consequently
produced an homonymous lateral scotoma, and the blind area
extended immediately up to the fixation point.

Inferior Paracentral Scotomata

So many cases of unilateral inferior paracentral scotomata have
been already recorded that it is unnecessary to describe more at

present; in all these patients the injury involved the tip or posterior
portion of one occipital lobe at or immediately above the level of
the calcarine fissure, and the size of the scotoma generally stood in

Holmes (1918) British Journal of Opthalmology
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Fovea at occipital pole

Periphery at anterior
end of calcarine

Lower visual field
on the upper bank

Upper visual field
on the lower bank

Foveal visual field
magnified
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Modern reconstruction of Inouye’s map by Jonathan Horton
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Felleman & Van Essen (1991) Cerebral Cortex 1:1-47
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(bilaminar) distribution, with roughly similar pro-
portions (30%-70%) of the labeled cells in each com-
partment.

Ascending projections were originally proposed
always to originate predominantly from superficial
layers (S pattern; Rockland and Pandya, 1979; Maun-
sell and Van Essen, 1983). However, a few pathways,
such as that from DP to 7a (Andersen et al., 1990),
are now known to originate in a bilaminar (B) pattern
and yet terminate mainly in layer 4 (F pattern). Such
B-F combinations invalidate one of the initial as-
sumptions about feedforward pathways, but they do
not necessarily invalidate the notion of hierarchical
organization. The key issue is whether a consistent

hierarchical scheme can be identified using a modi-
fied set of criteria. The modification that we propose
is to treat any bilaminar retrograde pattern as ambig-
uous if it is the only type of laminar information avail-
able. Conversely, it is compatible with any of the 3
hierarchical relationships (A, L, or D) that may be
indicated from other data on a given pathway. A sim-
ilar suggestion has been made by Andersen et al.
(1990) and Boussaoud et al. (1990).

A Database for Anatyxtng Hierarchical
Relationships
Our goal in this section is to apply the scheme illus-
trated in Figure 3 as objectively and rigorously as

Cerebral Cortex Jan/Feb 1991, VI N 1 It

Felleman & Van Essen (1991) Cerebral Cortex 1:1-47

Ascending, descending and 
lateral connections
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1991; Kaas and Krubitzer, 1991; Zeki, 1993). This
nomenclature is widely accepted in imaging studies in
man (Lueck et al., 1989; Malach et al., 1995; Shipp et
al., 1995; Ungerleider, 1995; Sereno et al., 1995; Tootell
et al., 1995a; Tootell and Taylor, 1995b; Aine et al.,
1996; Kleinschmidt et al., 1996; Engel et al., 1997;
Larsson et al., 1998; Portin et al., 1998). The primary
visual area V1 corresponds to area 17. V2 is located
next to V1 and may correspond roughly to area 18
(Clarke, 1993). However, we do not know whether
cytoarchitectonic areas 17/18 correspond precisely to
areas V1/2. For higher visual areas (e.g., V3, V3A, V4,
V5) it seems impossible to correlate classical cytoarchi-
tectonic descriptions in man with functional imaging
studies (Kaas, 1995). At least area 19 and perhaps area
18 need to be further subdivided. Initial studies have
suggested also that human and simian cortical organi-
zation may begin to differ in extrastriate cortex at, or
beyond, V3A and V4 (DeYoe et al., 1996). Clarification
would require an overlay of cytoarchitectonic areas
with functionally defined areas in a common reference
system. Despite the mismatch between the tripartition

of the visual cortex in Brodmann’s map and the recent
functional and experimental data, the classical maps
are still widely used for the anatomical interpretation
of imaging data in man.

The maps in Fig. 1 present mainly surface-based
information on the location and size of visual areas in
relation to gyri and sulci. The idea of whether and/or to
what extent architectonic areas are associated with
sulci and gyri has been disputed even since Brodmann
published his famous map (Brodmann, 1909; Riegele,
1931; Filimonoff, 1932; Sanides, 1963; Rademacher et
al., 1993; Amunts et al., 1999a). Therefore, the simple
assignment of functional data to particular cytoarchitec-
tonic areas on the basis of anatomical landmarks
remains enigmatic. Finally, the individual variability
in size, location, and structure of visual cortical areas is
not considered either in the maps of Brodmann, v.E-
conomo and Koskinas, and Sarkisov or in the Talairach
atlas (Talairach and Tournoux, 1988). This problem can
be solved only by applying an anatomical atlas system
which is based on a probabilistic approach (Roland and
Zilles, 1994; Mazziotta et al., 1995). Such systems are

FIG. 1. Cytoarchitectonic maps of Brodmann from 1909 (lateral and medial view; A) and of v.Economo and Koskinas from 1925 (lateral
and medial views; B). Brodmann’s area 17 corresponds approximately to v. Economo and Koskinas’ area OC, Brodmann’s area 18—to their OB.
Note that areas 17 and 18 occupy a larger portion than OC and OB on the lateral surface and that OB is smaller than area 18 on the mesial
surface.

673-D MAPS OF AREAS 17 AND 18
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Andrews, Halpren & Purves(1997) JN 17:2859

Stria of Gennari (1782)
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Hinds, Rajendran, Polimeni, Augustinack, Wiggins, Wald, Rosas, Potthast, Schwartz, 
Fischl (2008) Neuroimage 1585-99
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Tootell, Reppas, Kwong, Malach, Born, Brady, Rosen, Belliveau (1995) JN 15:3215-3230

Area MT
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Kanwisher, McDermott & Chun (1997) JN 17:4302-11
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Anatomical versus physiological localization
of visual areas
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and the pattern of cytochrome oxidase both in human
and in the macaque. ‘‘Callosal-rich’’ and ‘‘callosal-poor’’
regions have been described in human area 18 (Clarke
and Miklossy, 1990; Clarke, 1993). Tracing studies
have shown that there are inhomogeneities in the
connection patterns within both areas (Burkhalter and
Bernardo, 1989; Merigan et al., 1993; Lewis and Olavar-
ria, 1995; Gattass et al., 1997). Others have found
subparcellations in the patterns of cytochrome oxidase
staining in macaque as well as in human brains (DeYoe
and v.Essen, 1985; Livingstone and Hubel, 1987; Kru-
bitzer and Kaas, 1990; Hockfield et al., 1990; Peterhans
and von der Heydt, 1993; Wong-Riley et al., 1993;
Nakamura et al., 1993; Tootell et al., 1993; Clarke,
1994; Roe and Tso, 1995; Tootell and Taylor, 1995b;
Olavarria and v.Essen, 1997; Elston and Rosa, 1998).
Considering these data, the final interpretation of
intraareal subparcellations would exceed the scope of
this cytoarchitectonic study. Therefore, only whole ar-
eas 17 and 18 were processed further (3-D reconstruc-
tion, transformation to the format of the standard
reference brain, and analysis of areas with respect to
location and extent).

The areal comparison of mean volumes showed that
area 17 was significantly larger than area 18. In the
past, volumetric measurements in human brains have
been carried out mainly for area 17 (these fit well with
our data) and not for 18 (Gerhardt and Kreht, 1933;
Rose, 1935; Stephan, 1969; Sauer et al., 1983; Frahm et
al., 1984). Therefore, no comparison was carried out
between volumes of areas 17 and 18. A study on the
visual cortex of the marmoset monkey (Rosa et al.,
1997) reported a considerably smaller total surface
area of V2 (corresponding roughly to area 18) than of
V1 (corresponding to area 17), which is in accordance
with data obtained in other animals (Krubitzer and
Kaas, 1990; Pessoa et al., 1992). Filimonoff has ana-
lyzed both areas in 13 hemispheres of human brains,
but he measured surface areas, not volumes. He found
a higher proportional size of area 18 than that of area
17 in man (Filimonoff, 1932), but area 17 was relatively
larger than area 18 in orangutan and in monkey (Fili-
monoff, 1933). The composition of his sample, however, was
far from optimal—only one female brain was included.
More recent studies showed sex differences in volumes
(Steinmetz et al., 1995; Amunts et al., 1999a).

Our own analysis of 10 postmortem brains also
revealed a considerable intersubject and interhemi-
spheric variability both in the relation of cytoarchitec-
tonic borders to surrounding sulci and gyri and in the

FIG. 5. Surface rendering of the 10 brains and of their cytoarchi-
tectonic areas 17 (red) and 18 (green). View of the occipital lobe. Left
hemisphere is left in the images. Note the considerable differences in
the extents and shapes of both areas between the cases.

76 AMUNTS ET AL.

and the pattern of cytochrome oxidase both in human
and in the macaque. ‘‘Callosal-rich’’ and ‘‘callosal-poor’’
regions have been described in human area 18 (Clarke
and Miklossy, 1990; Clarke, 1993). Tracing studies
have shown that there are inhomogeneities in the
connection patterns within both areas (Burkhalter and
Bernardo, 1989; Merigan et al., 1993; Lewis and Olavar-
ria, 1995; Gattass et al., 1997). Others have found
subparcellations in the patterns of cytochrome oxidase
staining in macaque as well as in human brains (DeYoe
and v.Essen, 1985; Livingstone and Hubel, 1987; Kru-
bitzer and Kaas, 1990; Hockfield et al., 1990; Peterhans
and von der Heydt, 1993; Wong-Riley et al., 1993;
Nakamura et al., 1993; Tootell et al., 1993; Clarke,
1994; Roe and Tso, 1995; Tootell and Taylor, 1995b;
Olavarria and v.Essen, 1997; Elston and Rosa, 1998).
Considering these data, the final interpretation of
intraareal subparcellations would exceed the scope of
this cytoarchitectonic study. Therefore, only whole ar-
eas 17 and 18 were processed further (3-D reconstruc-
tion, transformation to the format of the standard
reference brain, and analysis of areas with respect to
location and extent).

The areal comparison of mean volumes showed that
area 17 was significantly larger than area 18. In the
past, volumetric measurements in human brains have
been carried out mainly for area 17 (these fit well with
our data) and not for 18 (Gerhardt and Kreht, 1933;
Rose, 1935; Stephan, 1969; Sauer et al., 1983; Frahm et
al., 1984). Therefore, no comparison was carried out
between volumes of areas 17 and 18. A study on the
visual cortex of the marmoset monkey (Rosa et al.,
1997) reported a considerably smaller total surface
area of V2 (corresponding roughly to area 18) than of
V1 (corresponding to area 17), which is in accordance
with data obtained in other animals (Krubitzer and
Kaas, 1990; Pessoa et al., 1992). Filimonoff has ana-
lyzed both areas in 13 hemispheres of human brains,
but he measured surface areas, not volumes. He found
a higher proportional size of area 18 than that of area
17 in man (Filimonoff, 1932), but area 17 was relatively
larger than area 18 in orangutan and in monkey (Fili-
monoff, 1933). The composition of his sample, however, was
far from optimal—only one female brain was included.
More recent studies showed sex differences in volumes
(Steinmetz et al., 1995; Amunts et al., 1999a).

Our own analysis of 10 postmortem brains also
revealed a considerable intersubject and interhemi-
spheric variability both in the relation of cytoarchitec-
tonic borders to surrounding sulci and gyri and in the

FIG. 5. Surface rendering of the 10 brains and of their cytoarchi-
tectonic areas 17 (red) and 18 (green). View of the occipital lobe. Left
hemisphere is left in the images. Note the considerable differences in
the extents and shapes of both areas between the cases.

76 AMUNTS ET AL.

and the pattern of cytochrome oxidase both in human
and in the macaque. ‘‘Callosal-rich’’ and ‘‘callosal-poor’’
regions have been described in human area 18 (Clarke
and Miklossy, 1990; Clarke, 1993). Tracing studies
have shown that there are inhomogeneities in the
connection patterns within both areas (Burkhalter and
Bernardo, 1989; Merigan et al., 1993; Lewis and Olavar-
ria, 1995; Gattass et al., 1997). Others have found
subparcellations in the patterns of cytochrome oxidase
staining in macaque as well as in human brains (DeYoe
and v.Essen, 1985; Livingstone and Hubel, 1987; Kru-
bitzer and Kaas, 1990; Hockfield et al., 1990; Peterhans
and von der Heydt, 1993; Wong-Riley et al., 1993;
Nakamura et al., 1993; Tootell et al., 1993; Clarke,
1994; Roe and Tso, 1995; Tootell and Taylor, 1995b;
Olavarria and v.Essen, 1997; Elston and Rosa, 1998).
Considering these data, the final interpretation of
intraareal subparcellations would exceed the scope of
this cytoarchitectonic study. Therefore, only whole ar-
eas 17 and 18 were processed further (3-D reconstruc-
tion, transformation to the format of the standard
reference brain, and analysis of areas with respect to
location and extent).

The areal comparison of mean volumes showed that
area 17 was significantly larger than area 18. In the
past, volumetric measurements in human brains have
been carried out mainly for area 17 (these fit well with
our data) and not for 18 (Gerhardt and Kreht, 1933;
Rose, 1935; Stephan, 1969; Sauer et al., 1983; Frahm et
al., 1984). Therefore, no comparison was carried out
between volumes of areas 17 and 18. A study on the
visual cortex of the marmoset monkey (Rosa et al.,
1997) reported a considerably smaller total surface
area of V2 (corresponding roughly to area 18) than of
V1 (corresponding to area 17), which is in accordance
with data obtained in other animals (Krubitzer and
Kaas, 1990; Pessoa et al., 1992). Filimonoff has ana-
lyzed both areas in 13 hemispheres of human brains,
but he measured surface areas, not volumes. He found
a higher proportional size of area 18 than that of area
17 in man (Filimonoff, 1932), but area 17 was relatively
larger than area 18 in orangutan and in monkey (Fili-
monoff, 1933). The composition of his sample, however, was
far from optimal—only one female brain was included.
More recent studies showed sex differences in volumes
(Steinmetz et al., 1995; Amunts et al., 1999a).

Our own analysis of 10 postmortem brains also
revealed a considerable intersubject and interhemi-
spheric variability both in the relation of cytoarchitec-
tonic borders to surrounding sulci and gyri and in the

FIG. 5. Surface rendering of the 10 brains and of their cytoarchi-
tectonic areas 17 (red) and 18 (green). View of the occipital lobe. Left
hemisphere is left in the images. Note the considerable differences in
the extents and shapes of both areas between the cases.

76 AMUNTS ET AL.

Amunts, Malikovic, Mholberg, Schormann & Zilles (2000) Neuroimage 11:66-84

Location of V1 in stereotaxic 
coordinates is extremely variable
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Hinds, Rajendran, Polimeni, Augustinack, Wiggins, Wald, Rosas, Potthast, Schwartz, 
Fischl (2008) Neuroimage 1585-99

“Surface based alignment” may help
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Sulci/gyri on the medial surface of the brain
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Sulci/gyri on the lateral surface
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Sulci can be variable!!

Lateral surface of occipital lobe
acc accessory lateral occipital sulci AOS 
Anterior occipital sulcus
IOS Inferior occipital sulcus
LOS Lateral occipital sulcus
LuS Lunate sulcus
TOS Transverse occipital sulcus

Iaria & Petrides (2007) JCN 501:243-59
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Flat maps
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Schluppeck, Glimcher & Heeger (2005) JNP 94:1372-84
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Sincich, Adams & Horton (2003) Vis Neurosci 20: 663-86
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Measuring topography with fMRI
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Engel, Rumelhart, Wandell, Lee, Glover, Chichilnisky, Shadlen (1994) Nature 369:525

Travelling wave stimulus
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Cerebral Cortex Mar 1997, V 7 N 2 187

phase of the periodic response at the rota-
tion or dilation-contraction frequency, mea-
sured with the (complex-valued) Fourier
transform of the response profile over time
at each voxel, is closely related to the polar
angle or eccentricity represented at that cor-
tical location (13). This technique results in
high signal-to-noise ratios (because at any
one point in time, approximately one-half of
each visual field map will be activated) yet
provides fine spatial resolution. Common
(for example, retinal) and between-area
phase delays can be removed and examined
by considering clockwise-counterclockwise
rotation and expansion-contraction pairs
(14, 15).

Figure lA shows a color plot of the
response to a dilating ring on a medial view
of the cortical surface of the brain of this
participant (A.M.D.) (16). The hue of the
color at each cortical surface point indicates
the response phase, which is here propor-
tional to the eccentricity of the local visual
field representation. In Fig. 1B the cortical
surface was unfolded. This process is similar
to inflating a crumpled balloon except that
the surface has not been stretched. In Fig.
iC, the occipital lobe region containing the
activated area has been cut off and the
resulting approximately conical surface cut
again along the fundus of the calcarine
sulcus to allow it to be flattened completely
(17).

There is a systematic increase in eccen-
tricity (red to blue to green to yellow to red)
moving anteriorly along the medial wall of
the occipital cortex. Lines of isoeccentricity
run approximately in the coronal plane,
cutting across several areas, as shown below.
Ventrally, the region showing substantial
retinotopy extends almost to the anterior-
posterior midpoint of the unfolded ventral
temporal lobe.
A parallel treatment of data from the

rotating hemifield stimulus collected a few
minutes later is shown in Fig. 1, D and E.
The color again indicates the phase of the
periodic response, which is now proportion-
al to the polar angle of the local visual field
representation. The picture of polar angle is
more complex, alternating between vertical
and horizontal meridians both dorsally and
ventrally. The upper field vertical meridian
is red, the horizontal meridian is blue, and
the lower field vertical meridian is green.
Several alternations between red and blue
stripes are visible ventrally, whereas several
alternations between green and blue stripes
are visible dorsally. Mapping experiments in
monkeys suggest that several additional re-
representations of the lower visual field ad-
join V1 dorsally, including V2 (second vi-
sual area) and V3 (third visual area), where-
as several rerepresentations of the upper
visual field adjoin V1 ventrally, including
V2, VP (ventroposterior area), and V4v

890

(V4 ventral) (18). In particular, we would
expect vertical meridian representations at
the dorsal and ventral V1-V2 border, the
ventral VP-V4v border, and the dorsal V3-
V4 border, and horizontal meridian repre-

sentations near the fundus of the calcarine
sulcus in VI, at the dorsal V2-V3 border, at
the ventral V2-VP border, and at the ante-
rior border of ventral V4v (4, 6, 7). Can-
didates for all of the borders are visible in

Fig. 1. Isoeccentricity and isopolar angle maps of human visual areas. The top row shows isoeccentricity
coded by color [red (fovea) -* blue -> green (parafoveal) -* yellow -> red (periphery)] displayed on the
original cortical surface (A), the unfolded cortical surface (B), and the cut and flattened cortical surface (C).
The bottom row shows polar angle [red (lower vertical meridian) -> blue (horizontal meridian) -* green
(upper vertical meridian)] plotted on the same three surfaces (D), (E), and (F), respectively. Local eccen-
tricity and polar angle were determined by considering the phase of the response to a slowly dilating ring
or a slowly rotating hemifield at the dilation or rotation frequency. The unfolded representations in (B) and
(E) were made by relaxing the curvature while approximately preserving local area and local angles (the
sulcal cortex is dark gray and the gyral cortex light gray). The flattened representations in (C) and (F) were
made with the same algorithm after the occipital lobe was cut off and an additional cut in the fundus of the
calcarine sulcus was made.

Fig. 2. Analysis of the data in Fig. 1 by
visual field sign (mirror image versus
non-mirror image visual field represen-
tation). Mirror image areas (yellow; for
example, V1), and non-mirror image ar-
eas (blue; for example, V2) are shown in
a medial view on the folded (A) and un-
folded surface (B) and in a ventral view,
folded (C) and unfolded (D). The incision
in the fundus of the calcarine is visible in
(B). Ventral V1, V2, VP, and V4v (18),
comprising four rerepresentations of the
upper visual field, are visible below the
incision, whereas lower visual field V1
and V2 are visible above the incision.
The complex folding pattern of the oc-
cipital lobe coupled with the weak corre-
lation between sulci and areal bound-
aries underscores the need for an un-
folded representation.
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Fig. 1, D and E. Mapping experiments in
monkeys have also revealed a number of
small visual areas beyond those mentioned
so far (including the parietal-occipital
area), which may help to explain the pres-
ence of several small patches of lower field
dorsally as well as tipper field ventrally.

Isoeccentricity and isopolar angle maps
define two independent coordinates of reti-
notopy. Areal borders in either one of these
maps, however, are often subtle; isoeccen-
tricity lines can extend straight across sev
eral areas, whereas polar angle maps often
show only a shallow maximum or minimum
at the border of an area. For example, the
red stripe at the ventral tupper field vertical
meridian border of Vi-V2 actually extends
across both Vi and V2. In contrast, the
visual field sign technique (7) provides an
objective means to draw borders between
areas on the basis of an analysis of the local
relation between the directions of the fast-
est rate of change in these two coordinates.
Regions of the cortex that contain a reti-
notopic map, however distorted, can be di-
vided into two categories when viewed from
the cortical surface: those that contain a
mirror image representation of the visual
field (like V1) and those that contain a
non-mirror image representation of the vi-
stual field (like V2). This distinction is u1n-

Fig. 3. Visual field sign displayed on the complete-
ly flattened occipital cortex (brightness indicates
significance of the response). Upper visual field
V1, V2, VP, and V4v and lower visual field V1, V2,
and V3 are now all visible. There are several ro-
bustly responding non-mirror image regions ante-
rior to dorsal V2 and V3 that may correspond in
part to V3A and dorsal V4 (not labeled). Regions
with dimmer coloration may represent the central
fovea (20) or the visual field beyond 12 eccentric-
ity, or they may be less retinotopic.

likely to be of any fundamental functional
significance, but it provides a convenient
way to draw borders between areas because
adjoining areas often have the opposite vi-
sual field sign. It is a local measure that can
be calculated for each small patch of cortex
given dense retinotopic mapping data like
those obtained here.
A map of visual field sign is shown on

the folded and unfolded surface in a medial
view (Fig. 2, A and B) and in a ventral view
(Fig. 2, C and D) (19). V1 is now clearly
outlined as a large mirror image patch (yel-
low) divided by our incision at the funduls of
the calcarine sulcuis. V2 forms two non-
mirror image patches (blue) dorsally and
ventrally. Two more areas are visible ven-
tral and anterior to ventral V2: mirror im-
age VP (yellow) and, finally, non-mirror
image V4v (blue).

In Fig. 3, the cortex has been completely
flattened, exposing the dorsal and lateral
areas concealed in Fig. 2. Dorsal V2 is ad-
joined anteriorly by a thin band of mirror
image V3 (yellow). Just ventral and anterior
to V3 the visual field sign pattern degener-
ates into noise near the center-of-galze rep-
resentations of Vi and V2, likely the result
of the difficulty of mapping foveal cortex

with this technique (20). Dorsal and ante-
rior to V3 there are additional non-mirror
image areas (blue) containing both upper
and lower visual field representations that
may correspond in part to V3A (V3 acces-
sory) and dorsal V4 (not labeled). Even
further anteriorly, areas are less obviously
modulated at the stimulus rotation or dila-
tion-contraction frequency, indicating that
they are either foveal (<0.50), peripheral
(>120), or less well organized retinotopi-
cally. Similar results were obtained from six
other individuals.

The areas revealed in these experiments
show a number of similarities to areas orig
inally discovered in nonhuman primates. A
schematic comparison of the human visual
areas with imacaque monkey visual areas
(21 ) and owl monkey visual areas (7) is
shown in Fig. 4. At the top, the three
flattened cortices are drawn at the same
absolute scale, whereas at the bottom, they
{are approximately scaled by the area of V1.
It has long been known that V1 in hlumans
is shifted medially around the occipital pole
when comnpared with the location of V1 in
monkeys. The larger size of some human-
extrastriate areas relative to humnan V1 may
have partially comipensated for this shift

Fig. 4. Schematic summa-
ry of retinotopic visual ar- A
eas in the owl monkey (7),
the macaque monkey (21), 1 cm 1cm cm
and the human (present j cm
study) at the same scale _ y
(A) and approximately nor-
malized by the area of V1 _ Owl
(B). (Human Vi is twice the monkey
area of macaque V1, with
larger ocular dominance
columns and cytochrome
oxidase blobs, but a similar Macaque
number of cells.) Visual ar- Human monkey
eas in humans show a
close resemblance to visu-
al areas originally defined B 1 cm i c

cm ~ ~~~cmin monkeys. The anterior 2
border of the visual cortex
in humans was estimated _ -
by using the superior tem
poral sulcus and intrapari-
etal sulcus as landmarks.
In (C), the mapping func- -
tions (heavy lines; scale is V2 -
on the left axis) and magni-
fication factor functions
(light lines; scale is on the Human Macaque Owl
right axis) are shown for - C monkey monkey
the upper field representa 45HV2Va V4 F 45,
tions of human V1, V2, VP,

m
M 3

and V4 (24). The V1 map- X 40 30O
ping functions for owl , E
monkeys (OM*, dotted) X 201 15_
and macaque monkeys f 0 -= ----_--= 0o
(MM*, dashed) shown at <0 0 4 8 12 0 4 8 12 0 4 8 12 0 4 8 12(MM*,dashed)shown at c)Eccentricity (egree)the left were scaled up to
match the overall size of human V1 (25). An increased emphasis on the center-of-gaze in human V1 is
evident. CMF, cortical magnification factor.
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Topographic areas in the intraparietal sulcus
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Right cortex

Lateral
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Larsson & Heeger (2006) JN 26:13128-42
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Sereno, Pitzalis & Martinez (2001) Science 294:1350-4
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Sereno, Pitzalis & Martinez (2001) Science 294:1350-4
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Schluppeck, Glimcher & Heeger (2005) JNP 94:1372-84
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Swisher, Halko, Merabet, McMains & Somers (2007) JN 27:5326-37
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Spatially allocating attention alone
is enough to make topographic maps
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Brefczynski & DeYoe (1999) NN 2:370-4
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Silver, Ress & Heeger (2005) JNP 94:1358-71
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Lateral occipital areas
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Larsson & Heeger (2006) JN 26:13128-42
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Larsson & Heeger (2006) JN 26:13128-42
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Relationship to function
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Instead of “visual areas” we should say 
“visual field maps”
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Larsson & Heeger (2006) JN 26:13128-42
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Ventral occipital areas
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Larsson & Heeger (2006) JN 26:13128-42
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Brewer, Liu, Wade & Wandell (2005) Nat Neurosci 8:1102-9
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Meta-organization of visual areas

Monday, June 8, 2009



Goodale & Milner (1992) TINS 15:20-25
Ungerleider & Mishkin (1982) 

Dorsal and ventral visual streams
What & where

Action & perception
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Brewer, Liu, Wade & Wandell (2005) Nat Neurosci 8:1102-9

Visual fields clustered around foveal 
representations
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MT and MST
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Huk, Dougherty & Heeger  (2002) JN 22:7195-205
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Pitzalis, Galletti, Huang, Patria, Committeri, Galati, Fattori & Sereno (2006) JN 26:7962-7973

Area V6 (widefield retinotopy)
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Controversies!
Were is dorsal V4
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Tootell & Hadjikhani (2001) Cerebral Cortex 4:298-311

V4d topologue
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Hansen, Kay & Gallant (2007) JN 27:11896-11911
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Hansen, Kay & Gallant (2007) JN 27:11896-11911
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Controversies!
Reference frames of topographic maps

Retinal or space centered?
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Homology between human and monkey areas

Monday, June 8, 2009



“Homology” is the wrong word!!!!
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homology
Pronunciation: \hō-ˈmä-lә-jē, hә-\
Function: noun
Inflected Form(s): plural ho·mol·o·gies
Date: circa 1656

2 a: likeness in structure between parts of different 
organisms (as the wing of a bat and the human arm) 
due to evolutionary differentiation from a 
corresponding part in a common ancestor — compare 
analogy
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analogy
Pronunciation: \ә-ˈna-lә-jē\
Function: noun
Inflected Form(s): plural anal·o·gies
Date:15th century

4: correspondence in function between anatomical 
parts of different structure and origin — compare 
homology
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http://www.merriam-webster.com/dictionary/homology
http://www.merriam-webster.com/dictionary/homology


“Functionally corresponding”
or “Functionally equivalent”

areas???
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Monkey retinotopy

Brewer,  Press, Logothetis, Wandell (2002) JN 22:10416-26
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Brewer,  Press, Logothetis, Wandell (2002) JN 22:10416-26

Much similarity between monkey & human
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Some areas in the human 
have no topographical 
eqivalent in the monkey 
(e.g. V7, LO1, LO2)

Some areas are in the
same location but have
very different function
(e.g. V3a is very sensitive
to motion only in humans)

Larsson & Heeger (2006) JN 26:13128-42
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To really establish equivalencies between
human and monkey, we need

FACTs!!!
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Critically, after establishing topography,
we need to understand function!
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