
Campbell: 14 Brodmann: 52

Wednesday, February 20, 2013



Wednesday, February 20, 2013



a potential reference atlas for investigators working in
different fields. More interesting, however, for the
purpose of the present review, is the fact that
marmosets are among the smallest living monkeys,
and in this way provide an important means of
comparison for understanding the evolutionary effects
of massive changes in brain size among primates. Put
simply, comparing the marmoset’s 8 g brain with
the 80 g brain of the macaque may help to illuminate
the types of differences to be expected between the
brains of monkeys and humans (more than 1000 g), as
well as the likely developmental mechanisms and
evolutionary events responsible for these differences
across primates in general. We have recently discussed
the evidence for the various areas and the types of

visuotopic maps therein (Rosa 1997, 2002; Rosa &
Tweedale 2004); the reader is directed to these
references for additional detail. The present review
will concentrate on a few cortical areas, which
illuminate concepts of the organization of extrastriate
cortex emerging from our comparative studies.

2. STUDYING THE EVOLUTION OF ‘PRIMATE’
BRAINS
Neuroscience is firmly based on the study of a few
‘model species’, which have been largely determined
by the choices made by pioneer investigators. While
good optics and frontalized eyes have certainly been
important elements in studies of the primate visual

Figure 1. (Caption opposite.)
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system, these early choices were often determined by
more practical factors, including a prior tradition of
use in other types of physiological experiments
(meaning well-tested preparations and drug
regimes), the existence of good neuroanatomical
information, size, and last, but certainly not least,
availability. It is in no small measure owing to such
historical contingencies that present-day references to
the ‘monkey’ or ‘primate’ cortex are normally under-
stood to refer to Old World monkeys, typically
the rhesus (Macaca mulatta) or long-tailed (Macaca
fascicularis) macaque species. In contrast with other
species, macaques were readily available to investi-
gators on both sides of the Atlantic at the time when
the foundations of our current understanding of

visual cortical processing were established. Moreover,
they quickly proved suitable for studies of the anatomy
(Kuypers et al. 1965; Zeki 1969) and physiology
(Daniel & Whitteridge 1961; Hubel & Wiesel 1968;
Dubner & Zeki 1971) of both striate and
extrastriate areas.2

Good choices by pioneers in a given field tend
to perpetuate, as similar practical constraints apply
to most laboratories exploring the same or related
questions. With time, the sheer mass of prior literature
on a given species tends to become the key issue, as
researchers will naturally prefer to build upon a solid
foundation of knowledge, rather than retrace the basic
steps and controls that are needed when investigating a
new animal model. Today, most of our knowledge

Figure 2. Visuotopic organization of the marmoset visual cortex. (a) Lateral view of the right hemisphere, showing the
anatomical relationships within the cortical regions illustrated in part (b). Parts of the cerebral cortex normally hidden from view
(those located along the midline and ventral surface) were ‘unfolded’, and a discontinuity was introduced along the
representation of the horizontal meridian in V1 (dashed arrows). Grey lines indicate borders of cortical areas, labelled as in
figure 1. (b) Unfolded map of the posterior neocortex. The thick dashed lines indicate the dorsal and ventral limits of the cortex
that is normally exposed on the surface of the brain. The numbers to the left of V1 indicate the range of receptive field centre
eccentricities observed within the regions coded by different shades of grey (0–2, 2–4, 4–88, etc.). Representations of the
horizontal and vertical meridians are labelled by black squares and white circles, respectively, and the representations of upper
and lower quadrants by the ‘C’ and ‘K’ signs, as indicated in the visual field diagram (bottom left).
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Interesting case of 
ocular dominance

• Old world with similar brain size

• smaller New world: less sharp, more 
fragmented and even absent => might be 
related to interocular seperation
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Homology versus 
Analogy:

Hard to dissociate
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• Except for primary sensory motor no 
sharp border -> anchors?

• Molecular gradients and activity dependent 
procedures 
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• Posterior parietal 

• primates many more devisions

• less divisions in marmosets than macaques

• MT

• present in cats, flying foxes and rodents

• based on location relative to v1/v2, visuotopy, 
dense myelination and motion selectivity

• cats: no myelination

• flying foxes no direction selectivuty
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works in progress, particularly when it comes to
defining homologous patterns of organization.

4. COMPARING PRIMATES OF DIFFERENT SIZES
Figure 3 illustrates an unfolded view of the cerebral
cortices of diurnal New World (a,b) and Old
World (c,d ) simians, encompassing nearly the entire

range of primate brain sizes (note the different scale
bars). As recognized by classical neuroanatomists
(e.g. Le Gros Clark 1959), there are fascinating
similarities in size and sulcal pattern between the
cerebral cortices of capuchins (C. apella, a New World
monkey species) and macaques. This provides an
interesting counterpoint to the marmoset, allowing

Figure 3. Bidimensional maps of the entire cerebral cortex of four species of simian primates, with selected cortical areas
indicated. To minimize distortions, the cortex corresponding to V1 was detached from the map, following the style suggested by
Van Essen & Maunsell (1980). Top left: marmoset (Callithrix jacchus); map based on Rosa & Elston (1998); Rosa & Tweedale
(2000) and ongoing cytoarchitectural analyses. Top right: capuchin (Cebus apella); map based on Rosa et al. (1993b; 2000a,b;)
and unpublished cytoarchitectural data. Middle left: macaque (Macaca fascicularis); based on Felleman & Van Essen (1991).
Bottom: human (Homo sapiens); based on Van Essen (2004) and a computer reconstruction of Brodmann’s cytoarchitectural
areas (available at http://brainmap.wustl.edu/caret/slides/human.03-06/). Note, however, that in generating this illustration the
contours of V1 (area 17) were detached from the map, then combined so as to follow the same style as the monkey maps. The
contours of human V2 and V4 are incomplete, reflecting the difficulty in stimulating the visual field periphery in fMRI
experiments. Measurements of cortical magnification factor (Sereno et al. 1995) indicate that, as in macaques (Sincich et al.
2003), this area is nearly as large as V1.
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Progenitor cell divisions

• symmetric non-terminating

• asymmetric 

• symmetic terminating mode
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Figure 5. A, Flat-mounted vibratome slice through the brain of a marmoset. Caudal is
towards the left, and dorsal towards the top. This slice has not been stained, and the
borders of primary visual (V1) and middle temporal (MT) areas are made visible only by
differences in myelination (highly myelinated areas appearing lighter). Although the rostral
border of V2 is only faintly visible in this type of preparation, it can be easily defined in
cytochrome oxidase-stained material. B, Surface areas of V2 (light grey) and MT (dark grey)
as a fraction of the V1 surface, in seven species of primates. All measurements were
obtained from flat-mounted sections stained for myelin or cytochrome oxidase. C, Graphi-
cally “unfolded” reconstructions of the posterior neocortex of three species of diurnal
primates with different brain sizes (note different scale bars at the bottom of each panel).
The extents of V1, V2 and MT, as well as the location of rostral border of V3, are indicated.
Left: marmoset; middle: macaque; right: human (from Ref. 53). In order to reduce the
distortions introduced by the graphic unfolding, discontinuities were introduced in the
maps, either along the perimeter of V1 (left, centre) or across this area (right). The human
map does not indicate the full extent of V1 and V2, as only the central 15-20! of the visual
field were mapped, using non-invasive imaging techniques.
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Malsburg 1976; figure 5, left column), those in areas
which are formed at progressively later stages would
tend to self-organize into second-order representations
of the visual field, given the constraints placed by the
pre-existing topography. Second, the precision of topo-
graphic maps would tend to deteriorate as a function of
distance from the two primary areas. This would
primarily be owing to later-forming cortices being
furthest from the zones of strict molecular specifica-
tion, allowing the refinement of their maps with
increasingly greater degrees of freedom (figure 5,
right column). For the same reason, one would also

expect that fields located furthest from the primary
areas would display more variability, not only between
species but also between individuals. This is supported
both by individual variability of the visuotopic con-
figuration of the V3/V4 border in monkeys (Gattass
et al. 1988; Rosa & Tweedale 2004; see figure 5, middle
right), and by the difficulty in establishing a consistent
visuotopic organization in the human region topologi-
cally equivalent to monkey V4 (Tootell & Hadjikhani
2001; see figure 5, bottom right). Finally, as indicated
in figure 5, the more recent cortical fields, in terms of
both evolution and development, would correspond to

Figure 5. Formation of visuotopic maps in brains of different sizes, according to the ‘molecular anchors’ hypothesis (for
additional details, see Rosa 2002). The visuotopic organization of the cortex is indicated according to the key shown in the top
right panel. The left column represents an early stage of development, and the right column a late stage of development. The
grey scale represents the sequence of maturation (dark, more mature cortex). Two primary visual maps (corresponding to adult
V1 and MT, the only first-order representations in the adult brain) are specified early in development (left), either by gradual
distributions of cell surface chemoattractant/chemorepellent molecules (O’Leary et al. 1999) or by spatio-temporal patterning of
the afferent projections (Molnár et al. 1998). With the V1 andMTmaps defined, the visuotopic maps in adjacent areas (e.g. V2)
start to self-organize around these ‘anchors’. Two rules guide this process: (i) the receptive fields of neurons in adjacent columns
must overlap; this rule constrains the configuration of maps forming at later stages of development, which must be ‘anchored’ in
pre-existing maps; and (ii) the gradient of representation does not revert within a given area (arrows in the left panels); this
ensures that the same part of the visual field is not represented more than once in a given area, except along its boundaries.
Throughout pre- and postnatal development, activity-dependent mechanisms allow the fine-tuning of the maps. However, for
any given area, the degree of plasticity decreases gradually with age (e.g. Waleszczyk et al. 2003). Upper row: the visual cortex of
flying foxes is used as an example of small primate-like cortex. In this species, there is little cortex between V1 and the
occipitotemporal area (OT; a probable homologue of primate MT). In the adult (right column), this region includes only two
visuotopic maps (V2 and V3), which form precise mirror-images (Rosa 1999). Middle row: the visual cortex of a marmoset.
Here, four maps (V2, V3, V4 andMTc) exist between V1 andMT. The visual topographies of V3 and V4, whichmature last, are
the least precise, and most variable between individuals. Bottom row: the human visual cortex, where the cortex between V1 and
MT is more expansive, and includes additional areas in which the visuotopic organization is less clear (e.g. Tootell & Hadjikhani
2001). Expansion of the cortex between primary areas results in multiple reversals of visual field representation (and hence
‘areas’). Maps which self-organize at progressively later stages of development are constrained only by areas with progressively
larger receptive fields and representational scatter. Thus they can become less and less precise, without violating rules 1 and 2
above.
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Development and evolution of visuotopic maps
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Figure 4. Schematic view of the development of visuotopic maps according to the
“molecular anchors” hypothesis. In these diagrams, dashed lines and continuous grey
scale gradients indicate regions undergoing early stages of the process of visuotopic map
formation. A, Two primary visual maps (corresponding to adult visual primary (V1) and
middle temporal (MT) areas, the only first-order representations in the adult brain) are
specified early in development, either by gradual distributions of cell surface chemoattrac-
tant/chemorepellent molecules (40) or by spatiotemporal patterning of the afferent projec-
tion (44). B, With the V1 and MT maps defined, the visuotopic maps in adjacent areas (V2
and MTc) start to self-organise around these “anchors”. Two rules guide this process: 1)
the receptive fields of neurones in adjacent columns must overlap, and 2) the gradient of
representation does not revert within a given area (arrows). This ensures that the same
part of the visual field is not represented more than once in a given area, except along its
boundaries. C, At a later stage of development, additional maps (e.g., V3 and V4) self-
organise, using the established maps of V2 and MTc as “anchors”. Throughout pre- and
post-natal development, activity-dependent mechanisms allow the fine-tuning of the maps.
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forms a representation of the visual field including both
upper and lower quadrants. This area is, however, not
as extensive as implied by Lyon & Kaas (2001, 2002).
Instead, near the dorsal midline we found evidence for
a separate area, similar to DM described by Allman
& Kaas (1975), in cortex immediately adjacent to
V2 (figure 6b). As discussed in §8, these results
have suggested a new interpretation of the
homologies between New World and Old World
monkeys, which in turn raises testable hypotheses
that may lead to a refinement of the Old World monkey
cortical map.

The key evidence regarding the presence of DM in
the cortex rostral to V2 is summarized in figures 7
and 8. Sequences of receptive fields recorded at closely
spaced sites across the most lateral part of the V2/DM
border cross the horizontal meridian, and invade the
upper visual quadrant, without any suggestion of a
reversal that could indicate the presence of a V3-like
field (figure 7). The point where the receptive fields
invade the upper visual field corresponds to an
architectural transition between V2, caudally, and
a zone of dense myelination, rostrally; this architectural
field is absent from the ventral cortex anterior to V2

(Rosa & Schmid 1995; Rosa et al. 2005).6 Injections of
retrograde tracers throughout this ‘third tier’ densely
myelinated zone revealed homotopic projections from
V1, which originated in both the upper and lower
quadrant representations (figure 8a), primarily from
cells located at the level of the stria of Gennari (layer
3C; Brodmann’s layer 4B) and slightly above.
By contrast, injections located posterior to this zone
(i.e. in V2) resulted in retrogradely labelled cells that
were concentrated in more superficial sublayers of V1,
while injections located entirely anterior to it revealed
no V1 projections. Finally, based on extensive record-
ings covering the entire extent of the densely myeli-
nated zone and adjacent areas (Rosa & Schmid 1995),
we found that this architectural field formed a single,
albeit complex map of the visual field. Consistent with
the neuroanatomical data (figure 8b), this visuotopic
map included a continuous representation of the lower
visual field and a split representation of the upper visual
field. Whereas this is an unusual topographic map by
the standards of previous descriptions of visuotopy in
primate visual areas, it comprises organizational
features that are similar in complexity to those
described in visual areas of cats (Palmer et al. 1978;

Figure 6. Models of the organization of the dorsal ‘third tier’ cortex in NewWorld marmoset monkeys. (a) and (b) are schematic
‘unfolded’ views of the caudal neocortex showing the locations of well-defined areas (V1, V2 and MT), as well as other, more
controversial subdivisions. The anatomical relationships in these diagrams are illustrated in the insert (top right), which includes
a lateral view of the marmoset brain (right hemisphere) with ‘flaps’ of medial and ventral cortex unfolded to create a global view
of the extrastriate cortex; the arrow indicates a discontinuity introduced along the long axis of V1. (a) The model advocated by
Lyon & Kaas (2001) on the basis of anatomical tracing of V1 connections and histological examination of flat-mounted
histological material stained for cytochrome oxidase. In this model, the dorsal third tier cortex is dominated by the lower
quadrant representation of area V3, which also includes an upper quadrant representation in ventral cortex. A smaller area DM
is located entirely rostral to V3. (b) The model proposed by Rosa & Schmid (1995) and Rosa & Tweedale (2000) on the basis of
electrophysiological recordings and analysis of myelin-stained sections. Here, the third visual complex includes both a smaller
V3, and area DM; the latter has representations of both the upper and lower quadrants adjacent to V2. The visuotopic
organization is indicated according to the symbols summarized in the bottom right diagram: representations of the vertical
meridian in black squares, representations of the horizontal meridian in white circles, representations of the upper quadrant in
‘C’ signs and representations of the lower quadrants in ‘K’ signs. Gradients of eccentricity are indicated by levels of grey (white,
light grey: central representation; dark grey, black: peripheral representation). Abbreviations: V3(d), dorsal component of V3;
V3(v), ventral component of V3.
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Sherk & Mulligan 1993), such as a ‘field discontinuity’
that runs obliquely in relation to the horizontal and
vertical meridians, and islands of different ‘field sign’
(Sereno et al. 1994; see Rosa & Schmid 1995; Rosa
et al. 2005; for a more detailed discussion).

For many years, the alternatives of having a V3-like
area, homologous to area 19 of non-primates, or a
string of ‘third tier’ areas have been promoted as
mutually exclusive (e.g. Allman & Kaas 1975;
Krubitzer & Kaas 1993; Stepniewska & Kaas 1996).
One major contribution of our studies in the marmoset
and capuchin has been to demonstrate that, at least in
NewWorld monkeys, this is not necessarily the case. As
illustrated in figure 2, we found that the ventral cortex
rostral to V2 forms a relatively simple, mirror-
symmetrical representation of the upper visual quad-
rant, similar to that described for macaque ventral V3
(Gattass et al. 1988) or VP (Newsome et al. 1986).
However, we also found that this area continued
dorsally into the region between the foveal represen-
tation of V2 and area MT, where a complementary
lower quadrant representation was found (figure 6b).
Importantly, this lower quadrant representation is
similar to ventral V3 in terms of receptive field size,
myeloarchitecture and connections (Rosa & Tweedale
2000; Rosa et al. 2000a). The resulting ‘complete’ V3
does receive projections from V1, which nonetheless
can be distinguished from V1-DM projections in terms
of density and laminar origin (see also Nakamura et al.
2004, for similar evidence in the macaque).

In summary, recognizing the existence of a complete
V3 in NewWorld monkeys did not require negating the

existence of other areas, such as DM, more dorsally in
the third tier cortex. For the purposes of the present
review, we find particular comfort in the fact that our
results vindicated the concept of DM as a ‘third tier’
area, which corresponds well to a myeloarchitectural
zone, contains a representation of the entire visual field
and can be distinguished from all adjacent areas on the
basis of its laminar pattern of connections with V1.
While these characteristics are reminiscent of the
‘textbook’ definition of a visual area, it is also clear
that attaining such a delimitation also means accepting
that cortical topographic maps can be rather complex,
even at such an ‘early’ level of processing. More
generally, the long and convoluted story of the New
World monkey third visual complex illustrates the fact
that some of the present controversies are likely to be
solved as more complete information becomes
available.

8. HOW SIMILAR CAN DIFFERENT SPECIES
OF PRIMATE BE? SEEKING THE HOMOLOGUES
OF V3 AND DM IN OLD WORLD MONKEYS
Do the New World monkey DM and V3 have clear-cut
Old World monkey homologues and, if so, do they look
exactly the same? These are not rhetorical questions,
particularly if one assumes, as proposed above, that the
formation and refinement of any given topographic
map in development may be shaped by the configur-
ation of adjacent maps. In this situation, it would be
quite possible to have two distinct areas, originating
from different evolutionary events yet in the same

Figure 7. Topographic transition between areas in the dorsal extrastriate cortex of a marmoset. This sequence of receptive fields
and recording sites demonstrates the absence of a V3-like area inserted between V2 and the dorsomedial area (DM), at least in
some species of NewWorldmonkey. Top left: parasagittal section (left hemisphere; rostral is to the left), showing electrode tracks
and the region that is enlarged in the bottom left panel. Bottom left: location of recording sites, numbered consecutively
according to their radial projection to layer four. Recording sites in V2 are shown by white circles, those in DM by black circles,
and those in cortex rostral to DM (area DA and the posterior parietal cortex, as defined by Rosa & Schmid 1995) by white
squares. Arrows point to the V1/V2 border, to the border between V2 and DM (evident by a sudden increase in myelination),
and to the rostral border of DM (marked by an increased separation of the bands of Baillarger). Middle and right: receptive fields
recorded in V2, DM and in the cortex rostral to DM. In V2, receptive fields corresponding to progressively more rostral sites
move gradually from the vertical meridian towards the horizontal meridian. After the DM border is crossed, the receptive fields
become larger, but do not revert towards the lower vertical meridian, as would be expected if V3 existed at this level; instead,
they progress to invade the upper visual field.
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position relative to V2, sharing a similar general
topographic organization. The argument for homology
becomes stronger, however, if specific functional,
connectional and neurochemical parallels can be traced
between species, as it would be unlikely that all of these
would have originated in parallel purely by chance. As
outlined in more detail elsewhere (Rosa & Tweedale
2001), we feel that there is a strong case for homology
between DM and the macaque’s sixth visual area (V6),
as recently redefined by Galletti et al. (1999). The
visual topography of V6 is compatible with a DM-like
model, on the basis of the relative positions of the
representations of the visual meridians. In addition, V6
comprises a continuous lower quadrant representation
that separates a peripheral upper quadrant represen-
tation, medially, from a possible central upper quadrant
representation, laterally (figure 9a). Whereas the
central upper quadrant representation was not actually
mapped by Galletti et al. (1999), these authors pointed
out that its existence was demonstrated by the results of
Van Essen & Zeki (1978). If confirmed, this would

indicate the existence of a visuotopic map in V6 that is
uniquely similar to the one found in New World
monkey DM (Rosa & Tweedale 2004). The origin of
the laminar projections from V1 to V6 in the macaque
(Galletti et al. 2001) is also exactly the same as that
observed in the marmoset (Vogt-Weisenhorn et al.
1995; Rosa et al. 2005). Finally, both areas are part of
relatively direct, oligosynaptic pathways to and from
the premotor cortices, are characterized by heavy
myelination, and have the same basic visual response
properties (Rosa & Tweedale 2001; Galletti et al.
2004).

The main difference between the macaque and the
marmoset remains the fact that, in the former species, it
is believed that a bridge of V3 interposes between V2
and V6 (figure 9a, left). One way to reconcile our
observations in New World monkeys (figure 9a, right)
with the data presently available on the macaque cortex
is to propose that the position of V6/DM changes in
different species, as a result of the addition of further
areas in the larger species. Different final configurations

Figure 8. Visuotopic organization of DM, as revealed by (a) anatomical tracing and (b) electrophysiology. (a) Schematic view of
the spatial relationship between the locations of injection sites of retrograde tracers in DM (numbered circles) and labelled
patches in V1. The outlines of the areas correspond to the contours of V1 and DM in the various cases with injections, aligned
and scaled to equal area. The locations of the representations of the fovea (star) and horizontal meridian (dotted line) in V1 are
indicated. Injections near the caudal border of DM result in label including the horizontal meridian representation
(light patches, 1–5). Injections in the lateral half of DM result in label in the upper visual field representation of V1 (dark grey
patches, 6–9), while those in the medial half of DM result in label in the lower visual field representation (medium grey, 10–13).
(b) Summaries of the visuotopic organizations of V1 and DM, each based on hundreds of recording sites (V1: redrawn from fig.
8 of Fritsches & Rosa 1996; DM: redrawn from fig. 17 of Rosa & Schmid 1995). The visual field representation is coded
according to the diagram shown on the right: representations of the vertical meridian in black squares, representations of the
horizontal meridian in white circles, 458 isopolar contours in solid line, isoeccentricity contours in dashed line, representations of
the upper quadrant in ‘C’ signs, and representations of the lower quadrants in ‘K’ signs. The stars indicate a line of field
discontinuity through the upper quadrant that characterizes the DM map.
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Figure 9. Comparison of the organization of extrastriate areas in macaque (left) andmarmoset (right) monkeys. (a) Comparison of
the organization of the dorsal extrastriate cortex rostral to V2. In both panels, the representation of the lower quadrant (K) is shown
in light grey, and that of theupper quadrant (C) in dark grey. In addition, foveal representations are indicatedby stars, isoeccentricity
lines by dashed lines, representations of the vertical meridian by black squares, and those of the horizontal meridian by circles (see
insert at the left). (a) Left: the visuotopy ofmacaque areaV6 is illustrated in dorsal (bottom) andmedial (top) views of the brain,with
the sulci partially unfolded (redrawn, with different symbols and orientation, from Galletti et al. 1999). The double-ended arrows
join corresponding points of the rostral bank of the parietooccipital sulcus, so as to indicate the topological continuity between the
medial and dorsal views illustrated. The lips and fundi of the sulci are shown as continuous lines, and the rostral border of V6A as a
dotted line. The dark grey oval adjoining the lateral end of V6 indicates the likely location of the central upper quadrant
representation in this area, whichwas not studied in detail byGalletti et al. (1999). The representation of the upper verticalmeridian
in V6 is hidden from view, being located near the fundi of the sulci. The boxed regions in the inserts (far left) show the approximate
location of the illustrated regions in the intact macaque brain. (a) Right: visuotopy of area DM illustrated in dorsomedial (bottom)
and medial (top) view of the marmoset brain (Rosa & Schmid 1995). The marmoset brain has no sulci in this region. The
representationof the central upper quadrant in this species has beenmapped in detail (dark grey region at the lateral extremeofDM),
and occupies a region equivalent to that proposed for the equivalent region of V6. (b) Comparison of the visuotopic organization of
lateral and ventral cortices, including a new hypothesis on the extent of dorsal V3. Left: lateral view of the right hemisphere of a
macaque brain in which the sulci and the ventral surface were partially ‘unfolded’ to allow visualization of the cortical areas. The
visuotopic organization is indicated according to the following symbols: the foveal representation is shownby stars, verticalmeridian
representations are indicated by black squares, horizontalmeridian representations bywhite circles, upper quadrant representations
by ‘C’ and lower quadrant representations by ‘K’. The visuotopic organizations of V1 andV2 are based onGattass et al. (1981), and
the organizations of MT, V4 and V4t are based on Gattass et al. (1988). The visuotopy of ventral V3 is also based on Gattass et al.
(1988). However, the extent of dorsal V3 was redefined so that the vertical meridian representation crosses the prelunate gyrus, as
proposedbyMaguire&Baizer (1984)andYouakim et al. (2001).This redefinitionof the extent of dorsalV3 results in anorganization
that strongly resembles the one found in New World monkeys (b) right, from Rosa & Tweedale 2000). See also figure 10.
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Figure 10. A new hypothesis on the organization of dorsal extrastriate cortex in OldWorld monkeys, based on our studies in New
World monkeys. The key point here is to demonstrate that the raw data on which the currently accepted subdivision of the
macaque cortex is based are equally compatible with another interpretation (illustrated in figure 9b). Left: original interpretation
of boundaries of visual areas in the macaque dorsal cortex, based on Gattass et al. (1988) and Colby et al. (1988). This diagram
represents a bidimensional reconstruction of the macaque caudal extrastriate cortex, with the visual topography of V2, V3, V3A,
V4, V4t and PO indicated (dark area represents the central 18 of the visual field, dashed lines are isoeccentricity lines; see insert
for other symbols). The fine dotted lines indicate boundaries of areas which were interpolated based on myeloarchitectural
evidence. Redrawn from fig. 5 of Gattass et al. (1988), with the exception of the organization of V3A, which was based on figs. 3,
8, 11 and 13 of the same reference, and PO, which was based on Colby et al. (1988). Right: a re-interpretation of the same data,
based on our studies of New World monkeys and on the studies of Maguire & Baizer (1984) in the macaque. In this model, a
lower quadrant representation previously assigned to ‘V3A’ (corresponding to Maguirre and Baizer’s area PM) forms the
continuation of VP into the anterior bank of the lunate sulcus and prelunate gyrus. This would result in a ‘V3’ forming a
complete representation of the visual field, similar to the New World monkey V3 (see figure 9b; right). The most medial part of
the original ‘dorsal V3’, combined with area PO, forms the homologue of New World monkey DM (V6 of Galletti et al. 1999).

Figure 11. Two views on the organization of the macaque third visual complex. (a) Topographic organization of the caudal
cortex between V1 and V4, as revealed by fMRI data (Brewer et al. 2002). The representation of polar angles is indicated by
different colours, according to the key illustrated in the inserts. The arrows point to ‘anomalous’ sectors of upper quadrant
representation found in the middle of dorsal V3. (b) A ‘classical’ interpretation of these data, including a V3 that is mirror-
symmetrical to V2 and another area, V3a, located entirely anterior to V3. (c) A re-interpretation of the same observations,
according to the hypothesis illustrated in figures 9b and 10. We submit that the revised borders, which imply two areas (V3 and
DM, or V6) adjacent to V2, provide a better fit to the raw data. Scale bar, 5mm.
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