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ABSTRACT
The intraparietal sulcus (IPS) of the macaque monkey contains numerous areas associated

with different aspects of cortical function, including motor control as well as visual, somatosen-
sory, vestibular, and possibly auditory processing. This study focuses largely on the architectonic
organization of areas within and near the IPS, but also examines remaining portions of the
hemisphere with which the IPS is interconnected. We charted the location of up to 72 architec-
tonically distinct areas plus numerous architectonic zones in individuals over a region covering
most of the cortical hemisphere. Identified cortical subdivisions (areas plus zones) were repre-
sented on computationally generated flat maps in relation to gyral and sulcal geography, thereby
facilitating the analysis of consistent as well as variable aspects of the sizes and relative positions
of subdivisions across animals. Using myelin and Nissl stains, plus immunohistochemical stain-
ing with the SMI-32 antibody, 17 architectonic subdivisions were identified that are largely or
entirely contained in the intraparietal and parieto-occipital sulci. This includes four newly
identified zones: a heavily myelinated lateral occipitoparietal zone, termed LOP; a strongly
SMI-32 immunoreactive zone termed 7t (near the tip of the IPS); plus medial and lateral
subdivisions (VIPm and VIPl) of ventral intraparietal area (VIP), which was previously regarded
as an anatomically homogeneous area. Within the superior temporal sulcus, we identified a
densely myelinated zone termed the dorso-posterior subdivision of the medial superior temporal
area (MSTdp) that bordered middle temporal area (MT). We charted the extent of numerous
other architectonically defined subdivisions throughout the cortical hemisphere by using criteria
largely based on previous studies, but in some instances involving revised or expanded identifi-
cation criteria. J. Comp. Neurol. 428:79–111, 2000. © 2000 Wiley-Liss, Inc.

Indexing terms: neurofilament protein; primate neocortex; intraparietal sulcus; neuroanatomy;

cortical flat maps

Cerebral cortex in primates contains a number of broad
functional domains that can be further subdivided into a
mosaic of specific cortical areas. For example, the parietal
lobe represents a domain involved in multiple functions,
including the analysis and integration of visual and so-
matosensory inputs and in the transformation from
sensory- to motor-related signals (for review see Hyväri-
nen, 1982; Andersen, 1995). In the macaque monkey, pre-
dominantly visual regions are located in lateral and pos-
terior parietal cortex and are associated with the dorsal
stream (or “where” stream) of the visual processing (Un-
gerleider and Mishkin, 1982; Desimone and Ungerleider,
1989). Predominantly somatosensory regions are located
mainly medially and anteriorly (Marshall et al., 1941;
Sakata et al., 1973; Mountcastle et al., 1975; Jones et al.,
1978; Iwamura et al., 1994). An intervening swath of

cortex, along the fundus of the intraparietal sulcus (IPS),
is implicated in the integration of visual and somatosen-
sory modalities (Hyvärinen, 1982; Seltzer and Pandya,
1986; Colby and Duhamel, 1991; Colby et al., 1993).

In posterior parietal cortex, as in many other parts of
the cerebral cortex, it has proven notably difficult to de-
termine the exact number and precise arrangement of
distinct areas (i.e., their size, shape, and location relative
to geographic landmarks). To illustrate this point, Figure
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1 shows six different partitioning schemes for macaque
posterior parietal cortex published during the past two
decades. These schemes are visualized in a variety of
display formats (three-dimensional [3-D] views, schemat-
ically unfolded sulci, and cortical flat maps). They are
based on a variety of criteria, including cortical cyto- and
myeloarchitecture (Fig. 1A: Pandya and Seltzer, 1982;
Fig. 1B: Preuss and Goldman-Rakic, 1991b; Fig. 1D: Selt-
zer and Pandya, 1980, 1986); cortical architecture plus
physiology (Fig. 1C: Andersen et al., 1990; Fig. 1E: Colby
et al., 1988); or a combination of criteria from multiple
studies (Fig. 1F: Felleman and Van Essen, 1991). They
also differ in their terminological roots, as some schemes
are based on areas 5 and 7 of Brodmann (1909) others on
areas PE, PF, and PG of von Economo and Koskinar
(1925) and von Bonin and Bailey (1947), and still others on
geographically based terms such as the ventral intrapari-
etal area (VIP).

Despite many differences in the specific arrangement of
parietal areas, some commonalities are evident across

most or all of these schemes. For example, most schemes
include an elongated strip along the lateral bank of the
intraparietal sulcus that is identified as the lateral in-
traparietal area (LIP) or as area POa. Area POa has been
further subdivided into external and internal subdivisions
POa-e and POa-i based on cytoarchitecture (Seltzer and
Pandya, 1980; see Fig. 1D). Similarly, area LIP has been
subdivided into dorsal and ventral subdivisions LIPd and
LIPv based on myeloarchitecture (Blatt et al., 1990). It is
clearly important to know whether areas such as LIP and
POa and their subdivisions should be considered as alter-
native names for what is fundamentally the same cortical
area, or whether they represent distinct entities belonging
to nonequivalent partitioning schemes. The same question
arises for the strip along the fundus of the intraparietal
sulcus that is identified as VIP in some schemes and IPd
in others. In general, Figure 1 reveals marked differences
in the apparent size and exact location of overlapping
areas in different schemes, suggesting a possible incom-
patibility or nonequivalence of partitioning schemes even

Abbreviations

Cortical areas
A1 primary auditory cortex
AIP anterior intraparietal area
ER entorhinal cortex
FST floor of superior temporal area
G gustatory cortex
Ia agranular insular cortex
Id dysgranular insular cortex
Ig granular insular cortex
IPa area IPa from Cusick et al. (1995)
LIPd lateral intraparietal (dorsal)
LIPv lateral intraparietal (ventral)
M2 motor area 2
MDP medial dorsal parietal area
MIP medial intraparietal area
MST medial superior temporal (complex)
MT middle temporal area
Pi Parainsular area
PIP posterior intraparietal area
PO parietal-occipital area
PrCO precentral opercular cortex
ProS prostriate cortex
R auditory area R
Ri retroinsula
S2cx second somatosensory area (complex)
SMA supplementary motor area
TAa area TAa from Cusick et al. (1995)
TEa/m area TEa plus TEm of Seltzer and Pandya (1978)
TE1-3 subdivisions TE1, TE2, and TE3 (Seltzer and Pandya,

1978)
TF, TH temporal areas F and H
Tpt temporoparietal area
TPOc temporal parietal occipital (caudal)
TPOi temporal parietal occipital (intermediate)
TPOr temporal parietal occipital (rostral)
V1 visual area 1
V2 visual area 2
V3 visual area 3
V3A visual area V3A
V4 visual area 4
V4t V4 transitional area (complex)
VIP ventral intraparietal (complex)
VOT ventral occipitotemporal area
VP ventral posterior area
1, 2 somatosensory areas 1 and 2
3a, 3b somatosensory areas 3a and 3b
4 primary motor cortex
5 somatosensory area 5 (complex)
7a visual area 7a

7b somatosensory area 7b
7op operculator area 7
8–14 areas 8 thru 14 from Carmichael and Price (1994)
23, 24 cingulate areas 23 and 24
29, 30 cingulate areas 29 and 30
35, 36 perirhinal areas 35 and 36
45 Walker area 45
46 visual area 46
Cortical zones
DP dorsal prelunate area
LOP lateral occipital parietal
MSTda medial superior temporal area (dorsal, anterior)
MSTdp medial superior temporal area (dorsal, posterior)
MSTm medial superior temporal (medial)
RS retrosplenial cortex
ST superior temporal cortical region
TE1-3(d) dorsal subdivision of TE1, TE2, plus TE3
TE1-3(v) ventral subdivision of TE1, TE2, plus TE3
Toc temporal opercular caudal
VIPI ventral intraparietal (lateral)
VIPm ventral intraparietal (medial)
V4ta V4 transitional area (anterior)
V4tp V4 transitional area (posterior)
4C 4C of Barbas and Pandya (1987)
5V area 5 (ventral)
5D area 5 (dorsal)
6D subdivision of area 6D
6Ds subdivision of area 6D
6DC subdivision of area 6D
6Val area 6Va (lateral)
6Vam area 6Va (medial)
7t subdivision of 7 near tip of IPS
8Am,s subdivisions of area 8 from PGR (1991a)
46v,p ventral and posterior subdivisions of 46
Cortical sulci
ASd arcuate sulcus, dorsal limb
ASv arcuate sulcus, ventral limb
CaS calcarine sulcus
CgS cingulate sulcus
CeS central sulcus
IOS inferior occipital sulcus
IPS intraparietal sulcus
LaS lateral (Sylvian) sulcus
LuS lunate sulcus
OTS occipital temporal sulcus
POS parieto-occipital sulcus
PS principal sulcus
STS superior temporal sulcus
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when the same names are used. On the other hand, the
apparent discrepancies in boundary locations might in-
stead be attributable to: (1) individual differences in areal
extent in the particular hemispheres mapped in each
study; (2) differences in how the various display formats
distort the representation of convoluted regions of cortex;
and/or (3) differences in the criteria used to distinguish
areal boundaries. Similar issues arise in analyzing other
regions of cerebral cortex where a consensus partitioning
scheme has yet to emerge (cf. Felleman and Van Essen,
1991; Rockland et al., 1997).

In the present study, we have charted the layout of
architectonic subdivisions across a large portion of cere-
bral cortex in the macaque. A major driving force was a

need for high-resolution architectonic maps to be used in
conjunction with a companion study on the connectivity of
macaque intraparietal areas (Lewis and Van Essen,
2000). Consequently, our analysis emphasized cortical ar-
chitectonics in and around the IPS (where the tracer in-
jections in the companion study were concentrated) and in
extensive portions of occipital, temporal, and frontal cor-
tex that are connected with intraparietal cortex. Our ap-
proach was to analyze cortical myeloarchitecture and to a
lesser extent cytoarchitecture, drawing as much as possi-
ble on published criteria, and also to examine the pattern
of immunoreactivity for SMI-32 and CAT-301, two anti-
bodies whose utility in distinguishing architectonic subdi-
visions has been demonstrated in previous studies

Fig. 1. Partitioning schemes of parietal cortex from six previous
studies (all oriented as right hemispheres to facilitate comparisons).
A: Scheme of Pandya and Seltzer (1982) includes PGm, which over-
laps MDP of this study (compare with E), and subdivisions PG, PFG,
and PF which overlap areas 7a and 7b. B: Scheme of Preuss and
Goldman-Rakic (1991b) introduced area AIP and refinements on area
7. C: Scheme of Andersen et al. (1990), showing the extent of areas 7a,
LIP (LIPv plus LIPd) and DP. D: Scheme of Seltzer and Pandya (1980,
1986) defined IPd along the fundus, which overlaps AIP, VIP, and
possibly portions of PIP in the present study. Additionally, PEa over-
laps much of 5V, and POa was subdivided into POa-e and POa-i.

E: Scheme of Colby et al. (1988) introduced areas PO and MIP (dotted
outlines) and MDP which were adopted in this study. The dotted
outline between VIP and LIP most likely corresponds to the densely
myelinated area LIPv in the present study. Dashed lines represent
fundi, and broad lines represent the sulcal ridges. F: Scheme adopted
from Felleman and Van Essen (1991) and Drury et al. (1996a), illus-
trating a canonical map derived from numerous studies. Dark gray
shading represents cortex buried in sulci. For abbreviations in this
and subsequent figures, see list and/or literature citations. A–C,E
reprinted with permission from Wiley-Liss, Inc. D reprinted with
permission from Springer-Verlag, New York, Inc.
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(McGuire et al., 1989; DeYoe et al., 1990; Carmichael and
Price, 1994; Cusick et al., 1995; Hof and Morrison, 1995;
Morrison et al., 1998). Our analysis confirmed many of the
subdivisions reported in previous studies, but in several
instances we formulated revised or expanded criteria for
distinguishing architectonic boundaries. In addition, we
identified a few architectonic subdivisions that were con-
sistently recognizable in multiple hemispheres, but have
not previously been reported.

In interpreting these observations, we were mindful
from the outset that the existence of a transition in corti-
cal architecture, no matter how robust or consistent, does
not necessarily signify a boundary between distinct corti-
cal “areas.” An architectonic transition may instead reflect
modularity within a well-defined single area, such as the
cytochrome oxidase blobs of visual area V1 and stripes of
V2 (Horton and Hubel, 1981; Hockfield et al., 1983), or
gradients or trends across the full extent of a given area.
Also, it is important (but not always easy) to distinguish
the intrinsic architectonic characteristics of each region
from the cellular distortions and laminar perturbations
associated with gyral and sulcal folding per se. Resolution
of such issues entails careful comparisons of cortical ar-
chitecture in relation to other types of information, includ-
ing patterns of connectivity, topography of sensory or mo-
tor maps, distributions of neurophysiological response
characteristics, and/or effects of behavioral lesions. Be-
cause the requisite corroborative information may be long
in coming, there is merit in having explicitly noncommit-
tal terms available in order to avoid premature or unjus-
tified classification as a cortical area. Accordingly, we use
the term “zone” to describe any consistently identifiable
architectonic region whose status as a distinct cortical
area we consider uncertain or ambiguous (refer to Abbre-
viations). The term “area” is reserved for regions where
the term is warranted by complementary evidence from
other published studies. The term “subdivision” is used to
encompass both zones and areas.

Our analysis of cortical architectonics was aided greatly
by recent advances in computational neuroanatomy for
generating and manipulating computerized reconstruc-
tions of the cortical surface. Surface reconstructions allow
large amounts of information about the location of archi-
tectonic transitions to be encoded compactly and precisely
and to be displayed conveniently in a variety of visualiza-
tion formats. This includes conventional coronal sections
(raw data sections), which are well suited for comparisons
with previous studies; 3-D computerized reconstructions,
which are useful for visualizing the location of different
subdivisions in the intact hemisphere; and cortical flat
maps, which allow the entire cortical surface to be as-
sessed in a single view (Drury et al., 1996a, 1998).

Computerized surface reconstructions also facilitate the
analysis of individual variability, by preserving informa-
tion about the precise pattern of cortical folds in each
experimental hemisphere and about the size, shape, and
location of each area relative to these folds. Individual
variability is an important issue because any given area
(even a primary sensory area) can vary in size by twofold
or more (Filiminoff, 1932; Van Essen et al., 1984; Maun-
sell and Van Essen, 1987) and because the consistency
with which each area is located with respect to geographic
boundaries has important implications for physiological
and neuroimaging studies.

Another parcellation issue concerns the spatial extent
over which architectonic transitions occur. Some transi-
tions are sharp, unambiguous, and consistent across dif-
ferent staining techniques (such as the strikingly sharp
border between visual areas V1 and V2). Other transitions
are more subtle and are not always in perfect register
when examined with multiple staining methods. A broad
transition region may reflect technical factors and limita-
tions of the staining methodology. Alternatively, it may
reflect biologically genuine gradations, such that neurons
within the transition region have anatomical and/or phys-
iological characteristics intermediate between the neigh-
boring subdivisions. In the present study, we have drawn
architectonic boundaries that conservatively delineate
only the core of each identifiable area or zone. This yields
architectonic maps in which the extent of the transition
between neighboring core subdivisions can be readily vi-
sualized and is retained for subsequent analyses. Some of
these results have been presented as abstracts (Lewis and
Van Essen, 1994, 1996).

MATERIALS AND METHODS

Animals

Results were obtained from 14 hemispheres of 10
juvenile-adult Macaque fascicularis monkeys (6 females
and 4 males) weighing between 2.0 and 3.8 kg. Prior to
perfusion, retrograde tracers had been injected into two or
three sites in or near parietal cortex in each case (one
hemisphere only), as part of a companion study of the
connections of intraparietal areas (Lewis and Van Essen,
2000). In three animals, portions of somatosensory cortex
were mapped electrophysiologically, as described by Lewis
et al. (1999). Animal care and procedures were performed
according to protocols approved by the Animal Study Com-
mittee at Washington University.

Intracardial perfusion

Prior to perfusion, animals were sedated with ketamine
(10 mg/kg, i.m.), and xylazine (1 mg/kg, i.m.). Heparin
sulfate (25,000 units, i.v.) was injected, and after 5 to 10
minutes, an overdose of sodium pentobarbital was injected
(30 mg/kg, i.p., and 30 mg/kg, i.v.). Once deep anesthesia
was attained, intracardial perfusion was initiated with a
solution of 0.1 M phosphate buffer, pH 7.4, with 10,000
Units/L Heparin sulfate and 40 mg/L Lidocaine (30–50
ml/minute for 20 minutes). There followed perfusion with
4% paraformaldehyde in 0.1 M phosphate buffer at pH 7.4
(15 minutes), buffered 4% paraformaldehyde with added
increments of 10% sucrose (8–10 minutes), 20% sucrose
(4–5 minutes), and 30% sucrose (optional, 2–5 minutes),
and finally, 200 ml of 30% sucrose in 0.1 M phosphate
buffer (without fixative). Brains were removed, then
stored until sinking in a series of ascending sucrose solu-
tions at 4°C (10%, 20%, and 30%) in 0.1 M phosphate
buffer (total 3–5 days). The hemispheres were photo-
graphed and blocked during the 20% or 30% sucrose solu-
tion phase of sucrose equilibration.

Histological processing

Prior to sectioning, fiducial alignment marks used in
subsequent 3-D computer reconstructions were generated
by impaling each block of cortex with electrodes or pins
coated with India ink and inserted orthogonal to the plane
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of sectioning. Sections were cut at 60-mm thickness on a
freezing microtome and were stored refrigerated in 0.1 M
phosphate buffer. Blocks were cut in the coronal plane (10
hemispheres), or orthogonal to the IPS (3 hemispheres), or
in the parasagittal plane (1 hemisphere). One-in-six series
of sections were used for Nissl (Thionin) staining, Myelin
staining (Gallyas, 1979), SMI-32 immunoreacted staining,
and CAT-301 immunoreacted staining. In some cases, ace-
tylcholinesterase staining (Bear et al., 1985) was per-
formed on sections expected to contain primary auditory
cortex. Low-power micrographs of histologically stained
sections were obtained from a Zeiss microscope (Axioplan,
Jena, Germany) and from a macrophotography system by
Nikon.

Immunohistochemistry. Immediately after section-
ing, free-floating sections were washed at room tempera-
ture twice for 10 to 30 minutes in 0.1 M phosphate buffer
at pH 7.4. The diluent for SMI-32 antibody staining was
0.1 M phosphate buffer, 0.3% Triton X-100, 0.5 mg/ml
bovine serum albumin (BSA) fraction V, 2% (v/v) goat or
horse serum. The usual working dilution of the primary
antibody, SMI-32, was 1:8,000 (Sternberger Monoclonals,
Inc., Baltimore, MD). Sections were then incubated with
the primary antibody ranging from 1 to 4 days (typically 2
days), gently shaken at 4°C. Sections were thoroughly
washed (33, 10 minutes each) in buffer and then incu-
bated with biotinylated secondary antibody (1:100) for 1 to
2 hours, and gently shaken at room temperature. Follow-
ing thorough rinsing in buffer, sections were incubated
with avidin-biotin-peroxidase complex reagent (ABC elite
kit: Vector Labs, Burlingame, CA) for roughly 1 hour, and
again thoroughly rinsed. Sections were stained for 5 to 30
minutes by one of two chromagens: Vectastain, (Vector
Inc.), which stained cell bodies black and dendrites a dark
gray, or the VIP kit (Vector Inc.), which stained cells and
dendrites a deep maroon. In general, the SMI-32 immu-
noreactivity in our tissue appeared to be less sensitive for
smaller pyramidal cells as compared with other studies
(Lee et al., 1988; Campbell and Morrison, 1989; Car-
michael and Price, 1994; Hof and Morrison, 1995; Cusick
et al., 1995; Morrison et al., 1998). However, the differen-
tial staining patterns described herein were reproducible
across multiple cases.

The diluent for CAT-301 antibody staining was 0.1 M
phosphate buffer, 3% Triton X-100, 2.5% (v/v) horse se-
rum. The working antibody dilution was 1:3 in 0.1 M
phosphate buffer of a stock solution kindly provided by Dr.
Susan Hockfield. Immediately after sectioning, free-
floating sections were washed in 0.1 M phosphate buffer
(23, 10 minutes at room temperature), then incubated in
the primary antibody for 2 days, at 4°C and gently shaken.
Sections were thoroughly washed in buffer (33, 10 min-
utes), and then incubated for 1 to 2 hours with 1:25 dilu-
tion of peroxidase-conjugated secondary antibody (Sigma
Co., St. Louis, MO, or Cappel, Durham, NC). Sections
were thoroughly rinsed in buffer and then incubated for 5
to 30 minutes with 0.02–0.05% 3,3’-diaminobenzidine tet-
rahydrochloride (DAB), 0.1% nickel ammonium sulfate,
0.03% hydrogen peroxide. The patterns of CAT-301 immu-
noreactive label were similar (though less distinct) to
those of SMI-32 antibody staining, both in overall distri-
bution as well as relative intensities of label throughout
the hemisphere (cf. McGuire et al., 1989; DeYoe et al.,
1990).

Computerized reconstructions and
neuroanatomical analyses

Reconstructions of the cortical surface were based on
tracings of cortical layer 4 (or the boundary between lay-
ers 3 and 5) as viewed under darkfield illumination in a
one-in-six series of sections that were also used for scoring
retrograde tracer (Lewis and Van Essen, 2000). By using
the computerized neuroanatomy software MDPlot (ver-
sion 3.0, Minnesota DataMetrics), the pial and layer 4
surface contours, and fiducial alignment marks were plot-
ted. The transition regions surrounding areas or zones
identified on individual histological sections were trans-
ferred to a printout of the nearest corresponding section
plotted for the layer 4 contour.

The criteria used to generate transition regions in
myelin-stained sections included distinguishing varying
degrees of radially or tangentially oriented fiber bundles
versus matted appearances, and by the relative density of
inner (mainly layer 5) and outer (mainly layer 3) bands of
fiber plexi (“bands of Baillarger”). SMI-32 immunoreactiv-
ity (SMI-32-ir) and CAT-301-ir differentially stained
many cortical areas, based on different cell sizes, laminar
distribution, and overall density of labeled cells and den-
dritic processes, though the SMI-32-ir tended to be more
robust. Variations in laminar thickness along cortical
folds were taken into consideration when identifying ar-
chitectonic transitions. Great effort was made to discrim-
inate between genuine architectonic transitions versus
artifacts of cortical folding, or artifactual irregularities of
histological staining through examination across multiple
cases.

Architectonic transitions from all staining methods
were taken into consideration when producing final areal
boundary estimates. Cytoarchitectonic transitions, though
often evident, were generally less robust than the corre-
sponding differential patterns in myelination and SMI-32-
ir, and were typically not used as a primary criterion (with
the exception of frontal cortex). In some regions, the ar-
chitectonic transitions discernible by using criteria from
different published schemes were not in good register. In
such instances, we used the criteria that appeared most
consistent and robust in the 14 hemispheres examined in
this study, and we adopted the terminology for that par-
ticular scheme.

The collective set of architectonic boundary estimates
(combined onto coronal printouts) for each hemisphere or
cortical block were translated to a rudimentary flat map
on paper, which served as a means for organizing the
layout of areal boundaries before coding and digitizing on
the computer. The resulting set of areal boundary esti-
mates were coded by area and entered as points along the
layer 4 contour of the nearest corresponding plotted sec-
tions in MDPlot. Data sections were then transferred from
the personal computer to UNIX workstations (Silicon
Graphics R4400 Indigo 2, Mountain View, CA). By using
the software package CARET (Computerized Anatomical
Reconstruction and Editing Tool kit, http://stp.wustl.edu),
neighboring sections were aligned by global translation
and rotation, with reference to the fiducial alignment
marks and layer 4 contours. During the initial reconstruc-
tion phase, not all portions of a section could be precisely
aligned to its neighboring sections by using simple trans-
lations and rotations, due to local tissue distortions from
the original slide mounted tissue sections. A smoothing
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procedure was used to reduce these small scale “ripples” in
the initial three-dimensional reconstructions (and ensu-
ing flat maps). Wire-frame surface reconstructions of layer
4 were generated using a public-domain software program
(Nuages) that allows the three-dimensional reconstruc-
tion of complex shapes from the contours contained in a
series of sections (Boissonnat, 1988; also see Drury et al.,
1996a).

Three-dimensional reconstructions were converted into
topographically correct and minimally distorted flat maps
by using the FLATTEN software (Drury et al., 1996a). To
reduce distortions, one or two cuts were introduced ex-
tending out from the corpus callosum as with previous
cortical flat maps generated in this laboratory (Van Essen
and Maunsell, 1980; Drury et al., 1996a). Distortion val-
ues were assessed quantitatively by comparing the area of
each tile that made up the layer 4 surface in the three-
dimensional reconstruction (about 90,000 tiles for large
cortical blocks) with the area of the corresponding tile in
the two-dimensional map. Minimizing distortions (mul-
tiresolution morphing) was an iterative process, and a flat
map was considered sufficiently undistorted when two
criteria were met. The first was that subsequent morphing
iterations no longer produced substantial changes. The
second involved inspection of the resulting distortion
maps for each case to verify that no excessively distorted
regions were present. The average value of the mean areal
distortion of the flat maps ranged from 4% to 15% (where
local compression and expansion cancel out). The average
absolute areal distortion (where compression and expan-
sion add together) ranged from 15% to 27% for different
maps, consistent with previous computationally derived
flat maps in this laboratory. Because the flat maps neces-
sarily contain some distortions, linear distances on the flat
maps are denoted as “map-cm.” They correspond to actual
3-D distances only where there is no linear distortion on
the map. The differences in the overall shapes across
maps (cf. Figs. 14–16) are largely attributable to the di-
mensions of the original cortical block, but also distortions
associated with the flattening process, especially near the
edges of the map (cf. Fig. 3H), and genuine cortical vari-
ability in sulcal patterns (evident when comparing the 3-D
reconstructions). The mean curvature of each map was
calculated and used to reveal cortical geography (Drury et
al., 1996a). A gray-level representation of curvature was
generated by interpolating between adjacent nodes (points
that define the contour outlines).

Areal boundary points (described above) were assigned
3-D coordinates and an identity. Each point was projected
to the nearest tile in the 3-D surface reconstruction of
layer 4. By preserving this geometrical relationship, ar-
chitectonic boundary points could then be positioned on
the flat maps relative to the nearest tile. Architectonic
boundary outlines were generated manually on the flat
maps in CARET with reference to the architectonic bound-
ary marks. Smoothed contours running close to the inner-
most set of transition region points were drawn (cf. Fig.
3G). In maps that include most of the cortical hemisphere,
several thousand architectonic border transitions contrib-
uted to the outlines of core areas and zones in the final
cortical map. Descriptions of each architectonic subdivi-
sion distinguished in this study are presented in short
form in Tables 1 and 2, and in greater detail at our web
site (http://stp.wustl.edu).

RESULTS

Based on the aggregate evidence and criteria derived
mainly from previous studies, we identified the core re-
gions of 72 architectonic “areas” that were consistently
identifiable in a region covering most of the cerebral neo-
cortex. We additionally identified over 20 architectonic
regions we regarded as architectonic “zones” (some newly
described), whose status as a distinct area versus a por-
tion of a larger area may change as additional evidence
becomes available. Our analysis starts with the intrapa-
rietal and parieto-occipital region, which was studied the
most intensively. Parcellations of most of the hemisphere
are then presented, followed by descriptions of refine-
ments or modifications we introduced in five other geo-
graphic regions germane to the connections of parietal
cortex.

Architectonic organization of the
intraparietal sulcus

We identified and charted the extent of 17 architectonic
subdivisions in and near the intraparietal sulcus, includ-
ing four zones not reported in previous studies. Table 1
summarizes the prominent features of myelination and
SMI-32 immunoreactivity for each subdivision. Predomi-
nantly visual subdivisions are listed first, in a sequence
reflecting their known or suspected level in an anatomi-
cally based hierarchy (Felleman and Van Essen, 1991).
This is followed by an approximate hierarchical sequence
of somatosensory subdivisions (from 5V to 7b). (Full
names are indicated in the Abbreviations list.) The next
column indicates the designated status of each subdivision
as either a zone or area. The next five columns summarize
prominent characteristics of each subdivision as observed
with myeloarchitecture (columns 3–5) and SMI-32 immu-
noreactivity (columns 6, 7). Double asterisks indicate ar-
chitectonic characteristics that are robust enough to iden-
tify particular subdivisions in most or all sections of most
or all cases. Those that are strong indicators in conjunc-
tion with other more subtle characteristics are indicated
by single asterisks. Figures that illustrate the character-
istic architecture of each subdivision are also indicated.
The last column identifies studies from which we adopted
primary architectonic criteria (indicated by bold text)
and/or gives comments on relationships to alternate par-
cellation schemes. Several of these cited studies utilized
cytoarchitectonic definitions, which were largely consis-
tent with our observations, though were typically more
subtle than myelin and SMI-32 immunoreactivity bound-
aries in our material.

The main architectonic characteristics of each subdivi-
sion (primarily myelination and SMI-32 immunoreactiv-
ity) as well as their relative sizes and positions are pre-
sented in a four-step organizational sequence in the
following sections: (1) selected examples of architectonic
subdivisions in the IPS of a single case (95DR), (2) illus-
tration of the full arrangement of subdivisions on a flat
map of the IPS in this case; (3) illustration of additional
parietal subdivisions in this and other cases; and (4) anal-
ysis of consistent versus variable staining features across
hemispheres.

Architectonics in middle and posterior IPS. Figure
2 shows myeloarchitecture and SMI-32 immunoreactivity
in coronal sections at two anteroposterior levels of the IPS.
In both pairs of sections, and in most other pairs of sec-
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tions in parietal cortex, there was a strong correlation
between the density of myelination in a given region (par-
ticularly in layers 3–5) and the density of SMI-32 immu-
noreactivity (cell and dendritic label) in layers 3 and 5. For
example, the ventral portion of LIP (LIPv), lying midway
along the lateral bank of the IPS (Fig. 2A) was character-
ized by dense myelination. Cortex was typically thicker in
this region, giving LIPv a bulged appearance that is un-
likely to be an artifact of cortical folding per se (Blatt et al.,
1990). In cytoarchitecture (not shown), LIPv often con-
tained a densely packed layer 3 with large pyramidal cells,
and layer 5 sometimes contained a conspicuous scattering
of large pyramidal cells. This is similar to the cytoarchi-
tectonic description for area POa-i of Seltzer and Pandya
(1980), indicating that LIPv and POa-i are largely coex-
tensive in dorsoventral extent. However, the cytoarchitec-
tonic transitions along the anterior and posterior borders
of LIPv were more difficult to discern in our tissue (coronal
sections), and thus we could not determine whether LIPv
and POa-i are coextensive in anteroposterior extent. The

dorsal portion of LIP (LIPd) showed two distinct bands of
Baillarger with lighter myelination, often resulting in a
sharply defined boundary with LIPv, consistent with Blatt
et al. (1990). Figure 2B illustrates SMI-32 immunoreac-
tivity of a neighboring section, showing an increased den-
sity of cell label along the cortical bulge that was coexten-
sive with the heavy myelination of LIPv. Markedly lighter
SMI-32 immunoreactivity characterized the transition to
LIPd, coinciding with the myelination boundary. The dense
label in both myelination and SMI-32-ir proved to be robust
markers for identifying LIPv, as indicated in Table 1.

Another prominent architectonic subdivision in Figure
2A was the ventral portion of area 5 (here termed zone
5V), which had pronounced inner and outer bands of Bail-
larger that were well separated from each other. Zone 5V
overlapped most of cytoarchitectonically defined area PEa
of Seltzer and Pandya (1986; also see Fig. 1D), though the
cytoarchitectonic transitions were not well enough defined
in our material to establish whether these were equivalent
subdivisions.

TABLE 1. Architectonic Subdivisions of Intraparietal and Nearby Cortex1

1A, area; Z, zone (text also shaded); Z [ A, zone (text shaded) belonging to a larger architectonically defined area; Tan, tangential; Mat, matted; Rad, radial. In the Myelination
column, the O vs. o and I vs. i signify the density of the outer and inner bands of Baillarger, respectively (capital letters represent greater density). The separation (i.e., O i) roughly
encodes the relative separation of the bands. Sing, single band appearance. In the SMI-32 column, laminae of predominant label are identified, though the list is not exclusive.
Sp, sparse; Lt, light; Md, moderate; Hv, heavy; lg, large. Bold text in Reference column denotes source of primary achitectonic criteria used in the present study.
**Robust identifying architectonic feature; *Distinctive architectonic feature. For other abbreviations, see text.
AAES90, Andersen et al. (1990)
AGG94, Akbarian et al. (1994)
BAS90, Blatt et al. (1990)
BB78, Büttner and Buettner (1978)
BFNVE86, Burkhalter et al. (1986)
CGOG88, Colby et al. (1988)
FBVE97, Felleman et al. (1997)
F05, Flechsig (1905)

PGR91b, Preuss and Goldman-Rakic
(1991b)

PK86, Pons and Kaas (1986)
PS82, Pandya and Seltzer (1982)
SF71, Schwarz and Fredrickson (1971)
SF74, Schwarz and Fredrickson (1974)
SMKB95, Schall et al. (1995)

STKMT97, Sakata et al. (1997) SP80,
Seltzer and Pandya (1980)

SP86, Seltzer and Pandya (1986)
UD86, Ungerleider and Desimone (1986)
VEZ78, Van Essen and Zeki (1978)
VEMB81, Van Essen et al. (1981)
VENMB86, Van Essen et al. (1986).

GFBSZ96, Galletti et al. (1996)
GFGK99, Galletti et al. (1999)
GSG88, Gattass et al. (1988)
HM95, Hof and Morrison (1995)
JB76, Jones and Burton (1976)
JCH78, Jones et al. (1978)
LN79, Leinonen and Nyman (1979)
PGCK85, Pons et al. (1985)
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Fig. 2. Coronal sections from middle and posterior portions of the
intraparietal sulcus (IPS) of case 95DR, stained for myelinated fibers
(A,C) and for SMI-32 immunoreactivity (B,D). Bars along white mat-
ter indicate transition regions between cortical subdivisions. In B, the
lighter SMI-32 immunoreactivity in dorsal portions of 5V and LIPd
may be related to a skull opening artifact, an artifact subjacent to

opened dura. The “?” in C and D represents unidentified transitional
cortex. Brain drawing indicates the approximate location of the upper
and lower pairs of sections (C and D separated from A and B by 3.6
mm). The boxed outlines indicate the location of the two pairs of
photographs. Dorsal is roughly up and lateral to the right. Scale bar
5 1 mm in D; 1 cm in inset.



Fig. 3. Progression from coronal sections containing architectonic
data to the flat map representation (case 95DR). A,B: Drawings of
coronal sections from Figure 2 showing selected architectonic bound-
aries (gray wedges) and layer 4 contours (dashed lines). C: Lateral
view of intact right hemisphere. D: Slightly smoothed three-
dimensional (3-D) computer reconstruction of 95 coronal sections (layer 4
contours) spaced 360 micrometers apart. E: Highly smoothed version
of the same cortical block, revealing buried cortex and layer 4 contours
of A and B. F: Flat map revealing the entire sulcal pattern, section
contours A and B, and core outlines of three cortical subdivisions.
Anterior is to the right. One cut (dashed lines) was introduced to

reduce surface distortions (see Materials and Methods). G: Core out-
line for area LIPv, where each line segment represents one transi-
tional wedge (e.g., one pair of line segments originates from B).
H: Distortion map showing regions of expansion (lighter shades) and
contraction (darker) (see Methods). Residual distortions are generally
largest along the perimeter of the map (e.g., the white region in lower
right edge of map). Minor local compressions are common along fundi,
and expansions along the sulcal ridges. Average areal distortion 5
9.5%. The scale cross for the flat maps is 1 map-cm, and is accurate for
portions of the map that are undistorted. Refer to text for other
details. Scale bars 5 1 cm in A; 1 map-cm in G.
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The fundus of the IPS, lying between subdivisions LIPv
and ventral area 5 (5V), has previously been described as
architectonically homogenous. This region was identified
as IPd (see Fig. 1D) by cytoarchitecture (Seltzer and Pan-
dya, 1980, 1986), or VIP (Fig. 1B, E, and F) based largely
on connectivity (Maunsell and Van Essen, 1983) and phys-
iology (Colby et al., 1993). In Figure 2A, there is a single
matted band of myelination extending from layers 3
through 5, but the myelination is substantially denser in
the medial bank than in the fundus. Likewise, the SMI-32
immunoreactivity in this region was denser on the medial
bank than in the fundus (Fig. 2B). These differences were
less pronounced in some cases, but they were sufficiently
consistent to warrant a distinction between medial
(VIPm) and lateral (VIPl) zones within area VIP.

Figure 2C and 2D illustrates a different set of architec-
tonic subdivisions in more posterior portions of the IPS.
On dorsal portions of the medial bank, we identified me-
dial intraparietal area (MIP), characterized by relatively
light myelination and a prominent, thin inner band of
Baillarger (Fig. 1E; Colby et al., 1988), and a thin band of
SMI-32 immunoreactivity in layer 3. Ventral to MIP, the
parietal-occipital area (PO) was readily identified by its
heavy myelination and strong radial component (Colby et
al., 1988), and was further characterized by correspond-
ingly strong SMI-32 immunoreactivity in layer 3 (also see
Hof and Morrison, 1995). Cortex along the fundus was
more lightly myelinated than either bank (area PO and
zone lateral occipital parietal, LOP), but was designated
as transitional (“?”) in this section because it was not
identifiable as part of neighboring areas V3A or posterior
intraparietal area (PIP).

On the lateral bank, the region designated LOP was
similar in architecture to area LIPv (cf. Fig. 2A vs. 2C).
However, LOP was distinguished from LIPv for two rea-
sons. First, the posterior location of LOP (in the IPS-
lunate confluence) was difficult to reconcile with the re-
ported location of LIPv in earlier architectonic studies (see
Fig. 1) originally defining this subdivision (Andersen et
al., 1990; see Fig. 2D of Blatt et al., 1990; POa-i of Seltzer
and Pandya, 1980; but also see Schall et al., 1995). Second,
subtle but consistent architectonic differences distin-
guished the two regions. LOP typically showed a more
matted appearance in myelination, whereas LIPv was
more radial in character (Fig. 2), and the two subdivisions
were separated by cortex that was lighter in SMI-32 im-
munoreactivity and myelination (also see Fig. 4). This
lighter stained transition region was more similar to the
architectonic features of neighboring dorsal prelunate
area (DP; May and Andersen, 1986) and PIP/VIPl (Fig.
2A). In cytoarchitecture (not shown) and in SMI-32 immu-
noreactivity (cf. Figs. 9 and 10), layer 5 of LIPv showed
larger and/or more prominent pyramidal cells in some
sections compared to zone LOP.

Flat map representation. The full areal extent of cor-
tex occupied by the architectonic subdivisions described
above are more readily viewed and analyzed on unfolded
representations of cortex. Figure 3 illustrates the progres-
sion from individual coronal sections to a full three-
dimensional reconstruction, and from there to a cortical
flat map. Figure 3A and 3B shows drawings of sections
illustrated in Figure 2A and 2C (3.6 mm separation), with
the solid lines indicating pial surface and gray/white
boundary, and dashed lines indicating the contour of layer
4. In both sections, several architectonically distinct sub-

divisions (labels) and transition regions (gray wedges) are
indicated along the IPS. Because these composite bound-
ary estimates were derived from the combined analysis of
nearby sections processed for myelin and SMI-32 immu-
noreactivity (Fig. 2) plus cytoarchitecture and CAT-301
immunoreactivity (not shown), their precise location may
differ from the transitions marked in any individual sec-
tion in Figure 2.

Figure 3C shows a lateral view of the right hemisphere
photographed prior to sectioning, showing the approxi-
mate location of sections in A and B, plus anterior and
posterior block cuts. Figure 3D shows the same view as a
layer 4 3-D computer reconstruction of most of the hemi-
sphere. The computer reconstruction excludes a portion of
the frontal lobe and the tip of the temporal pole that were
in a different tissue block, as well as all of architectoni-
cally defined area V1 (deleted from the reconstruction to
reduce distortions upon flattening). Figure 3E shows the
same reconstruction after extensively smoothing the sur-
face, thereby revealing much of the cortex buried within
sulci. The original surface geometry is represented by
using a gray-level map of mean curvature, in which darker
shades represent “inward folds,” where the crease occurs
along the fundus of a sulcus, and lighter shades represent
“outward folds,” where the crease occurs along the sulcal
ridges (Drury et al., 1996a).

Figure 3F illustrates the unfolded curvature map (“flat
map”) for the reconstructed cortical block. Cortical geog-
raphy is again represented by the mean curvature, allow-
ing easy matching of corresponding sulci in all three dis-
play formats. To facilitate comparisons across all flat
maps, irrespective of whether they are from the left or
right hemisphere, cingulate cortex is positioned along the
top (corpus callosum at top center), frontal cortex is to the
right (anterior), ventral temporal cortex is along the bot-
tom, occipital cortex to the left (posterior), and parietal
cortex lies in the upper left quadrant. The layer 4 contours
from the drawings in Figure 3A and 3B are indicated, and
the areal boundaries of architectonically defined VIPm,
LIPv, and LOP are also illustrated to facilitate visualiza-
tion of the relationship between coronal sections and the
flat map representation. To represent the areal extent of
the core of each architectonic subdivision, a smooth con-
tour was drawn along the inner margins of the transition
regions (line segments), as indicated in Figure 3G. Figure
3H shows a map of areal distortion (indicating relatively
modest distortions overall), where darker shades repre-
sent compressions, and lighter shades represent expan-
sions relative to surface area in the 3-D reconstruction.
Quantitative measures (e.g., the surface area of LIPv) can
be calculated from the 3-D-reference surface (Fig. 3D),
thereby circumventing residual distortion errors associ-
ated with surface areas on the flat map.

Figure 4 shows the location of the 17 architectonic sub-
divisions identifiable in the IPS, parietal-occipital sulcus
(POS), and neighboring gyral regions in case 95DR. These
are illustrated on an expanded view of the IPS that was
from the flat map in Figure 3, and are comparable to the
layout of subdivisions illustrated in Figure 1. The core of
each identified subdivision (Fig. 4B) is indicated by a black
outline, and the overall pattern of architectonic bound-
aries is superimposed on a gray-scale map of mean curva-
ture. A qualitative measure of the overall robustness or
architecture for each subdivision in each case is depicted
by the line thickness of each outline. The gap separating
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neighboring core regions ranged from ;0.5 mm, where
transitions were sharp and consistent between sections, to
;5 mm in regions where transitions were subtle and/or
obscured by oblique sectioning or irregular folding. Most
areas were delineated by completely enclosing a core re-
gion. However, a few regions, such as zones 5D and 5V, are
delineated by incompletely closed contours because a clear
architectonic transition was not evident at the anterior-
and posteriormost extremes, owing to internal heteroge-
neity within each zone and perhaps slice orientation. The
boundary between areas 7a and 7b was gradual and dif-
ficult to distinguish (especially in coronal sections) and
was not marked (also see areas PG, PFG, PF of Fig. 1A
and 1D). The white contour lines represent the location of
the two section levels illustrated in Figure 2 (black con-
tours in Fig. 3F), plus the two contours that represent the
sections illustrated in Figures 5 and 6 below.

Of the seventeen architectonic subdivisions identified in
parieto-occipital cortex, eight are in regions known from
physiological studies to be largely or entirely visual (V3,
V3A, PIP, LOP, PO) or visuomotor (7a, LIPd, LIPv; cf. Felle-
man and Van Essen, 1991). Three (5V, 5D, anterior intra-
parietal area [AIP]) are predominantly somatosensory-
related (cf. Preuss and Goldman-Rakic, (1991b). Six
(VIPm, VIPl, MIP, medial dorsal parietal area [MDP], 7b,
and 7t) are known or suspected to be multimodal (VIP and
MIP, Colby and Duhamel, 1991; MDP or 7m, Cavada and
Goldman-Rakic, 1989; 7b, Leinonen et al., 1979; and 7t, cf.
Leinonen and Nyman, 1979). Many of these core regions,
particularly VIPm, VIPl, LIPv, and LIPd, have an elon-

gated shape with a long axis running roughly parallel to
the fundus of the IPS.

Eleven of the 17 subdivisions in Table 1 are designated
as distinct areas (“A” in column 2) based on the aggregate
evidence available (see Discussion). The remaining 6 sub-
divisions were designated as architectonic zones, “Z,” and
are shaded as light gray in column 1. VIPm and VIPl can
be regarded as paired zones belonging to a larger area VIP
that is architectonically distinct though internally inho-
mogeneous (symbolized by Z[A in column 2). Similarly,
5D and 5V can be regarded as paired zones belonging to a
larger architectonic area 5. Analogous pairings do not
exist for the isolated zones LOP and 7t; if future studies do
not establish them as distinct cortical areas, they will
presumably be designated as zones that are part of larger
neighboring areas (i.e., 7b in the case of 7t, and LIPv in the
case of LOP). By this reckoning, the evidence currently
available indicates the presence of 13 architectonically
distinct areas within the parietal region under discussion.

Architectonics near the parieto-occipital junction

and in anterior IPS. Figure 5 shows myelin staining
and SMI-32 immunoreactivity in two nearby coronal sec-
tions taken from the junction of the intraparietal,
parietal-occipital, and lunate sulci, located 1.1 mm poste-
rior to those in Figure 2C and 2D (also see Fig. 4B). Areas
PO, V3, and zone LOP were characterized by relatively
dense myelination and SMI-32 immunoreactivity. Area
V3, situated on the buried annectant gyrus in this section,
appeared matted and densely myelinated (Burkhalter et
al., 1986; Van Essen et al., 1986), which correlated well

Fig. 4. Parcellation of parieto-occipital cortex (case 95DR). A: Flat map with curvature from Figure
3F. B: Expanded view of the parieto-occipital region, with seventeen architectonically identified subdi-
visions indicated, plus layer 4 contours (white lines) indicating the location of four illustrated sections
(see text for details). Other conventions as in Figure 3.
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with the broad and dense band of SMI-32 immunoreactiv-
ity in layer 3 (also see Fig. 10D). Area V3A was charac-
terized by relatively light myelination with thin bands,
and a strong tangential fiber component (Colby et al.,
1988). This feature correlated with the light SMI-32 im-
munoreactivity, and often a distinctive, thin band of
SMI-32 immunoreactivity in layer 3 (better illustrated in
Fig. 10C, D). Along the medial fundus, area PIP was
distinguished from areas V3 and PO by lighter myelina-
tion (Colby et al., 1988) and by lighter SMI-32 immunore-
activity.

Figure 6 shows two coronal sections through the ante-
rior portion of the IPS (located 7.6 mm anterior to those in
Fig. 2A,B), illustrating a newly identified zone designated
as 7t, which occupies the ventrolateral shoulder of the IPS

near its tip (hence the “t”). Zone 7t was more similar to
area 7b in myeloarchitecture than to areas 5 or 2, which
motivated our use of the area 7 root, but it was distin-
guished from 7b by a more prominent and heavily myelin-
ated outer band of Baillarger. Zone 7t was best character-
ized (and distinguished from 7b) by a pronounced increase
in density of SMI-32 immunoreactivity in layer 3 relative
to surrounding cortex (Fig. 6B). The apical dendrites were
often prominent, extending to upper portions of layer 3.

Figure 7 illustrates the architectonic boundaries of area
AIP, bordering area 5 medially and 7b laterally. As de-
scribed by Preuss and Goldman-Rakic (1991b), AIP was
characterized primarily by its relatively light myelination,
in which the two bands of Baillarger are poorly separated.

Fig. 5. Coronal sections from the parieto-occipital-lunate conflu-
ence (case 95DR) stained for myelinated fibers (A) and SMI-32 immu-
noreactivity (B), illustrating areas PO, PIP, V3, V3A, and zone LOP.
See Figure 4 for section location on flat map. Dorsal is to the upper
left. Scale bars 5 1 cm in inset; 1 mm in B.

Fig. 6. Coronal sections from anterior portion of the IPS (case
95DR) stained for myelinated fibers (A) and stained for SMI-32 im-
munoreactivity (B), illustrating zone 7t, in addition to areas 7b, 5, and
2. The “?” represents unidentified or transitional cortex. See Figure 4
for section location on flat map. Dorsal is up. Scale bars 5 1 cm in
inset; 1 mm in B.
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AIP was also characterized by relatively small and
sparsely distributed SMI-32 immunoreactivity in layers 3
and 5 (Fig. 7B), which were intermediate between the
denser labeling in area 5 (zone 5V) and the sparser label-
ing in area 7b. Both the SMI-32 immunoreactivity and
myelination of area 7b in Figure 7B were lighter than that
in Figure 6B, a difference that may reflect variability in
the degree of fixation in the two cases. Interestingly, area
7b was consistently characterized by moderate to heavy
myelination density but relatively sparse SMI-32 immu-
noreactivity. This contrasts with the positive correlation
between the density of myelination and SMI-32 immuno-
reactive staining illustrated in the preceding examples (cf.
Figs. 2, 5).

Consistency and variability across cases. The var-
ious subdivisions of the IPS described in this study were

recognized consistently across all 14 hemispheres exam-
ined, even though some aspects of the staining patterns
varied from case to case. As an example, Figure 8 illus-
trates the myeloarchitecture along the medial wall in and
near the region of area MDP from different animals. Area
MDP, identified by the criteria of Colby et al. (1988),
showed relatively prominent inner and outer bands of
Baillarger and moderate myelination that was denser
than surrounding cortex, robustly so in some cases (Fig.
8A and C) but only modestly different in others (Fig. 8B).
Additionally, the myeloarchitecture showed a strong ra-
dial orientation evident even in the flat region ventral to
the cingulate sulcus, and thus was unlikely to reflect a
simple cortical folding artifact per se. Similarly, SMI-32
immunoreactivity in MDP was usually stronger than in
neighboring cortex (not shown), including sparsely distrib-
uted small to medium-large-sized pyramidal cells in and
near layer 3 and to a lesser extent layer 5. However, this
was not a robust criterion for identifying MDP in our
tissue.

Figure 9 shows additional examples of architectonic pat-
terns at approximately the same anteroposterior level of
the IPS as in Figure 2, by using myelin-stained sections
from two different cases (Fig. 9A and B) and SMI-32
immunoreactivity from a third case (Fig. 9C). In Figure 9A
and B, LIPv is distinguishable by its heavy myelination
and thickened cortex in both cases, but the two examples
differ in the degree of mattedness (greater in Fig. 9B than
A) and the distinctness of the bands of Baillarger (less
prominent in Fig. 9B). In both cases, zone 5V was moder-
ately myelinated and characterized by two well-separated
bands of Baillarger. This pattern contrasted with the
merged single band of area VIP, and was the most reliable
marker for this boundary transition. Area LIPd similarly
showed moderate myelination and prominent bands of
Baillarger in both cases.

In Figure 9A, there is a distinct transition between zone
VIPm, which is matted and heavily myelinated, and VIPl,
which has a pronounced tangential fiber plexus and is
more lightly myelinated, similar to that illustrated in
Figure 2. In Figure 9B, there is a comparable transition
from a more matted pattern medially (VIPm) to a more
tangential pattern at the fundus (VIPl), though the tran-
sition was subtle in this section (indicated by dashed line).
Sections further posterior in this case did show a clearer
transition in myelination density, supporting the presence
of subdivisions of area VIP. Moreover, in no instance did
we observe the opposite trend in staining density across
the fundus of the IPS.

In Figure 9C, dense SMI-32 immunoreactivity was evi-
dent in area LIPv and was well correlated with the my-
eloarchitectonic pattern in neighboring sections (not
shown). On the medial bank of the IPS, there was a
transition in SMI-32 immunoreactivity between 5V, which
contained moderate labeling in layers 3 and 5, and VIPm,
which had a relatively thinner and less densely labeled
band of cell label in layer 5, even when accounting for
cortical thickness along the fold.

Figure 10 shows additional examples of architectonic
patterns at approximately the same anteroposterior level
of the IPS as in Figure 5. In Figure 10A and B, zone LOP
is distinguished from V3A by denser myelination and the
appearance of two bands of Baillarger, though the bands
are more apparent in Figure 10B. In both sections, area
V3A shows a single band of myelination having a matted

Fig. 7. Coronal sections from anterior potions of the IPS (case
93IR) stained for myelinated fibers (A) and SMI-32 immunoreactivity
(B), illustrating the anterior intraparietal area (AIP) relative to areas
5 (5V) and 7b. Dorsal is up. Scale bars 5 1 cm in inset; 1 mm in B.
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or tangential appearance, though the density varies mod-
erately along the cortical fold. In Figure 10B, the transi-
tion from V3A to V3 was characterized by an increase in
myelination density and matted fiber organization.

In Figure 10C,D, area V3A is characterized by a thin
band of SMI-32 immunoreactivity in layer 3. This pattern
contrasted with the denser label of zone LOP (both Fig.
10A and B) and area V3 (Fig. 10D). The section in Figure
10C neighbored that in Figure 10A, and exemplifies the
correlation of transition regions often seen between my-
eloarchitecture and SMI-32 immunoreactivity.

The four flat maps in Figure 11 (same layout as in Fig.
4) illustrate both consistent and variable aspects of the
overall size, shape, and relative positions of the core ex-
tents of subdivisions in and around the IPS. With regard
to geography, the IPS of each flat map had a wedge-like
shape, and was surrounded by the same set of identified
sulci. The overall size and shape of the IPS ranged from
relatively broad (Fig. 11A) to relatively narrow (Fig. 11C).
These differences on the flat maps are not simply attrib-
utable to linear distortions associated with the flattening
process, as they were confirmed by measurements made
on the 3-D reconstructions (see legend). Other variations
in the folding pattern across hemispheres are evident
upon inspection, such as the post-central dimple (anterior
to zone 5D) being more pronounced in Figure 10D than in
the other panels.

Despite individual differences in sulcal morphology, the
positions of architectonic subdivisions around the IPS
were similar in all four hemispheres, though the shapes
and sizes of their outlines varied moderately (within a
factor of 2). The size of each outlined core represents a
lower bound for the actual extent of cortex that is likely to
be occupied by a given subdivision, as the outlines did not
include transitional regions. Thus, the degree of underes-
timation will typically be larger for subdivisions sur-
rounded by wider transition regions. The transition re-
gions are generally widest along the anteroposterior axis,
which largely reflected the use of coronal sections and the
greater difficulty of recognizing transitions across versus
within sections. Other factors that influenced the outline
shapes and sizes included both methodological variability
(staining protocol and flat map distortions) and individual
variability. A similar arrangement of architectonic subdi-
visions was observed in six other hemispheres in which
the IPS was completely mapped.

In Figure 11A,B, the anterior border of LIPv, character-
ized by a decrease in myelination density, coincided with
the anterior limit of the previously mentioned cortical
bulge. However, in Figure 11C,D, the anterior extent of
the bulge (indicated by line segment within LIPv) did not
extend as far as the architectonic features. Thus, archi-
tectonically defined area LIPv was not restricted to the
cortical bulge.

Fig. 8. Myelin stained sections from three different cases illustrating the medial dorsal parietal
area (MDP). A: Case 94IR. B: Case 94CR. C: Case 95DR. Dorsal is up. Scale bars 5 1 cm in inset;
1 mm in A.
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Fig. 9. Coronal sections from middle portions of the IPS stained
for myelinated fibers (A, case 94IR; B, case 94CR) and SMI-32-
immunoreactivity (C, case 93IR), illustrating individual variation of
subdivisions 5V, VIPm, VIPl, LIPv, and LIPd (cf. Fig. 2A,B). In A,

area 7a is evident, characterized by a radial component stronger than
in LIPd. Dashed lines depict transitions inferred in part from neigh-
boring sections. Refer to text for other details. Dorsal is to the upper
left, and lateral to the upper right. Scale bar 5 1 mm in C.

Fig. 10. Coronal sections through the posterior IPS stained for
myelinated fibers (A, case 94IR; B, case 94IR, 2.2 mm further ante-
rior) and SMI-32-immunoreactivity (C, case 94IR; D, case 93IR),
illustrating variation in zone LOP and area V3A (cf. Fig. 5). A and C

illustrate closely spaced sections from the same case. The relatively
dense SMI-32 immunoreactivity of area PO is evident in D. Dorsal is
up, and lateral to the right. Scale bar 5 1 mm in D.



The location of area VIP (VIPm plus VIPl) was consis-
tent across the maps and with physiological boundaries
described by Colby et al. (1993), in that the VIPm/5V
border ranged from 2 to 5 mm up the medial bank (dorsal
to white matter at the fundus), and the VIPl/LIPv border
ranged from 2 to 3 mm up the lateral bank. The architec-
tonic zones within area VIP were depicted by separate
outlines for VIPm and VIPl in three cases, but by lines
within the VIP contour in a fourth case (Fig. 11C) where
the transitions were more subtle (cf. area VIP of Fig. 9B).

The areal extents of V3A and V3 we charted were sub-
stantially smaller than those previously reported (cf. Figs.
1E,F and 11; Van Essen et al., 1986; Colby et al., 1988;
Gattass et al., 1988), especially along their posterolateral
extents. These differences are likely to reflect our use of
coronal sections that obliquely cut the lunate sulcus, re-
sulting in staining patterns that were difficult to interpret
(hence the larger “uncertainty” regions), but they may also
reflect differences in the criteria used. In two cases in
Figure 11, a large unidentified region separated areas PO

Fig. 11. Flat map representations of the distribution of architec-
tonic subdivisions in and near the IPS in four hemispheres. A: Case
95DR (right hemisphere); coronal plane of section (from Fig. 4B).
B: Case 95DL (left hemisphere of the case in A, oriented as a right
hemisphere); coronal. C: Case 94CR; coronal. D: Case 93IR; coronal-
sagittal plane of section. The combined depth of both banks of the IPS
in A is roughly 20 mm (measured from 3-D reconstruction), which is

about 25% greater than the combined depth of the IPS in C (16 mm),
whereas the lengths of the IPS in both cases were about the same
(measured from the juncture with the fundus of the POS to the tip of
the IPS), resulting in a narrower wedge-shaped IPS in C. In C, the
white outline in 7a/7b indicates compromised tissue. Scale bars 5 1
map-cm. Other conventions as in Figure 3.
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Fig. 12. Parcellation schemes from other studies of macaque cor-
tex. All maps are oriented as right hemispheres to facilitate compar-
isons with the present study. A,B: Parcellation from Preuss and
Goldman-Rakic (1991b), including several areas adopted in the
present study, especially in frontal and temporal cortex. C: Parcella-
tion of posterior and midportions of the STS by Cusick et al. (1995).
Criteria for TPO subdivisions, IPa, TEa/m, and TAa were adopted.
D: Areas of the posterior STS related to visual motion processing (Desi-

mone and Ungerleider, 1986). Criteria for defining FST and MSTda
(corresponding to DMZ) were adopted. E: Matelli et al. (1991) intro-
duced area 24 subdivisions adopted in this study (summary figure
from Luppino et al., 1991). F: Barbas and Pandya (1987) introduced
subdivisions M2, 6DC, 4C, 6Va, and 6Vb adopted in the present study.
G: Canonical parcellation scheme adapted from Felleman and Van
Essen (1991) and Drury et al. (1996a), derived from numerous studies
superimposed onto one flat map in which buried cortex is shaded gray.
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and MDP, which may simply represent a large transition
zone (cf. Fig. 1E and 1F) or may include or overlap a
separate area such as physiologically defined V6 and/or
V6A (Galletti et al., 1996, 1999).

Architectonic maps of the cortical
hemisphere

We mapped the location of architectonic subdivisions
across most of the hemisphere in five cases, based mainly
on criteria reported in previous studies (which primarily

used cyto- and myeloarchitecture), but also SMI-32 immu-
nohistochemistry. To place our analysis into a broader
context, Figure 12 shows six parcellation schemes for part
or all of the hemisphere that were particularly useful in
our analysis (see legend). As with the parietal lobe studies
shown in Figure 1, these architectonic maps are shown in
multiple display formats. A major objective of the current
analysis was to generate maps of architectonic subdivi-
sions from individual hemispheres by application of a
consistent set of criteria. Table 2 (similar in layout to

TABLE 2. Architectonic Subdivisions Outside Intraparietal and Nearby Cortex1
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Table 1) summarizes myelination and supplemental
SMI-32 immunoreactivity patterns we found to be the
most consistent in our material.

Here we illustrate maps from three cases (Figs. 13–16).
The first case (95DR) is shown in three complementary
display formats: a series of coronal sections (Fig. 13), a
three-dimensional reconstruction (Fig. 14A,B), and a cor-
tical flat map (Fig. 14C).

In Figure 13, the top left inset shows a lateral view of a
3-D reconstruction, indicating the location of ten coronal
sections illustrated in Figure 13A–J. The adjacent inset
shows the location of the same ten layer 4 contours on the
flat map, which is the same map shown in Figures 3F and
14C. In Figure 13A–J, architectonic subdivisions are indi-
cated by labels; regions of distinctive architecture but
uncertain identity are indicated by “?”; and architectonic
transition regions are indicated by shading.

Figure 14 shows the parcellation from Figure 13 dis-
played on a three-dimensional reconstruction (showing a
subset of identified subdivisions) and on a flat map. The
map contains 79 architectonically identified subdivisions.

Of these, 48 are designated as architectonically distinct
cortical areas (“A” in column 2 of Tables 1 and 2). An
additional ten areas were identified that together contain
24 distinct architectonic zones (“Z[A” in column 2). This
includes six paired zones that respectively belong to ar-
chitectonically identifiable areas (VIP, 5, V4t, TE1–3, 6Va,
and 46), plus four triplets of zones that respectively belong
to architectonically identifiable areas (MST, 23, 24, and
6D). Seven subdivisions (7t, LOP, ST, temporal opercular
caudal [Toc], 4C, 8Am, and 8As) were identified as isolated
architectonic zones (“Z” in column 2). Six additional areas
or regions are designated on the cortical map based pri-
marily or exclusively on their geographic location deter-
mined in previous physiological or anatomical mapping
studies. These include ventral posterior area (VP;
Burkhalter et al., 1986; Newsome et al., 1986; Felleman et
al., 1997), ventral occipitotemporal area (VOT; Felleman
et al., 1986), 31 (Vogt et al., 1987), prostriate cortex (ProS),
retrosplenial cortex (RS), and portions of the S2 complex
outside the core region of S2 (Burton et al., 1995). Some
cortical regions were not thoroughly mapped (e.g., the

TABLE 2. (continued)

1Some rows contain pairs of subdivisions that we did not explicitly distinguish (i.e., 29/30). wm, white matter; cyto, cytoarchitecture. Other conventions as in Table 1. See text for
other details and abbreviations.
AIC87, Amaral et al. (1987)
AGG94, Akbarian et al. (1994)
2BB47, von Bonin and Bailey (1947)
BDG81, Bruce et al. (1981)
BF95, Burton and Fabri (1995)
BFNVE86, Burkhalter et al. (1986)
BP87, Barbas and Pandya (1987)
BRL87, Baylis et al. (1987)
BUD90, Boussaoud et al. (1990)
CGOG88, Colby et al. (1988)
CP94, Carmichael and Price (1994)

MA86, May and Andersen (1986)
MGK93, Morel et al. (1993)
MLR85, Matelli et al. (1985)
MLR91, Matelli et al. (1991)
NHYM96, Nimchinsky et al. (1996)
PGCK85, Pons et al. (1985)
PGR91a,b, Preuss and Goldman-Rakic,

(1991a,b)
RTH95, Rauschecker et al. (1995)
SA94, Suzuki and Amaral (1994)
SDGM89, Stanton et al. (1989)

SMKB95, Schall et al. (1995)
SP76, SP78, Seltzer and Pandya (1976,

1978)
SP89, Seltzer and Pandya (1989)
ST96, Saleem and Tanaka (1996)
SZ85, Shipp and Zeki (1985)
VEFDOK90, Van Essen et al. (1990)
VEMB81, Van Essen et al. (1981)
VPR87, Vogt et al. (1987)
WSMSPT52, Woolsey et al. (1952).

CSCG95, Cusick et al. (1995)
DU86, Desimone and Ungerleider (1986)
FMOM86, Friedman et al. (1986)
GP83, Galaburda and Pandya (1983)
GSG88, Gattass et al. (1988)
HM95, Hof and Morrison (1995)
JB76, Jones and Burton, (1976)
JCH78, Jones et al. (1978)
KW88, Komatsu and Wurtz (1988)
LBVE98, Lewis et al. (1999)
LMCR93, Luppino et al. (1993)
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Fig. 13. Illustration of architectonic core regions on coronal sec-
tions from case 95DR. Top left insets show a lateral view of the 3-D
reconstruction of layer 4, indicating the location of ten coronal sec-
tions (spaced 2.9 mm apart), and the corresponding flat map indicat-
ing the location of the layer 4 section contours. A–J illustrate coronal
sections indicating subdivisions (labeled) and transition regions

(shaded). In some sections, transitions between regions of uncertainty
‘?’ were indicated (e.g., along the STS in I, and V4? in D), though do
not appear on the corresponding flat map reconstruction in Figure 14.
S1, primary somatosensory cortex. Other conventions as in Figure 3.
Scale cross 5 1 map-cm for both insets.



anterior temporal pole and frontal pole), in part because
they were not germane to our analysis of connections with
the IPS in the companion study (Lewis and Van Essen,
2000).

Consistent with earlier studies, the areal boundaries of
architectonically identified subdivisions varied greatly in
size and shape, from large (e.g., area V2 and area 4) to
small and compact (e.g., area G and zone 7t) to highly
elongated (e.g., area 2). As with subdivisions of the IPS,
elongated areas tended to run parallel to the nearest sul-
cal fold, with the most extreme examples being areas 1, 2,
3a, and 3b of somatosensory cortex.

Case 93IR (Fig. 15) encompasses a slightly larger por-
tion of frontal cortex and therefore includes several addi-
tional subdivisions besides those charted in Figure 14.
Altogether, this case included 83 architectonic subdivi-
sions, plus five areas whose approximate location is based
on previous physiological or anatomical mapping studies.

The map of case 94CR (Fig. 16) encompasses all of the
hemisphere except for portions of the frontal pole anteri-
orly and area V1 posteriorly. This case included 90 archi-
tectonically identified subdivisions, plus five areas whose
approximate location is based on previous physiological or
anatomical mapping studies.

As was the case for parietal cortex, the topological rela-
tionships among architectonic subdivisions are very sim-
ilar across the three cases shown in Figures 14 through
16, and the approximate size of core subdivisions are
generally similar across cases (to within a factor of two).
However, there are numerous differences in detail
throughout all regions of the three maps.

Parcellation of subdivisions outside
parietal cortex

Below, we address the general arrangement of architec-
tonic subdivisions in different geographic and functional
domains, with emphasis on those that involve revised or
expanded identification criteria as well as newly identified
subdivisions.

Temporal cortex. We identified more than a dozen
subdivisions in temporal cortex known to be largely or
exclusively visual, plus seven subdivisions in a polysen-
sory strip along the dorsal bank of the superior temporal
sulcus (STS). Within the STS (Fig. 12C and 12D), we
largely followed the nomenclature and architectonic crite-
ria described by Cusick et al. (1995) and Desimone and
Ungerleider (1986) with the exception of revised schemes
for the MST complex and V4t.

In the posterior STS, we identified previously described
architectonic areas MT and floor of superior temporal area
(FST) plus the densely myelinated zone, DMZ of Desimone
and Ungerleider (1986; identified here as MSTda, the
dorso-anterior subdivision of the MST complex). Addition-
ally, we identified zone MSTdp (dorsoposterior subdivision
of MST) as a newly described subdivision, located poste-
rior and medial to MT, plus zone MSTm (medial subdivi-
sion of MST). As shown in Figure 17A (section from map in
Fig. 15), zone MSTdp was distinguished from area MT
(Van Essen et al., 1981) by its slightly less dense appear-
ance in myelination, especially in upper layers (outer band
of Baillarger), and sometimes a more visible bilaminar
organization than area MT (not shown). This transition in
myelination correlated with a differential pattern of
SMI-32 immunoreactivity in which MT showed a trilam-
inar pattern of label including layers 3, 5, and 6 (Cusick et

al., 1995; Hof and Morrison, 1995; also see DeYoe et al.,
1990), whereas MSTdp had a predominantly bilaminar
pattern involving layers 3 and 5 with less label in layer 6.
The MST root for zone MSTdp was retained (as opposed to
MT) due to its lack of connections with area V1 (Lewis and
Van Essen, 2000).

Figure 17 also illustrates the transition from MSTdp to
MSTm, where MSTm was characterized by a decrease
in myelination and SMI-32 immunoreactivity along the
dorsomedial fundus. MSTm contained a single band of
myelinated fibers spanning layers 3 through 6, and was
characterized by a relatively thin band of SMI-32 immu-
noreactivity in layer 3.

In Figure 17B, areas illustrated outside the MST
complex included area 7a, which showed very light
SMI-32 immunoreactivity, and area V4, which was
characterized by a thin band of label in layer 3. The
locations of V4 and 7a, however, were also distinguished
by their myeloarchitecture (cf. Colby et al., 1988; Preuss
and Goldman-Rakic, 1991b), which complemented the
boundaries defined by differential SMI-32 immunoreac-
tivity. The SMI-32 immunoreactivity of V4 and 7a was
consistent across all seven hemispheres examined with
this antibody, though the pattern differed significantly
from the descriptions of Hof and Morrison (1995), per-
haps owing to differences in the staining protocol. Be-
tween areas V4 and MT, area V4t was characterized by
intermediate myelination and SMI-32 immunoreactiv-
ity, consistent with previous reports (Desimone and Un-
gerleider, 1986; Hof and Morrison, 1995). However, V4t
was inhomogeneous in its architecture along the antero-
posterior axis, and we distinguished separate posterior
(V4tp) and anterior (V4ta) zones. Zone V4ta (not shown)
was distinguished from V4tp by its heavier myelination
with a stronger radial component, its denser SMI-32
immunoreactivity, and a denser band of pyramidal cells
in layer 3 of Nissl stained sections.

In inferotemporal cortex we distinguished subdivisions
IPa (IPa plus PGa) and TEa/m (TEa plus TEm; Seltzer
and Pandya, 1978; Baylis et al., 1987; Preuss and
Goldman-Rakic, 1991b; Cusick et al., 1995), and TE1–3
(Seltzer and Pandya, 1978; Saleem and Tanaka, 1996).
Figure 18A shows a striking transition from moderate to
sparse SMI-32 immunoreactivity at the ventral lip of the
STS, as previously described by Hegdé and Felleman
(1995). This transition roughly correlated with the cyto-
and myeloarchitectonic boundaries of area TEm illus-
trated in Figure 18B and C, respectively. All three sec-
tions in Figure 18 also show a boundary distinguishing
area TEa and TEm, including differential SMI-32 immu-
noreactivity that showed a relatively thinner band of label
in layer 3 of TEa. However, in many sections an architec-
tonic distinction between TEa and TEm was not evident;
accordingly, they were outlined jointly as TEa/m on the
flat maps (also see Cusick et al., 1995).

Figure 18 also shows the dorsal portion of the subdivi-
sion we identified as TE1–3, which is a composite of sub-
divisions TE1, TE2, and TE3 of Seltzer and Pandya,
(1978). The dorsal portion of this region, TE1–3(d), was
characterized by dense inner and outer bands of Bail-
larger and a strong radial component, with dorsal and
ventral boundaries that corresponded to the cytoarchitec-
tonic boundaries of TEad described by Saleem and Tanaka
(1996). The ventral portion, TE1–3(v) (not shown), corre-
sponded to their TEav. The dense myelination of TE1–3
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correlated with sparse SMI-32 immunoreactivity, similar
to the pattern observed for area 7b (Figs. 6 and 7). Archi-
tectonic subdivisions ventral to the STS and along the
ventral temporal lobe were based exclusively on cyto- and
myeloarchitecture (see Table 2), as SMI-32 and CAT-301
immunoreactivity was too sparse to reliably differentiate
boundaries.

Lateral sulcus. In the lateral sulcus (Sylvian fissure),
we identified four architectonic subdivisions in regions
known or suspected to be auditory-related, seven subdivi-

sions known or suspected to be somatosensory-related,
plus gustatory cortex. We mainly used the criteria de-
scribed by Preuss and Goldman-Rakic (1991b) for areas
opercular 7 (7op), temporo-parietal (Tpt), and precentral
opercular cortex (PrCO); those of Jones and Burton (1976)
and Friedman et al. (1986) for areas S2, retroinsula (Ri),
parainsular (Pi) and the insular regions granular (Ig),
dysgranular (Id), and agranular insular cortex (Ia); those
of Morel et al. (1993) for areas primary auditory cortex
(A1) and auditory area R (R), which were grouped together

Fig. 14. A–C: Three-dimensional (lateral and medial views) and
flat map reconstruction of case 95DR. The flat map representation
includes 79 architectonically derived subdivisions overlaid on a rep-
resentation of mean curvature. The 3-D maps illustrate a subset of the
subdivisions identified in this hemisphere. Subdivisions that extend
beyond the bounds of the flat map are indicated by open contours.
Cortical tissue compromised by skull openings (resulting from tracer
injection experiments) are indicated by light gray outlines (i.e., near

7a/7b and V4/DP transition regions). Electrode recording penetrations
near the tip of the IPS are represented as black dots (see Lewis et al.,
1999). Area V1 and portions of the frontal lobe and the temporal pole
were not included in the maps (refer to Fig. 3). To reduce distortions,
one cut was introduced (pair of dashed lines) extending from the
V1/V2 border, along prostriate cortex, and out to the corpus callosum.
In the STS, m 5 MSTm; dp 5 MSTdp; da 5 MSTda; and i 5 TPOi. For
other details and conventions see Figure 3.
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in one outline; and those of Carmichael and Price (1994)
for gustatory cortex (G).

Figure 19 illustrates the newly defined zone identified
as Toc (temporal opercular, caudal), which is located im-
mediately posterior to primary auditory cortex (area A1;
cf. Fig. 16). Zone Toc was best distinguished from sur-
rounding cortex by its SMI-32 immunoreactivity, which
was dense along the ventral bank of the lateral sulcus,
including a broad band of label in layer 3, a thin band in

layer 5, and sometimes a lighter band in layer 6. This
pattern was similar to that seen in A1, though not as
dense. Additionally, Toc had a lighter and less distinctive
laminar organization than A1 in both acetylcholinesterase
stains (which was used to define A1) and cytoarchitecture
(Morel et al., 1993). With myelin staining, zone Toc
showed an overall dense and matted appearance, in con-
trast with the more distinct banded patterns of cortex
medial (Ri) and lateral (Tpt).

Fig. 15. A–C: Flat map representation of case 93IR, showing 83
architectonically derived subdivisions. Insets show the same subset of
subdivisions depicted in Figure 14. Much of the frontal lobe, the tip of
the temporal pole, and the posteriormost portions of V2 were not
included in the original cortical block. Two cuts were introduced, one
extending from V1, along prostriate, and out to the corpus callosum,
and the other extending from the callosum, along the architectonic

border between 13b and 14, out to the anteriormost section of the
block. The fingerlike projection of medial prefrontal cortex results
from its not being well constrained by cortex further rostral (cf. Fig.
16). The pre- and postcentral dimples, as well as minor misalignment
“ripples” (e.g., along the cingulate sulcus), are more evident in this
case than the other two. Average areal distortion 5 4.3%. Other
conventions as in Figure 14.
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Fig. 16. A–C: Flat map representation of case 94CR including 90 architectonically derived subdivi-
sions. Anterior portions of the temporal pole and frontal pole were not included in the maps. Thus, areas
46v and 10m, for example, extend into the crease in the upper right portion of the map, which differs from
the other flat maps. Average areal distortion 5 13.5%. Other conventions as in Figures 14 and 15.
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Figure 19 also illustrates areas 7a, 7op, Tpt, and in-
cluded the anterior transition region of the retroinsular
area (labeled “Ri?”) of Jones and Burton (1976). Area 7a
had a stronger radial component than 7op, whereas 7op
was characterized by a denser outer band of Baillarger.
Additionally, SMI-32 immunoreactivity was sparser in 7a
(cf. Fig. 17B), gradually increasing in density in 7op. Area
7op was identified primarily by its prominent band of
layer 3 stained cells in cytoarchitecture (Preuss and
Goldman-Rakic, 1991b). Along the ventral lip of the lat-
eral sulcus, area Tpt was characterized by a stronger

radial component in myelination, which corresponded
with the radial columns in Nissl stains described by
Preuss and Goldman-Rakic (1991b). Tpt was also charac-
terized by lighter SMI-32 immunoreactivity than Toc,
temporal parietal occipital caudal (TPOc), and temporal
parietal occipital intermediate (TPOi).

Somatosensory cortex. We identified seven somato-
sensory-related areas posterior to the central sulcus,
arrayed in a pattern largely consistent with previous stud-
ies. Somatosensory areas distinguishable by cytoarchitec-
tonic and myeloarchitectonic features included areas 3a,
3b, 1, 2, 5 (Jones et al., 1978; Pons et al., 1985), plus 7b
(PF), 7op (PFop), (PG; Pandya and Seltzer, 1982), and S2
(Preuss and Goldman-Rakic, 1991b). SMI-32 immunore-
activity patterns provided additional useful criteria for
delineating many of these areas (Table 2). One significant
revision is that the posterior border of area 2 did not
include the medial bank of the IPS, as is described in
detail elsewhere (Lewis et al., 1999).

Premotor and prefrontal cortex. Subdivisions of pre-
motor cortex identified in this study included cytoarchi-
tectonically defined motor area 2 (M2) and zone 4C (Fig.
12F) of Barbas and Pandya (1987; see Fig. 12F), and
myeloarchitectonically defined subdivisions 6Ds, 6D, 6Va
(with revised medial and lateral subdivisions), 6Vb, and
PrCO of Preuss and Goldman-Rakic (1991a; see Fig. 12A).
In prefrontal cortex, we used the criteria of Preuss and
Goldman-Rakic (1991a) for subdivisions 8Ac, 8Am, 9, and
46v, and those of Carmichael and Price (1994) for areas
45, 10m, 11m, 11l, 12, 13a, 13b, 13l, 13m, 14, 25, and 32.
We were not able to distinguish consistently between sub-
divisions 8Ar, 46dr and 46vr of Preuss and Goldman-
Rakic (1991a) and instead identified these as a single zone
46p (posterior).

Figure 20 illustrates area 45, which was particularly
prominent in our material, and zones 6Vam and 6Val
along the fundus of the arcuate sulcus. Area 45 was char-
acterized by relatively heavy myelination with a broad
and dense outer band (Fig. 20A), while showing a corre-
sponding increased density of SMI-32 immunoreactivity
(Fig. 20B). Area 45 in this study was largely coextensive
with area 45 of Carmichael and Price (1994), but the
ventral transition region appeared to overlap their area 8.
Zone 6Vam, which may correspond to a subdivision of 6Va
suggested by Preuss and Goldman-Rakic (1991a), was
characterized by light myelination with often a thin outer
band of Baillarger, in addition to sparse SMI-32 immuno-
reactivity. Zone 6Val was more densely myelinated than
6Vam, and had a more prominent outer band of Baillarger
than surrounding cortex. In sections further posterior, the
density of myelination and SMI-32 immunoreactivity of
6Val was typically greater than that shown in Figure 20.

Cingulate cortex. Along the medial wall of the hemi-
sphere, we identified cingulate area 23 (in some cases with
a further subdivision into 23a/b and 23c), a probable loca-
tion for area 31, and combined areas 29 and 30 based on
cytoarchitectonic criteria by Vogt et al. (1987). We also
identified area 24 subdivisions, including 24a, 24b, and
24d by Matelli et al. (1991; see our Fig. 12E). Their ante-
rior subdivision 24c was difficult to distinguish from the
posterior subdivision 24d in our material, and thus was
outlined jointly in cases that included anterior cortex. As
shown in Figure 21, zone 24d was characterized by light to
moderate myelination with a single band including layers
3 though 6, and a very light but consistent band of SMI-32

Fig. 17. Coronal sections from case 93IR of posterior portions of
the superior temporal sulcus stained for myelinated fibers (A) and
SMI-32 immunoreactivity (B), illustrating zones MSTm and MSTdp
(dorsal-posterior), in addition to 7a, MT, V4tp, and V4. A is of higher
magnification than B. The m 5 MSTm in B. Scale bars 5 1 mm in A,B;
1 cm in insets.
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immunoreactivity in layer 3. This pattern contrasted with
area M2, which showed considerably denser myelination
and denser SMI-32 immunoreactivity in layers 3 and 5. In
ventral (lower) portions of Figure 21, zone 24b was char-
acterized by moderately dense myelination, a prominent
radial component, and by sparse or absent SMI-32 immu-
noreactivity. Other cingulate subdivisions along the ven-
tral medial wall (including 23a/b, and 24a) were also
nearly devoid of SMI-32 immunoreactivity.

Regional correlations and trends

In many regions of cortex, particularly in the dorsal part
of the hemisphere, the density of SMI-32 immunoreactiv-
ity in layers 3 and 5 was positively correlated with the
density of myelination (cf. Tables 1 and 2). This was par-
ticularly evident in and around the IPS (LIPv, VIPl,
VIPm, portions of area 5), central sulcus (areas 1, 2, 4),
arcuate sulcus (6DC, 4C, 6Val), and portions of the lunate,
parieto-occipital (V3, PO, PIP), lateral (A1, and Toc), and
cingulate sulci. Notable exceptions involving relatively
dense myelination but light SMI-32 immunoreactivity in-
cluded areas 7a (Fig. 19), 7b (Fig. 6), Tpt (Fig. 19), portions
of S2, V4, TE1–3(d) (Fig. 18), TE1–3(v), and ventral por-
tions of the temporal lobe (TF and TH). No cortical regions
were observed having dense SMI-32 immunoreactivity to-
gether with light myelination.

We examined the patterns of SMI-32 immunoreactivity
for systematic correlations with sulcal and gyral geogra-
phy. Cell label tended to be lighter along the fundi of most
sulci relative to the neighboring sulcal banks, even when
taking into consideration differences in the thickness of
cortical layers. This was particularly evident in the IPS
(PIP, VIPl, V3A, and possibly AIP), the STS (IPa and
MSTm), the central sulcus (area 3a), the arcuate sulcus
(8Am and 6Vam), and the lateral sulcus (Pi, and possibly
Ri). Some notable exceptions included areas MT (which
lies along a shallow fold), gustatory cortex (area G), and
portions of the S2 complex (along the superior limiting
fundus). Surface cortex often showed lighter label than
along sulcal walls, with the notable exceptions of areas 4,
1, 2, and portions of areas 5 and premotor cortex.

In an examination of gradients of staining within area
V1, Hof and Morrison (1995) reported that SMI-32 immu-
noreactivity tended to be greater for the peripheral repre-
sentation than for the central visual field representation.
Based on visual inspection of extrastriate visual cortex,
we observed similar trends of denser immunoreactivity for
peripheral versus central portions of several other topo-
graphically organized areas, including V3, V4, MT, and
PO (with the possible exception of V4t). Likewise, in so-
matosensory areas 1, 2, and the S2 complex, the estimated
face and possibly digit representations appeared less

Fig. 18. Coronal sections from case 93IR through the middle portion of the superior temporal sulcus
stained for SMI-32 immunoreactivity (A), cytoarchitecture (B), and myelinated fibers (C), illustrating the
inferotemporal areas TEa, TEm, and TE1-3(d). Scale bars 5 1 mm in A; 1 cm in insets.
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heavily labeled with SMI-32 immunoreactivity than re-
gions representing the trunk and leg. However, to confirm
these impressions in the face of variability of overall stain-
ing density from one layer to the next and from one section
to the next would entail a quantitative analysis outside
the scope of this study. Nonetheless, such trends at least
serve as a reminder that there can be a functionally rele-
vant basis for gradients of staining patterns within many
of the subdivisions throughout the hemisphere.

DISCUSSION

Over the past century, numerous architectonic studies
have charted the arrangement of cortical areas in the

macaque, and many different partitioning schemes re-
main in current usage (e.g., Figs. 1 and 12). Resolving
discrepancies among these schemes has remained diffi-
cult, owing to various obstacles that include differences in
terminology, display formats, spatial scale of the analysis,
criteria used to distinguish architectonic boundaries, and
availability of independent criteria for confirming archi-
tectonic transitions. Consequently, a consensus on the
specific identities and arrangement of areas has emerged
for only a modest fraction of the total cortical expanse.

The present study represents a significant step towards
the ultimate objective of a systematic and comprehensive
charting of architectonic subdivisions in the macaque. By
combining information from multiple staining methods
(Nissl, myelin, SMI-32, and CAT-301) we obtained a more
robust characterization of reliable subdivisions than is

Fig. 19. Coronal section from the posterior portion of the lateral
sulcus of case 93IR, stained for myelinated fibers (A) and SMI-32
immunoreactivity (B), illustrating the temporal opercular caudal zone
(Toc). Also illustrated are 7a, 7op, Tpt, TPO (TPOc/TPOi transition
region), and the anterior transition region of Ri (Ri?). Scale bars 5 1
mm in B; 1 cm in insets.

Fig. 20. Coronal sections through the arcuate sulcus of case 94IR
stained for myelination (A) and SMI-32 immunoreactivity (B), illus-
trating area 45 and zones 6Vam and 6Val. Scale bars 5 1 mm in B; 1
cm in insets.
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attainable from only one or two methods alone. Our use of
computerized surface reconstructions and multiple dis-
play formats (3-D reconstructions, slices, and flat maps)
has allowed the preservation and ready visualization of an
enormous amount of detailed information about architec-
tonic boundaries for each hemisphere analyzed.

Our analysis provides evidence for at least 72 architec-
tonically identifiable areas, and 93 distinct subdivisions
(areas plus zones) in a region covering most of neocortex in
the macaque. The total number of cortical subdivisions
must be considerably larger, given the extent of uncharted
or incompletely charted cortex in the present study and
given the existence of known or suspected areas which do
not overlap the current partitioning scheme (e.g., area VP
plus subdivisions of inferotemporal cortex reported by
Felleman and Van Essen, 1991). We estimate that the
total number of architectonically identifiable subdivisions
in macaque neocortex is likely to exceed 100 but will
perhaps not exceed 120.

A substantial fraction of the cortex charted in the
present study was not assigned to a specific architectonic
area or zone, but rather to the transitional region in be-

tween two or more subdivisions. An important but unre-
solved issue is the degree to which these transitional re-
gions represent biologically genuine gradations between
neighboring areas. One extreme possibility is that every
cortical neuron has a clear “identity” that associates it
unambiguously with one and only one cortical area, even
when technical limitations (variability in staining, etc.)
hinder the investigator’s efforts to determine that iden-
tity. Another possibility is that the physiological and con-
nectional properties of neurons in architectonic transition
regions reflect progressive shifts in characteristics, which
could imply that neurons do not have an unambiguous
identity in these regions. Our strategy of charting the
extent of each architectonic transition region allowed us to
remain neutral on this issue, while retaining valuable
information about consistency and variability in the size,
shape, and location of each subdivision.

Many comparisons with previously published partition-
ing schemes have already been noted in the Results and in
Tables 1 and 2. In the remainder of the Discussion, we
concentrate on a few comparisons that are particularly

Fig. 21. Coronal sections though the anterior cingulate sulcus (at the level of the posterior arcuate)
of case 95DR stained for myelination (A) and SMI-32 immunoreactivity (B). The sections illustrate 24b,
24d, and M2. Scale bars 5 1 mm in B; 1 cm in insets.
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significant in relation to our understanding of cortical
organization.

Parietal cortex

The 13 areas (17 architectonic subdivisions) we identi-
fied in the intraparietal and parieto-occipital region (Fig.
11, Table 1) substantially exceed the number reported in
any single previous study. The arrangement we describe is
broadly similar to the schemes of Preuss and Goldman-
Rakic (1991b) and (despite the terminological differences)
of the Pandya laboratory (Seltzer and Pandya, 1980, 1986;
Pandya and Seltzer, 1982). Our results have particular
bearing on the status of six architectonic subdivisions,
including LIPv, LIPd, LOP, two subdivisions of VIP, and
zone 7t.

Areas LIPv and LIPd. Although an architectonic dis-
tinction has previously been reported for LIPv versus
LIPd (Blatt et al., 1990) and for POa-i and POa-e (Seltzer
and Pandya, 1980), these subdivisions have not been gen-
erally recognized as distinct areas. In our view, the case
for identifying ventral (LIPv) and dorsal (LIPd) subdivi-
sions of LIP as distinct areas is greatly enhanced by the
robustness and consistency of the architectonic transi-
tions identified in the present study, by connectivity dif-
ferences discussed in the accompanying study (see Lewis
and Van Essen, 2000), and by recent evidence for physio-
logical differences as well (Ben Hamed et al., 1999). The
cytoarchitectonic borders of LIPv (roughly POa-i by Selt-
zer and Pandya, 1980), when present, corresponded well
with the robust myelin (Blatt et al., 1990) and SMI-32
immunoreactivity borders. However, the cytoarchitectonic
transitions were more difficult to identify reliably in our
tissue, and consequently, the degree to which areas LIPv
and LIPd are coextensive with POa-i, and POa-e, respec-
tively, remains to be determined.

Zone LOP. The architectonic features of zone LOP
(lateral occipital parietal) differ from neighboring areas
V3A, PIP, and DP, but are similar to those of LIPv, raising
the issue as to whether it should be considered as part of
LIPv. LOP is situated significantly posterior to LIPv as
defined by Blatt et al. (1990) and Andersen et al. (1990;
also see POa-i of Seltzer and Pandya, 1980). However,
LOP appears to have been included as part of architec-
tonically defined LIPv by Schall et al. (1995), who further
showed that different portions of their LIPv (our LIPv plus
LOP) project to different portions of the frontal eye fields.
Thus, LIPv and perhaps LOP may be organized in relation
to saccade amplitude. On the other hand, there are signif-
icant connectional differences between LOP and LIPv dis-
cussed in the companion article (Lewis and Van Essen,
2000). In addition, recent physiological studies (Sakata et
al., 1999; Tsutsui et al., 1999) have reported neurons
sensitive to 3-D surface orientation that were concen-
trated in the caudal IPS (cIPS), in a region that appears on
geographic criteria to overlap zone LOP. Together, these
data are suggestive of a functional distinction between
zone LOP and area LIPv.

Area VIP. Area VIP has previously been regarded as a
single area based on its connectivity (Van Essen et al.,
1981; also see Felleman and Van Essen, 1991), its archi-
tecture (Preuss and Goldman-Rakic, 1991b; area IPd of
Seltzer and Pandya, 1986), and its physiological charac-
teristics involving visually responsive direction-selective
neurons (Colby et al., 1993). In the present study, we
found evidence for consistent architectonic differences be-

tween medial and lateral subdivisions, VIPm and VIPl.
However, the modest nature of these architectonic differ-
ences and of the connectional differences encountered in
the companion study (Lewis and Van Essen, 2000) do not
in our view warrant identifying VIPm and VIPl as distinct
areas. Instead, we currently regard VIP as a cortical area
characterized by inhomogeneous architecture whose func-
tional significance remains to be determined.

Zone 7t. Zone 7t appears to overlap or reside within
the parietal vestibular field as defined by physiology
(Schwarz and Fredrickson, 1971, 1974; Büttner and
Buettner, 1978; but also see Grüsser et al., 1990) and
connectivity (Akbarian et al., 1994; Faugier-Grimaud et
al., 1997). Additionally, 7t borders or partially overlaps
vestibular-related area 2v as defined cytoarchitectonically
by Schwartz and Fredrickson (1974; compare our Fig. 6
with their Fig. 2A). However, we were unable to identify
cytoarchitectonic area 2v in our material, so the exact
relationship between 7t, 2v, and the vestibular projecting
regions remains unclear. Physiological recordings
(Leinonen and Nyman, 1979) also suggest that 7t may
overlap an extensive mouth or face representation.
Whether the vestibular and somatosensory domains over-
lap or interdigitate in this region is not known, but reso-
lution of this issue may benefit from the architectonic
distinctiveness (especially SMI-32 immunoreactivity) of
zone 7t.

Temporal cortex

Our parcellation of temporal cortex was primarily based
on several earlier studies that utilized cyto- and myeloar-
chitecture. However, based on SMI-32 immunoreactivity
patterns, we adopted a tripartite arrangement of subdivi-
sions within the MST complex, and propose supplemental
criteria for parcelling portions of inferotemporal cortex.

MST complex. Area MST was originally defined based
on connections with MT (Maunsell and Van Essen, 1987),
but subsequent architectonic, connectivity, and physiolog-
ical studies of this region have led to numerous parcella-
tion schemes (Table 2 and Fig. 12). With regard to archi-
tecture of the MST complex, there is general agreement in
identifying a densely myelinated zone (DMZ), termed
MSTda (dorsal-anterior) in the present study, along the
superior bank of the STS (Desimone and Ungerleider,
1986; Ungerleider and Desimone, 1986b; Komatsu and
Wurtz, 1988; Boussaoud et al., 1990; Cusick et al., 1995).
Architectonic descriptions of the remaining portions of
MST are more controversial.

We identified zones MSTm (medial subdivision) and
MSTdp (dorsal-posterior subdivision), which differ from
previous parcellation schemes. Zone MSTm appears to
partially overlap the subdivision MTp plus the dorsal part
of MST(c) (Desimone and Ungerleider, 1986; Boussaoud et
al., 1990). On these grounds, MSTm appears to include
both peripheral and central visual field representations
(also see Komatsu and Wurtz, 1988). Zone MSTdp was
readily distinguished from MSTm in our material. MSTdp
was also differentiated from area MT in both myeloarchi-
tecture and SMI-32 immunoreactivity, though this dis-
tinction was more subtle. MSTdp may overlap the V2
projection zone described by Ungerleider and Desimone
(1986a: their Fig. 11) located immediately posterior to
area MT (their MT*). Area MT as delineated based on
SMI-32 immunoreactivity by Hof and Morrison (1995) and
Cusick et al. (1995) appears to be substantially larger
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than the dimensions reported in other studies (Van Essen
et al., 1981; Maunsell and Van Essen, 1987; Ungerleider
and Desimone, 1986a), and thus may include part or all of
MSTdp as defined in the present study.

TE subdivisions. In inferotemporal cortex, we ob-
served striking differential SMI-32 immunoreactivity lo-
cated at the ventral lip of the STS, consistent with Hegdé
and Felleman (1995). This boundary is approximately cor-
related with the lateral border of TEm, as described by
Preuss and Goldman-Rakic (1991b). However, other stud-
ies have located the ventral boundary of TEm significantly
further ventral (about 1 cm) along the surface cortex,
based on cyto- and myeloarchitecture (Seltzer and Pan-
dya, 1978; Baylis et al., 1987) and parvalbumin and
SMI-32 immunostaining (Cusick et al., 1995). Differences
in the location of the TEm boundary may reflect individual
variability and/or the anteroposterior extent illustrated
across the above studies, or there may be additional ar-
chitectonic subdivisions in this region of cortex. Connec-
tivity studies suggest additional subdivisions of infero-
temporal cortex that overlap TEa and TEm, including
dorsal subdivisions of posterior inferotemporal, central
inferotemporal, and anterior inferotemporal areas (PITd,
CITd, and AITd), respectively; (Van Essen et al., 1991;
DeYoe et al., 1994; Lewis and Van Essen, 2000), though
these subdivisions remain to be established architectoni-
cally.

Ventral to TEm, we identified the region TE1–3, which
overlaps areas TE1, TE2, and TE3 of Seltzer and Pandya
(1978), though we could not distinguish these three sub-
divisions in our material. We did observe a transition
between dorsal and ventral portions within this zone that
corresponded to the cytoarchitectonic boundary between
TEad and TEav illustrated by Saleem and Tanaka (1996).
However, the posterior extent of these two subdivisions
was unclear in our material. This region of cortex has also
been parcelled based on connectivity, including areas
PITv, CITv, and AITv (Van Essen et al., 1991; DeYoe et
al., 1994), though corresponding architectonic subdivi-
sions also remain to be established.

Frontal cortex

6Va subdivisions. Preuss and Goldman-Rakic (1991a)
reported that the cortex of 6Va may be further divided
based on myeloarchitecture, with denser staining present
in dorsolateral cortex relative to ventromedial cortex
along the fundus of the arcuate. We confirmed this dis-
tinction and supported it by differential SMI-32 immuno-
reactivity, thereby charting medial (6Vam) and lateral
(6Val) zones of 6Va across multiple cases.

Frontal eye fields. Based on geography, the location
of zone 6Vam and portions of area 45 may correspond to
the lateral frontal eye field (FEFl) of Schall et al. (1995).
Additionally, area 8Ac plus portions of 8Am and 8As may
correspond to their medial frontal eye field (FEFm; also
see Table 2). If so, this would suggest that both FEFl and
FEFm contain a mixture of dense SMI-32 immunoreactiv-
ity (area 45 and 8Ac) and lighter SMI-32 immunoreactiv-
ity (6Vam and 8Am).

Towards canonical partitioning schemes and
probabilistic surface-based atlases

In analyzing results from multiple hemispheres, the
present study has relied on side-by-side comparisons of
separate cortical maps for each individual hemisphere. A

valuable complementary strategy is to bring results from
different individuals onto the common substrate of a cor-
tical atlas. When the data of interest are represented on
cortical surface reconstructions, it is advantageous to use
a surface-based atlas as the target and to use surface-
based warping to project results from individual hemi-
spheres onto the target map (Drury et al., 1996b, 1997,
1988; Fischl et al., 1999; Van Essen et al., 1998a,b). This
approach respects the topology of the cortical surface
while taking into account individual differences in the
pattern of cortical folds when mapping results from indi-
viduals onto an atlas.

One application of surface-based warping is to deform
multiple partitioning schemes onto a common atlas,
thereby facilitating comparisons between schemes (Drury
et al. 1996b, 1997, 1988). This can aid in ascertaining
whether overlapping subdivisions from different schemes
are likely to represent semantics (i.e., different names for
what is fundamentally the same area) or substance (i.e.,
genuinely different schemes for subdividing a given corti-
cal domain). Such information should aid in resolving
discrepancies between schemes and more rapidly converg-
ing on consensus partitioning schemes throughout the
cortical mantle. Another application is to develop proba-
bilistic atlases that reflect individual variability in the
size, shape, and geographic location of areas within a
given partitioning scheme. For example, we have de-
formed the architectonic areas in parietal cortex from the
multiple cases shown in Figure 11 onto an atlas (Drury et
al., 1999). Each point on the resultant atlas is associated
with a probability that it belongs to the core area of one or
another of the identified architectonic subdivisions. A
third application is to make comparisons across species,
particularly between macaques and humans. Despite the
large differences in size and in pattern of convolutions, it
is possible to generate deformations between macaque
and human cortical maps as a test bed for exploring pos-
sible homologies as well as species differences (Van Essen
et al., 1998b).

Collectively, these and related approaches in computa-
tional neuroanatomy hold great promise for obtaining pro-
gressively more accurate maps of cortical architecture and
in using this information more efficiently and accurately
as a guide for other anatomical, physiological, and behav-
ioral studies in macaques and for comparisons with other
species.
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