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Face recognition is of central importance for primate social behavior. In both humans and macaques, the visual analysis of faces is
supported by a set of specialized face areas. The precise organization of these areas and the correspondence between individual
macaque and human face-selective areas are debated. Here, we
examined the organization of face-selective regions across the
temporal lobe in a large number of macaque and human subjects.
Macaques showed 6 regions of face-selective cortex arranged in a
stereotypical pattern along the temporal lobe. Human subjects
showed, in addition to 3 reported face areas (the occipital, fusiform, and superior temporal sulcus face areas), a face-selective
area located anterior to the fusiform face area, in the anterior
collateral sulcus. These results suggest a closer anatomical correspondence between macaque and human face-processing systems
than previously realized.
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F

or primates as social animals, faces are immensely important
stimuli, carrying a wealth of social information. Given the
paramount importance of face recognition for primates, the
underlying neural mechanisms must have been subject to the
highest selective pressure through the course of evolution (1, 2).
As a consequence, a common primate face recognition system
may exist, providing the basic scaffold around which speciesspecific specializations may have then evolved.
In humans, extensive behavioral and neurological evidence
suggests that specialized mechanisms exist for processing faces
(3, 4). This notion is supported by functional imaging experiments showing several face-selective areas in the temporal lobe,
including the fusiform face area (FFA), the occipital face area
(OFA), and a face area in the superior temporal sulcus (STS-FA)
(5). Furthermore, evidence has been put forward that these areas
have different functional specializations, suggesting that the
OFA is involved in processing face parts (6), the STS-FA in
processing changeable aspects such as gaze direction (7), and the
FFA in processing identity (8, 9). Thus, the human faceprocessing system seems to be organized around 3 specialized
face areas (10).
In macaque monkeys, the existence of face-selective cortical
areas, so called ‘‘face patches,’’ was demonstrated by fMRI (11,
12). Tsao et al. (11) reported 3 regions of face-selective cortex in
inferotemporal (IT) cortex, organized along an anterior–
posterior axis. This finding immediately raised the question of
how macaque face patches relate to those of humans and, more
generally, whether there is a common functional organization for
face processing in primates. By computationally stretching the
cortical surface of the macaque brain over the human cortical
surface, the macaque middle face patch was found to lie quite
close to the human FFA (11). The human FFA and macaque
middle face patch were also the largest within each species.
Although this spatial correspondence analysis is, of course, a
far cry from demonstrating homology, it raises an important
question about the functional organization of face-selective
cortex. If the human FFA corresponds to the macaque middle
face patch, then what does the macaque anterior face region
correspond to? Because no face area anterior to the FFA has
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been reported in humans to date, an area corresponding to the
anterior macaque face region seems to be missing. Therefore, the
correspondence between macaque and human face areas remains unclear, and it is an open question whether the 2 species
whose last common ancestor dates back more than 20 million
years (13) share a common functional architecture for face
processing.
Here, we used fMRI in macaques and humans to address two
fundamental questions about the organization of the primate
face processing system. First, what is the exact composition of the
macaque face processing system? Is there a consistent and
reproducible pattern of face-selective cortex across individuals?
The numbers of face-selective regions reported in previous
studies differ [three (11), two (12, 14)], but only small numbers
of animals were used in these studies. Here, we identified
face-selective regions across the temporal lobes of 10 macaques,
allowing a true population perspective. Second, is there faceselective cortex anterior to the FFA in humans? Intracranial
electrocorticograms show face-selective evoked potentials (15)
anterior to the FFA, suggestive of an anterior temporal face
region. However, earlier fMRI studies did not cover the anterior
portions of the human temporal lobe (5) and, therefore, could
not address the existence of face-selective regions in the anterior
temporal lobe. Here, we used a slice prescription that covered
the entire human temporal lobe (as well as a large portion of the
frontal lobe).
Results
Both monkeys and humans were scanned while awake and
passively fixating. Stimuli consisted of human faces, macaque
faces, hands, gadgets, fruits and vegetables, headless bodies, and
scrambled patterns, presented in separate blocks. By using the
same method (fMRI), the same stimulus material, and the same
analysis procedures, we could directly compare the functional
organization of face selectivity in these 2 species.
Face-Selective Regions in Monkeys. We scanned 10 macaques with
the standard face localizer stimulus to identify face-selective
regions. In 1 animal (M10), we did not find any face-selective
regions despite repeated scans [see supporting information (SI)
Table S1]. Fig. 1 and Figs. S1 and S2 present results from the 9
remaining monkeys. Fig. 1 A shows face-selective regions in the
left and right hemispheres of monkey M1 on flattened maps of
the posterior half of the brain; Fig. S2a shows the same data on
high-resolution coronal slices. This animal had 6 discrete face
patches in each hemisphere, distributed along the anterior–
posterior axis of the temporal lobe. The 2 main subdivisions of
IT cortex are TEO (a cytoarchitectonic area in posterior IT
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Fig. 1. Face-selective regions in 2 macaques, superimposed on flattened
cortical surfaces (A and B) and a lateral view of the inflated hemispheres (C).
Computational flattening involves distorting the spatial arrangement of the
data and underestimates the size of the sulci (shown in dark gray). Color scale
bars indicate the negative common logarithm of the probability of error. PL,
posterior face patch; MF, middle face patch in the STS fundus; ML, middle face
patch on the STS lip; AF, anterior face patch in the STS fundus; AL, anterior face
patch on the STS lip; AM, anterior face patch on the ventral surface of IT just
lateral and anterior to the AMTS; ls, lunate sulcus; ios, inferior occipital sulcus;
ots, occipitotemporal sulcus; sts, superior temporal sulcus; ips, intraparietal
sulcus; sf, Sylvan fissure.

cortex) and TE (a cytoarchitectonic area in anterior IT cortex).
These patches were organized into 1 posterior patch on the
lateral surface of TEO (which we will refer to as PL, for posterior
lateral), 2 middle face patches in posterior TE, 1 located in the
fundus of the STS (MF, for middle fundus) and 1 on the lower
lip of the STS (ML, for middle lateral), and 3 patches in anterior
TE, 1 located near the fundus of the STS (AF, for anterior
fundus), 1 on the lower lip of the STS and adjacent gyrus, in
anterior dorsal TE (AL, for anterior lateral), and 1 more
medially on the ventral surface, just lateral and anterior to the
AMTS, in anterior ventral TE (AM, for anterior medial).
The set of face patches for monkey M1 (Fig. 1 A and Fig. S2a)
represents the prototypical pattern. Face patches of 8 additional
animals (Figs. S1 b–i and 2 b–i) confirmed this pattern. Individual animals and hemispheres exhibited slight variations from this
pattern. We observed 4 specific types of variation: (i) In 4 of 18
hemispheres, PL and ML were confluent (right hemispheres of
M2, M4, and M6; left hemisphere of M5). (ii) In 3 hemispheres,
ML and MF were confluent (left hemispheres of M5, M8, and
Tsao et al.

M9). (iii) In several animals, ‘‘extra’’ spots of face-selective
activation beyond the prototypical 6 patches were observed;
these were usually small and unilateral (e.g., left hemisphere of
M2, just posterior to AL; right hemisphere of M3, just posterior
to ML; right hemisphere of M9, posterior to MF in the fundus
of the STS). In 1 case, we observed a sizeable, bilateral pair of
face patches at an unexpected location (M7, posterior to PL, in
both hemispheres). (iv) Finally, in 2 hemispheres, 1 or more of
the 6 patches were absent (AM and AF in the right hemisphere
of M7; PL in the right hemisphere of M9). Overall, despite these
variations, the robustness of the 6-patch pattern across the 9
animals is striking.
In cases where 2 patches were confluent (always either PL and
ML, or ML and MF), we could also, in theory, have concluded
that 1 of the patches was missing. However, the size of agglomerate patches suggests that they do indeed represent confluent
subcomponents. For example, in monkey M6, PL was confluent
with ML in the right hemisphere but discrete from ML in the left
hemisphere (Fig. S1f). The size and location of the PL–ML
agglomerate in the right hemisphere were similar to that of PL
and ML combined in the left hemisphere.
All of the patches shown in Fig. 1 and Figs. S1 and S2 were
robust and reproducible across independent scan sessions (Fig.
S3). Thresholds were chosen to allow all robust patches to be
revealed, and the number of patches was not dependent on the
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Fig. 2. Face-selective regions in the left and right temporal lobes of 2
humans, superimposed on flattened cortical surfaces (A and B) and a ventral
view of the inflated hemispheres (C). OFA, occipital face area; FFA, fusiform
face area; STS-FA, superior temporal sulcus face area; AFP1, anterior face
patch 1; aos, anterior occipital; los, lateral occipital; lots, lateral occipitotemporal; ips, intraparietal; its, inferior temporal; sts, superior temporal; pos,
parietooccipital; cas, calcarine; cos, collateral; tos, transoccipital; pcs, precentral; and sf, Sylvan fissure.

particular threshold chosen. The pattern of temporal lobe
patches was identical when all data are shown at a common
threshold of P ⫽ 10⫺3.1 (Fig. S4), with 2 exceptions: AM, the face
patch on the ventral surface of IT that is most susceptible to
signal extinction because of use of a surface coil, was not visible
in 2 cases at this threshold (right hemisphere of M4 and left
hemisphere of M7).
Table S2 gives the sizes of the 6 face patches in each of the 9
macaques. ML was the largest of the 6 patches, followed by AL,
PL, MF, AM, and AF. For the 7 cases of confluent patches,
regions of interest (ROIs) were drawn to conform as best as
possible to the pattern in the opposite hemisphere (in which
patches were discrete) (Fig. S4).
Face-Selective Regions in Humans. We scanned 13 human subjects

with the same face localizer stimulus used for the monkeys. We
took care to use a slice prescription covering the entire temporal
lobe. In addition to reported face areas OFA, FFA, and STS-FA,
in the majority of subjects (9 of 13) we identified 1 or 2
face-selective regions anterior to the FFA. We call these regions
AFP1 (anterior face patch 1) and AFP2 (anterior face patch 2).
Fig. 2 shows face-selective regions in the left and right temporal
lobes of 2 human subjects, superimposed on flattened cortical
surfaces (Fig. 2 A and B) and a ventral view of the inflated brain
(Fig. 2C). AFP1 can be seen to lie in the anterior collateral sulcus
in both subjects. Fig. S5 shows face-selective regions in the left
and right temporal lobes of all 9 human subjects that had at least
1 anterior face patch, superimposed on coronal, horizontal, and
sagittal MRI slices. Subjects 1 and 2 (Fig. S5 a and b) had both
AFP1 and AFP2, whereas the remaining subjects (Fig. S5 c–i)
each had 1 anterior face patch (AFP1). AFP2 was also located
in the collateral sulcus, at its anterior-most tip. All 9 subjects had
an FFA and OFA in both hemispheres, and 6 of 9 subjects had
an STS-face area.
Table S3 gives the sizes of the face-selective regions in each of
the 9 human subjects. The largest face-selective region was the
FFA, followed by the OFA, STS-FA, AFP1, and AFP2. Human
temporal face-selective regions were larger over the right than
the left hemisphere, whereas the monkey temporal face-selective
regions were bilateral (Table S2).
All of the human face-selective regions, including AFP1 and
AFP2, were reproducible across independent scan sessions
within the same subject. Fig. S6 shows face-selective regions of
4 subjects (S1, S2, S4, and S5) obtained in 2 independent scan
sessions. Subjects S1 and S2 each had 2 anterior face patches that
were reproducible across scan sessions (Fig. S6 a and b). Subjects
S4 and S5 each had 1 anterior face patch (S4 only in the right
hemisphere and S5 bilaterally), and the anterior patch in the
right hemisphere was reproducible in both subjects.
Susceptibility artifacts created by the ear canals cause major
signal loss in a significant portion of the temporal lobe in
humans; the effects are much less in macaques because of the
smaller voxels sizes (16–18). Fig. S7 shows face patches displayed
on raw EPI (echo planar imaging) slices; for each subject, the
slice containing the anterior face patch is shown. In several cases,
the anterior face patch can be seen to lie close to the ear canal
artifact (e.g., Fig. S7 b Right and d). This raises the possibility that
AFP1/AFP2 are actually continuations of the FFA and only
appear discrete from it because of the chasm created by the ear
canal susceptibility artifact. We doubt this for 2 reasons: (i) in all
9 subjects, non-face-selective gray matter lying outside the
artifact could be found between the FFA and AFP1/AFP2, and
(ii) there was a wide separation between AFP1 and the FFA
(typically ⬎2 cm). It is entirely possible that additional faceselective regions could lie within the artifact zone, e.g., in the 4
subjects in which we did not find any anterior face-selective
regions. Methodological improvements, including use of spin
19516 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0809662105

Fig. 3. Prefrontal face-selective regions in macaque and humans. (A) Prefrontal face patches from 1 macaque (M4), shown on a coronal slice (taken
from ref. 51). The monkey had a face patch in the lateral orbitofrontal sulcus
bilaterally, and 1 face patch in the inferior convexity, within the infraprincipal
dimple, exclusively in the right hemisphere. los, lateral orbitofrontal sulcus; ps,
principal sulcus. (B–D) Lateral prefrontal face-selective regions from 3 human
subjects (S8, S1, and S10), shown on coronal slices. The location of the human
lateral prefrontal face-selective region was consistent across subjects (within
the inferior frontal sulcus, strongly lateralized to the right hemisphere). (E)
Face-selective region in orbitofrontal cortex of a human subject (S2).

echo imaging (19) and high-resolution scanning (18, 20), may
uncover such regions.
Face-Selective Regions in Prefrontal Cortex. We recently reported
the existence of 3 face-selective regions in macaque prefrontal
cortex (51). These include a bilateral pair of face patches in
orbitofrontal cortex (within the lateral orbitofrontal sulcus), a
patch located in the inferior convexity below the principal sulcus
that is lateralized to the right hemisphere, and a patch in the
anterior bank of the lower arcuate sulcus (Fig. 3A). In 3 of 9
human subjects, we observed face-selective activation within
prefrontal cortex (see also ref. 21). The location of this activation, in the inferior frontal sulcus (IFS) and lateralized to the
right hemisphere, was consistent across the 3 subjects (Fig. 3
B–D). In a few subjects we also observed face-selective activation
in orbitofrontal cortex (Fig. 3E). The fact we observed these
prefrontal face patches in only 3 of 9 subjects may be caused by
variability across subjects or by their small size (in the latter case,
higher resolution scanning may reveal prefrontal face-selective
regions more consistently).
Selectivity Profiles of Macaque and Human Face-Selective Regions.

Average time courses (Fig. S8 a and b) and percentage signal
changes (Fig. S8 c and d) to faces and nonface objects confirm
the strong face selectivity of each of the 6 macaque temporal face
patches (PL, ML, MF, AL, AF, AM) and 6 human face-selective
regions (OFA, FFA, STS-FA, AFP1, AFP2, and IFS). To
compute response profiles, we used half of the data to define
Tsao et al.

Discussion
Stereotyped Face Patch System in the Macaque Temporal Lobe.

Expanding earlier reports of face-responsive cortex [responding
more to faces than scrambled pattern controls (14, 25)] and
face-selective cortex [responding more to face than to nonface
object controls (11, 12, 14)] in the macaque temporal lobe, we
show here that there is a stereotyped pattern of face-selective
patches of cortex in the macaque temporal lobe. The spatial
composition of this face patch system was highly reproducible
across individuals and consisted of 1 posterior (PL), 2 middle
(ML, MF), and 3 anterior (AL, AF, AM) face patches. The
distance between PL and AM in the anterior posterior direction
was ⬎20 mm. The face patch system thus presents us with a new
kind of functional organization in TE, more macroscopic than
feature columns of IT cortex [⬇0.5 mm in diameter (26, 27)], yet
more delicate than the coarse partitioning of IT into anatomically defined subregions (28–30). The components of the face
patch system are compact (a few millimeters in diameter) yet
transgress area boundaries, with face patches located in posterior, middle, and anterior portions of IT (30). Recordings from
the 2 middle face patches (24) have shown that these consist
almost entirely of face-selective neurons. It is possible that only
a limited number of the patches show true preferential coding of
Tsao et al.

faces. Others may have a more general function and show
increased activation as a result of connectivity with the former.
Alternatively, each of the face patches may constitute a domainspecific face module.*
Anterior Inferotemporal Face Areas in Humans. In the human brain,

multiple face-selective areas exist as well. In addition to the
OFA, FFA, and STS-FA, we describe here the existence of up
to 2 face-selective regions anterior to the FFA (see also Fig. S7
and ref. 18). This finding extends earlier lines of evidence on the
importance of anterior IT cortex for face recognition. Intracranial recordings of epicortical potentials in epileptic patients
revealed a face-selective evoked potential (15, 31) originating
from anterior IT. A positron emission tomography (PET) study
found anterior IT activation specifically during performance of
a face identity task (32). fMRI reveals adaptation to face identity
in anterior IT (8, 18). Finally, it has been shown that individuals
with congenital prosopagnosia often show normal face- and
object-related patterns of BOLD activity in the FFA, implying
that the processing of face identity requires regions other than
just the FFA (22). Subsequent anatomical analyses suggested
defects in temporal lobe regions anterior to the FFA: Behrmann
et al. (33) found that congenital prosopagnosics have a smaller
anterior fusiform gyrus than controls. Taken together, evidence
from electrophysiology, functional and structural imaging, and
behavioral investigations of prosopagnosia all point to an important role for anterior IT in face recognition. Our results
suggest that these functions may be supported by dedicated face
areas in this region.
These anterior face areas may have been missed by earlier
studies that used similar face localizers either because they did
not cover the entire temporal lobe (5) or because they used
group analysis to explore new regions (21). Group analysis may
fail if the anatomical variance of a region is large or the region
is only present in a subset of subjects because of low signal-tonoise ratio caused by susceptibility.
A recent study demonstrates that multivoxel response patterns
in anterior human IT cortex can be used to distinguish between
2 different faces (18). Surprisingly, however, the same voxel sets,
dubbed ‘‘face-exemplar regions,’’ could not distinguish a face
from a house; thus they must be distinct from the human anterior
face patches identified in the present article. It remains to be
determined whether the human anterior face patches are able to
distinguish different face identities.
Possible Homology Between Macaque and Human Face Areas. Both

macaque and human temporal lobes host multiple face-selective
regions. In the macaque we consistently found 6; in individual
hemispheres with less than 6 patches, the lower count could be
explained by fusion of patches. In humans the number of face
areas varied between 3 and 5. We consistently found the 3
described areas, OFA, STS-FA, and FFA. In addition, we found
1 or 2 anterior face regions. Thus, the overall numbers of
macaque and human face-selective regions are comparable.
The spatial patterning of macaque and human face-processing
systems exhibits both a striking similarity and a striking difference. The striking similarity is the arrangement of areas along
the occipitotemporal axis (compare Figs. 1 and 2), the striking
difference is their location along the dorsoventral axis within the
temporal lobe. While the macaque face patches are mostly
located inside or close to the superior temporal sulcus, all of the
human face-selective regions, with the exception of the STS-FA,
are located further ventral, on the ventral surface of the temporal
*Freiwald WA, Tsao DT, Face representations in three fMRI-identified macaque face
patches. Society for Neuroscience Annual Meeting, November 3–7, 2007, San Diego, CA,
program no. 554.10.
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ROIs, and the other half to extract time courses and percentage
signal changes from the ROIs.
In humans, activation was significantly greater (at P ⫽ 0.01)
to human faces than to macaque faces in AFP1 (but not in OFA,
FFA, or STS-FA); this is consistent with anterior human temporal regions being more sensitive to familiar faces (22) (because
human subjects are presumably more familiar with human than
macaque faces). In macaques, ML and AL were the only 2
macaque regions that showed a significantly greater response to
human than macaque faces.
None of the face-selective regions in either humans or macaques appeared to require viewing of familiar faces to be
activated. The face stimuli used in the present work were familiar
to a subset of the monkeys (M1, M2, M3, M4, M7) who had seen
the stimuli during training but were completely novel (i.e., seen
for the first time during the face localizer scan) to the remaining
monkeys (M5, M6, M8, M9). The stimuli were completely novel
to all human subjects except S2, S9, and S10. The pattern of
face-selective regions was similar regardless of whether the
stimuli were familiar or not; in particular, we identified anterior
face regions in both human and macaque subjects for whom the
face stimuli were completely novel.
The face localizer stimulus contained 4 categories of nonface
objects (hands, gadgets, vegetables and fruits, and headless
human bodies) presented in separate blocks. Therefore, we
could compare the response to bodies with that to other nonface
object categories within each face region. Consistent with previous reports of body areas neighboring face areas in both
macaques (11, 12) and humans (20, 23), we observed a stronger
response to bodies than to the other nonface object categories
across the macaque and human face regions (Fig. S8 e and f); this
difference reached significance in PL, ML, MF, AL, and AF in
macaques, and in the FFA, AFP1, and IFS in humans. Whether
these body responses arise from the face-selective regions themselves, or from nearby regions, will require ultra-high-resolution
fMRI and/or single-unit recordings to resolve. High-resolution
fMRI shows that the FFA does not respond to bodies (20), and
targeted single-unit recordings show that the macaque middle
face patch does not respond to bodies either (24). Importantly,
the response to faces was significantly greater (at P ⫽ 0.01) than
that to bodies in each of the 6 macaque face patches and in OFA,
FFA, AFP, and AFP2 in humans (in human STS-FA and IFS, the
response to faces was only marginally greater than that to bodies;
P ⫽ 0.026 and P ⫽ 0.059, respectively).

lobe lateral to or inside the collateral sulcus. A claim of
homology between these areas, then, would imply a major shift
of face area location in the course of primate evolution after the
split of catarrhine primates into hominoids and Old World
monkeys.
It is surprising that humans have a smaller number of faceselective patches compared with macaques. This could be the
result of a technical artifact [the use of smaller voxels sizes in
macaques leads to decreased interaural susceptibility artifacts,
and the use of Sinerem (Guerbet) contrast agent leads to a factor
of 3 increase in signal/noise ratio at 3 T (34)]. Alternatively, a
subset of human anterior face areas may have coalesced during
evolution or acquired new functions, making them more general
purpose and less face-selective.
Future Directions. Our findings present steps along the way to

establishing whether a common primate face-processing system exists. Establishing homologies between cortical areas and
other brain structures is notoriously difficult and requires the
combination of multiple criteria (35–38). It may be argued that
the search for homologies between functionally defined highlevel cortical areas is in vain because these are developmentally malleable and because functional similarities could represent convergent solutions to the same computational
problem. Yet, the intraspecies consistency of the spatial
pattern of the face-processing system across macaques and
across humans indicates that the development of face selectivity is not arbitrary within the expanse of IT cortex but rather
uses a fixed scaffold. Furthermore, the high social importance
of faces for primates provides a rationale for why a specialized
face-processing system may have evolved early during primate
evolution. Clearly, many more and, ideally, diverse criteria
need to be used to test areal homologies between man and
macaque. Should these homologies be established for the
face-processing system, then face areas could serve as landmarks that can be used to understand the evolution of the large
expanse of temporal lobe between them (38).
Among the many criteria necessary to establish homology
between cortical areas across species are functional similarities
and links to behavior (36). Different functional properties for the
different human face areas have indeed been found (6–9) and
similarly for face cells in different parts of IT cortex (39–41).*
Electrophysiological recordings targeted to the macaque face
patches will be a powerful way to determine the functional
specializations of these areas. Similarly, electrical stimulation
(42) targeted to the different face patches should reveal their
involvement in face recognition behaviors. These experiments
may suggest future functional testing that can be conducted in
both macaques and human subjects by using the same imaging
modality to allow for direct comparisons of functional specializations across species.
Methods
All animal procedures complied with the National Institutes of Health Guide
for Care and Use of Laboratory Animals, regulations for the welfare of
experimental animals issued by the Federal Government of Germany, and
stipulations of Bremen authorities. Informed consent was obtained from all
human subjects.

Monkey fMRI. All scanning was performed on a 3 T MR scanner (Allegra;
Siemens). For each monkey, we acquired 10 anatomical volumes at high
spatial resolution (0.5 mm isometric). We used a T1 weighted inversion recovery sequence (MPRAGE). These scans were performed under anesthesia (ketamin/medetomidine, 8 mg/kg/0.04 mg/kg) to reduce motion artifacts.
For all functional imaging, a contrast agent, ferumoxtran-10 (concentration,
21 mg of Fe per mL in saline; dosage, 8 mg of Fe per kg; Sinerem) was injected into
the femoral vein before each scan session. Sinerem is the same compound as
MION, produced under a different name (44). Sinerem/MION increases signal-tonoise and gives finer spatial localization than BOLD (34, 44 – 46). Sinerem results
in a signal reduction at activated voxels; for all functional data we inverted the
signal to facilitate comparison with BOLD data.
All functional data were acquired in coronal slices, by using a multiecho
sequence (EPI, TR 3 or 4 s, TE 30 or 25 ms, 64 ⫻ 64 matrix) and a single-loop
surface coil. In combination with a concomitantly acquired field map, this
procedure allowed high-fidelity reconstruction by undistorting most of the
B0-field inhomogeneities (47, 48).
In these localizer experiments, we acquired 136 volumes per run (28 or 42
slices; spatial resolution, 1.25 mm and 1.5 mm isometric). The slice volume was
adjusted for each monkey to cover the entire temporal lobe. Table S1 summarizes the experiments performed in each monkey for this work.
Human fMRI. Human functional data were acquired in horizontal slices, tilted
slightly upward in the front and downward in the back, covering all of the
temporal lobe and most of the frontal lobe. We used a standard EPI sequence
(EPI, TR 2.5 s, TE 32, 64 ⫻ 64 matrix, 2.5-mm ⫻ 2.5-mm in-plane resolution,
2-mm slice thickness, flip angle 90°) and a circularly polarized birdcage coil. At
the end of each scan session, we obtained a high-resolution anatomical
volume of the entire brain (MPRAGE, 1 mm isometric). Table S1 summarizes
the experiments performed in each human subject for this work.
Visual Stimulation. The face patch localizer stimulus followed a block design.
Blocks lasted 32 s and included the following image categories: human faces
(F), monkey faces (M), human hands (H), gadgets (G), fruits and vegetables (V),
and headless bodies (B). There were 16 different images in each category. Each
image block was preceded by a block consisting of scrambled versions of the
same images (S), resulting in the following sequence: S F S H S M S G S F S V S
M S B R (the final block consisted of a gray random dot pattern). Each image
subtended 12° visual angle (10.4-cm diameter at 49-cm distance) and was
presented for 0.5 s.
Visual stimulation was performed by using custom code with the Psychophysics Toolbox (49). Stimuli were displayed at 60 Hz with a resolution of
1,280 ⫻ 1024 pixels, with a video beamer (JVC DLA-G15E) and a back projection screen.
fMRI Data Analysis. We used FreeSurfer and FSFAST (http://surfer.nmr.mgh.
harvard.edu) to reconstruct cortical surfaces and perform functional data
analysis, following procedures detailed in ref. 11. To define face-selective
areas, we calculated the contrast faces vs. all other objects (without scrambled
images). Color scale bars show the significance of the contrast maps as
negative common logarithm of the probability of error.
The stereotaxic coordinates of the slices were obtained as follows. Each
brain was rotated to align the anterior and posterior commisures. Then the
slice most closely matching AP 0 in Red’s Atlas (50) was assigned to AP 0. Sulcal
identities in humans (Fig. 2) were determined by using the automated sulcus
annotation feature of Freesurfer.
A t test was used to determine the significance of the difference in activation to faces vs. objects and to bodies vs. other nonface objects (Fig. S8 c–f),
with voxels pooled across all monkeys for each patch.
Macaque data (Fig. 1; Figs. S1, S2, S4, and S8) represent averages of all runs
across multiple sessions. Human data (Fig. 2 and Figs. S5 and S8) were computed from a single representative scan session in cases where more than 1
data session was available.

Surgery. The implantation of the MR-compatible headpost (Ultem; General
Electric Plastics) followed standard anesthetic, aseptic, and postoperative treatment protocols that have been described in detail in ref. 43. MR-compatible
ceramic screws (Thomas Recording) and acrylic cement (Grip Cement, Caulk;
Dentsply International) were used to secure the headpost to the skull.
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