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Abstract

Perirhinal cortex and area TE are
immediately adjacent to each other in the
temporal lobe and reciprocally
interconnected. These areas are thought to
lie at the interface between visual
perception and visual memory, but it has
been unclear what their separate
contributions might be. In three
experiments, monkeys with bilateral lesions
of the perirhinal cortex exhibited a different
pattern of impairment than monkeys with
bilateral lesions of area TE. In experiment 1,
lesions of the perirhinal cortex produced a
multimodal deficit in recognition memory
(delayed nonmatching to sample), whereas
lesions of area TE impaired performance
only in the visual modality. In experiment
2, on a test of visual recognition memory
(the visual paired comparison task) lesions
of the perirhinal cortex impaired
performance at long delays but spared
performance at a very short delay. In
contrast, lesions of area TE impaired
performance even at the short delay. In
experiment 3, lesions of the perirhinal
cortex and lesions of area TE produced an
opposite pattern of impairment on two
visual discrimination tasks, simple object

discrimination learning (impaired only by
perirhinal lesions), and concurrent
discrimination learning (impaired only by
TE lesions). Taken together, the findings
suggest that the perirhinal cortex, like other
medial temporal lobe structures, is
important for the formation of memory,
whereas area TE is important for visual
perceptual processing.

Introduction

It has long been recognized that the anterior
inferotemporal cortex, which includes the perirhi-
nal cortex ventromedially and area TE dorsolater-
ally (Figs. 1 and 2), plays a critical role in visual
learning and memory (Gross 1973; Mishkin 1982;
Miyashita 1993). The perirhinal cortex has been
considered to be part of a memory system in the
medial temporal lobe that includes the hippocam-
pal region and the entorhinal, perirhinal, and para-
hippocampal cortices (for reviews, see Mishkin
and Murray 1994; Squire and Zola 1997). Area TE
lies immediately adjacent and lateral to the perirhi-
nal cortex and is considered to be the last exclu-
sively visual area in the ventral visual processing
stream (Ungerleider and Mishkin 1982). Area TE
also originates strong anatomical projections to
perirhinal cortex and receives projections from it
(Suzuki and Amaral 1994a). With respect to the
perirhinal cortex, studies in humans, monkeys, and
rats have demonstrated that lesions of perirhinal
cortex (or deactivation by cooling) impair perfor-
mance on tests of learning and memory (Horel et

5Corresponding author.
6Present address: Laboratory of Neuropsychology, Na-
tional Institute of Mental Health, Bethesda, Maryland
20892 USA.
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al. 1987; Bachevalier et al. 1993; Mumby and Pinel
1994; Ennaceur et al. 1996; Buckley et al. 1997;
Ennaceur and Aggleton 1997; Buffalo et al. 1998a).
Lesions of area TE in monkeys (or deactivation by
cooling) also impair performance on tests of visual
learning and memory (Gross 1973; Dean 1976; Fus-
ter et al. 1981; Mishkin 1982; Buffalo et al. 1998b).
It has not been clear precisely how the perirhinal
cortex and area TE contribute to performance on

visual memory tests or what their different contri-
butions might be.

In three experiments, we compared the per-
formance of monkeys with lesions limited to the
perirhinal cortex, monkeys with lesions limited to
area TE, and normal monkeys. We explored three
ways in which the perirhinal cortex and area TE
might be functionally distinct. First, because the
perirhinal cortex receives multimodal sensory in-
put whereas area TE receives exclusively visual in-
put, we reasoned that the two areas might differ
with respect to their contribution to memory in
modalities other than vision. Second, because hu-
mans with damage to the perirhinal cortex demon-
strate normal visual perception as evidenced by
intact visual recognition performance with very
short delays (Buffalo et al. 1998a), whereas area TE
has been proposed to play a role in visual percep-
tual processing (Iwai and Mishkin 1968; Gross
1973; Dean 1976; Buffalo et al. 1998b), we rea-
soned that the two areas might differ in their con-
tributions to visual short-term memory and visual
long-term memory. Third, the perirhinal cortex re-
ceives direct input from visual areas upstream from
area TE (Suzuki and Amaral 1994a), and area TE
does not project exclusively to the perirhinal cor-
tex but also originates direct prefrontal and parietal
cortical projections as well as subcortical projec-
tions to the caudate nucleus (Van Hoesen et al.
1981; Saint-Cyr et al. 1990; Webster et al. 1994).
Accordingly, we reasoned that it might be possible
to demonstrate a dissociation between the effects
of lesions of the perirhinal cortex and area TE on
two tasks that involved different kinds of visual
discrimination.

Figure 2: Line drawings of representative
coronal sections through the temporal lobe of
M. fascicularis adapted from the atlas of Szabo
and Cowan (1984). The sections are arranged
from rostral (A25.0) to caudal (A3.6), and the
rostrocaudal position of each section is indi-
cated in the lateral view. The designations
A25.0, A22.0, and so on, specify distances an-
terior (A) to the intra-aural line. The boundaries
of the perirhinal cortex are indicated in black,
and the boundaries of area TE are indicated in
gray.

Figure 1: The ventral surface of a macaque monkey
brain showing the location of the perirhinal cortex (PR)
and inferotemporal cortical area TE (TE). The perirhinal
cortex forms a band of cortex along the ventromedial
surface of the temporal lobe, lateral to the rhinal sulcus.
Area TE is located immediately lateral to the perirhinal
cortex and consists of a band of cortex lying primarily on
the middle temporal gyrus. See Materials and Methods
for details concerning the boundaries of the perirhinal
cortex and area TE.
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Materials and Methods

SUBJECTS

Twenty-eight male cynomolgus monkeys (Ma-
caca fascicularis) were tested, all weighing be-
tween 3.1 kg and 5.2 kg at the start of the experi-
ment. Five monkeys received bilateral lesions of
the perirhinal cortex (PR group). Five monkeys re-

ceived bilateral lesions of inferotemporal cortical
area TE (TE group). The remaining eighteen mon-
keys comprised unoperated control groups used in
the individual experiments (N group; see Table 1).

SURGERY

Monkeys were anesthetized using Isofluorane
gas and placed in a stereotaxic headholder that

Table 1: Behavioral performance

Experiment 1

Group

V-DNMS T-DNMS

trials to
criterion

delays

trials

delays

8
sec

15
sec

1
min

10
min

40
min

8
sec

15
sec

1
min

10
minI II

Normal 1a 180 0 92 93 88 73 75 — — — — —
2a 440 0 92 94 94 70 69 — — — — —
3a 220 0 91 93 88 79 72 — — — — —
4a 120 20 92 97 91 83 76 — — — — —
5a 415 0 91 93 88 71 64 — — — — —
6 189 0 94 99 96 86 74 359 91 88 92 68
7 180 0 95 95 91 68 76 292 90 94 86 66
8 0 20 92 93 91 85 78 522 91 93 85 80
9 0 20 92 93 92 85 78 280 91 92 88 84

10 220 60 93 94 90 73 67 446 91 92 84 76
11b — — — — — — — — — — — —
12b — — — — — — — — — — — —
13b — — — — — — — — — — — —
14b — — — — — — — — — — — —
15b — — — — — — — — — — — —
16b — — — — — — — — — — — —
17b — — — — — — — — — — — —
18b — — — — — — — — — — — —

Mean 196 12 92 94 91 77 73 380 91 92 85 75

PR 1 860 480 90 84 88 72 70 704 90 77 63 48
2 100 0 92 79 83 66 72 — — — — —
3 100 460 90 92 85 69 71 464 90 83 68 42
4 0 200 91 83 76 67 51 573 90 75 78 52
5 2034 0 91 87 85 71 66 501 90 74 65 46

Mean 619 228 91 85 83 69 66 561 90 77 69 47

TE 1 440 180 91 88 82 74 60 — — — — —
2 740 0 92 84 76 76 67 — — — — —
3 328 0 93 90 88 65 55 288 90 87 83 70
4 1077 0 91 91 93 66 66 — — — — —
5 760 40 90 93 90 66 66 80 90 90 83 70

Mean 669 44 91 89 86 69 63 123 90 89 83 70

Buffalo et al.
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allowed unobstructed access to the temporal por-
tion of the skull. The temporal muscles were ex-
posed and fully retracted, and the zygomatic
arches were removed. Bilateral openings were
made in the skull to expose the anterior and ven-

trolateral portions of the temporal lobe, and the
dura was opened. The pial surface over the in-
tended lesions was first cauterized, and the cauter-
ized tissue together with the underlying cortical
tissue was then removed by suction using a glass

Table 1: (Continued)

Experiment 2 Experiment 3

VPC

simple object discrimination
concurrent

discriminationdelays

Group
1

sec
10
sec

1
min

10
min

day
1

day
2

day
4

mean of
3 days

trials to
criterion

Normal 1a — — — — 77 95 93 88 240
2a — — — — 75 93 95 88 720
3a — — — — 71 90 93 85 640
4a — — — — 75 90 92 86 240
5a — — — — 80 98 97 92 440
6 61 61 62 57 70 93 95 86 333
7 66 57 67 60 78 95 100 91 520
8 67 65 63 60 93 80 88 87 160
9 63 67 65 66 80 98 100 93 360

10 67 63 63 65 88 99 99 95 520
11b 71 74 67 63 — — — — —
12b 68 67 65 61 — — — — —
13b 66 65 55 73 — — — — —
14b 67 75 81 55 — — — — —
15b 66 69 68 69 — — — — —
16b 70 70 71 72 — — — — —
17b 60 62 71 55 — — — — —
18b 72 57 65 52 — — — — —

Mean 66 66 66 62 79 93 95 89 417

PR 1 52 59 52 46 68 78 91 79 480
2 74 64 65 69 64 81 88 78 303
3 57 53 55 53 61 89 93 81 1039
4 67 68 63 53 73 88 95 85 400
5 82 45 55 49 61 99 95 85 972

Mean 66 58 58 54 65 87 92 82 639

TE 1 — — — — 76 93 94 95 1040
2 — — — — 86 99 100 87 986
3 48 45 50 45 78 89 94 88 440
4 45 56 56 51 61 83 96 80 1040
5 48 53 50 56 83 98 98 93 1160

Mean 47 51 52 51 77 92 96 89 933

(V-DNMS) Visual delayed nonmatching to sample; (T-DNMS) tactual delayed nonmatching to sample; (VPC) visual
paired-comparison task.
aMonkeys N1–N5 were not available for testing on the T-DNMS or VPC tasks.
bMonkeys N11–N18 were tested only on the VPC task.
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