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Damage to the Perirhinal Cortex Exacerbates Memory Impairment 
following Lesions to the Hippocampal Formation 
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Recent work has been directed at identifying the critical 
components of the medial temporal lobe that, when dam- 
aged, produce severe memory impairment. The H+A+ lesion 
includes the hippocampal formation, the amygdala, and the 
adjacent entorhinal, parahippocampal, and perirhinal corti- 
ces. A more restricted medial temporal lobe lesion that in- 
cludes the hippocampal formation and parahippocampal 
cortex (the H+ lesion) produces less severe memory im- 
pairment. Previous work demonstrated that extending the 
H+ lesion forward to include the amygdala did not exacerbate 
the impairment. Here, we tested the hypothesis that extend- 
ing the H+ lesion forward to include the perirhinal cortex (the 
H++ lesion), but sparing the amygdala, should produce a 
more severe memory impairment and one that would ap- 
proximate the level of memory impairment associated with 
the H+A+ lesion. Monkeys with the H++ lesion were severely 
impaired on two of three amnesia-sensitive tasks (delayed 
nonmatching to sample and delayed retention of object dis- 
crimination). On the third amnesia-sensitive task (concurrent 
discrimination learning), two of the monkeys in the H++ group 
obtained poorer scores than all seven normal monkeys, al- 
though the overall group comparison was not significant. The 
memory impairment following H++ damage was more severe 
overall than the impairment associated with the H+ lesion 
and approached the level of impairment associated with the 
H+A+ lesions. Quantitative measurement of damage in each 
anatomical component of the lesion indicated that the peri- 
rhinal cortex was the only brain region that was more ex- 
tensively damaged in the H++ group than in the H+ group. 
These findings emphasize the importance of the perirhinal 
cortex in the anatomy of the medial temporal lobe memory 
system. 
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Bilateral damage to the medial temporal lobe of the human 
brain causes a profound memory impairment (Scoville and Mil- 
ner, 1957). Bilateral lesions of the medial temporal lobe in the 
monkey, intended to approximate the damage sustained in the 
human cases, also cause severe memory impairment (Mishkin, 
1978; Mahut et al., 1981; Zola-Morgan and Squire, 1985) and 
reproduce many features of the memory impairment observed 
in amnesic patients (for reviews, see Zola-Morgan and Squire, 
1990; Squire and Zola-Morgan, 199 1). This medial temporal 
lobe lesion includes the hippocampal formation (i.e., the hip- 
pocampus proper, the dentate gyrus, the subicular complex, and 
the entorhinal cortex), the amygdala, as well as adjacent cortical 
regions that are necessarily damaged when the hippocampus 
and amygdala are removed using a direct surgical approach. We 
have termed this removal the H + A + lesion (Squire and Zola- 
Morgan, 1988) where H refers to the hippocampus, A to the 
amygdala, and + to the adjacent cortical regions. 

Considerable work has been directed at identifying the critical 
components of the H+A+ lesion, that is, the specific structures 
and connections that must be damaged to produce the full be- 
havioral impairment. One important finding was that the H+A+ 
lesion produces greater memory impairment than the H + lesion, 
which damages the hippocampus proper, the dentate gyrus, the 
subicular complex, posterior entorhinal cortex, and parahip- 
pocampal gyrus (Mishkin, 1978; Mahut et al., 1982; Zola-Mor- 
gan and Squire, 1986; Zola-Morgan et al., 1989a). An early 
explanation of this finding was that the more severe deficit as- 
sociated with H+A+ lesions occurs because the amygdala is 
damaged in the large H+A+ lesion but not in the more posterior 
H+ lesion (Mishkin, 1978; Murray and Mishkin, 1984, 1986; 
Saunders et al., 1984). However, it was subsequently found that 
circumscribed bilateral lesions of the amygdala (the A lesion), 
which spared underlying cortex, did not impair memory on any 
of four tasks. Moreover, the addition of the A lesion to the H+ 
lesion (i.e., an H+A lesion) produced no greater memory im- 
pairment than H+ lesions alone (Zola-Morgan et al., 1989b). 

Another possibility is that the severity ofmemory impairment 
produced by the H+A+ lesion, in comparison to the H + lesion, 
is due to damage to cortex that underlies the amygdala. It is 
now appreciated that the cortical regions adjacent to the amyg- 
dala, which are damaged in the H+ A+ lesion but not in the H+ 
lesion, include not only anterior entorhinal cortex but also a 
substantial portion of perirhinal cortex (Zola-Morgan et al., 
1989~). In addition, the perirhinal cortex (areas 35 and 36) and 
the closely associated parahippocampal cortex (areas TH and 
TF) provide the major source ofcortical inputs to the entorhinal 
cortex (Insausti et al., 1987) and also provide the major route 
through which the hippocampal formation can influence other 
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cortical regions (Van Hoesen, 1982). Moreover, perirhinal cor- Hurane was adjusted as necessary to maintain a surgical plane of an- 
tex, in comparison to parahippocampal cortex, is a preferential 
target of unimodal visual information originating in area TE of 
neocortex (Suzuki et al., 199 1). The entorhinal cortex in turn is 
the source of the perforant path, the major afferent projection 
to the dentate gyrus and the hippocampus. 

We therefore reasoned that extending the H+ lesion rostrally 
to include the anterior entorhinal cortex and perirhinal cortex, 
but sparing the amygdala (the H + + lesion), should produce more 
memory impairment than is associated with the H+ lesion and 
should approximate the level of memory impairment associated 
with the H+A+ lesion. Accordingly, in the present study, we 
evaluated the severity of memory impairment in a group of 
monkeys with bilateral lesions that damaged the hippocampal 
formation, parahippocampal cortex, and perirhinal cortex, but 
spared the amygdala (the H + + lesion). The performance of this 
group was compared with a group of monkeys with bilateral 
lesions that damaged the hippocampal formation and the para- 
hippocampal cortex (the H+ lesion), and a group of unoperated 
control monkeys (Zola-Morgan et al., 1992). Performance was 
tested on the delayed nonmatching to sample task within 6-8 
weeks after surgery and again at least 1 year later. Performance 
was also assessed on two other tasks sensitive to human amnesia 
(delayed retention of object discriminations and eight-pair con- 
current discrimination learning; Squire et al., 1988) and on two 
tasks analogous to ones that amnesic patients perform well (pat- 
tern discrimination learning and motor skill learning; Zola-Mor- 
gan and Squire, 1984). 

Materials and Methods 
Subjects 
Behavioral findings from 17 cynomolgus monkeys (Mucacafascicukzris) 
will be presented. All monkeys weighed between 2.9 and 4.7 kg at the 
beginning of behavioral testing and were estimated to be 3-5 years old, 
that is, young adults (Hartley et al., 1984; Szabo and Cowan, 1984). 

The I7 monkeys belonged to three experimental groups. Initially, it 
was intended that seven monkeys receive bilateral H+ + lesions. During 
the period in which these animals were being prepared, we were able 
to modify the surgical approach to the anterior portion of the brain to 
provide better access to the anterior and ventral surfaces ofthe temporal 
lobe. Accordingly (as described below in Histological findings), five of 
the monkeys sustained substantial bilateral damage to the perirhinal 
cortex, while two monkeys sustained only mild damage to the perirhinal 
cortex (mean percentage damage = 13%). These two monkeys, hereafter 
designated H+4 and H+5, were added to a group ofthree monkeys with 
H + lesions who had been tested previously and had also sustained only 
limited bilateral perirhinal damage (mean percentage damage = 12%). 
In addition, one of the five H ++ monkeys who sustained more sub- 
stantial perirhinal damage (H+ + 5) obtained anomalously good scores 
throughout testing, and this monkey’s behavioral data were not included 
in the statistical analyses (see Behavioral findings for discussion). Thus, 
the H f  + group consisted of four monkeys (all males), and the H+ group 
consisted of five monkeys (three females and two males). Behavioral 
data for three of the monkeys in the H+ group (H+ l-H+3, all females) 
have been presented previously as part of four previous reports (referred 
to as the H+ group in Zola-Morgan and Squire, 1986; Zola-Morgan et 
al., 1989a,b, 1992). The data for the remaining two monkeys in this 
group (H+4 and H ‘5, both males) are reported here for the first time. 
Seven unoperated monkeys (all males) served as a normal control group 
fN). Behavioral data for these seven monkevs have also been nresented 
&viously (Zola-Morgan et al., 1992). Finally, brain tissue from four 
additional animals was used as control material for histological analysis. 
These animals did not undergo behavioral testing. 

esthesia. The monkey’s head was positioned in a specially designed 
headholder that permitted unobstructed access to the temporal portion 
of the skull. The temporal muscles on each side were retracted, the 
zygomatic arch was removed, and openings were made on each side of 
the skull to expose much of the anterior and ventrolateral portions of 
the temporal lobe. Mannitol solution (2 gm/kg, i.v.) was administered 
just prior to opening the dura in order to reduce brain volume and to 
allow better visualization of the ventromedial surface of the brain. 

For the H++ lesion, the intent was to remove the hippocampal for- 
mation bilaterally, including the hippocampus proper, the dentate gyrus, 
the subicular complex, and the entorhinal cortex (area 28). In addition, 
the removal was intended to include the perirhinal cortex (areas 35 and 
36) and the parahippocampal cortex (areas TH and TF; von Bonin and 
Bailey, 1947; see Fig. 1). The perirhinal cortex extends 3-4 mm laterally 
from the rhinal sulcus and follows the rhinal sulcus rostrally and dorsally 
to the frontotemporal junction. In its most rostra1 and dorsal region, it 
consists of tissue that has been typically referred to as the temporal 
pole. For the portion of the lesion involving the perirhinal cortex, the 
intent was to remove approximately 34 mm of cortex lateral to the 
rostrocaudal extent of the rhinal sulcus as far anteriorly as the rostra1 
pole of the amygdala (as anterior as the lesion could be effectively 
extended using our surgical approach). Based on our measurements of 
the cortical areas in the medial temporal region, we have estimated that 
the lesion, as intended, would encompass approximately 60% of the 
perirhinal cortex (see below). For the portion of the lesion involving 
the parahippocampal cortex, the medial bank of the occipitotemporal 
sulcus served as the lateral border (Fig. 1). 

The pial surface over the intended lesion area was first cauterized, 
and brain tissue was then removed by suction using a glass pipette with 
an angled tip. The perirhinal cortex was removed first, and aspiration 
continued until the white matter below the cortical layer was exposed. 
The hippocampal formation including the entorhinal cortex and the 
parahippocampal cortex was then removed. 

H+ group. The surgical preparation for monkeys in the H+ group was 
the same as that for the monkeys in the H+ + group except that the 
perirhinal cortex and the anterior entorhinal cortex were not included 
in the removal. This surgery has been described in detail previously 
(Zola-Morgan and Squire, 1986; Zola-Morgan et al., 1989a). 

Behavioral testing 
All groups were allowed 6-8 weeks of recovery prior to the start of 
behavioral testing. Testing was carried out in a Wisconsin General Test 
Apparatus (Harlow and Bromer, 1938). During four to six daily sessions 
of pretraining, monkeys learned to obtain food by displacing objects 
that covered any of three food wells located on a stimulus tray in front 
of the testing chamber. Five different tasks (described in detail in Zola- 
Morgan and Squire, 1984, 1985; Zola-Morgan et al., 1989b) were then 
administered to all monkeys in the order listed under Behavioral find- 
ings. 

Histolozical vrocessina 
Animals were administered an overdose ofpentobarbital sodium (Nem- 
butal) and perfused transcardially with a buffered 0.9% NaCl solution 
followed by at least 2 liters of 4% paraformaldehyde in 0.1 M phosphate 
buffer. The brains were then blocked in situ in the coronal plane, re- 
moved from the skull, cryoprotected in 50% glycerol, 50% ethylene 
glycol, and quick-frozen in isopentane at -78°C. Using a freezing mi- 
crotome, 50 pm coronal sections were then cut beginning at the temporal 
pole and continuing through a level caudal to the hippocampal for- 
mation. Every fifth section was mounted and stained with thionin to 
assess the extent of the lesions. To assess quantitatively the extent of 
damage to the cortical regions involved in the removals, that is, the 
perirhinal, entorhinal, and parahippocampal cortices, a mapping pro- 
cedure was used as described below. 

Measurement of cortical areas in histolonical control animals 
The locations of the perirhinal, parahippocampal, and entorhinal regions 

Surgery are illustrated in Figure 1, which shows line drawings of representative 
coronal sections through the temporal lobe of M. fuscicularis. Detailed 

H + * group. Animals were preanesthetized with ketamine hydrochloride cytoarchitectonic description of these regions is available in Amaral et 
(I 2-l 5 mg/kg, i.m.), intubated, and placed on a mechanical ventilator. al. (1987) and Insausti et al. (1987). 
Anesthesia was induced with isoflurane. Heart rate, blood pressure, and Using a projection microscope, tracings were made from the thionin- 
body temperature were monitored continuously, and the level of iso- stained sections from the four animals in the histological control group. 
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Figure I. Drawings of representative coronal sections through the temporal lobe of M. fascicularis arranged from rostra] (A22.0) to cauda] (A0.6). 
The H + + lesion in the present study was intended to remove all of the shaded regions, that is, the perirhinal cortex (PR), the entorhinal cortex 
(EC), and the parahippocampal cortex (PH). Modified from Zola-Morgan et al. (I 989~). 

For each cortical region, area1 tracings were made. The values from 
these tracings were averaged across all four control monkeys and were 
used as an estimate ofthe normal area for a given cortical region. Cortical 
areas were classified on the basis of cytoarchitectonic characteristics 
using a light microscope. Tracings of brain sections from the four his- 
tological control monkeys were made from the rostra1 extreme of the 
perirhinal cortex to the caudal extreme of the parahippocampal cortex. 
At rostra1 levels, the tracings extended from the fundus of the superior 
temporal sulcus laterally to the medial border of the entorhinal cortex 
(Fig. I). At caudal levels, the tracings extended from the fundus of the 
superior temporal sulcus to the media1 border of parahippocampal cor- 
tex. Cortical boundaries for the entorhinal, perirhinal, and parahippo- 
campal cortices were marked on each tracing. A digitizing tablet was 
used to measure the length of each cortical region at each anterior- 
-posterior level. The sum of these measurements multiplied by the 
interval between the sections provided an area1 estimate for each cortical 
region. This same procedure was followed for both the left and right 
media1 temporal lobes. 

Determination of the amount of cortical damage. For each monkey 
in the two surgical groups, tracings of brain sections were used to mea- 
sure the amount of tissue spared in each cortical region. For each traced 
section, the length (in millimeters) of spared cortex for a given region 
on the left and the right sides of the brain was averaged, and the mean 
of these lengths was recorded as the amount of spared cortex for that 
section. The mean lengths were then summed for all sections, and the 
total was multiplied by the section interval (0.50 mm) to estimate the 
mean amount of spared tissue in square millimeters. This value was 
then divided by the group mean for the same cortical region that was 
obtained from the histological control animals, thereby yielding an es- 

timate (from 0 to I) of the proportion of spared tissue. This estimate 
was then subtracted from 1 and multiplied by 100 to obtain an estimate 
of the percentage of bilaterally damaged tissue. For example, animal 
Hi ‘2 was estimated to have 63 mm’ of bilaterally spared perirhinal 
cortex. This value was divided by the mean area of perirhinal cortex 
calculated from the histological control animals (143 mm’), to yield 
0.44 as the proportion of bilaterally spared tissue, and lOO( I - 0.44) 
= 56 as the percentage of perirhinal cortex damaged in animal H + / 2. 
Due to the variation between monkeys in the sulcal patterns and surface 
areas within the temporal lobe, the amount of cortical damage in the 
animals with lesions are necessarily only estimates. 

Determination ofthe amount of hippocampal damage. For each mon- 
key in the two surgical groups, brain sections were examined at I mm 
intervals along the rostrocaudal extent of the hippocampus (range = 
12-l 5 sections). For each section, an estimate of the percentage damage 
to the hippocampus (including the dentate gyrus and the subicular com- 
plex) on the left and right sides was made by visual inspection and 
averaged to obtain an estimate ofthe overall percentage bilateral damage 
to the hippocampus at that level. The estimates of damage at all levels 
were then averaged to obtain an estimate of overall bilateral damage to 
the hippocampus. 

Results 
Histological findings 
H++ gvozq. Figure 2 illustrates the damage in the monkeys in 
the H++ group. In animal H++ 1, the hippocampus was com- 
pletely destroyed bilaterally, except for the caudalmost 3 mm. 
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Figure 2. Representative coronal sections through the brains of four monkeys with the H + + lesion. The anteroposterior level is indicated below 
each section, and the extent of damage is shown in black. Percentage bilateral damage to the perirhinal cortex for these four monkeys was estimated 
as 49% (see Fig. 5). Very slight, unilateral amygdala damage was observed in two animals (H++ 1 and H+ ‘2). 





There was extensive bilateral damage to the perirhinal cortex 
adjacent and caudal to the amygdala. Damage to the entorhinal 
cortex was moderate to severe on both sides. In spared portions 
of the entorhinal cortex, layer II cells were almost completely 
absent on the right side, because of the loss of their targets in 
the ipsilateral dentate gyrus. However, on the left some cells 
were spared, corresponding to an area of intact dentate gyrus 
on the left side. Parahippocampal cortex was completely de- 
stroyed on the right side, but there was substantial sparing cau- 
dally on the left. There was very slight damage to the amygdala 
on the left side over most of its rostrocaudal extent, and the 
amygdala was entirely spared on the right side. 

In animal H++2 (Fig. 3) the hippocampus was completely 
destroyed bilaterally except for its rostralmost 3 mm. The cau- 
dalmost 2 mm on the left side was also spared. The perirhinal 
cortex was extensively damaged on both sides, somewhat more 
than in monkey H+ + 1. This animal had somewhat less direct 
damage to entorhinal cortex than animal H+ + 1, but in the por- 
tions that were spared on both sides layer II was substantially 
depopulated. Parahippocampal cortex was severely damaged on 
the right side, but there was some sparing on the left. There was 
very slight damage to the caudal amygdala on the left side. 

In animal H++3, the hippocampus was completely destroyed 
bilaterally except for partial sparing on the left side over the 
rostralmost 4 mm. There was some sparing of perirhinal cortex 
on the right side (less than one-third), but it was almost com- 
pletely destroyed on the left. Entorhinal cortex damage was 
similar to that observed in animal H+ + 1, with layer II cells 
spared only on the left side, corresponding to a small area of 
intact dentate gyrus on the left. As in animal H++2, parahip- 
pocampal cortex damage was extensive on the right and some- 
what less on the left. The amygdala was completely spared bi- 
laterally. 

In animal Hi +4, the hippocampus was extensively damaged 
bilaterally. The perirhinal cortex on the left side was completely 
destroyed caudal to the mid-amygdala. Damage to the perirhinal 
cortex on the right side began more caudally and was as exten- 
sive as on the left side. Entorhinal cortex damage was similar 
to that observed in animal H+ + 1, with layer II cells spared only 
on the left side, corresponding to a small area of intact dentate 
gyrus on the left. Parahippocampal cortex was completely de- 
stroyed bilaterally except for some sparing of its most medial 
aspect caudally. The amygdala was completely spared bilater- 
ally. 

In summary, the four H++ monkeys sustained damage to at 
least two-thirds ofthe hippocampus bilaterally. Damage to peri- 
rhinal cortex caudal to the anterior pole of the amygdala was 
extensive bilaterally in all cases (see next section, Quantitative 
analysis of cortical and hippocampal damage). The temporal 
polar region of perirhinal cortex sustained only minimal dam- 
age. There was significant bilateral damage to the entorhinal 
cortex, including extensive depletion of cells in layer II in en- 
torhinal cortex. Damage to parahippocampal cortex was mod- 
erate to extensive in these animals, except for H++ 1, who had 
substantial sparing on one side. Only slight amygdala damage 
was observed in any of the Hi + animals. Damage to inferotem- 

t 
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poral cortex (area TE) ranged from minimal (monkey H+ + 1) to 
moderate (monkeys H++2-H++4) and was generally asymmet- 
rical. Unilateral damage to the optic radiations and the lateral 
geniculate nucleus was also observed in two monkeys (H’ + 2 
and H++3). 

The damage in monkey H++5, for the most part, appeared 
similar to the other four H+ + monkeys with respect to the hip- 
pocampus, perirhinal cortex, entorhinal cortex, parahippocam- 
pal cortex, and area TE (see Quantitative analysis of cortical 
damage). On the right side, this monkey had an island of pre- 
served tissue anteriorly that included portions of the perirhinal 
cortex, the entorhinal cortex, and the uncal portion of the hip- 
pocampus. In addition, a small portion of white matter was 
observed that connected the spared portions ofentorhinal cortex 
and the hippocampus. 

H+ group. Detailed descriptions of damage in the three mon- 
keys previously tested in this group (H+ l-H+3) have been pub- 
lished elsewhere (Zola-Morgan et al., 1989b) and will only be 
summarized here. Previous histological descriptions of this group 
of animals focused primarily on the extent of damage to the 
hippocampal formation and parahippocampal cortex. We re- 
examined the histological material from these monkeys in order 
to assess as well the extent of damage to the perirhinal cortex. 
Animals H+ 1 and H+2 sustained complete bilateral removal of 
the hippocampus proper, dentate gyrus, and subicular complex, 
as well as extensive bilateral damage to the entorhinal cortex. 
In the anterior portions ofthe entorhinal cortex that were spared, 
layer II cells were almost completely eliminated. Parahippo- 
campal cortex in these two animals was extensively damaged 
bilaterally. In animal H+3, approximately the anterior third of 
the hippocampal formation was spared. The entorhinal cortex 
was intact, but there was partial loss of layer II cells. There was 
also bilateral damage to the parahippocampal cortex, but this 
was not as extensive as in the other two monkeys. Perirhinal 
cortex was only slightly damaged in animals H + I and H + 2 and 
was almost entirely spared in animal H+3. 

Figure 4 illustrates the damage in monkeys H+4 and H + 5, 
the two monkeys that have not been described previously. Both 
animals had enlargements of the lateral ventricles that were 
asymmetrical. In monkey H+4, the hippocampus was severely 
damaged throughout its rostrocaudal extent. The perirhinal cor- 
tex was almost entirely spared. A small posterior region of peri- 
rhinal cortex was severely damaged on the left side, and on the 
right it was compressed by the moderate enlargement of the 
lateral ventricle. The rostra1 three quarters of the entorhinal 
cortex was extensively damaged posteriorly. In the spared an- 
terior portions of entorhinal cortex, there was significant cell 
loss in layer II. Parahippocampal cortex was completely de- 
stroyed bilaterally, except for l-2 mm posteriorly. The posterior 
portion of area TE was moderately damaged on the left side 
and was largely spared on the right. The amygdala was entirely 
spared. 

In monkey H + 5, the ventricular enlargement on the right side 
was substantial. The hippocampus was extensively damaged 
bilaterally. The perirhinal cortex was almost completely free of 
damage at all levels, although on the right side and over its 

Figure 3. Photomicrographs of representative sections through the temporal lobe of monkey H f +2. The sections are arranged from rostra1 (A) to 
caudal (F). The lesion involved almost all of the perirhinal cortex bilaterally caudal to the anterior pole of the amygdala. Perirhinal cortex in the 
anterior temporal polar region sustained only minimal damage. Percentage bilateral damage to the perirhinal cortex for this animal was estimated 
as 56% (see text for details). The asterisk indicates damage produced in histological processing. Scale bar, 10 mm. 
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Figure 4. Representative coronal sections through the brains of monkeys H+4 and H+5. The anteroposterior level is indicated below each section, 
and the extent of damage is shown in black. Percentage bilateral damage to the perirhinal cortex in the H+ group overall was estimated as 12% 
(see Fig. 4). 
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caudal half it was somewhat compressed by the enlargement of 
the lateral ventricle. The posterior half of entorhinal cortex was 
moderately damaged, and there was significant depletion ofcells 
in layer II in the spared regions. Parahippocampal cortex was 
almost completely destroyed bilaterally. Area TE was not di- 
rectly damaged, but on the right side it was substantially com- 
pressed by the enlargement of the lateral ventricle. There was 
no damage or compression of the amygdala. 

Quantitative analysis of cortical and hippocampal damage. 
Figure 5 shows the estimated percentage damage to the hip- 
pocampus and to the three cortical areas, that is, entorhinal 
cortex, parahippocampal cortex, and perirhinal cortex, for the 
two surgical groups. [The data for monkey H++5 (80%, 40%, 
88%, and 58%, respectively) are not shown in Fig. 5.1 The im- 
portant point is that, as intended, damage to three of the ana- 
tomical components of the respective lesions (i.e., the hippo- 
campus, entorhinal cortex, and parahippocampal cortex) was 
comparable in the H+ and H++ groups. However, damage to 
the perihinal cortex was extensive in the H++ group and slight 
in the H+ group. 

86%, 83%, 85%, 84%, 160 trials). Two striking examples of the 
unusually good performance of monkey H+ +5 are worth noting. 
During the first administration of the delayed nonmatching to 
sample task, monkey H+ +5 obtained a score of 100% correct 
on the 10 min delay, a higher score than any of the N or H+ 
monkeys in the present study, and a higher score than any of 
the 74 other normal and operated monkeys that have been tested 
on the delayed nonmatching to sample task in our laboratory 
during the past 10 years. On the concurrent discrimination 
learning task, monkey H++5 required only 160 trials to reach 
criterion level performance, a better score than any of the N or 
H+ monkeys in the present study, and a better score than 55 of 
56 other normal and operated monkeys previously tested on the 
concurrent discrimination learning task in our laboratory. 

The mean percentage damage to the hippocampus was 81% 
for the H+ + group (range = 78-84%) and 80% for the H+ group 
(range = 61-98%; P > 0.10). The mean percentage damage to 
entorhinal cortex was 45% for the H++ group (range = 38-56%) 
and 30% for the H+ group (range = 5-53%; P > 0.10). The 
mean percentage damage to parahippocampal cortex was 81% 
for the H++ group (range = 64-93%) and 94% for the H+ group 
(range = 87-99%; P > 0.05). The mean percentage damage to 
perirhinal cortex was 49% for the H++ group (range = 37-56%) 
and 12% for the H+ group (range = l-22%; P < 0.001). 

Second, because it has been well established that even the 
more restricted H+ lesion impairs performance significantly on 
the delayed nonmatching to sample task and on the other am- 
nesia-sensitive tasks used in the present study (Mishkin, 1978; 
Mahut et al., 1982; Zola-Morgan et al., 1989a), the scores for 
monkey H++5 do not clearly count for or against the hypothesis 
being tested, that is, that the H++ lesion should produce more 
severe impairment than that observed after the H+ lesion. That 
is, the scores for monkey H++5 cannot reasonably be used to 
compare the severity of impairment associated with H+ and 
H+ + lesions. 

Behavioral findings 
Table 1 shows the performance scores for monkeys in the N, 
H++, and H+ groups on the three amnesia-sensitive tasks, that 
is, delayed nonmatching to sample (the scores are the average 
scores across two administrations of the test), delayed retention 
of object discrimination, and concurrent discrimination. Mon- 
key H++5 was not included in the statistical analyses based on 
two considerations. First, his scores were as good as or better 
than the scores of the normal monkeys (scores for H+ +5 on the 
nine separate measures of Table 1: 440 trials, 0 trials, 9 l%, 85%, 

It is possible that the small, anterior, unilateral sparing of 
interconnected perirhinal, entorhinal, and hippocampal tissue 
could account for the anomalously good performance of monkey 
H++5. Although this possibility seems somewhat unlikely, the 
relative importance to memory function of specific portions of 
these regions and the white matter that underlies them, and the 
functional significance of residual tissue, has not been system- 
atically examined. In any case, it is important to note that the 
findings for monkey H++S do raise a more general question 
concerning whether medial temporal lobe structures are always 
essential for performance on delayed nonmatching to sample 
and other tasks. This issue will be considered in the Discussion. 

Finally, it is worth noting that the average scores of the H+ + 
group would have been affected only slightly by the addition of 
monkey H++5 (group mean scores without monkey H+ +5 from 
Table 1 vs group mean scores with monkey H++5: 1098 trials 

Figure 5. Estimates of percentage bi- 
lateral damage (mean of left and right 
sides) to three cortical regions (entor- 
hinal cortex, parahippocampal cortex, 
and perirhinal cortex) were generated 
by tracing the intact cortex in monkeys 
with lesions and comparing these areas 
to the corresponding cortical areas in 
four unoperated control monkeys. Es- 
timates of percentage bilateral damage 
to the hippocampus (mean of left and 
right sides) were made by visual in- 
spection. For both lesion groups, com- 
parable levels ofdamage were observed 
in entorhinal and parahippocampal 
cortices, as well as in the hippocampus. 
Monkevs with H++ lesions. unlike 
monkeys with H+ lesions, sustained 
considerable damage to the perirhinal 
cortex. 
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Table 1. Performance on tasks sensitive to amnesia 

Delayed nonmatching to sample Concur- 

Trials to criterion Delays rent 
Object discrim- 

Group 1 2 8 set 15 set 60 set 10 min mean of 3 retention ination 

Normal 
1 180 0 92 93 88 73 85 88 240 

2 440 0 92 94 94 70 86 88 720 

3 220 0 91 93 88 79 87 85 640 

4 120 20 92 97 91 83 91 86 240 

5 180 0 91 94 85 75 85 85 360 

6 160 0 92 93 95 83 90 86 480 

7 80 80 91 84 88 86 86 87 600 

Mean 197 14 92 93 90 78 87 86 469 

H” 
1 1220 0 93 76 76 53 68 60 360 

2 1730 180 92 88 76 53 72 68 820 

3 940 280 91 74 68 57 66 78 300 

4 500 60 91 89 85 61 78 70 830 

Mean 1098 130 92 82 76 56 71 69 578 

H’ 
1 260 20 91 89 73 65 75 75 760 

2 520 0 91 92 85 62 80 72 720 

3 840 0 91 93 92 64 83 80 880 

4 150 100 91 85 85 68 79 63 1510 

5 80 60 91 90 82 64 79 76 950 

Mean 370 36 91 90 83 65 79 73 964 

For the delayed nonmatching to sample task, the scores for trials to criterion are the number of trials required to reach the learning criterion the first time (left column) 
and the second time (right column) that the task was administered. Delay scores are the percent correct scores for each delay averaged across the two times the task 
was administered. The “mean of 3” scores are the percent correct scores averaged across the three longest delays (15 set, 60 set, and IO min). The scores for the object 
retention task are the percent correct scores for four discriminations averaged across 3 test days. The scores for the concurrent discrimination are the number of trials 
required to reach the learning criterion. 

vs 966 trials, 130 trials vs 104 trials, 92% vs 92%, 82% vs 82%, 
76% vs 78%, 56% vs 6 I%, 7 1% vs 74%, 69% vs 72%, 578 trials 
vs 494 trials). 

1. Delayed nonmatching to sample. This task was adminis- 
tered to all the groups on two different occasions. The first 
administration occurred 6-8 weeks after surgery, immediately 
after the completion of pretraining, and the second administra- 
tion occurred after completion of testing on three other tasks 
(pattern discrimination, delayed retention of object discrimi- 
nations, and eight-pair concurrent discrimination learning). The 
interval between the first and second administrations of the 
nonmatching task was 6-9 months for the normal monkeys, 
12-18 months for the H++ group, and 1841 months for the 
H+ group. [Just prior to the second administration ofthe delayed 
nonmatching task, the three original monkeys in the previously 
tested H+ group (H+ l-H+3) had been given a different version 
of the nonmatching task that involved introducing a distracting 
event during some ofthe delay trials (Zola-Morgan et. al., 1989a).] 

Basic task (8 set delay). On the first administration of the 
delayed nonmatching task, two of the four monkeys in the H+ + 
group (monkeys H++ 1 and H++2) were unable to reach the 
criterion level of performance on the basic task (90% correct 
during 100 consecutive trials) within 1140 trials oftesting. These 
two monkeys averaged 70% correct during their last 100 trials. 
At this point, the testing procedure was modified so that the 
sample stimulus was presented twice in succession instead of 
only once (Aggleton and Mishkin, 1983). Only one of the two 
sample presentations was rewarded, and which sample presen- 

tation was rewarded was determined randomly for each trial. 
With the benefit of double-sample presentation, animal H+ + 1 
was able to reach criterion after an additional 80 trials (total 
trials, 1220), and animal H++2 was able to reach learning cri- 
terion after an additional 590 trials (total trials, 1730). Monkeys 
H++ 3 and H++4 learned the task in 940 trials and 500 trials, 
respectively, using the standard testing procedure. The mean 
score for the H+ + group was 1098 trials. On the second admin- 
istration of the nonmatching task, all Hi + monkeys relearned 
the task more quickly and without requiring the double-sample 
presentation procedure (mean trials to criterion, 130). 

Figure 6A shows the mean number of trials required to learn 
the basic (8 set) task on the first (open bars) and second (solid 
bars) administration. On the first administration of the task, the 
two operated groups were impaired (Ps < 0.05). The H+ + group 
required more trials to reach criterion than the H+ group [ 1098 
trials vs 370 trials, respectively; t (4) = 2.6; P < 0.051. On the 
second administration of the task, both the H+ + group and the 
H+ group required numerically more trials than normal mon- 
keys to reach criterion (130, 36, and 14 trials, respectively). 
None ofthese differences was statistically significant (Ps > 0.10). 

Delays (15 set, 60 set, IO min). All groups performed similarly 
on the first and second tests at all three delay intervals. For 
example, at the 10 min delay, the scores for the first and second 
tests were, for the N group, 79% and 77%; Hi +, 62% and 50%; 
and H+, 66% and 63% (all Ps > 0.10). Accordingly, for each 
monkey the performance scores for the first and second tests 
were averaged together to evaluate performance across delays. 
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H+(5) 

Figure 6. Performance on the delayed 
nonmatching to sample task on two dif- 
ferent occasions for normal monkeys 
(N), monkeys with lesions of the hip- 
pocampal formation, parahippocampal 
cortex, and perirhinal cortex (H+ +), and 
monkeys with lesions ofthe hippocam- 
pal formation and the parahippocam- 
pal cortex (H+). A, Initial learning of 
the task with a delay of 8 set (see Table 
1 for trials to criterion for individual 
animals; first test, open bars; second test, 
solid bars). B, Performance across de- 
lays for the same groups. For each mon- 
key, performance scores on the two tests 
were averaged together. The perfor- 
mance curve for the H++ group prob- 
ably underestimates the deficit, because 

++I41 
one of the four animals in this group 
required a remedial procedure in which 
the sample object was always presented 

8 16 60 10 rnh twice instead of once (see Results for 

(On the delay portion of the nonmatching task, monkey H++ I 
required double-sample presentation on the first administration 
but not on the second administration.) 

Figure 6B shows performance across delays. A two-way ANO- 
VA (three groups, three delays) revealed a significant effect of 
group [F(2,15) = 28.4; P < O.OOl], delay [F(2,32) = 91.9; P -C 
O.OOl], and group x delay interaction [F(4,32) = 3.5; P < 0.051. 
Separate comparisons based on each group’s scores averaged 
across the three longest delays (15 set, 60 set, 10 min) revealed 
that both operated groups were impaired (ts > 5.0; Ps < 0.00 1). 
Importantly, the H++ group was significantly more impaired 
than the H+ group [mean percentage correct: H+ + = 7 1% H+ = 
79%; t (7) = 2.9, P < 0.051. The same pattern of findings was 
observed when the groups were compared at the 10 min delay. 
Both surgical groups were impaired (ts > 2.9; Ps < 0.05), and 
the H++ group (mean percentage correct = 56%) was signifi- 
cantly more impaired than the H+ group (mean percentage cor- 
rect = 65%; P < 0.01). 

In summary, the H+ + lesion produced a level of impairment 
on the delayed nonmatching task that was more severe than the 
level of impairment associated with the H+ lesion. Moreover, 
the H + + lesion produced an enduring impairment. Performance 
on the delay portion of the delayed nonmatching to sample task 
was just as impaired when the task was administered the second 
time as when it was first administered 1.5 years earlier. 

2. Pattern discrimination. The number of trials required to 
learn the two pattern discrimination problems were averaged 
for each monkey (Fig. 7). Monkey N 1 performed continually at 
chance level on both problems, and testing on each problem 
was discontinued after 1000 trials. This animal was assigned a 
score of 1000 trials. Monkey N3 also performed continually at 
chance level on the first problem, and testing was discontinued 
after 1000 trials. On the second problem, N3 obtained a score 
of 720 trials. This animal was assigned a score of 860 trials, the 
mean of the scores obtained on the two problems. (Monkey N 1 
and N3 were referred to as N4 and N6 in Zola-Morgan et al., 
1989c.) There were no differences between any of the groups in 
terms of the number of trials required to learn the pattern dis- 
crimination problems (Ps > 0.10). 

3. Delayed retention of object discriminations. The data for 
all four discriminations were averaged together for each animal. 
Overall performance, averaged across all three days of testing 
(Fig. 8, Table l), showed that both surgical groups were impaired 

Delay kecl details). 

(N = 86% correct, H++ = 69%, H+ = 73%; Ps -C 0.001). The 
H++ group obtained a numerically poorer score than the H+ 
group, but this difference did not reach statistical significance 
(P > 0.10). 
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Figure 7. Average score on two pattern discrimination tasks by normal 
monkeys (N), monkeys with lesions of the hippocampal formation, 
parahippocampal cortex, and perirhinal cortex (H++), and monkeys 
with lesions of the hippocampal formation and the parahippocampal 
cortex (H+). Symbols show scores for individual monkeys. 
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Figure 8. Average daily performance on four object discrimination 
tasks for normal monkeys (TV), monkeys with lesions ofthe hippocampal 
formation, parahippocampal cortex, and perirhinal cortex (H+ +), and 
monkeys with lesions of the hippocampal formation and the parahip- 
pocampal cortex (H+). Symbols show scores for individual monkeys. 
*, Day I, indicates three animals who obtained a score of 75% correct; 
*, Day 4, indicates four animals who obtained a score of 93% correct. 

Another way of describing these data is to note that all mon- 
keys were able to achieve a run of 9 out of 10 correct trials by 
the end of day 2 of testing. Normal monkeys required a median 
of 11 trials to learn the four tasks (medians are used here to 
permit direct comparisons with the findings reported in Zola- 
Morgan and Squire, 1985, and Zola-Morgan et al., 1989a,b), 
H+ monkeys required 20 trials, and H + + monkeys required 29 
trials. By this measure, both surgical groups were impaired (Ps 
< 0.01). While monkeys in the H++ group required more trials 
to obtain 9 out of 10 correct trials than did the monkeys in the 
H+ group, this difference did not reach statistical significance. 

4. Concurrent discrimination. The scores for each group are 
presented in Figure 9. Although both surgical groups required 
numerically more trials than the normal group to reach criterion 
(mean trials: N = 469, H++ = 578, H+ = 964), only the com- 
parison between the H+ group and the normal group reached 
statistical significance (P < 0.001). Two of the four monkeys in 
the H+ + group required more trials than any of the seven mon- 
keys in the normal group to reach criterion on the concurrent 
task. The other two monkeys in the H + + group obtained scores 
in the normal range (Table 1). The H+ and the H++ groups were 
not significantly different (P > 0.10). 

5. Lifesaver motor skill. All monkeys learned the Lifesaver 
task at a similar rate. A two-way ANOVA (three groups, eight 
test days) revealed a significant effect of session [F(7,128) = 
23.7; P < O.Ol], indicating that performance improved across 
test days. There was no effect of group and no interaction (Fs 
< 1 .O; monkey H++3 was killed prior to the administration of 
this task, so data are reported for only three H++ monkeys). 
One month after the final session of initial learning, all groups 
showed excellent retention of the task. 

Discussion 

Monkeys with bilateral lesions of the hippocampal formation 
and the parahippocampal cortex plus the perirhinal cortex (the 
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Figure 9. Performance on the eight-pair concurrent discrimination 
task by normal monkeys (A’), monkeys with lesions of the hippocampal 
formation, parahippocampal cortex, and perirhinal cortex (H’ ’ ), and 
monkeys with lesions of the hippocampal formation and the parahip- 
pocampal cortex (Hi). Symbols show scores for individual monkeys. 

H++ lesion) were severely impaired on two of three amnesia- 
sensitive tasks (delayed nonmatching to sample and delayed 
retention of object discriminations). On the third amnesia-sen- 
sitive task (concurrent discrimination learning), two of the four 
monkeys in the H++ group obtained poorer scores than all seven 
normal monkeys, although the overall group comparison was 
not significant. The memory impairment following H + + damage 
was enduring. When monkeys with H++ lesions were retested 
on the delayed nonmatching to sample task, they performed as 
poorly at all three delay intervals as they had when first tested 
1.5 years earlier. Importantly, the monkeys with H+ + lesions 
learned the two pattern discriminations normally and they were 
normal at learning and retaining the lifesaver motor skill task. 
Thus, despite being impaired on tasks that are sensitive to hu- 
man amnesia, the monkeys with Hi + lesions performed nor- 
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mally on tasks analogous to ones that amnesic patients do not 
fail. 

The memory impairment of the H++ monkeys was more 
severe overall than the impairment associated with surgical le- 
sions of the hippocampal formation and the parahippocampal 
cortex that did not include significant damage to the perirhinal 
cortex (the H+ group). On the delayed nonmatching to sample 
task, the H++ group was significantly more impaired than the 
H + group, as measured by initial learning as well as by perfor- 
mance on the delay portions of the task. In addition, the H+ + 
group was numerically more impaired than the H+ group on 
two separate measures of the delayed retention of object dis- 
criminations, although these comparisons did not reach statis- 
tical significance. On the third task, the performance of H++ 
monkeys did not differ from that of the H+ monkeys. 

The perirhinal cortex was the only brain region that was more 
extensively damaged in the Hi + group than in the H+ group 
(Fig. 5). Each of the other regions involved in the two lesion 
groups (i.e., the hippocampus proper, including the dentate gy- 
rus and the subicular complex, the entorhinal cortex, and the 
parahippocampal cortex) was comparably damaged in the two 
groups. Accordingly, the finding that monkeys with H + + damage 
were overall more impaired than monkeys with H+ damage 
points to the importance for memory of the perirhinal cortex. 
This region presumably participates in memory functions by 
virtue of its extensive reciprocal connections with widespread 
regions of neocortex (Van Hoesen and Pandya, 1975; Witter et 
al., 1989; Suzuki et al., 199 l), which are putative sites of mem- 
ory storage (Squire and Zola-Morgan, 1991). Importantly, the 
perirhinal cortex does not simply connect the neocortical regions 
to the hippocampus. Instead, the perirhinal cortex must play 
an important role in memory on its own as evidenced by the 
fact that memory impairment is increased when the perirhinal 
cortex is added to the H+ lesion. This idea is consistent with 
previous work from our laboratory (Zola-Morgan et al., 1989~; 
Squire and Zola-Morgan, 199 1; Zola-Morgan and Squire, 1993) 
as well as the work by others (Horel et al., 1987; Murray et al., 
1989; Murray, 1992). 

H++ group versus H+A group. It is useful to compare the 
findings from the H++ group to the findings for monkeys with 
H+A lesions (Zola-Morgan et al., 1989b). As indicated by the 
terminology, both groups have in common the H+ lesion, that 
is, damage to the hippocampus (including the dentate gyrus and 
the subicular complex), the entorhinal cortex, and the parahip- 
pocampal cortex. In the H+A lesion, however, the H+ lesion is 
extended forward to include the amygdala, leaving the perirhinal 
cortex intact, while in the H++ lesion, the perirhinal cortex is 
added to the H + lesion, leaving the amygdala intact. Previous 
work showed that adding amygdala damage to the H+ lesion 
(the H+A lesion) did not exacerbate the impairment observed 
following H + damage alone (Zola-Morgan et al., 1989b). In 
contrast, as shown by the present findings, adding perirhinal 
damage to the H+ lesion did exacerbate the H+ impairment. A 
direct comparison of the performance of the H++ and H+A 
groups reinforces this point. Overall, the H++ group was more 
impaired than the H+A group. 

On the 10 min delay interval of the delayed nonmatching to 
sample task (averaged across two administrations of the test), 
the H+ + group performed worse than the H ‘A group [56% vs 
68% correct, respectively; t (5) = 4.2, P < 0.011. The H++ group 
was also numerically worse than the H+A group when the scores 
on the delayed nonmatching to sample task were averaged across 
the three longest delays (7 1% vs 76% correct, respectively), and 

when performance on the delayed retention of object discrim- 
inations was averaged across the 3 d of testing (69% vs 72% 
correct, respectively). On the concurrent discrimination task, 
the two monkeys in the H++ group with impaired scores (820 
and 830 trials) performed worse than any of the three monkeys 
in the H+A group (520,720, and 720 trials). These comparisons, 
together with previous findings (Zola-Morgan et al., 1989b,c) 
underscore the important role in memory of perirhinal cortex 
and also indicate the lack of involvement of the amygdala in 
the kinds of memory function evaluated here (Squire and Zola- 
Morgan, 199 1; Zola-Morgan and Squire, 1993). 

H+ + group versus H+A+ group. The findings from the H+ + 
group can also be usefully compared to the findings for monkeys 
with H+A+ lesions (Zola-Morgan et al., 1982, 1984, 1985). Stud- 
ies of memory impairment in monkeys began with large medial 
temporal lobe removals intended to approximate the damage 
in amnesic patient H.M. (the H+A+ lesion). As indicated by the 
terminology, the H+A+ lesion damages the hippocampus (in- 
cluding the dentate gyrus and the subicular complex), the amyg- 
dala, the perirhinal cortex, the entorhinal cortex, and the para- 
hippocampal cortex. The H+A+ lesion produces severe memory 
impairment (Mishkin, 1978; Mahut et al., 198 1; Zola-Morgan 
and Squire, 1985). Our neurohistological processing ofthe H+A+ 
brains (Zola-Morgan and Squire, 1985) carried out more than 
10 years before the present study, did not permit a detailed, 
quantitative evaluation of the extent of perirhinal damage. It 
was clear, however, that each of the H+A+ monkeys sustained 
significant bilateral damage to the perirhinal cortex (Zola-Mor- 
gan et al., 1989~). 

The portion of perirhinal cortex that was damaged was dif- 
ferent to some extent in the H++ monkeys and the H +A+ mon- 
keys. First, the neurosurgical approach used to remove the 
amygdala in the H+A+ monkeys necessarily damaged the tem- 
poral polar portion of the perirhinal cortex, but this portion was 
almost entirely spared in the H+ + monkeys. Second, the lesions 
in the H+A+ monkeys spared some laterally situated perirhinal 
cortex (area 36) but this portion of perirhinal cortex was con- 
sistently damaged in the H -f + monkeys. Finally, the H * Ai mon- 
keys sustained greater overall damage than did the Hi + mon- 
keys, including bilateral damage to the white matter located 
lateral to the amygdaloid complex and substantial damage to 
caudal visual area TEO and the posterior portion of area TE 
(Zola-Morgan et al., 1989~). Thus, it would not be unreasonable 
to suppose that on some tasks, the H+A+ monkeys would be 
more impaired than the monkeys with H++ lesions. 

The H+ + lesion produced a level of memory impairment that 
was sometimes comparable to the impairment observed follow- 
ing H+A+ lesions, On the 10 min delay interval of the delayed 
nonmatching to sample task, the scores of the H+ + group were 
similar to the scores of the H+A+ group [56% vs 52%, respec- 
tively; t (6) = 1.2, P > 0.25. Because the H +A + group was given 
the delayed nonmatching to sample task only once, these com- 
parisons are based on one test for the H+A+ group and two 
tests for the H++ group]. The H++ group was not as impaired 
as the H+A+ group when the scores on the delayed nonmatching 
to sample task were averaged across the three longest delays 
[7 1% vs 6 l%, respectively; t (6) = 3.2, P < 0.051. On the delayed 
retention of object discriminations, the two groups obtained 
nearly identical scores (mean percentage correct across the 3 d 
of testing: H++ = 69%, Hi A+ = 70%). On concurrent discrim- 
ination learning, the H +A + monkeys as a group required more 
trials to reach criterion level performance than the H + + monkeys 
[l 100 trials vs 578 trials, respectively; t (6) = 2.4, P -C 0.0521. 
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However, two of the monkeys in the H+ + group had scores that Murray et al., 1989; Squire and Zola-Morgan, 199 1; Murray, 
were similar to the scores of the H+A+ group (820 and 830 1992). 
trials). Two other monkeys had scores within the normal range 
(300 and 360 trials). 

Human amnesia impairs the ability to acquire facts and events 
(declarative or explicit memory) but spares the capacity for 
certain other kinds of abilities (nondeclarative or explicit mem- 
ory), including skill learning and habit learning (for review, see 
Squire, 1992). Thus, despite their memory impairments, the 
H + + and the H+ monkeys in the present study were entirely 
normal at acquiring the pattern discrimination task and at ac- 
quiring and retaining the lifesaver motor skill task. Given this 
framework for understanding memory function, the finding in 
the present study that monkey H++5 could perform normally 
on all three amnesia-sensitive tasks, and the finding that two of 
the H++ monkeys were able to perform normally on the con- 
current discrimination learning task were unexpected. 

One possibility is that some monkeys with large medial tem- 
poral lobe lesions can perform normally on tasks that have been 
shown to be sensitive to amnesia in humans because they are 
able to approach these tasks as tasks of habit memory or non- 
declarative memory. This kind of memory does not require the 
integrity of the medial temporal lobe structures (Mishkin and 
Petri, 1984; Squire and Zola-Morgan, 1991). It is also known 
that monkeys will engage a habit-like strategy in tasks that hu- 
mans would perform using a declarative memory strategy. For 
example, monkeys with H+A+ lesions, who were severely im- 
paired on the delayed nonmatching to sample task, performed 
normally on a version of the concurrent discrimination learning 
task that was different from the task used in the present study 
and that involved 20 different discrimination pairs, given once 
each day, always in the same order (the 24 hr concurrent task; 
Malamut et al., 1984). However, amnesic patients failed this 
task presumably because they tried unsuccessfully to solve it by 
using a declarative strategy (Squire et al, 1988; Zola-Morgan 
and Squire, 1990). 

This same perspective can be applied to the concurrent leam- 
ing task used in the present study that ordinarily reveals a clear 
impairment in monkeys with large medial temporal lobe lesions. 
Two-choice discrimination tasks that require a relatively small 
number of trials to learn (e.g., 20-80 trials) are more sensitive 
to the effects of medial temporal lobe damage than are tasks 
that require many trials to learn (e.g., greater than 80 trials; 
Squire and Zola-Morgan, 1983). Normal monkeys required an 
average of 469 trials to learn the concurrent discrimination task 
used here. Thus, it is not unreasonable to suppose that a monkey 
with a medial temporal lobe lesion might sometimes learn this 
task normally. Others have also discussed the important fact 
that many tasks are potentially amenable to more than one 
memory strategy (Eichenbaum et al., 1989; Sutherland and Rudy, 
1989; Squire, 1992). 

In summary, the present findings suggest that the level of 
impairment that follows H ++ damage approaches the level of 
impairment that follows H+A+ damage. Thus, taken together 
with recent neuroanatomical evidence that the perirhinal cortex 
and the caudally adjacent parahippocampal cortex comprise 
approximately 60% of the input to the entorhinal cortex (In- 
sausti et al., 1987), these findings emphasize the importance for 
memory function of the hippocampal formation and the sur- 
rounding cortex of the medial temporal lobe. In particular, the 
present findings underscore the important contribution to mem- 
ory function made by the perirhinal cortex (Horel et al., 1987; 
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