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DECLARATIVE MEMORY

Memories that can be “declared” or made “explicit” 
Characterized by flexible expression 
Depends on the medial temporal lobes               
(hippocampus + parahippocampal region)

Allen & Fortin (2013)

Birds also have a hippocampus, which arises from the same
developmental origin as mammals (59, 60, 75). As in mammals,
a hippocampal-septal pathway is a major feature of the avian
hippocampus (75, 76). The avian hippocampal subregions are not
as visually obvious (Fig. 1) but nonetheless show homologies to
those in mammals. Based on anatomical connectivity, Atoji and
Wild (60) noted that the dorsomedial area of the hippocampus
is similar to the mammalian subiculum and CA regions, whereas
the V-shaped layer in the ventromedial portion is similar to the
mammalian dentate gyrus. However, a consensus on the exact
homologies of hippocampal subregions is lacking (59, 60, 75).
Functionally, the avian hippocampus is similar to the mammalian
hippocampus. Neurons in the avian hippocampus also show dis-
tinct place fields (reviewed in ref. 77), and lesions to the avian
hippocampus specifically disrupt spatial memories (78–80). No-
tably, hippocampal lesions similarly impair spatial memories in
turtles and goldfish (61), further evidence that theses functional
similarities result from a long neurobiological ancestry.

Parahippocampal Region. In mammals, the hallmark of cortical–
hippocampal connectivity is the existence of associative cortical
structures that serve as an interface between the hippocampus
and the rest of the neocortex. These associative regions include
the entorhinal cortex, perirhinal cortex, and parahippocampal
cortex [postrhinal cortex in rodents (81)], which are collectively
referred to as the parahippocampal region (Fig. 1). There are
two main information processing pathways within the para-
hippocampal region (Fig. 2A). The “what” pathway, composed
of the perirhinal and lateral entorhinal cortex, is important for

processing and representing features of specific objects or items.
In rodents and primates, this system receives information from
all sensory modalities (81–83), is critical for object memory (84–
86), and contains neurons that respond to specific objects (47,
87–89). The second pathway processes “where” information and
is composed of the parahippocampal/postrhinal cortex and me-
dial entorhinal cortex. This system primarily receives visuospa-
tial information (81, 83). Consistent with a role in processing
“where” information, neurons in a subregion of the medial
entorhinal cortex fire in a triangular grid pattern as animals ex-
plore an environment [grid cells (90)]. Evidence for grid cells has
been reported in rodents (90), nonhuman primates (91), and
humans (92), as well as in bats (74). Although species differences
exist in the information processed by these pathways, the distinct
informational segregation is conserved across rats, nonhuman
primates, and humans (8, 83, 93).
In birds, the primary inputs and outputs of the hippocampus

originate in the area parahippocampalis (60) (Figs. 1 and 2B).
Afferents to area parahippocampalis arise from several locations,
including the dorsal ventricular ridge and hyperpallium. Its
efferents project back to the same structures and to the V-shaped
layer and triangular region of the avian hippocampus. Therefore,
the avian hippocampus has access to information from all mo-
dalities through the area parahippocampalis (60), much like the
mammalian system. However, it is unknown whether the dorso-
lateral and dorsomedial subregions of area parahippocampalis are
involved in segregated informational streams. As in the medial
entorhinal cortex in mammals, grid-like cells have been observed

Fig. 1. Brain regions important for episodic memory. Anatomical comparison of the hippocampus (avian hippocampus), parahippocampal region (avian area
parahippocampalis), associational neocortex (avian dorsal ventricular ridge), and prefrontal cortex (avian nidopallium caudolaterale). Themammalian hippocampus
shows distinct subregions, which are less evident in the avian hippocampus. Themammalian parahippocampal region is shown in diagrams (adaptedwith permission
from ref. 81. CopyrightWiley-Liss, Inc.) to highlight the conserved relative spatial locations among species, with similar adjacent locations of area parahippocampalis
and hippocampus in birds. Neocortical areas inmammals and associational areas of the dorsal ventricular ridge are outlined. The prefrontal cortex is shown inwhole
brains in mammals (medial surface in rat) and in a sagittal section in the bird. Human, nonhuman primate (Macacamulatta) and rodent (Rattus norvegicus) sections
were adapted with permission from http://www.brains.rad.msu.edu, and www.brainmuseum.org supported by the US National Science Foundation, and bird
(Taeniopygia guttata) sections from http://zebrafinch.brainarchitecture.org. DG, dentate gyrus; DL, dorsolateral region; DM, dorsomedial region; EC, entorhinal
cortex, HC, hippocampus; PER, perirhinal cortex; PHC, parahippocampal cortex; POR, postrhinal cortex; Tr, triangular region; V, V-shaped layer.
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Squire & Wixted (2011)



DECLARATIVE MEMORY 
PATIENT H.M.

Henry Gustav Molaison (1926-2008)

In 1953, before his surgery In the 1970s 

Damage to the medial temporal lobe impairs declarative memory, 
but not non-declarative memories (see properties next)


Limitations: Brain damage includes hippocampus, entorhinal 
cortex, perirhinal cortex, and parahippocampal cortex. Which 
region is doing what? That’s where the animal models come in…



DECLARATIVE MEMORY 
PROPERTIES FOR VALID ANIMAL MODEL OF HUMAN AMNESIA

from Eichenbaum & Cohen (2001)

Property #1: Sensory, motor, motivational and cognitive 
processes are intact  

Property #2: Short-term memory (STM) is intact 

Property #3: Beyond STM, memory declines rapidly  
“Faster forgetting” 

Property #4: Memory deficit is global  
Not limited to one modality or type of stimulus 

Property #5: Graded retrograde impairment 
Recent memories are more impaired than remote memories
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ANIMAL MODELS
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Figure 3 | Performance of rats with hippocampal damage in the Morris water maze.
a | An illustration of the Morris water maze and typical environmental cues74. The escape
platform, submerged just below the surface of the water, cannot be seen by the rat. b | In the
conventional version of the task (left), the rat begins each trial from one of four starting locations,
and the time required for it to locate the escape platform is measured. In the constant start
position version of the task (right), one start location is used consistently. c | In the conventional
version of the task (left), normal rats (blue) rapidly improve their swim latencies to find the platform
across trials, whereas rats with hippocampal damage (red) do not. In the constant start position
version of the task (right), rats with hippocampal damage are slightly impaired in acquisition
rate, but successfully learn to locate the platform. d | During probe testing, normal rats (blue)
rapidly locate the escape platform both on repetitions of the original instruction trials and on
probe trials that begin at new start positions. Rats with hippocampal damage (red) also do well
on repetitions of the instruction trials, but poorly on the probe trials. e | Example swim paths in
new probe trials by normal rats (blue) and rats with hippocampal damage (red). Normal rats
swim directly to the platform, but rats with hippocampal damage are severely impaired.
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from memory. For example, even without ever explic-
itly studying your family tree, you can infer indirect
relationships or the sequence of central events in the
family history, from the set of episodic memories
about your family. Similarly, without ever studying the
map of a city, you can make navigational inferences
from the synthesis of many episodic memories of pre-
vious routes taken. Large-scale networks for family
trees and city layouts are but two examples of the kind
of ‘memory space’ proposed to be mediated by the
hippocampal system72. Within this view, a broad range
of such networks can be created, with their central
organizing principle the linkage of episodic memories
through their common events and places, and a conse-
quent capacity to move among related memories with-
in the network.

These properties of declarative memory suggest an
approach for the development of animal models. So a
way to study the creation of a memory space from over-
lapping experiences, and to make inferences from the
network knowledge, is to train subjects on several dis-
tinct experiences that share common elements and then
test whether these experiences have been linked in
memory to solve new problems. One can conceive of
this approach as applied to various domains relevant to
the lives of animals, from knowledge about spatial rela-
tions among stimuli in an environment, to categoriza-
tions of foods, learned organizations of odour or visual
stimuli, or social relationships. Progress is being made
in investigating these domains.

In some experimental protocols, the requirement to
synthesize several overlapping experiences is enough to
require hippocampal function. One case involves SPATIAL

LEARNING, similar to the example of the learning of routes
through a city given above, but involving rats and the
Morris water maze task. In this test, rats or mice learn to
escape from submersion in a pool by swimming
towards a platform located just underneath the surface.
Importantly, training in the conventional version of the
task involves an intermixing of four kinds of trial
episodes that differ in the starting point of the swim.
Under this condition, animals with hippocampal dam-
age typically fail to acquire the task73. However, if the
demand for synthesizing a solution from four types of
episodes is eliminated by allowing the animal to repeat-
edly start from the same start position, animals with
hippocampal damage acquire the task almost as readily
as normal rats and use the same distant spatial cues in
identifying the escape site74 (FIG. 3).

Other experiments indicate that the hippocampus
may be required for new problem solving in familiar
environments. So when rats with hippocampal damage
that have successfully learned to locate the escape plat-
form from a single start position are tested from new
start positions, they fail to readily locate the platform.
In contrast, normal animals swim directly to the escape
locus on each new probe trial (FIG. 3)74. In another
example, hippocampal damage results in failure to
express memory for a single experience in social learn-
ing of food odours. Training in this task involves a
social encounter during which the subject interacts

© 2000 Macmillan Magazines Ltd

Hippocampus damage impairs spatial memory tasks in animals

(rapid acquisition, flexible expression)

from Eichenbaum (2000)
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choices by the subject. Rats with selective hippocampal
damage show intact memory when tested immediately
after the social encounter, but no memory when the
test is delayed by 24 hours (FIG. 4)33,76. The observation
of intact short-term memory is similar to the sparing of
immediate memory in humans with amnesia, and
indicates that the hippocampus is not required for the
perceptual or motivational components of learning, for
the critical social interactions, or for the ability to
express a learned food selection. The loss of differential
choice behaviour within a day indicates that the hippo-
campus is required for expressing the memory acquired
during a single social encounter in a new situation
involving food selection.

In several other experimental protocols, animals
with hippocampal damage successfully acquire a set of
overlapping experiences, often at a rate not substantial-
ly different from that of normal subjects. But they fail
to express their memories of the experience in new sit-
uations that require an inference on the basis of linking
the distinct experiences in memory (BOX 2). In one of
these studies, rats were trained on sets of odour ‘paired
associates’with shared elements and were then tested to
see if they could infer an association between elements
that were only indirectly related77. In another study, rats
were trained on a series of four odour discriminations,
with shared items such that the odour set could be con-
strued as a hierarchy, and then were tested to see if they
could infer transitive relations according to the hierar-
chical organization78. The results of these studies
showed that some forms of stimulus–stimulus repre-
sentations can be acquired independently of the hippo-
campus itself. However, these representations are
‘hyperspecific’, that is, they can only be expressed with-
in the confined context of the reproduction of each of a
set of distinct learning events79. Only a hippocampally
mediated representation can support the inferential
expression of associations that must be linked across
separated experiences.

Linking episodic memories in the hippocampus
How are these memory capacities mediated within the
circuitry of the hippocampus? Recent observations
from extracellular recordings in behaving animals indi-
cate that hippocampal neuronal networks may repre-
sent sequences of events and places that compose
episodic memories. The content of information encod-
ed by the firing patterns of these neurons includes both
specific conjunctions of events and places unique to
particular experiences and features that are common to
overlapping experiences. Indeed, there is now evidence
that the hippocampus creates separate and linked
episodic-like representations even when the overt
behaviours, and places where they occur, are the same
but the events are parts of distinct experiences.

Hippocampal principal cells show firing patterns
that are readily related to a broad range of events, which
occur during sequences of behaviour in all tasks exam-
ined (BOX 3)72. For example, as rats complete spatial tasks
where they are required to shuttle between a common
starting location and one or more reward locations,

with a ‘demonstrator’rat that has recently eaten a par-
ticular food (FIG. 4). During this exposure the subject
sniffs the breath of the demonstrator and acquires an
association between the odour of the recently eaten
food and an odorous constituent of rat’s breath, carbon
disulphide75. The subsequent memory test involves
presentation of a choice of foods, one of which is the
same kind of food eaten by the demonstrator, in the
absence of the social context. Memory for the learned
association is reflected in an alteration of food selection

Box 2 | Tests of transitive inference

In one experiment rats learned overlapping sets of associations between odour
stimuli77. On each trial one of two odours was initially presented, followed by a choice
between two odours, one of which was baited as the assigned ‘associate’for a particular
initial odour (A goes with B, not Y; X goes with Y, not B). Following training on two
sets of overlapping odour–odour associations (A–B and X–Y, then B–C and Y–Z),
subsequent probe tests were used to characterize the extent to which learned
representations could be linked to support inferential memory expression. Control
rats learned paired associates rapidly and hippocampal damage did not affect
acquisition rate on either of the two training sets. Intact rats also showed that they
could link the information from overlapping experiences, and use this information to
make inferential judgments in two ways. First, normal rats showed strong transitivity
across odour pairings that contained a shared item. For example, having learned that
odour A goes with odour B, and B goes with C, they could infer that A goes with C.
Second, control rats could infer symmetry in paired associate learning. For example,
having learned that B goes with C, they could infer that C goes with B. By contrast, rats
with selective hippocampal lesions were severely impaired, showing no evidence of
transitivity or symmetry. A subsequent study examined the ability of rats to solve the
classic transitive inference task78. Animals initially learned a series of overlapping
pairwise discrimination problems in which they were rewarded for selecting one
odour over another (A > B, B > C, C > D and D > E, where the item before ‘>’is to be
selected over the other item). In later probe tests, all the initial pairs were presented in
random order, together with occasional probe trials with the pair B versus D as the
critical test of transitive inference. Control rats acquired each of the premise pairs
rapidly, and showed a robust capacity for transitive inference, indicating that rats are
capable of linking information about the odours acquired across distinct experiences,
and of making inferential judgments based on knowledge about the orderly series.
Animals with different kinds of hippocampal damage acquired the premise pairs at the
normal rate but showed no capacity for the transitive inference.
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Figure 4 | The social transmission of food preferences task. a | Initially a ‘demonstrator’
rat eats food containing a new odour. Then, during a social encounter, the demonstrator
exchanges information about the food odour with the subject rat76. Subsequently the subject
is given a preference test for the new food odour versus another food odour. b | Preference
test results. Normal rats (blue) show a strong preference for the demonstrated food odour both
immediately and one day following the social encounter. Rats with hippocampal lesions (red)
shown intact performance on the immediate test but forget within one day.

© 2000 Macmillan Magazines Ltd

Hippocampus damage impairs expression of (non-spatial) memory 
for a single experience in social learning of food odors

from Eichenbaum (2000)

Social transmission of food preference paradigm
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The Encoding of Relations Between Stimuli by Hippocampal
Neurons
Precisely what aspects of events are represented within hippocampal circuitry?
Corresponding to my argument that the hippocampus supports a relational
representation, the activity of single hippocampal neurons should reflect spe-
cific relationships among stimuli relevant to the behavioral task at hand. Evi-
dence supporting this expectation is derived from experiments in which the
activity of single hippocampal neurons was recorded while rats performed in a
variety of learning and memory tasks (reviewed in Eichenbaum 1996; Eichen-
baum et al 1992a, 1994). For example, in our own research involving some of
the same odor-guided learning and memory paradigms described above, we
found hippocampal cells that increased firing dependent on the conjunction or
combination of multiple odors presented either in different spatial configura-
tions or temporal sequences (Eichenbaum et al 1986, Otto & Eichenbaum
1992a, Wiener et al 1989). Others have found hippocampal neuronal activity
corresponding to spatial and temporal configurations of visual, auditory, and
spatial discrimination and matching tasks in rats (Deadwyler et al 1995, Foster
et al 1987, Sakurai 1990, Wible et al 1986) and to conjunctions of two-dimen-
sional patterns and their spatial or temporal positions in visual recognition,
conditional discrimination, or delayed-response tasks in monkeys (Eifuku et al
1995, Riches et al 1991, Rolls et al 1989, Watanabe & Niki 1985).

Other prominent examples of functional correlates of hippocampal neural
activity are derived from studies of rats performing open field exploration or
spatial memory tasks. The major finding of these studies is that many hippo-
campal output neurons fire when the rat is in a particular place in the environ-

Figure 1 Odor paired associate learning and inferential expression of odor-odor associations. (A)
Training on odor-odor paired associates. Each training trial consisted of two phases. In the sample
phase, the subject was presented with a cup containing a scented mixture of sand and ground rat
chow with a buried reward. In the subsequent choice phase, two scented choices were presented.
Both choice items involved odors that were different from the sample odor, and which item was
baited depended on the identity of the sample. (B) Schematic diagram of paired associate training
and probe testing. Letters represent odor stimulus items; arrows without question marks indicate
trained pairings, whereas arrows with question marks indicate expected transitive and symmetrical
choices. Rats are first trained on two overlapping sets of paired associates (left). Then (right) they
are tested for inferential expression in two ways. In the test for transitivity, they are presented with
one of two sample cues from the first training set and are required to select between the choice cues
from the second set, based on the shared associates of these items. In the test for symmetry or
reversibility of the associations, they are presented with one of two choice cues from the second set
and required to select the appropriate sample cue from that set. (C) Errors to criterion on acquisition
of the two sets of paired associates for sham operated and hippocampal subjects. (D) Preferences
on the test for transitive inference. For these probe trials a preference score was calculated as (X −
Y)/(X + Y), where X and Y were the digging times in the transitive and alternate choices,
respectively. (E) Preferences on the test for symmetrical expression.
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Bunsey & Eichenbaum (1996)

Hippocampus damage impairs the flexible expression of 
relationships among (non-spatial) experiences
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DECLARATIVE MEMORY SYSTEM 
EPISODIC VS SEMANTIC MEMORY

Declarative memory:  
Memories that can be “declared” or made “explicit” 
Flexible expression 

Two types 
Episodic (autobiographical) memory 

Memory for events, personal experiences 
Memory of the event is tied to the spatial and 
temporal context in which it occurs 

Semantic memory 
Memory for facts, general knowledge of the world 
Context-independent



DECLARATIVE MEMORY SYSTEM 
EPISODIC VS SEMANTIC MEMORY

Patient K.C. (interviewed by Endel Tulving)
Episodic memory Semantic memory

What we learned: brain damage can selectively impair episodic memory 
but spare semantic memory 


Limitations: Because his brain damage is extensive, we do not know which 
regions are important. Again, that’s where animal models come in…



DECLARATIVE MEMORY SYSTEM 
EPISODIC VS SEMANTIC MEMORY
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Differential Effects of Early Hippocampal
Pathology on Episodic and Semantic Memory

F. Vargha-Khadem,* D. G. Gadian, K. E. Watkins, A. Connelly,
W. Van Paesschen, M. Mishkin

Global anterograde amnesia is described in three patients with brain injuries that oc-
curred in one case at birth, in another by age 4, and in the third at age 9. Magnetic
resonance techniques revealed bilateral hippocampal pathology in all three cases. Re-
markably, despite their pronounced amnesia for the episodes of everyday life, all three
patients attended mainstream schools and attained levels of speech and language
competence, literacy, and factual knowledge that are within the low average to average
range. The findings provide support for the view that the episodic and semantic com-
ponents of cognitive memory are partly dissociable, with only the episodic component
being fully dependent on the hippocampus.

One influential view of memory organiza-
tion (1) pictures the cognitive or declara-
tive form, comprising both fact and event
memory, as a unitary process that is depen-
dent on the hippocampal system, a set of
heavily interconnected medial temporal-
lobe structures consisting of the hippocam-
pus and underlying entorhinal, perirhinal,
and parahippocampal cortices. According
to this notion, both fact (or semantic)
memory and event (or episodic) memory
are impaired together in a graded manner
depending on the extent of damage to the
hippocampal system as a whole. An earlier

view (2), which still has its adherents (3),
proposed instead that the core defect in
temporal-lobe amnesia is a loss of context-
rich episodic memory, in that in some am-
nesic cases, semantic memory, which is free
of context, appears to have been relatively
preserved. An opportunity to assess these
different views has been provided by our
study of patients with amnesia due to hip-
pocampal pathology sustained, in two of our
patients, very early in life, before they had
acquired the knowledge base that charac-
terizes semantic memory. The results sug-
gest a possible reconciliation of the two
views, namely that episodic memory de-
pends primarily on the hippocampal com-
ponent of the larger system, whereas seman-
tic memory depends primarily on the un-
derlying cortices.

Previously, in the absence of any report-
ed cases of amnesia due to very early bilat-
eral injury to the medial temporal lobe (4),
it had seemed that such early damage might
so impede cognitive development that the
resulting syndrome would take the form,
not of amnesia, but of severe mental retar-
dation (5). The findings described here
show instead that early bilateral pathology
that is limited largely to the hippocampus

produces a severe loss of episodic memory
but leaves general cognitive development,
based mainly on semantic memory func-
tions, relatively intact.

The first of our three patients (6), Beth,
now aged 14, was born after a difficult
delivery, and she remained without a heart-
beat for 7 to 8 min before being resuscitat-
ed. She also sustained injury to the right
brachial plexus. Two hours after resuscita-
tion, she had a generalized seizure, and such
attacks recurred sporadically for 2 to 3 days
despite treatment with anticonvulsant med-
ication. Within 2 weeks, however, Beth had
made a good recovery, although the brachi-
al plexus injury resulted in permanent im-
pairment of the right arm and hand due to
partial loss of the nerve function deriving
from the fifth and sixth cervical nerve
roots. No other neurological problems were
evident until she reached age 5 when mem-
ory difficulties were first noted on her en-
trance into a mainstream school. The sec-
ond patient, Jon, now aged 19, was deliv-
ered prematurely at 26 weeks of gestation.
Weighing just under 1 kg and suffering from
breathing problems, he was kept in an in-
cubator for 2 months, during which time he
was tube-fed and placed on a ventilator.
Thereafter, he improved steadily and devel-
oped normally. At the age of 4, he suffered
two, protracted (1.5 to 2 hours), afebrile
convulsions. His memory impairment was
first noted by his parents about a year and a
half after the two long-lasting attacks. The
third patient, Kate, now aged 22, was an
average student until the age of 9, when she
accidentally received a toxic dose (400 mg
for 3 days) of theophylline, a drug with
which she was being treated for asthma. An
acute episode of seizures, unconsciousness,
and respiratory arrest ensued, from which
she showed good physical recovery but
which left her profoundly amnesic. Subse-
quently, at age 17, she developed temporal
lobe epilepsy, which has been well con-
trolled with anticonvulsant medication.

Neuropsychological examination showed
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Differential Effects of Early Hippocampal
Pathology on Episodic and Semantic Memory

F. Vargha-Khadem,* D. G. Gadian, K. E. Watkins, A. Connelly,
W. Van Paesschen, M. Mishkin

Global anterograde amnesia is described in three patients with brain injuries that oc-
curred in one case at birth, in another by age 4, and in the third at age 9. Magnetic
resonance techniques revealed bilateral hippocampal pathology in all three cases. Re-
markably, despite their pronounced amnesia for the episodes of everyday life, all three
patients attended mainstream schools and attained levels of speech and language
competence, literacy, and factual knowledge that are within the low average to average
range. The findings provide support for the view that the episodic and semantic com-
ponents of cognitive memory are partly dissociable, with only the episodic component
being fully dependent on the hippocampus.

One influential view of memory organiza-
tion (1) pictures the cognitive or declara-
tive form, comprising both fact and event
memory, as a unitary process that is depen-
dent on the hippocampal system, a set of
heavily interconnected medial temporal-
lobe structures consisting of the hippocam-
pus and underlying entorhinal, perirhinal,
and parahippocampal cortices. According
to this notion, both fact (or semantic)
memory and event (or episodic) memory
are impaired together in a graded manner
depending on the extent of damage to the
hippocampal system as a whole. An earlier

view (2), which still has its adherents (3),
proposed instead that the core defect in
temporal-lobe amnesia is a loss of context-
rich episodic memory, in that in some am-
nesic cases, semantic memory, which is free
of context, appears to have been relatively
preserved. An opportunity to assess these
different views has been provided by our
study of patients with amnesia due to hip-
pocampal pathology sustained, in two of our
patients, very early in life, before they had
acquired the knowledge base that charac-
terizes semantic memory. The results sug-
gest a possible reconciliation of the two
views, namely that episodic memory de-
pends primarily on the hippocampal com-
ponent of the larger system, whereas seman-
tic memory depends primarily on the un-
derlying cortices.

Previously, in the absence of any report-
ed cases of amnesia due to very early bilat-
eral injury to the medial temporal lobe (4),
it had seemed that such early damage might
so impede cognitive development that the
resulting syndrome would take the form,
not of amnesia, but of severe mental retar-
dation (5). The findings described here
show instead that early bilateral pathology
that is limited largely to the hippocampus

produces a severe loss of episodic memory
but leaves general cognitive development,
based mainly on semantic memory func-
tions, relatively intact.

The first of our three patients (6), Beth,
now aged 14, was born after a difficult
delivery, and she remained without a heart-
beat for 7 to 8 min before being resuscitat-
ed. She also sustained injury to the right
brachial plexus. Two hours after resuscita-
tion, she had a generalized seizure, and such
attacks recurred sporadically for 2 to 3 days
despite treatment with anticonvulsant med-
ication. Within 2 weeks, however, Beth had
made a good recovery, although the brachi-
al plexus injury resulted in permanent im-
pairment of the right arm and hand due to
partial loss of the nerve function deriving
from the fifth and sixth cervical nerve
roots. No other neurological problems were
evident until she reached age 5 when mem-
ory difficulties were first noted on her en-
trance into a mainstream school. The sec-
ond patient, Jon, now aged 19, was deliv-
ered prematurely at 26 weeks of gestation.
Weighing just under 1 kg and suffering from
breathing problems, he was kept in an in-
cubator for 2 months, during which time he
was tube-fed and placed on a ventilator.
Thereafter, he improved steadily and devel-
oped normally. At the age of 4, he suffered
two, protracted (1.5 to 2 hours), afebrile
convulsions. His memory impairment was
first noted by his parents about a year and a
half after the two long-lasting attacks. The
third patient, Kate, now aged 22, was an
average student until the age of 9, when she
accidentally received a toxic dose (400 mg
for 3 days) of theophylline, a drug with
which she was being treated for asthma. An
acute episode of seizures, unconsciousness,
and respiratory arrest ensued, from which
she showed good physical recovery but
which left her profoundly amnesic. Subse-
quently, at age 17, she developed temporal
lobe epilepsy, which has been well con-
trolled with anticonvulsant medication.

Neuropsychological examination showed
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Limitations: Brain damage occurred early in development, so the 
brain may have reorganized. Effects may be different in adults.



“Mental time travel”

What-Where-When
What-Where
What-When

Memory for events in context

Humans Nonhuman

Primates Rodents Birds Reptiles

One-trial learning

Episodic memory refers to the capacity to “mentally time travel” to 
re-experience specific events (Tulving, 2002)
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Different definitions of episodic memory

Episodic memory involves the capacity to recall information about 
specific events, along with the spatial and temporal contexts in which 
they occurred (Tulving, 1972)

Spatial memory (“Where”)

?

?

?

EPISODIC MEMORY CAPACITY ACROSS SPECIES 
DEFINITIONS AND BEHAVIORAL EVIDENCE



“Mental time travel”

What-Where-When
What-Where
What-When

Memory for events in context

Humans Nonhuman

Primates Rodents Birds Reptiles

One-trial learning

Spatial memory (“Where”)

?

?

?

EPISODIC MEMORY CAPACITY ACROSS SPECIES 
DEFINITIONS AND BEHAVIORAL EVIDENCE



“Mental time travel”

What-Where-When
What-Where
What-When

Memory for events in context

Humans Nonhuman

Primates Rodents Birds Reptiles

One-trial learning

Spatial memory (“Where”)

?

?

?

© 2003        Nature  Publishing Group

686 | AUGUST 2003 | VOLUME 4  www.nature.com/reviews/neuro

P E R S P E C T I V E S

applied to single-trial learning unless it also
satisfied our other criteria. Furthermore, the
temporal content cannot be encoded simply
in terms of familiarity. The distinction
between familiarity-based recognition and
episodic recall is important because the two
processes are psychologically distinct28–30, and
are thought to engage different areas of the
human brain31–34.

The content criterion of episodic memory
also distinguishes episodic memory from
semantic memory (general factual knowledge
about the world). The difference between
episodic and semantic memory in humans is
often referred to in terms of remembering and
knowing: episodic memory is concerned with
remembering specific personal experiences,
whereas semantic memory is concerned with
what one knows about the world. Although it
is generally accepted that animals can remem-
ber semantic-like information, the crucial
question for the mental time travel hypothesis
is whether they are also capable of episodic
recall. Whereas semantic memories can be
divorced from the spatial and temporal 
context in which they were acquired, episodic
memories are concerned with specific events
in one’s personal past that involve information
about the ‘when’ as well as the ‘what’ and
‘where’.

Structure of episodic-like memory. By the 
content criterion, we do not mean merely that
an animal or human must be able to indicate
its knowledge of some ‘what’, some ‘where’
and some ‘when’, with no connection between
the three. The what, where and when must
represent the same event by being bound
together in an integrated representation, so
that retrieving any one feature of an episode
automatically retrieves the other features22,35.
This type of representation differs from other
possible representations of what, where and
when, such as a linear ‘where–what–when’
representation in which some elements are
not directly connected. In this example,
because the ‘where’ and ‘when’ elements are
not directly connected, an animal using this
representation to guide its behaviour would be
unable to discriminate two episodes sharing
the same ‘what’. This idea will become clearer
later when we discuss the integrated represen-
tations of food-caching scrub-jays.

Content of episodic-like memory. Tulving8 has
suggested that episodic memory “…receives
and stores information about temporally
dated episodes or events, and temporal-
spatial relations among these events”. So,
episodic memory provides information about
the ‘when’ of events as well as ‘what’ and
‘where’ they happened. The usefulness of this
‘what–where–when’ criterion is that the
simultaneous retrieval and integration 
of information about these three features 
of a unique experience can be demonstrated
behaviourally in animals. Evidence for
episodic recall in animals must therefore
establish that the animals remember the
‘when’ of a particular event, as well as 
the ‘what and where’, so that the animal can
distinguish among events that occurred at 
different times in the past.

The ‘when’ component of episodic mem-
ory is especially crucial.Whereas two episodes
might share the same ‘where’, or even ‘what’,
they cannot share the same ‘when’. So
episodes, and episodic memories, are tempo-
rally unique and must be formed in a single
exposure. If an animal receives several training
trials, its behaviour does not necessarily reflect
episodic memory for each of these trials,
however complex and contextualized the 
content23,24.One-trial learning is not,however,
sufficient for episodic memory. In certain
forms of conditioning, such as flavour-
aversion conditioning, the subject need not
recall the events associated with eating or 
sickness for one-trial associative conditioning
to occur25. Despite claims that instances of
single-trial learning of a long-term memory
might be analogous to episodic memory26,27,
our term ‘episodic-like memory’ would not be

Another patient, H.M., who has amnesia
resulting from damage to medial temporal
lobe structures, also reports feelings of
blankness for the periods when he has no
episodic recall17.

The central claim of the mental time travel
hypothesis is that animals, like patients such
as K.C., are ‘stuck in time’. In this article we
take an opposing view, and review the 
evidence that animals are capable of both 
retrospective and prospective cognition.

Episodic memory
In keeping with the mental time travel 
hypothesis, several psychologists have argued 
that episodic memory is unique to
humans7,15,16,18–20. For example, Tulving and
Markowitsch20 state that animals have a 
well-developed general knowledge of the
world but, unlike us, cannot recall and 
re-experience specific past events — they are
incapable of ‘autonoetic consciousness’.
Rather, they argue that animals learn 
about the general relationships between
stimuli and events from specific episodes
without encoding temporal information 
that enables animals to locate these episodes
in the past.

The definition of episodic memory in
terms of consciousness makes it impossible to
demonstrate episodic memory in animals,
because there are no agreed non-linguistic
behavioural markers of conscious experience21.
With the possible exception of putatively 
language-trained apes and parrots, it is not
clear how one would establish whether an
animal is re-experiencing the past when
retrieving a memory22. This dilemma can be
resolved, to some degree, by distinguishing
between the phenomenological and behav-
ioural criteria for episodic memory. We 
propose three behavioural criteria, reflecting
the content, structure and flexibility of the
memory (BOX 2). Because we do not address
phenomenological aspects, we refer to 
memory that meets these criteria as ‘episodic-
like’memory.

Box 1 | The components of mental time travel

Suddendorf and Corballis7 explain that “The ability to travel mentally in time constitutes a
discontinuity between ourselves and other animals. Mental time travel comprises the mental
reconstruction of personal events from the past (episodic memory) and the mental construction
of possible events in the future”.

The retrospective component: “Episodic memory receives and stores information about
temporally dated phases or events, and temporal-spatial relations among those events”,
according to Tulving8.

The prospective component is described by Suddendorf and Corballis7: “…animals other than
humans cannot anticipate future need or drive states, and are therefore bound to a present that
is defined by their current motivational state. We shall refer to this as the Bischof–Köhler
hypothesis…”

Box 2 | Behavioural criteria for episodic-like memory in animals

Content: recollecting what happened, where and when on the basis of a specific past experience.
Structure: forming an integrated ‘what–where–when’ representation.
Flexibility: episodic memory is set within a declarative framework and so involves the flexible
deployment of information.

Clayton, Bussey & Dickinson (2003)

EPISODIC MEMORY CAPACITY ACROSS SPECIES 
DEFINITIONS AND BEHAVIORAL EVIDENCE
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The recollection of past experiences allows us to recall what a
particular event was, and where and when it occurred1,2, a form of
memory that is thought to be unique to humans3. It is known,
however, that food-storing birds remember the spatial location4–6

and contents6–9 of their caches. Furthermore, food-storing ani-
mals adapt their caching and recovery strategies to the perish-
ability of food stores10–13, which suggests that they are sensitive to
temporal factors. Here we show that scrub jays (Aphelocoma
coerulescens) remember ‘when’ food items are stored by allowing
them to recover perishable ‘wax worms’ (wax-moth larvae) and
non-perishable peanuts which they had previously cached in

visuospatially distinct sites. Jays searched preferentially for
fresh wax worms, their favoured food, when allowed to recover
them shortly after caching. However, they rapidly learned to avoid
searching for worms after a longer interval during which the
worms had decayed. The recovery preference of jays demonstrates
memory of where and when particular food items were cached,
thereby fulfilling the behavioural criteria for episodic-like
memory in non-human animals.

Scrub jays in the Degrade group were given a series of pretraining
trials (see Methods) in which they learned that worms degrade and
become unpalatable over time; they therefore learned to avoid
recovering these items when a relatively long time (124 h) had
elapsed between caching and recovery. The birds then received a
further pair of training trials in which they were required to cache
peanuts in one side of a distinctive, sand-filled storage tray during
one caching phase, and wax worms in the opposite side during the
other caching phase (Fig. 1). Different, novel trays were used on
every trial throughout the experiment so that the cache sites were
trial-unique. The two caching phases were separated by 120 h, and
birds were subsequently allowed to recover items from both sides of
the caching tray 4 h after the second caching phase. The 4-h and
124-h trial designations refer to the length of the time that elapsed
between caching and recovering the wax worms: on the 124-h trial,
the birds first stored wax worms 124 h before cache recovery and
then cached peanuts in the other side of the tray 4 h before recovery;
whereas on the 4-h trial, birds cached the wax worms 4 h before
recovery, having previously stored peanuts 124 h prior to recovery.
As the wax worms were still fresh at recovery on the 4-h trial, and as
the fresh worms are their preferred food, the birds directed more of
their recovery inspections to the worm side of the storage tray on
this trial. By contrast, most of their recovery inspections were
directed to the peanut side of the tray on the 124-h trial when the
worms were in a decayed state.

During both pretraining and training trials, birds could use the
sight and smell of their caches as cues about where to search during
cache recovery. To test whether or not jays could remember if it was
the worms or the peanuts that had been cached, and where and
when they had been cached, each bird received a pair of test trials
that differed from the previous pair of training trials in that all food
items were removed before the recovery phase of each test trial and
fresh sand was placed in the tray. This procedure ensured that the
birds had to rely on memory during cache recovery, because
olfactory and visual cues about the contents of caches were no
longer available to the bird. If jays can remember when and where
they stored the two types of food, they should show a preference for
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future mental state from their current one,
and might therefore be unable to take actions
to ensure that a future need will be satisfied. A
sated animal might be unable to understand
that it will be hungry again later and so “a full-
bellied lion is no threat to nearby zebras,but a
full-bellied human may be”54.

Prospective behaviour and planning. Future
planning applies only to behaviour that is 
oriented to the future and involves learning. It
is important to distinguish mental time travel
into the future from simple prospective
behaviour, because species-specific behav-
iours that seem to involve the anticipation of
future states might not involve planning. For
example, some populations of black-capped
warblers in Germany migrate southwest
towards Africa in the winter, whereas others
migrate west to Britain. When birds from
these different populations were housed in
captivity and allowed to breed, the offspring
showed the same migratory orientation as
their genetic parents, irrespective of the envi-
ronment in which they had been raised55. So
although this migratory behaviour might
seem to have some of the features of prospec-
tive behaviour, it does not involve future 
planning. However, other cases of migratory
behaviour, such as elephants migrating 
to water sources in anticipation of a drought,
might involve future planning56. It would
need to be demonstrated that this migration
occurs in anticipation of the onset of
thirst for this behaviour to qualify as 
future planning.

Criteria for future planning. Mental time
travel into the future can be characterized in
the same terms as mental time travel into the
past. As with mental reconstructions of pre-
vious events, mental preconstructions of
future scenarios are declarative, and draw on
both episodic future thinking and semantic
knowledge57. So, as with episodic memory,
we can characterize the crucial features of
future planning in terms of content, structure
and flexibility (BOX 4). Note that in the context
of future planning the ‘when’ is important
because the subject must dissociate a future
mental state from the current one to take
action to ensure that a future need will be 
satisfied, independent of the present need.

the information is encoded in a representa-
tional form that does not specify how this
information is to be used in controlling
behaviour. So an episodic memory should be
able to interact with general knowledge
(semantic-like memory) even if this informa-
tion were gained after the episode had been
encoded. Consider the case of the jay caching
perishable food. If the jay establishes some
wax-worm caches, and then subsequently
discovers that worms generally degrade more
quickly than originally thought, the bird
should be able to update its knowledge about
the rate of perishability and change its search
behaviour accordingly, even though the
episodic information about the worm caches
was encoded before the acquisition of the
new semantic-like knowledge about their
decay rates. We found that the jays could do
this — if they cached perishable and non-
perishable items in different locations in one
tray, and then subsequently discovered that
worms from another tray had degraded
more quickly than they expected, then when
given the original tray back the birds
switched their search preference in favour of
the nuts. The birds continued to search for
the perishable food if it had been cached
recently. To our knowledge, this is the only
demonstration of declarative flexibility in
which animals can update their information
after the time of encoding52.

We therefore conclude that the jays acquire
and update generic knowledge about the rates
at which the different food types perish and
integrate this information with their bound
memory for a specific caching episode to flexi-
bly control their search preferences at recovery.

So the behaviour meets our three criteria for
episodic-like memory.

We know of no mammalian examples that
meet these three criteria.However, one could
conceive of a mammalian model based on a
foraging requirement for perishable foods
that ripen as well as degrade, perhaps using
fruit-eating mammals, such as some bats and
primates53. As with the caching model, this
example is both ethologically relevant and
amenable to rigorous laboratory control.
With carefully designed experiments, one
could test whether these animals can encode
the ‘what, where and when’ of a foraging trip
before the fruits have ripened and therefore
know when to revisit a particular tree at a
time when the fruit will be ripe.

Future planning
The Bischof–Köhler hypothesis. Mental time
travel is useful not only for episodic memory
— travelling back in time — but also for 
travelling forwards in time, to anticipate
future needs (future planning). Like episodic
memory, future planning has been thought to
be unique to humans, in part because of the
reliance on language for assessing such abilities.
Implicit in the Bischof–Köhler hypothesis
(BOX 1) is the idea that non-human animals
might be unable to dissociate a previous or
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Figure 2 | A western scrub-jay caching wax worms. Birds hide the food items in trial-unique, 
visuo-spatially distinct caching trays filled with sand in which they can bury caches.

Box 4 | Behavioural criteria for future planning in animals

Content: anticipating what will happen, where and when on the basis of previous experience.
Structure: forming an integrated ‘what–where–when’ representation.
Flexibility: in much the same way as episodic memory, future planning interacts with semantic 
knowledge and must therefore rely on flexible deployment of information.
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“Where”: Which location?
“When”: 4h or 124h ago?
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future mental state from their current one,
and might therefore be unable to take actions
to ensure that a future need will be satisfied. A
sated animal might be unable to understand
that it will be hungry again later and so “a full-
bellied lion is no threat to nearby zebras,but a
full-bellied human may be”54.

Prospective behaviour and planning. Future
planning applies only to behaviour that is 
oriented to the future and involves learning. It
is important to distinguish mental time travel
into the future from simple prospective
behaviour, because species-specific behav-
iours that seem to involve the anticipation of
future states might not involve planning. For
example, some populations of black-capped
warblers in Germany migrate southwest
towards Africa in the winter, whereas others
migrate west to Britain. When birds from
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captivity and allowed to breed, the offspring
showed the same migratory orientation as
their genetic parents, irrespective of the envi-
ronment in which they had been raised55. So
although this migratory behaviour might
seem to have some of the features of prospec-
tive behaviour, it does not involve future 
planning. However, other cases of migratory
behaviour, such as elephants migrating 
to water sources in anticipation of a drought,
might involve future planning56. It would
need to be demonstrated that this migration
occurs in anticipation of the onset of
thirst for this behaviour to qualify as 
future planning.

Criteria for future planning. Mental time
travel into the future can be characterized in
the same terms as mental time travel into the
past. As with mental reconstructions of pre-
vious events, mental preconstructions of
future scenarios are declarative, and draw on
both episodic future thinking and semantic
knowledge57. So, as with episodic memory,
we can characterize the crucial features of
future planning in terms of content, structure
and flexibility (BOX 4). Note that in the context
of future planning the ‘when’ is important
because the subject must dissociate a future
mental state from the current one to take
action to ensure that a future need will be 
satisfied, independent of the present need.
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information is to be used in controlling
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able to interact with general knowledge
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tion were gained after the episode had been
encoded. Consider the case of the jay caching
perishable food. If the jay establishes some
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discovers that worms generally degrade more
quickly than originally thought, the bird
should be able to update its knowledge about
the rate of perishability and change its search
behaviour accordingly, even though the
episodic information about the worm caches
was encoded before the acquisition of the
new semantic-like knowledge about their
decay rates. We found that the jays could do
this — if they cached perishable and non-
perishable items in different locations in one
tray, and then subsequently discovered that
worms from another tray had degraded
more quickly than they expected, then when
given the original tray back the birds
switched their search preference in favour of
the nuts. The birds continued to search for
the perishable food if it had been cached
recently. To our knowledge, this is the only
demonstration of declarative flexibility in
which animals can update their information
after the time of encoding52.

We therefore conclude that the jays acquire
and update generic knowledge about the rates
at which the different food types perish and
integrate this information with their bound
memory for a specific caching episode to flexi-
bly control their search preferences at recovery.

So the behaviour meets our three criteria for
episodic-like memory.

We know of no mammalian examples that
meet these three criteria.However, one could
conceive of a mammalian model based on a
foraging requirement for perishable foods
that ripen as well as degrade, perhaps using
fruit-eating mammals, such as some bats and
primates53. As with the caching model, this
example is both ethologically relevant and
amenable to rigorous laboratory control.
With carefully designed experiments, one
could test whether these animals can encode
the ‘what, where and when’ of a foraging trip
before the fruits have ripened and therefore
know when to revisit a particular tree at a
time when the fruit will be ripe.
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The Bischof–Köhler hypothesis. Mental time
travel is useful not only for episodic memory
— travelling back in time — but also for 
travelling forwards in time, to anticipate
future needs (future planning). Like episodic
memory, future planning has been thought to
be unique to humans, in part because of the
reliance on language for assessing such abilities.
Implicit in the Bischof–Köhler hypothesis
(BOX 1) is the idea that non-human animals
might be unable to dissociate a previous or
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Content: anticipating what will happen, where and when on the basis of previous experience.
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probability to the location containing the nondevalued
flavor was not reliably lower than baseline (F(1,22) =
3.21, p > .05). The revisit probability to the devalued lo-
cation was lower than the revisit probability to the non-
devalued location (F(1,22) = 4.27, p = .0508). Revisits to
chow-flavored locations did not decline (t(11) = 1.93, p >
.05), further demonstrating content specificity of epi-
sodic-like memory. Thus, rats selectively reduced their
revisits to the devalued, but not the nondevalued, food
type. The same conclusion was reached when the grape
and raspberry devaluations were examined separately.

To provide an independent line of evidence for con-
tent specificity of episodic-like memory, we transferred
the rats to new distinctive flavors (chocolate and ba-
nana) and devalued chocolate by pairing it with lithium
chloride. Revisits to the new distinctive flavors were
higher after the first long retention interval than after
the first short retention interval (t(11) = 3.32, p < .01), sim-
ilar to that observed with the initially selected distinctive

flavors. Rats were more likely to revisit the chocolate
and banana locations after long than after short reten-
tion intervals (Figure 4A, F(1,11) = 172.3, p < .01). Revisit
probabilities were similar for both flavors (F(1,11) = 3.37,
p > .05), and the effect of the retention interval did not
depend on the flavors (F(1,11) = 1.96, p > .05). During
a single long retention interval, rats ate chocolate and
were later injected with lithium chloride. The rats imme-
diately reduced revisits to the location containing choc-
olate (Figure 4B, t(11) = 28.98, p < .01), consistent with
the development of an acquired taste aversion to choc-
olate. By contrast, the rats did not reduce revisits to
the location containing the other distinctive food type
(banana; t(11) = 1, p > .05).

The present experiment demonstrates that rats have
a detailed representation of the content of recently

Figure 1. Schematic Representation of Ex-
perimental Design Showing Topographical
Views of the Maze

The figure shows an example of the accessi-
ble arms and flavors in a study phase (A) and
the corresponding test phase that would oc-
cur after a short (B) or long (C) retention inter-
val (note that only one test occurred after ran-
domly selecting a short or long retention
interval).

(A) Grape (G), raspberry (R), or chow (C) flavored pellets were available at four randomly selected arms in the study phase; access to the other four
arms was prevented by closed guillotine doors.
(B) After a short retention interval, chow-flavored pellets at previously inaccessible locations were the only pellets available.
(C) After a long retention interval, in addition to the chow-flavored pellets at previously inaccessible locations, grape and raspberry replenished at
locations that correspond to the distinctive flavors in the study phase. Note: Locations without food are depicted by the absence of G, R, and C.

Figure 2. Selective Revisits to the Locations with Distinctive Food
Types after the Long, but Not the Short, Retention Interval

Revisits to locations (where) that recently provided a distinctive food
type (what) occurred at a higher rate after long retention intervals
than after short retention intervals (when). The dependent measure
was the probability of a revisit in the first four arm visits during
a test phase. Error bars represent SEM.

Figure 3. Devaluation by Satiation

Revisits to the location with devalued, but not the nondevalued, dis-
tinctive food types were selectively reduced relative to baseline per-
formance. The data are from test phases after long retention inter-
vals prior to the devaluation test (baseline) and immediately after
satiation (devalued and nondevalued). The dependent measure
was the probability of a revisit in the first four arm visits during
a test phase. Error bars represent SEM.
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experienced events in addition to information about
when and where those events occurred. They flexibly
adapted their visits in time and space to exploit the
availability of desirable foods, while selectively avoiding
locations with less desirable foods based on new infor-
mation about the desirability of one of the food types.

In our study, five lines of evidence provide a compel-
ling case that rodents possess what-where-when

memory. First, the what component appears to be quite
specific. The selective reduction in revisits to the deval-
ued, but not the nondevalued, food type could not have
occurred without specific memories of where each food
type was located on each trial. Second, because the de-
valuation occurred after study-phase encoding, the re-
duction in revisits to devalued food sites cannot be ex-
plained by encoding failure. Third, because the effect of
each flavor devaluation was assessed with a single
postmanipulation test phase, the data were obtained
before any learning (e.g., punishment) could occur
with respect to the consequences of visiting a location
with that devalued flavor. Fourth, a global shift in revisit
strategies cannot explain the observed data. Reverting
to a win-shift strategy [19] after devaluation predicts
that visits to devalued and nondevalued food types
would decline to the same extent, a possibility dis-
counted by the present data. Fifth, the decrease in re-
visits to the devalued location cannot be attributed to
learning a new semantic rule because satiation is tem-
porary. By contrast, acquired taste aversion involves
new learning that a flavor is bad based upon exposure
to gastrointestinal distress. Nevertheless, because two
different devaluation paradigms produced similar re-
sults, the most parsimonious explanation for the selec-
tive decrease in revisits observed after each devaluation
manipulation is that rats flexibly adjusted their visits
based upon new information about the current desir-
ability of the food types (i.e., the content of episodic-
like memories). These features were not present in
our previous investigations of episodic-like memory in
rats [16, 17].

Rats preferentially revisited the locations with distinc-
tive food at times when these locations were scheduled
to replenish, suggesting that they encoded a when com-
ponent of episodic-like memory. Recently, we have
shown that the discrimination of what-where-when is
not based on time of day [17]. Consequently, the phase
of a circadian oscillator could not have supported the
difference in revisit rates observed here. The when com-
ponent of episodic-like memory may be based on a rep-
resentation of the time of occurrence of events or an es-
timate of the interval elapsed since the presentation of
the distinctive flavors [20, 21]. Alternative approaches
for evaluating memory (e.g., memory for sequential or-
der of unique events [22]) may also provide insight into
understanding the temporal mechanisms for memories
of specific events.

The validation of a rodent model of episodic-like
memory may open new opportunities to explore the
neuroanatomical, neurochemical, neurophysiological,
and molecular mechanisms of episodic memory. Devel-
opment of such animal models holds enormous poten-
tial for studying functional changes in episodic memory
in animal models of Alzheimer’s disease, amnesia, and
other human memory pathologies.

Experimental Procedures

Animals
Twelve Long Evans rats (Harlan, Madison, WI; 300 g, 3 months old)
were individually housed in a colony (light onset at 0700, offset at
1900). Each rat received 15 g/day of 5001-Rodent-Diet (Lab Diet,
Brentwood, MO). Water was available ad lib, except during brief
testing periods. All procedures were approved by the institutional

Figure 4. Devaluation by Lithium Chloride

(A) Revisits to locations that recently provided a distinctive food type
occurred at a higher rate after long retention intervals than after
short retention intervals.
(B) Revisits to the location with a devalued (chocolate), but not a non-
devalued (banana), distinctive food type were selectively reduced
relative to baseline performance (before LiCl).
The dependent measure was the probability of a revisit in the first
four arm visits during a test phase. Error bars represent SEM.
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probability to the location containing the nondevalued
flavor was not reliably lower than baseline (F(1,22) =
3.21, p > .05). The revisit probability to the devalued lo-
cation was lower than the revisit probability to the non-
devalued location (F(1,22) = 4.27, p = .0508). Revisits to
chow-flavored locations did not decline (t(11) = 1.93, p >
.05), further demonstrating content specificity of epi-
sodic-like memory. Thus, rats selectively reduced their
revisits to the devalued, but not the nondevalued, food
type. The same conclusion was reached when the grape
and raspberry devaluations were examined separately.

To provide an independent line of evidence for con-
tent specificity of episodic-like memory, we transferred
the rats to new distinctive flavors (chocolate and ba-
nana) and devalued chocolate by pairing it with lithium
chloride. Revisits to the new distinctive flavors were
higher after the first long retention interval than after
the first short retention interval (t(11) = 3.32, p < .01), sim-
ilar to that observed with the initially selected distinctive

flavors. Rats were more likely to revisit the chocolate
and banana locations after long than after short reten-
tion intervals (Figure 4A, F(1,11) = 172.3, p < .01). Revisit
probabilities were similar for both flavors (F(1,11) = 3.37,
p > .05), and the effect of the retention interval did not
depend on the flavors (F(1,11) = 1.96, p > .05). During
a single long retention interval, rats ate chocolate and
were later injected with lithium chloride. The rats imme-
diately reduced revisits to the location containing choc-
olate (Figure 4B, t(11) = 28.98, p < .01), consistent with
the development of an acquired taste aversion to choc-
olate. By contrast, the rats did not reduce revisits to
the location containing the other distinctive food type
(banana; t(11) = 1, p > .05).

The present experiment demonstrates that rats have
a detailed representation of the content of recently

Figure 1. Schematic Representation of Ex-
perimental Design Showing Topographical
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The figure shows an example of the accessi-
ble arms and flavors in a study phase (A) and
the corresponding test phase that would oc-
cur after a short (B) or long (C) retention inter-
val (note that only one test occurred after ran-
domly selecting a short or long retention
interval).

(A) Grape (G), raspberry (R), or chow (C) flavored pellets were available at four randomly selected arms in the study phase; access to the other four
arms was prevented by closed guillotine doors.
(B) After a short retention interval, chow-flavored pellets at previously inaccessible locations were the only pellets available.
(C) After a long retention interval, in addition to the chow-flavored pellets at previously inaccessible locations, grape and raspberry replenished at
locations that correspond to the distinctive flavors in the study phase. Note: Locations without food are depicted by the absence of G, R, and C.

Figure 2. Selective Revisits to the Locations with Distinctive Food
Types after the Long, but Not the Short, Retention Interval

Revisits to locations (where) that recently provided a distinctive food
type (what) occurred at a higher rate after long retention intervals
than after short retention intervals (when). The dependent measure
was the probability of a revisit in the first four arm visits during
a test phase. Error bars represent SEM.

Figure 3. Devaluation by Satiation

Revisits to the location with devalued, but not the nondevalued, dis-
tinctive food types were selectively reduced relative to baseline per-
formance. The data are from test phases after long retention inter-
vals prior to the devaluation test (baseline) and immediately after
satiation (devalued and nondevalued). The dependent measure
was the probability of a revisit in the first four arm visits during
a test phase. Error bars represent SEM.
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probability to the location containing the nondevalued
flavor was not reliably lower than baseline (F(1,22) =
3.21, p > .05). The revisit probability to the devalued lo-
cation was lower than the revisit probability to the non-
devalued location (F(1,22) = 4.27, p = .0508). Revisits to
chow-flavored locations did not decline (t(11) = 1.93, p >
.05), further demonstrating content specificity of epi-
sodic-like memory. Thus, rats selectively reduced their
revisits to the devalued, but not the nondevalued, food
type. The same conclusion was reached when the grape
and raspberry devaluations were examined separately.

To provide an independent line of evidence for con-
tent specificity of episodic-like memory, we transferred
the rats to new distinctive flavors (chocolate and ba-
nana) and devalued chocolate by pairing it with lithium
chloride. Revisits to the new distinctive flavors were
higher after the first long retention interval than after
the first short retention interval (t(11) = 3.32, p < .01), sim-
ilar to that observed with the initially selected distinctive

flavors. Rats were more likely to revisit the chocolate
and banana locations after long than after short reten-
tion intervals (Figure 4A, F(1,11) = 172.3, p < .01). Revisit
probabilities were similar for both flavors (F(1,11) = 3.37,
p > .05), and the effect of the retention interval did not
depend on the flavors (F(1,11) = 1.96, p > .05). During
a single long retention interval, rats ate chocolate and
were later injected with lithium chloride. The rats imme-
diately reduced revisits to the location containing choc-
olate (Figure 4B, t(11) = 28.98, p < .01), consistent with
the development of an acquired taste aversion to choc-
olate. By contrast, the rats did not reduce revisits to
the location containing the other distinctive food type
(banana; t(11) = 1, p > .05).

The present experiment demonstrates that rats have
a detailed representation of the content of recently
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the corresponding test phase that would oc-
cur after a short (B) or long (C) retention inter-
val (note that only one test occurred after ran-
domly selecting a short or long retention
interval).
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Revisits to the location with devalued, but not the nondevalued, dis-
tinctive food types were selectively reduced relative to baseline per-
formance. The data are from test phases after long retention inter-
vals prior to the devaluation test (baseline) and immediately after
satiation (devalued and nondevalued). The dependent measure
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a test phase. Error bars represent SEM.
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probability to the location containing the nondevalued
flavor was not reliably lower than baseline (F(1,22) =
3.21, p > .05). The revisit probability to the devalued lo-
cation was lower than the revisit probability to the non-
devalued location (F(1,22) = 4.27, p = .0508). Revisits to
chow-flavored locations did not decline (t(11) = 1.93, p >
.05), further demonstrating content specificity of epi-
sodic-like memory. Thus, rats selectively reduced their
revisits to the devalued, but not the nondevalued, food
type. The same conclusion was reached when the grape
and raspberry devaluations were examined separately.

To provide an independent line of evidence for con-
tent specificity of episodic-like memory, we transferred
the rats to new distinctive flavors (chocolate and ba-
nana) and devalued chocolate by pairing it with lithium
chloride. Revisits to the new distinctive flavors were
higher after the first long retention interval than after
the first short retention interval (t(11) = 3.32, p < .01), sim-
ilar to that observed with the initially selected distinctive

flavors. Rats were more likely to revisit the chocolate
and banana locations after long than after short reten-
tion intervals (Figure 4A, F(1,11) = 172.3, p < .01). Revisit
probabilities were similar for both flavors (F(1,11) = 3.37,
p > .05), and the effect of the retention interval did not
depend on the flavors (F(1,11) = 1.96, p > .05). During
a single long retention interval, rats ate chocolate and
were later injected with lithium chloride. The rats imme-
diately reduced revisits to the location containing choc-
olate (Figure 4B, t(11) = 28.98, p < .01), consistent with
the development of an acquired taste aversion to choc-
olate. By contrast, the rats did not reduce revisits to
the location containing the other distinctive food type
(banana; t(11) = 1, p > .05).
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Figure 2. Selective Revisits to the Locations with Distinctive Food
Types after the Long, but Not the Short, Retention Interval

Revisits to locations (where) that recently provided a distinctive food
type (what) occurred at a higher rate after long retention intervals
than after short retention intervals (when). The dependent measure
was the probability of a revisit in the first four arm visits during
a test phase. Error bars represent SEM.

Figure 3. Devaluation by Satiation

Revisits to the location with devalued, but not the nondevalued, dis-
tinctive food types were selectively reduced relative to baseline per-
formance. The data are from test phases after long retention inter-
vals prior to the devaluation test (baseline) and immediately after
satiation (devalued and nondevalued). The dependent measure
was the probability of a revisit in the first four arm visits during
a test phase. Error bars represent SEM.
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Long interval (6h) 
All “replenished”

Study phase
Test phase

C: Regular Chow    G: Grape Chow     R: Raspberry Chow

experienced events in addition to information about
when and where those events occurred. They flexibly
adapted their visits in time and space to exploit the
availability of desirable foods, while selectively avoiding
locations with less desirable foods based on new infor-
mation about the desirability of one of the food types.

In our study, five lines of evidence provide a compel-
ling case that rodents possess what-where-when

memory. First, the what component appears to be quite
specific. The selective reduction in revisits to the deval-
ued, but not the nondevalued, food type could not have
occurred without specific memories of where each food
type was located on each trial. Second, because the de-
valuation occurred after study-phase encoding, the re-
duction in revisits to devalued food sites cannot be ex-
plained by encoding failure. Third, because the effect of
each flavor devaluation was assessed with a single
postmanipulation test phase, the data were obtained
before any learning (e.g., punishment) could occur
with respect to the consequences of visiting a location
with that devalued flavor. Fourth, a global shift in revisit
strategies cannot explain the observed data. Reverting
to a win-shift strategy [19] after devaluation predicts
that visits to devalued and nondevalued food types
would decline to the same extent, a possibility dis-
counted by the present data. Fifth, the decrease in re-
visits to the devalued location cannot be attributed to
learning a new semantic rule because satiation is tem-
porary. By contrast, acquired taste aversion involves
new learning that a flavor is bad based upon exposure
to gastrointestinal distress. Nevertheless, because two
different devaluation paradigms produced similar re-
sults, the most parsimonious explanation for the selec-
tive decrease in revisits observed after each devaluation
manipulation is that rats flexibly adjusted their visits
based upon new information about the current desir-
ability of the food types (i.e., the content of episodic-
like memories). These features were not present in
our previous investigations of episodic-like memory in
rats [16, 17].

Rats preferentially revisited the locations with distinc-
tive food at times when these locations were scheduled
to replenish, suggesting that they encoded a when com-
ponent of episodic-like memory. Recently, we have
shown that the discrimination of what-where-when is
not based on time of day [17]. Consequently, the phase
of a circadian oscillator could not have supported the
difference in revisit rates observed here. The when com-
ponent of episodic-like memory may be based on a rep-
resentation of the time of occurrence of events or an es-
timate of the interval elapsed since the presentation of
the distinctive flavors [20, 21]. Alternative approaches
for evaluating memory (e.g., memory for sequential or-
der of unique events [22]) may also provide insight into
understanding the temporal mechanisms for memories
of specific events.

The validation of a rodent model of episodic-like
memory may open new opportunities to explore the
neuroanatomical, neurochemical, neurophysiological,
and molecular mechanisms of episodic memory. Devel-
opment of such animal models holds enormous poten-
tial for studying functional changes in episodic memory
in animal models of Alzheimer’s disease, amnesia, and
other human memory pathologies.

Experimental Procedures

Animals
Twelve Long Evans rats (Harlan, Madison, WI; 300 g, 3 months old)
were individually housed in a colony (light onset at 0700, offset at
1900). Each rat received 15 g/day of 5001-Rodent-Diet (Lab Diet,
Brentwood, MO). Water was available ad lib, except during brief
testing periods. All procedures were approved by the institutional

Figure 4. Devaluation by Lithium Chloride

(A) Revisits to locations that recently provided a distinctive food type
occurred at a higher rate after long retention intervals than after
short retention intervals.
(B) Revisits to the location with a devalued (chocolate), but not a non-
devalued (banana), distinctive food type were selectively reduced
relative to baseline performance (before LiCl).
The dependent measure was the probability of a revisit in the first
four arm visits during a test phase. Error bars represent SEM.

Episodic-like Memory
1319

Devaluation

First animal model of episodic(-like) memory (Clayton & Dickinson, 1998)

Rats (e.g., Babb & Crystal, 2005, 2006; Eacott et al., 2005; Kart-Teke et al., 2006; 
Ergorul & Eichenbaum, 2004)

This approach was subsequently adapted for mammals

Also evidence in magpies (Zinkivskay et al., 2009), black-capped chickadees 
(Feeney et al., 2009), and pigeons (Zentall et al., 2008)

EPISODIC MEMORY CAPACITY ACROSS SPECIES 
MEMORY FOR “WHAT-WHERE-WHEN”



MEMORY FOR “WHAT-WHERE-WHEN”

Rats (e.g., Babb & Crystal, 2005, 2006; Eacott et al., 2005; Kart-Teke et al., 2006; 
Ergorul & Eichenbaum, 2004)

Mice (e.g., Dere et al., 2005; DeVito & Eichenbaum, 2010; Davis et al., 2012)

Meadow voles (Ferkin et al., 2008)

Monkeys (e.g., Hoffman et al., 2009)

Humans (e.g., Holland & Smulders, 2011; Hayne & Imuta, 2011)

Limitations of What-Where-When model
Very stringent criterion

Difficult to investigate its neurobiological basis (e.g., role of hippocampus)

This approach was subsequently adapted for mammals

First animal model of episodic(-like) memory (Clayton & Dickinson, 1998)

Also evidence in magpies (Zinkivskay et al., 2009), black-capped chickadees 
(Feeney et al., 2009), and pigeons (Zentall et al., 2008)
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“Mental time travel”

What-Where-When
What-Where
What-When

Memory for events in context

Humans Nonhuman
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One-trial learning
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Allen & Fortin (2013)

Content: 


Structure:


Flexibility:

The individual remembers information about the event and its context of 
occurrence (e.g., memory for “what”, “where” and/or “when”)

Information about the event and its context is integrated in a single 
representation

The memory can be expressed to support adaptive behavior in novel situations

Updated behavioral criteria for episodic memory in animals
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must be conducted to determine whether the hippocampus sup-
ports processes such as paired-associate learning for spatial infor-
mation only or whether it supports these processes for nonspatial
information as well.
A number of behavioral studies have been conducted to examine

the effects of hippocampal lesions on the formation of arbitrary
associations in paired-associate and conditional association tasks.
Humans, nonhuman primates, pigeons, and rats with hippocampal
damage have been tested in paired-associate learning involving
spatial and nonspatial stimuli. One area of debate is whether the
hippocampus is involved in forming paired associates for nonspa-
tial stimuli or whether the hippocampus is involved in paired-
associate learning only when a stimulus must be paired with a
spatial location. Humans, nonhuman primates, and rats with hip-
pocampal lesions have shown significant deficits in object–place
paired-associate learning (Gaffan, 1994; Gaffan & Harrison, 1989;
Kesner, 1993; Owen, Sahakian, Semple, Polkey, & Robbins, 1995;
Parkinson, Murray, & Mishkin, 1988; Sziklas, Lebel, & Petrides,
1998; Sziklas & Petrides, 1998, 1999). In addition, Murray and
Wise (1996) also found that hippocampal-damaged monkeys were
impaired in learning a spatially directed, motor–visual paired-
associate task. In contrast, humans, nonhuman primates, pigeons,
and rodents with hippocampal lesions have been reported to dis-
played normal learning of nonspatial paired associations involving
odor–odor (Bunsey & Eichenbaum, 1995, 1996; Li, Matsumoto, &
Watanabe, 1999), object–object (Bingman, Strasser, Baker, &
Ritters, 1998; Cho & Kesner, 1995; Murray, Gaffan, & Mishkin,
1993; Petrides, 1990), visual-response (Petrides, 1997; Winocur,
1992; Wise & Murray, 1999), and auditory–visual (Jarrard &
Davidson, 1991) associations. However, some researchers have
reported impaired visual–visual (Ridley, Timothy, Maclean, &
Baker, 1995; Sutherland, McDonald, Hill, & Rudy, 1989) and
visual–auditory (Honey, Watt, & Good, 1998) paired-associate
learning in animals with hippocampal damage. Therefore, the
majority of the existing data suggest that the hippocampus may be
involved in object–place paired-associate learning. Furthermore,
the data suggest that the hippocampus may not be involved in
paired-associate learning involving nonspatial stimuli.
The results of the experiments discussed in the preceding para-

graph were collected with different experimental conditions and
different species, which may account for some of the discrepancies
in the data. Furthermore, these differences make it difficult to
directly compare the results of the existing experiments on the role
of the hippocampus in paired-associate learning. Therefore, it is
clear that different experiments must be conducted to examine the
role of the hippocampus in paired-associate learning. The present
experiments assessed the ability of rats with control or hippocam-
pal lesions to learn an object–place, odor–place, or object–odor
paired-associate task. To make comparisons possible across the
three tasks, all testing was conducted with the same testing appa-
ratus and similar stimuli. Therefore, the present experiments ex-
amine the role of the hippocampus in paired-associate learning
involving spatial and nonspatial stimuli.

Method

Subjects
Thirty male Long–Evans rats, approximately 2 months of age and

weighing approximately 350 g at the start of the experiment, were used as

subjects. Each rat was individually housed in metal hanging cages located
in a colony room. The colony room was maintained on a 12-hr light–dark
cycle. All rats had unlimited access to water but were initially food
deprived to 85–90% of their free-feeding body weight. All testing was
conducted during the light portion of the light–dark cycle.

Apparatus
A cheeseboard maze served as the test apparatus for all testing (see

Figure 1). The surface of the apparatus stood 65 cm above the floor, was
painted white, and was 119 cm in diameter and 3.5 cm in thickness. One
hundred seventy-seven food wells (2.5 cm in diameter and 1.5 cm deep)
were drilled into the surface of the maze in evenly spaced parallel rows and
columns 2 cm apart. A start box (24 cm long! 15 cm wide! 17 cm high)
was placed on the maze surface, centered perpendicular to the rows of food
wells, with the posterior edge of the box placed along the edge of the
apparatus. The box was equipped with a hinged top and a guillotine door
that could be raised and lowered manually by the experimenter. The
apparatus was kept in a well-lit room with no windows; one door, a chair,
a shelf, and various pictures on the walls served as distal cues.

Surgery
Before testing, each rat was randomly assigned to receive either an

electrolytic lesion of the hippocampus (n " 15) or a control lesion (n "
15). Electrolytic lesions were used in the present experiments so that the
data could be compared with data previously collected in our lab by means
of the same lesion technique. Before surgery, each rat was given atropine
sulfate (0.25 mg/kg ip) and anesthetized with sodium pentobarbital (Nem-
butal, 55 mg/kg ip). Each rat was placed in a stereotaxic instrument (David
Kopf Instruments, Tujunga, CA), an incision was made in the skin covering
the skull, and the skull was leveled. The bone overlying the hippocampus
was removed with a small dental burr. Electrolytic lesions of the hippocam-
pus were generated by passing a 1.2-mA anodal current for 10 s through a
stainless steel electrode (0.35 mm in diameter) that was insulated with
Epoxylite except for #0.50–0.75 mm at the tip. The coordinates for the
electrolytic hippocampal lesions were 3.5 mm posterior to bregma; 1.0, 2.2,
and 3.4 mm lateral to midline; and 2.8 mm below dura for the dorsal
hippocampus. For the ventral hippocampus, the coordinates were 4.6 mm
posterior to bregma, 5.5 mm lateral to midline, and 5.6 and 8.1 mm ventral
to dura. All lesion coordinates were based on Paxinos and Watson’s (1986)
stereotaxic atlas of the rat brain. The control lesions were made either by
generating electrolytic lesions of the cortex dorsal to the dorsal hippocam-

Figure 1. A schematic of the cheeseboard maze test apparatus.

64 GILBERT AND KESNER

Gilbert & Kesner, 2002

A+ B+

tended to produce significant cell loss within the dorsal and ventral
hippocampus, with minimal hippocampal savings and minimal
damage to surrounding tissues. Because the hippocampal lesions
were generated with an electrolytic technique, it is possible that
fibers of passage were damaged as a result of the lesions.

Experiment 1: Acquisition of Object–Place Paired
Associates

Figure 4 shows acquisition of the object–place task in control
and hippocampal-lesioned rats. Acquisition is displayed by mean
latency difference scores (latencies on paired trials subtracted from
latencies on mispaired trials) as a function of blocks of testing (60
trials per block: 30 paired and 30 mispaired). High mean latency
differences are therefore indicative of increased latency scores on
mispaired trials and low latency scores on paired trials. If no
behavioral response was observed, a latency of 10 s was recorded
for that trial. The data in Figure 4 indicate that control rats showed
significant learning across blocks of trials, as indicated by in-
creased mean latency difference scores as a function of blocks of

trials. In contrast, rats with hippocampal lesions showed no learn-
ing across days of testing, as indicated by mean latency difference
scores that approached zero. The low difference scores indicate
that the mean latency scores of rats with hippocampal lesions were
approximately equal on paired and mispaired trials.
The data were grouped in six blocks of 60 trials (30 paired

and 30 mispaired trials per block) for analysis. A repeated mea-
sures two-way analysis of variance with lesion (control, hippocam-
pus) as the between-subjects factor and block (1–6) as the within-
subjects factor revealed significant main effects of lesion, F(1,
8) ! 78.01, p ! .01; block, F(5, 40) ! 30.35, p ! .01; and
Block " Lesion interaction, F(5, 40) ! 20.71, p ! .01. The
significant main effect of lesion indicates that the hippocampal-
lesioned rats were significantly impaired compared with controls.
A Newman–Keuls comparison test of the main effect of block
indicated that performance on Blocks 1 and 2 were significantly
different (p # .05) from all other blocks, which is indicative of
learning across blocks of testing. A Newman–Keuls comparison
test of the Block " Lesion interaction indicated that there were no
significant differences between the control and hippocampal-
lesioned group on the first block of testing. However, the
hippocampal-lesioned group was significantly impaired (p # .05)
on all other blocks compared with controls.

Experiment 2: Acquisition of Odor–Place Paired
Associates

Figure 5 shows acquisition of the odor–place task in control and
hippocampal-lesioned rats. Acquisition is displayed by mean la-
tency difference scores (latencies on paired trials subtracted from
latencies on mispaired trials) as a function of blocks of testing (60
trials per block: 30 paired and 30 mispaired). High mean latency
differences are therefore indicative of increased latency scores on
mispaired trials and low latency scores on paired trials. If no
behavioral response was observed, a latency of 10 s was recorded
for that trial. The data in Figure 5 indicate that control rats showed
significant learning across blocks of trials, as indicated by in-

Figure 4. Mean ($ SEM) latency differences (latency on mispaired
trials % latency on paired trials) as a function of blocks of testing (60
trials/block) of control and hippocampal-lesioned rats on acquisition of the
object–place paired-associate task.

Figure 3. A schematic representation of the largest (gray) and the small-
est (black) dorsal (A) and ventral (B) hippocampal lesion. From The Rat
Brain in Stereotaxic Coordinates (2nd ed., Figures 31 and 37), by G.
Paxinos and C. Watson, 1986, San Diego, CA: Academic Press. Copyright
1986 by Academic Press. Adapted with permission.
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creased mean latency difference scores as a function of blocks of
trials. In contrast, rats with hippocampal lesions showed no learn-
ing across days of testing, as indicated by mean latency difference
scores that approached zero. The low difference scores indicate
that mean latencies of rats with hippocampal lesions were approx-
imately equal on paired and mispaired trials.
The data were grouped in six blocks of 60 trials (30 paired

and 30 mispaired trials per block) for analysis. A repeated mea-
sures two-way analysis of variance with lesion (control, hippocam-
pus) as the between-subjects factor and block (1–6) as the within-
subjects factor revealed significant main effects of lesion, F(1,
8) ! 43.63, p " .01; block, F(5, 40) ! 32.72, p ! .01; and
Block # Lesion interaction, F(5, 40) ! 17.05, p ! .01. The
significant main effect of lesion indicates that the hippocampal-
lesioned rats were significantly impaired relative to controls. A
Newman–Keuls comparison test of the main effect of block indi-
cated that performance on Blocks 1, 2, and 3 was significantly
different (p " .05) from performance on all other blocks, which
indicates learning across blocks of testing. A Newman–Keuls
comparison test of the Block # Lesion interaction indicated that
there were no significant differences between the control and
hippocampal-lesioned group on the first two blocks of testing;
however, the hippocampal-lesioned group was significantly im-
paired (p " .05) on all other blocks of testing compared with
controls.

Experiment 3: Acquisition of Object–Odor Paired
Associates

Figure 6 shows acquisition of the object–odor task in control
and hippocampal-lesioned rats. Acquisition is displayed by mean
latency difference scores (latencies on paired trials subtracted from
latencies on mispaired trials) as a function of blocks of testing (60
trials per block: 30 paired and 30 mispaired). High mean latency
differences are therefore indicative of increased latency scores on
mispaired trials and low latency scores on paired trials. If no
behavioral response was observed, a latency of 10 s was recorded

for that trial. The data in Figure 6 indicate that hippocampal-
lesioned rats learned the object–odor paired-associate task as
readily as controls, as indicated by increased mean latency differ-
ence scores as a function of blocks of trials. Therefore, the hip-
pocampus is not involved in learning object–odor paired
associations.
The data were grouped in six blocks of 60 trials (30 paired

and 30 mispaired trials per block) for analysis. A repeated mea-
sures two-way analysis of variance with lesion (control, hippocam-
pus) as the between-subjects factor and block (1–6) as the within-
subjects factor revealed a significant main effect only of block,
F(5, 40) ! 32.72, p ! .01. A Newman–Keuls comparison test of
the main effect of block indicated that performance on Blocks 1, 2,
and 3 was significantly different (p " .05) from performance on
all other blocks, which indicates learning across blocks of testing.
Because there were no impairments in performance in either the
control or hippocampal-lesioned group, the rats were not tested on
either of the discrimination tasks.

Experiment 4: Discrimination Tasks

Figure 7 shows the performance of a control and hippocampal-
lesioned group on the spatial, object, and odor discrimination
tasks. Rats were trained on this task until their performance
reached a criterion of 10 correct responses on 10 consecutive trials.
Latencies lower than 2 s on a positive trial or higher than 7 s on
a negative trial were scored as correct responses. The data show
that there were no significant differences in performance be-
tween control and hippocampal-lesioned rats on any of the
discriminations.
Three separate one-factor analysis of variance tests showed that

the number of trials required by the hippocampal-lesioned group to
reach the criterion was not significantly different from the number
of trials required by the control group on the spatial, F(1,
8) ! 0.02, p ! .89; object, F(1, 8) ! 1.50, p ! .26; or odor, F(1,
8) ! 2.10, p ! .19, discrimination tasks. Therefore, the data
suggest that hippocampal-lesioned rats are able to discriminate

Figure 6. Mean ($ SEM) latency differences (latency on mispaired
trials % latency on paired trials) as a function of blocks of testing (60
trials/block) of control and hippocampal-lesioned rats on acquisition of the
object–odor paired-associate task.

Figure 5. Mean ($ SEM) latency differences (latency on mispaired
trials % latency on paired trials) as a function of blocks of testing (60
trials/block) of control and hippocampal-lesioned rats on acquisition of the
odor–place paired-associate task.
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The hippocampus is critical for remembering “what-where” associations
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Figure 8 Sequential order and recognition tasks. (a) On each trial the animal was presented with a series of five odors (e.g., odors A through E). The animal was then either
probed for its memory of the order of the items in the series (top) or its memory of the items presented (bottom). þ, rewarded odor, ", nonrewarded odor. (b) Hippocampal
animals were impaired on all sequential order probes. Performances on different probes are grouped according to the lag (number of intervening elements). (c) Hippocampal
animals performed as well as controls on the recognition probes. ‘X’ designates a randomly selected odor that was not presented in the series and used as the alternative choice.
#, p < .05. (a–c) Adapted from Fortin NJ, Agster KL, and EichenbaumH (2002) Critical role of the hippocampus in memory for sequences of events.Nat. Neurosci. 5: 458–462, with
permission from Macmillan Publishers Ltd.
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Figure 8 Sequential order and recognition tasks. (a) On each trial the animal was presented with a series of five odors (e.g., odors A through E). The animal was then either
probed for its memory of the order of the items in the series (top) or its memory of the items presented (bottom). þ, rewarded odor, ", nonrewarded odor. (b) Hippocampal
animals were impaired on all sequential order probes. Performances on different probes are grouped according to the lag (number of intervening elements). (c) Hippocampal
animals performed as well as controls on the recognition probes. ‘X’ designates a randomly selected odor that was not presented in the series and used as the alternative choice.
#, p < .05. (a–c) Adapted from Fortin NJ, Agster KL, and EichenbaumH (2002) Critical role of the hippocampus in memory for sequences of events.Nat. Neurosci. 5: 458–462, with
permission from Macmillan Publishers Ltd.
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The hippocampus is critical for remembering “what-when” associations
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Integration of “What-Where” in hippocampal neurons

Eichenbaum & Fortin (2009)   [Adapted from Wood et al. (1999)]
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Evidence for hippocampal “place cells”
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The hippocampus is critical for forming a “spatial map” (O’Keefe & Nadel, 1978)

Spatial coding
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to O’Keefe and Nadel’s (1978) original description.
Conceptually, the cognitive map is a two-dimensional
Cartesian reconstruction of the environment, in that it
provides metric representations of distances and
angles between the relevant stimuli (See Chapters
1.33, 1.35).

The discovery of place cells in the hippocampus
was a crucial piece of evidence supporting the
cognitive map theory of the hippocampus. Place cells
are hippocampal neurons, typically from regions
CA1 and CA3, that fire at a high rate whenever the
animal is in a specific location in the environment,
called the place field (Figure 6(a)). Their existence
was first described by O’Keefe and Dostrovsky (1971)
in rats, but was later confirmed in numerous more
systematic studies (e.g., O’Keefe, 1976; Olton et al.,
1978; O’Keefe and Conway, 1980; Hill and Best,
1981; Best and Ranck, 1982) and in other mammalian
species (humans: Ekstrom et al., 2003; monkeys:
Ludvig et al., 2004; mice: Rotenberg et al., 1996). A
number of properties of place cells are suggestive of a
cognitive map representation of a specific environ-
ment. First, their firing pattern is determined by the
global spatial relations among landmarks, not simply
associated with a particular cue in the environment.
For instance, place cell firing is maintained even if
individual distal cues are removed, or if all distal cues
are rotated as a unit (the place field rotates with the
cues; O’Keefe and Conway, 1978; Miller and Best,
1980; Hill and Best, 1981). Second, many place cells
reflect the overall topography of the environment, as

they were shown to scale their size to reflect changes
in the size of the environment (Muller and Kubie,
1987; O’Keefe and Burgess, 1996). Third, once estab-
lished, the spatial representation of a specific
environment coded by place cell is stable over long
periods of time (at least 5 months; Thompson and
Best, 1990).

At the conceptual level, a place cell is thought to
construct the notion of a place in the environment by
encoding the multisensory input pattern that can be
perceived when the animal is in a specific part of the
environment (O’Keefe, 1979). Each place cell is
hypothesized to represent the position of the rat at
a particular coordinate position in the map of the
environment, and as a population, place cells could
underlie a mechanism by which information about
the spatial layout of the environment could be used
to compute the flexible trajectories required by
navigation.

1.21.1.3.2 Processing of spatial
information in other brain regions
Despite an intense focus on the role of the hippo-
campus, it is clear that navigation is a capacity that
requires other brain systems as well. In addition to
the role of sensory systems to process and represent
environmental stimuli, and the involvement of the
prefrontal cortex in providing executive control of
response selection and planning through interactions
with cortico-striatal loops (e.g., De Bruin et al., 1994;
Alexander et al., 1986; Dunnett et al., 2005), a number
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Figure 6 Neurons with spatial firing properties. (a) Place cell: Hippocampal neuron showing an increase in firing rate whenever
the animal enters the North-West corner of an open-field environment. Adapted from O’Keefe J and Burgess N (1996)
Geometric determinants of the place fields of hippocampal neurons. Nature 381(6581): 425–428, with permission from
Macmillan Publishers Ltd. (b) Head-direction cell: Postsubicular neuron increasing its firing rate whenever the animal’s head is
facing a particular direction (60 degrees). Taken from Taube JS (2007) The head direction signal: Origins and sensory-motor
integration. Annu. Rev. Neurosci. 30: 181–207, with permission from the Annual Review of Neuroscience. (c) Grid cell:
Dorsocaudal medial entorhinal cortex neuron exhibiting multiple spatial firing fields arranged in a hexagonal grid in an open field.
Taken from Hafting T, Fyhn M, Molden S, Moser MB, and Moser EI (2005) Microstructure of a spatial map in the entorhinal
cortex. Nature 436(7052): 801–806, with permission from Macmillan Publishers Ltd.

Navigation and Episodic-Like Memory in Mammals 393

Author's personal copy

to O’Keefe and Nadel’s (1978) original description.
Conceptually, the cognitive map is a two-dimensional
Cartesian reconstruction of the environment, in that it
provides metric representations of distances and
angles between the relevant stimuli (See Chapters
1.33, 1.35).

The discovery of place cells in the hippocampus
was a crucial piece of evidence supporting the
cognitive map theory of the hippocampus. Place cells
are hippocampal neurons, typically from regions
CA1 and CA3, that fire at a high rate whenever the
animal is in a specific location in the environment,
called the place field (Figure 6(a)). Their existence
was first described by O’Keefe and Dostrovsky (1971)
in rats, but was later confirmed in numerous more
systematic studies (e.g., O’Keefe, 1976; Olton et al.,
1978; O’Keefe and Conway, 1980; Hill and Best,
1981; Best and Ranck, 1982) and in other mammalian
species (humans: Ekstrom et al., 2003; monkeys:
Ludvig et al., 2004; mice: Rotenberg et al., 1996). A
number of properties of place cells are suggestive of a
cognitive map representation of a specific environ-
ment. First, their firing pattern is determined by the
global spatial relations among landmarks, not simply
associated with a particular cue in the environment.
For instance, place cell firing is maintained even if
individual distal cues are removed, or if all distal cues
are rotated as a unit (the place field rotates with the
cues; O’Keefe and Conway, 1978; Miller and Best,
1980; Hill and Best, 1981). Second, many place cells
reflect the overall topography of the environment, as

they were shown to scale their size to reflect changes
in the size of the environment (Muller and Kubie,
1987; O’Keefe and Burgess, 1996). Third, once estab-
lished, the spatial representation of a specific
environment coded by place cell is stable over long
periods of time (at least 5 months; Thompson and
Best, 1990).

At the conceptual level, a place cell is thought to
construct the notion of a place in the environment by
encoding the multisensory input pattern that can be
perceived when the animal is in a specific part of the
environment (O’Keefe, 1979). Each place cell is
hypothesized to represent the position of the rat at
a particular coordinate position in the map of the
environment, and as a population, place cells could
underlie a mechanism by which information about
the spatial layout of the environment could be used
to compute the flexible trajectories required by
navigation.

1.21.1.3.2 Processing of spatial
information in other brain regions
Despite an intense focus on the role of the hippo-
campus, it is clear that navigation is a capacity that
requires other brain systems as well. In addition to
the role of sensory systems to process and represent
environmental stimuli, and the involvement of the
prefrontal cortex in providing executive control of
response selection and planning through interactions
with cortico-striatal loops (e.g., De Bruin et al., 1994;
Alexander et al., 1986; Dunnett et al., 2005), a number
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Figure 6 Neurons with spatial firing properties. (a) Place cell: Hippocampal neuron showing an increase in firing rate whenever
the animal enters the North-West corner of an open-field environment. Adapted from O’Keefe J and Burgess N (1996)
Geometric determinants of the place fields of hippocampal neurons. Nature 381(6581): 425–428, with permission from
Macmillan Publishers Ltd. (b) Head-direction cell: Postsubicular neuron increasing its firing rate whenever the animal’s head is
facing a particular direction (60 degrees). Taken from Taube JS (2007) The head direction signal: Origins and sensory-motor
integration. Annu. Rev. Neurosci. 30: 181–207, with permission from the Annual Review of Neuroscience. (c) Grid cell:
Dorsocaudal medial entorhinal cortex neuron exhibiting multiple spatial firing fields arranged in a hexagonal grid in an open field.
Taken from Hafting T, Fyhn M, Molden S, Moser MB, and Moser EI (2005) Microstructure of a spatial map in the entorhinal
cortex. Nature 436(7052): 801–806, with permission from Macmillan Publishers Ltd.
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Episodic memory requires memory for specific event and its context

Birds: 

Reptiles: 
Teleost fishes: 

Colombo et al.; 1997 (pigeons); Gagliardo et al., 
1999 (pigeons); Hampton & Shettleworth, 
1996a,b (Juncos & Chickadees)

Rodriguez et al., 2002 (goldfish)

Rodriguez et al., 2002 (turtles)

O’Keefe & Nadel, 1978; Morris et al., 1996; 
Kesner et al., 2004

Monkeys:

Rodents:

Smith & Milner, 1981; Buckley & Gaffan, 
2000; Lavenex & Lavenex, 2009

Burgess et al., 2002

Bingman & Sharp, 2006, 
Kahn et al., 2008 (pigeons)

Bats: Yartsev, Witter & Ulanovsky, 2012
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Rodents:

Birds:

O’Keefe & Nadel, 1978

Nishijo et al.,1997; Matsumura et al., 
1999; Rolls et al., 2005;
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Bingman & Sharp, 2006, 
Kahn et al., 2008 (pigeons)

Bats: Yartsev, Witter & Ulanovsky, 2012
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Fyhn et al., 2004; Hafting et al., 2005; 
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ROLE OF THE HIPPOCAMPUS IN EPISODIC MEMORY 
SPATIAL MEMORY (“WHERE”)  ≠  EPISODIC MEMORY


