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Summary. For over a hundred years, it has been accepted that remote
memories are less vulnerable to disruption than are recent memories. The
standard consolidation model posits that the hippocampus and related
structures are temporary memory structures, necessary for acquisition, re-
tention, and retrieval of all explicit (declarative) memories until they are
consolidated elsewhere in the brain. We review lesion and neuroimaging
evidence showing that important distinctions exist among different types
of explicit memory and the structures that mediate them. We argue that re-
tention and retrieval of detailed, vivid autobiographical memories depend
on the hippocampal system no matter how long ago they were acquired.
Semantic memories, on the other hand, benefit from hippocampal contri-
bution for some time before they can be retrieved independently of the
hippocampus. Even semantic memories, however, can have episodic ele-
ments associated with them which continue to depend on the hippocampus.
In short, the evidence reviewed suggests strongly that the function of the
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hippocampus (and possibly of related limbic structures) is to help encode,
retain, and retrieve experiences, no matter how long ago the events com-
prising the experience occurred. We conclude that the evidence favors a
multiple trace theory (MTT) of memory over the traditional model, and we
indicate what future work is needed to resolve disputes.

Key words. Consolidation, Autobiographical Memory, Episodic Memory,
Semantic Memory, Hippocampus, Medial Temporal Lobes

Introduction

How memories are formed, retained, and recovered is one of the central
and enduring questions in psychology and cognitive and behavioural neu-
roscience. Writing in 1904, Burnham identified two processes that were
implicated in consolidation, the formation of durable memories: (1) a
physiological or biochemical process needed for formation and storage of a
memory trace or engram, and (2) a psychological process needed to as-
similate the newly-acquired memory into an already existing body of
knowledge, and to allow it, in turn, to influence what will be learned sub-
sequently. Elucidating these processes remains at the heart of research on
memory and consolidation, and will be the focus of this chapter. In particu-
lar, we will examine two types of memory—episodic (autobiographical)
and semantic—and investigate what studies of remote memory can tell us
about the neural substrates mediating them, how they may be modified
with time, and what implication that knowledge has for general psycho-
logical theories of memory.

Recent work has begun to clarify the nature of the separate yet interac-
tive roles of the hippocampal complex and the neocortex in memory stor-
age and retrieval. The hippocampal complex, located in the medial tempo-
ral lobe (MTL), includes the hippocampal formation, the peri-rhinal and
entorhinal cortex, and the parahippocampal cortex, and is linked to other
structures in the limbic system (see Figures 1 & 2). Most of the work in
human and non-human species has focused on anterograde memory—the
acquisition, storage, and retrieval of new or recently-acquired memory.
These studies have been instrumental in calling attention to the role that
different areas of neocortex and sub-regions of the MTL play in explicit
and implicit memory, although the precise nature of those functions is still
in dispute ( Burgess, Maguire, & O’Keefe, 2002; Murray & Bussey, 2001;
Murray & Richmond, 2001; Squire & Zola, 1998). Studies on the role of
the MTL and neocortex in retrograde or remote memory are rarer, yet such
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Fig. 1. Medial temporal lobe structures viewed from the underside of the brain. A:
Amygdala; E: Entorhinal Cortex; H; Hippocampus; PH: parahippocampal cortex;
PR: Perirhinal cortex.
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Fig. 2. The hippocampal-diencepahalic systems showing connections between
medial temporal structures and diencepahlic (thalamic) nuclei and frontal lobes.
Solid lines show the extended hippocampal system, presumed to mediate recollec-
tion, and dotted lines show the extended perirhinal system, presumed to mediate
familiarity. (Modified from Aggleton & Brown, 1999).
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studies are crucial for answering our central question: What is the role of
the hippocampus and neocortex in consolidation, retention, and retrieval of
memories acquired long ago?

The work reported in this chapter is a team effort. It began in 1996 while
Morris Moscovitch was on sabbatical leave at the University of Arizona,
where he was working with Lynn Nadel. Moscovitch was invited to pre-
sent a talk on consolidation at a conference at Tel-Aviv University, and re-
cruited Nadel as a co-author. Intending simply to update evidence favoring
the standard view of memory consolidation, they reviewed the recent lit-
erature and realized that the data were much more troublesome to that view
than they had anticipated. Instead of trying to fit the data to the standard
model, they proposed a new one, to be described shortly (Nadel & Mosco-
vitch, 1997). Those ideas, however, would have had little credibility, and
less currency, without the evidence gathered by a large team of investiga-
tors who at first were as skeptical of our ideas as were our critics. The re-
search efforts of this large team nurtured the ideas that were hatched in
Arizona and allowed them to take flight.

A very brief history of the problem of remote memory and
consolidation

Over the last few years, a number of reviews have been written on consoli-
dation (Dudai, 2004; Kandel, 2001; Moscovitch, 2001; McGaugh, 2000)
so there is no need to repeat those reviews here. The term “consolidation”
was introduced by Miiller and Pilzecker (1900) to describe a time-
dependent process that was needed to assimilate an experience and store it
permanently as a memory that was relatively immune to disruption. Al-
though there was some sophisticated, prescient speculation about the proc-
esses involved in consolidation (Burnham, 1904), until 1950 little was
known about the neural (but see Korsakoff, 1889) and biochemical sub-
strates of memory or how they were implicated in consolidation.

The next half century saw a number of important developments but none
was as momentous as Scoville and Milner’s (1957) publication on the ef-
fects of excision of the anterior, medial temporal lobes (MTL) bilaterally
to control intractable epilepsy in a single patient, H.M. ( for an MRI recon-
struction of H.M.’s lesion, see Corkin, Amaral, Gonzalez, Johnson, &
Hyman, 1997). This publication was followed by a report of three addi-
tional cases with unilateral excisions with presumed damage to contralat-
eral MTL structures (Penfield & Milner, 1958). These cases focused atten-
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tion on the hippocampus and related structures in the MTL as being crucial
for long-term memory. Although the surgery was effective in controlling
H.M’s epilepsy, one of its unanticipated consequences was that he devel-
oped a profound anterograde amnesia, while retaining normal intelligence,
short-term memory, and perceptual and motor functions. The other pa-
tients suffered a similar fate. Remote memory loss was believed to be lim-
ited to about 3 years (Corkin, 1984; Milner, 1966; but see Corkin, 2002).

These observations were interpreted as showing that the medial tempo-
ral lobes and related diencepahlic structures were involved neither in proc-
essing short-term memories nor in storing remote memories. Instead, their
function was to help encode and consolidate memories, and to store and re-
trieve those memories until consolidation was complete (Squire, 1992;
Zola-Morgan & Squire, 1990). Indeed, the standard model of consolidation
was based on these initial observations and has been modified little since
then (Milner, Squire, & Kandel, 1998; Moscovitch, 2001).

The standard model

According to the standard model (Dudai, 2004; McGaugh, 2000; Squire &
Alvarez, 1995), memory consolidation begins when information, registered
initially in neocortex, is bound into a memory trace by the MTL and re-
lated structures in the diencephalon. This initial binding into a memory
trace involves short-term processes. The first of them may be completed
within seconds, and involves transient molecular changes at the synapse.
These, in turn, can give rise to a cascade of events, lasting minutes or at
most days, which entail genetic transcription and protein formation that
lead to long-lasting cellular changes, including the creation of new syn-
apses ( Dudai, 2004; Kandel, 2001). These changes support the formation
and maintenance of long-term memory. We refer to this process as rapid
consolidation or cohesion (Moscovitch, 1995) or synaptic consolidation
(Dudai, 2004) to contrast it with a process of prolonged consolidation or
system consolidation (Dudai, 2004) which, according to the standard
model, can last on the order of years or even decades.

During prolonged consolidation, it is assumed that the medial temporal
lobes and related structures are needed for storage and recovery of the
memory trace, but their contribution diminishes as prolonged consolidation
proceeds, until the neocortex alone is capable of sustaining the permanent
memory trace and mediating its retrieval (Markowitsch, 1995). Thus, the
MTL and related structures are considered by the standard model to be
temporary memory systems, needed to store and retrieve memories until



338  Moscovitch, Westmacott, Gilboa, et al.

prolonged or system consolidation is complete. The time it takes for con-
solidation to be complete is estimated by the temporal extent of retrograde
amnesia following lesions of the MTL and diencephalon, other kinds of in-
sults (concussions, closed head injuries, or electrical currents), or the ad-
ministration of pharmacological agents which disrupt memory perma-
nently.

The existence of rapid consolidation is not in dispute by proponents of
the standard model nor by their adversaries. Much has been learned about
its cellular and neurochemical (molecular) basis, which seem to be similar
across species and across different memory systems in the same species
(see Dudai, 2004; Kandel, 2001). We are, however, far from understanding
memory at a systems level (but see Dudai, 2004; Frankland & Bontempi,
in press), a problem that is inextricably tied to ideas concerning prolonged
consolidation, ideas which form the crux of the debate (Squire, Cohen, &
Nadel, 1984) and the focus of this chapter.

Prolonged consolidation and memory systems

By the 1960s, the outlines of the central debate concerning the validity of
the standard model of consolidation were clearly crystallized in work with
amnesic patients, reflecting the assumption that it was damage in the MTL
and diencephalon that was primarily responsible for the amnesia (Warring-
ton & Sanders, 1971; Warrington & Weiskrantz, 1970). Although the de-
bate has many facets, in this chapter, the focus is only on one of them:
What is the extent and duration of retrograde amnesia and, by implication,
of consolidation, and how are they affected by lesion location and memory

type?

Types of memory

One of the major contributions of memory researchers in the latter part of
the 20™ century is the idea that memory is not unitary but consists of vari-
ous types, each influenced by different variables, governed by different
principles, possibly concerned with different materials, and each mediated
by different neural structures and mechanisms that form distinguishable,
and dissociable, systems (see Cermak, 1982; Moscovitch, 1992, 2001;
Tulving & Craik, 2000; Schacter & Tulving, 1994). Although many dif-
ferent types of memory have been identified, including the broad classes of
explicit (conscious) and implicit (unconscious) memory (Graf & Schacter,
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1985; Moscovitch, Vriezen, & Goshen-Gottstein, 1993), the two most
relevant to the debate are episodic and semantic memory (Tulving, 1972,
1983), both of which can be considered explicit (Moscovitch, 1982, 1984;
Schacter, 1987) or declarative (Squire, 1992).

Episodic memory refers to memory for particular, autobiographical epi-
sodes that have a distinct spatio-temporal context and involves a detailed
re-experiencing of the initial event. Tulving (1985) refers to this re-
experience as “mental time travel” which relies on autonoetic conscious-
ness (consciousness with the self in it). In studies of anterograde memory,
episodic memory is assessed by tests of recollection, which refers to repre-
sentation of past experiences and includes not only the content of those ex-
periences but also their spatial-temporal context. Building on Tulving’s
distinction, Moscovitch (1995, 2000) emphasized that episodic memory
also includes the conscious experience accompanying the episode. Put suc-
cinctly, episodic memory refers to memory of the experience of the event,
of which conscious awareness is a part.

Semantic memory, on the other hand, is knowledge that lacks a spatio-
temporal context, such as knowledge of vocabulary and facts about the
world (history, geography, people). Semantic memory even includes
knowledge about ourselves (where we were born, where we lived, who our
friends were, what schools we attended, what jobs we held), what some
have called personal semantics (Cermak & O’Connor, 1983; Kopelman,
Wilson, & Baddeley, 1989) to distinguish this aspect of memory from that
for autobiographical episodes.

There is another type of memory that figures prominently in research,
and that has elements of both semantic and episodic memory, and that is
familiarity with a past event. Familiarity refers to recognition that an event
had occurred to one personally but without the information needed to place
it in an autobiographical context. For example, familiarity is the kind of
memory that occurs when you encounter a person whom you recognize as
familiar but you cannot place the individual or the encounter in a particular
time or place. This memory shares attributes both with episodic memory,
in that it is memory for a particular bit of information linked to an episode,
and with semantic memory, in that it lacks a defining spatio-temporal con-
text. As we shall see, these distinctions, which have gained in importance
in studies of anterograde memory over the last decade, also have come to
play an important role in studies of retrograde or remote memory.

Although different types of tests are used to assess episodic and seman-
tic memory, proponents of the standard model consider them to be similar
with respect to consolidation. According to these investigators, damage to
the medial temporal lobes and diencephalon leads to a graded, temporally-
limited retrograde amnesia for all types of declarative memory. Memories
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acquired most recently are most severely affected, with more remote
memories being retained normally, having been fully consolidated before
the neurological insult (see Bayley, Hopkins, & Squire, 2003; Manns,
Hopkins, & Squire, 2003; Squire & Alvarez, 1995, Reed & Squire, 1998;
Rempel-Clower, Zola, Squire, & Amaral, 1996).).

Critique of the Standard Model

The standard model of consolidation had been challenged by Warrington
and her colleagues who showed that retrograde amnesia can be severe and
of long duration following medial temporal lesions. This finding led them
to favor the view that amnesia results from a deficit in retrieval rather in
consolidation (Warrington, 1996; Warrington & Sanders, 1970; Warring-
ton & McCarthy, 1988). Kinsbourne and Wood (1975), on the basis of
evidence they collected using Crovitz and Schiffman’s (1974) cuing tech-
nique, argued that amnesia is a deficit only of episodic memory, and af-
fects recent and remote memory equally. Although few endorsed their
ideas at that time, Nadel and Moscovitch’s (1997; Nadel et al., 2000) re-
cent reviews sided more with their position than with the standard model.
Nadel and Moscovitch noted a number of problems with the standard
model, both with respect to the types of memories that are affected and
with the duration and extent of retrograde amnesia.

Retrograde amnesia varied with memory type, decreasing in severity
and extent from the autobiographical to the semantic. In people with large
MTL (or diencepahlic) lesions, retrograde amnesia for details of autobio-
graphical events can extend for decades, far longer than it would be bio-
logically plausible for even prolonged consolidation to be completed, or
even a lifetime. Retrograde amnesia for public events and personalities
which, as we shall see is contaminated by autobiographical information, is
less extensive and often is temporally graded; this is truer still of semantic
memory that pertains to vocabulary, to facts about the world, and to per-
sonal semantics (see Fujii, Moscovitch, & Nadel, 2000; Kapur, 1999, Ko-
pelman & Kapur, 2001; for extensive reviews of retrograde amnesia).

The relevance of the neuroanatomical components of the
medial temporal lobes and related structures

It is a truism (or principle) in cognitive neuroscience that distinct psycho-
logical functions are associated with distinct neural substrates or processes.
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It is not surprising, therefore, that the new developments in our psycho-
logical understanding of memory were accompanied by comparable devel-
opments in our appreciation of the neuroanatomy of memory. Nadel and
Moscovitch (1997, 1998; Nadel et al., 2000, 2003) noted that lesion size
and location play a role in determining the nature, severity, and extent of
retrograde amnesia. The initial studies on retrograde amnesia implicated
the MTL and diencephalon. As we noted, however, these areas themselves
are comprised of a number of separate, but related, structures (see Figure
1).

Following Scoville and Milner’s (1957) report, attention shifted quickly
from the medial temporal lobes to the hippocampal formation, and then to
the hippocampus itself. More recently, however, investigators have begun
to appreciate the importance of the other structures, the different functions
each serves, as well as their relation to each other and to corresponding re-
gions in the diencephalon ( see Aggleton & Brown, 1999).

One system, consisting of the hippocampus and its connections to the
mammillary bodies and anterior thalamic nuclei, is presumed to mediate
recollection which relies on relational information, including the temporal-
spatial context of the memory (see Figure 2). Damage to this system
causes deficits in spatial memory and in memory for complex relational in-
formation that typifies memory for autobiographical episodes, but spares
recognition based only on familiarity (Aggleton et al., 2000; Holdstock et
al., 2002a; Mayes et al., 2002, 2004; D. Moscovitch & McAndrews, 2002;
Yonelinas, 2002; Yonelinas et al., 2002). The other system, consisting of
the peri-rhinal cortex and its connections to the dorsomedial nucleus of the
thalamus, is necessary for item recognition based on familiarity judgments
which do not require access to spatial-temporal context (see Figure 2).
Damage to this system will impair recognition even of single items (Ag-
gleton et al., 2000). The parahippocampal cortex seems to be necessary for
forming memories of places (Epstein & Kanwisher, 1998; Epstein, Harris,
Stanley, & Kanwisher, 1999; Epstein, Graham, & Downing, 2003) or of
associating objects with particular locations (Owen, Milner, Petrides, &
Evans, 1996a,b), and may provide the allocentric, spatial framework for
recollection (Burgess, Becker, King, & O’Keefe, 2001; Burgess, Maguire,
& O’Keefe, 2002; Nadel & Moscovitch, 1997, O’Keefe & Nadel, 1978;
Rosenbaum et al., 2000).

Based on the functional and neuroanatomical evidence which they re-
viewed, Nadel and Moscovitch (1997, 1998; Moscovitch & Nadel, 1998;
Nadel et al., 2000) concluded, contrary to the traditional consolidation
model, that the function of the medial temporal system is not temporally-
limited but that it is needed to represent even old memories in rich detail,
be they autobiographical or spatial, for as long as the memories exist.



342 Moscovitch, Westmacott, Gilboa, et al.

Nadel, Moscovitch and their colleagues (Fujii et al., 2000; Nadel &
Moscovitch, 1997; Nadel et al., 2000, 2003; Rosenbaum et al., 2000) noted
that the extent and severity of retrograde amnesia depended on the size of
the lesion—the larger the lesion, the greater the loss—with episodic, auto-
biographical memory being the most severely affected. They proposed that
the entire medial temporal region, what has been called the hippocampal
complex after its most prominent structure, is needed for storage and re-
trieval of episodic memories, however remote.

Given the multifaceted nature of autobiographical episodes, Nadel and
Moscovitch (1997, 1998) suggested that each of the various regions of the
medial temporal lobe may contribute its own information to the complete,
detailed memory of an event, although they left the precise formulation
vague. As we have learned more about the separate functions of medial
temporal regions, it may make sense to consider the possibility that each of
them is involved in retention and retrieval of those aspects of an event
which they specifically process. Thus, for remote memory, as for antero-
grade memory, recollection of autobiographical episodes will always de-
pend on the hippocampus. Recognition based on familiarity can survive
hippocampal damage, but not damage to peri-rhinal cortex, whereas rec-
ognition of aspects of places will be impaired following parahippocampal
lesions.

Neocortical structures, on the other hand, are sufficient to form domain-
specific and semantic representations based on regularities extracted from
repeated experiences with words, objects, people, and environments
(Rosenbaum et al., in press). This applies even to autobiographical epi-
sodes that one recollects repeatedly, thereby creating a gist of each episode
which lacks the details that makes rich re-experiencing possible. The MTL
system may aid in the initial formation of these neocortical representations
(Nadel & Moscovitch, 1997), but, once formed, they can exist on their
own. We return to this point later when we discuss semantic memory.

Multiple Trace Theory

Nadel and Moscovitch (1997) referred to their model as the Multiple Trace
Theory (MTT) of memory (see Estes, 1964, for an earlier related psycho-
logical model). According to MTT, the hippocampal complex (and possi-
bly diencephlon) rapidly and obligatorily encodes all information that is at-
tended (consciously apprehended), and binds the neocortical (and other)
neurons that represent that experience into a memory trace. This informa-
tion is sparsely encoded in a distributed network of hippocampal complex
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neurons which act as pointers to, or index, the neurons that represent the
attended information (Teyler & DiScenna, 1986). A memory trace of an
episode, therefore, consists of a bound ensemble of neocortical and hippo-
campal/medial temporal lobe (and possibly diencephalic) neurons which
represent a memory of the consciously-experienced event. Formation and
consolidation of these traces, or cohesion (Moscovitch, 1995), is relatively
rapid, lasting on the order of seconds or at most days (rapid consolidation).

According to MTT, and in contrast to the standard consolidation model,
there is no prolonged consolidation process that slowly strengthens the
neocortical component of the memory trace so that with time it becomes
independent of the hippocampal complex. Instead, each time an old mem-
ory is retrieved, a new hippocampally-mediated trace is created so that old
memories are represented by more or stronger traces than are new ones,
and therefore old memories are less susceptible to disruption from brain
damage than are more recent ones. Because the memory trace for autobio-
graphical episodes is distributed in the hippocampal complex, the extent
and severity of retrograde amnesia, and perhaps the slope of the gradient,
are related to the amount and location of damage to the extended hippo-
campal complex. This idea fits reasonably well with the available evidence
(see Fujii et al., 2000; Nadel & Moscovitch, 2001).

Whereas each autobiographical memory trace is unique, the creation of
multiple, related traces facilitates the extraction of the neocortically-
mediated information which is common among them, and which is shared
with other episodes. This information is then integrated with pre-existing
knowledge to form semantic memories that can exist independently of the
hippocampal complex. Thus, facts about the world, people, public and
even personal events (their gist, not contextually-rich information) that are
acquired in the context of a specific episode can be separated from the epi-
sode and ultimately stored independently of it, although in some cases epi-
sodic information may be retained in parallel. This process of some memo-
ries becoming increasingly semantic may give an impression of prolonged
consolidation, as we shall see later.

Tests of MTT and the standard model: Autobiographical
memory

Recent research developments show, however, that autobiographical
memory itself consists of multiple components, each likely mediated by
different brain mechanisms (see Conway & Playdell-Pierce, 2000; Conway
& Fthenaki, 2000; Conway et al., 2003; Ogden, 1993; Rubin & Greenberg,
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1998; Greenberg & Rubin, 2003, and references therein). Autobiographical
memory appears to be organized hierarchically with life-time periods (e.g.,
high school, university, first jobs) at the top of the hierarchy, general event
memories in the middle (going on vacation, visiting friends, family din-
ners), and unique, specific events which have detailed perceptual informa-
tion at the bottom. Associated with each of these is semantic knowledge
related to the event (e.g., with regard to vacation, general knowledge about
the location being visited is incorporated into the memory). Finally, re-
trieval occurs within the “working self” (Conway & Playdell-Pierce, 2000;
Conway & Fthenaki, 2000), a type of working memory that contains cur-
rent conceptions of one’s self and one’s long-term and immediate goals
that influence, direct, and monitor retrieval.

The aspect of autobiographical memory most relevant for our concerns
is unique, specific events because it is these which correspond to autobio-
graphical recollection, the feeling of traveling back in time and re-
experiencing the event mentally. The greatest divergence between the two
models concerns this aspect: MTT predicts that such event-specific memo-
ries always depend on the hippocampus, no matter how old they are,
whereas the standard model predicts that only more recent memories are
hippocampally-dependent.

To be sure, recalling event-specific information may also implicate
other components of autobiographical memory and the structures that me-
diate them. For example, in recalling a specific event that occurred at one’s
home, knowledge of the house, the items in it, their location, and so on,
forms the background against which the event-specific memory occurs.
One of the tests that we have devised (Levine, Svoboda, Hay, Winocur, &
Moscovitch, 2002), The Autobiographical Interview, distinguishes be-
tween those elements that are specific to the event (internal details) and
those which are shared with other events or are derived from general
knowledge (external details).

Another way of distinguishing the experiential aspects of the event from
those which are more generic is simply to count the number of details
which an event conjures in memory (Moscovitch, Yaschyshyn, Ziegler, &
Nadel, 1999) or rate the memory along dimensions such as vividness (Ad-
dis, Moscovitch, Crawley, & McAndrews, 2004a; Gilboa, Winocur,
Grady, Hevenor, & Moscovitch, 2004). According to MTT, only those
autobiographical memories high in internal details and vividness depend
on the hippocampus, no matter how old they are. It remains to be seen
whether generic memories, or other aspects of specific event memories—
such as their semantic component or familiarity—also continue to depend
on the hippocampus (see Addis, Mclntosh, Moscovitch, Crawley, &
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McAndrews, 2004b; Graham, Lee, Brett, & Patterson, 2003, for relevant
neuroimaging studies).

Although this chapter emphasizes the medial temporal lobe, and in par-
ticular the hippocampus, one should not lose sight of the fact that retriev-
ing autobiographical memories requires the interaction of the medial tem-
poral lobes with other neocortical and subcortical structures. We are
mindful of the contribution of these other structures, but will refer to them
only occasionally here (for more information, see Addis et al., 2004a, b;
Conway & Pleydell-Pierce, 2000; Conway & Fthenaki, 2000; Gilboa,
2004; Gilboa et al., 2004; Graham et al., 2003; Maguire, Vargha-Khadem,
& Mishkin, 2001; Maguire & Frith, 2003; Murre, Graham, & Hodges,
2001; Piefke, Weiss, Zilles, Markowitsch, & Fink, 2003; Ryan et al.,
2001).

The studies we present in the following sections are our own, and are
not meant to provide a comprehensive review of the area. We will refer to
other studies as needed, and will try to note discrepancies with other stud-
ies when they bear on the main questions being addressed.

Neuroimaging

According to the standard model, activation of the hippocampal complex
should be greater for recent than for remote memories, whereas the reverse
should be the case for the neocortex. MTT, however, predicts that the hip-
pocampal complex will be activated equally by retrieval of recent and re-
mote autobiographical memories, as long as they are vivid or detailed. Us-
ing cues (Ryan et al., 2001) or statements (Maguire, 2001; Maguire et al.,
2001, 2003) derived from pre-scan interviews, and event-related functional
magnetic resonance imaging (efMRI) designs, investigators have found
greater bilateral hippocampal activation associated with re-experiencing of
particular autobiographical events, or mostly left-sided activation while
making recognition judgments about statements referring to autobio-
graphical events in comparison to control conditions that included general
personal events or public events. Most importantly, hippocampal activation
was equivalent for recent and remote memories, thereby favoring MTT
over the standard model. Piolino, Giffard-Quillon, Desgranges, Che telat,
Baron, & Eustache (2004) reported similar findings and conclusions using
positron emission tomography (PET).

A possible confound in these studies concerns item selection. Because
participants selected the memories used in the experiment, either right be-
fore scanning or even weeks earlier, it is difficult to know whether they re-
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trieved truly remote memories in the scanner, or only refreshed those
memories which were recovered more recently during the selection proc-
ess. Ryan et al. (2001) controlled for this possible confound by scanning
three additional participants whose autobiographical events were selected
by a close relative or friend, and Maguire et al.(2001) controlled for it by
testing the developmental hippocampal amnesic, Jon, for the few events he
could recollect from his remote past, even though he had no memory for
the pre-scan interview. In both cases, greater hippocampal activation—that
did not vary with time—was found for autobiographical than for other
events.

Another possible confound is that hippocampal activation accompanies
re-encoding of memories as they are retrieved in the scanner, rather than
being associated with the initial retrieval itself. Sensitive to this criticism,
Gilboa et al. (2004) addressed it in their study. They had a person close to
the participant select family photos which the participant had not viewed
recently and which were shown only in the scanner. The photos were from
five time periods dating from early childhood (at least 20 years ago) to the
last six months. To control for the effect of re-encoding, the participant
also was presented with photos from a stranger’s family album which were
matched as much as possible in content to the participant’s own photos.

On viewing “self” photos in the scanner, the participant had to re-
experience the depicted event in as much detail as possible; in viewing the
“other” photo, the participant had to imagine in equivalent detail a scenario
concerning the event depicted in the unfamiliar photo. If re-encoding were
a factor, no difference in hippocampal activation should be observed be-
tween the “self” and “other” conditions. Gilboa et al. (2004) found that ac-
tivation was greater for old, “self” memories than for novel, imagined
“other” material in a number of regions, including the left hippocampal
complex (see also Addis et al., 2004a; Maguire et al., 2001), thereby argu-
ing against the re-encoding interpretation.

Of equal interest was the finding, consistent with MTT but not with the
standard model, that left hippocampal activation was related not to the age
of the memory, but rather to its richness, as determined by post-scan vivid-
ness ratings for all of the memories and description for a subset of them
from each time period (see Figure 3). Because Gilboa et al. (2004) found
that, on average, recent memories are more vivid and detailed than remote
memories, it is likely that these variables, rather than age, account for the
temporally-graded hippocampal activation reported in other studies (Eus-
tache et al., 2003; Maguire & Frith, 2003; Niki & Luo, 2002; Piefke et al.,
2003).
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Fig. 3. Activation from vividly (red) versus non-vividly (blue) recalled events.
The cross hairs on the images are centered at activations within the spherical
search regions of the hippocampus which have the following Talairach and Tour-
noux (1988) co-ordinates: Reading from left to right, x =27,y =-21,z=-16).
Radiological co-ordinates are used so that left-right is reversed. (From Gilboa et
al., 2004).

This interpretation was confirmed in a parallel efMRI study by Addis et
al. (2004b) designed to determine whether recency or recollective quali-
ties, such as detail, emotionality, and personal significance, modulate hip-
pocampal activity during retrieval of autobiographical memories of unique
or repeated events. During scanning, participants retrieved temporally spe-
cific autobiographical memories and general, repeated autobiographical
memories, and rated each for level of detail, emotionality, or personal sig-
nificance. Addis et al. found that medial temporal activation during the re-
trieval of either specific or repeated autobiographical memories varied
with the level of detail, personal significance, and emotionality. Recency
independently modulated hippocampal activity, but its effects were re-
duced or eliminated when the other factors were included as a covariates.
Conversely, robust modulation of hippocampal activation was observed for
the three qualities even when recency was included as a covariate. Consis-
tent with MTT, the results suggest that recollective qualities, not recency,
are the important predictors of hippocampal engagement during retrieval
of autobiographical memories.

Gilboa et al. (2004) also found that foci of activation in the hippocam-
pus were distributed differently for recent and remote memories, with the
former clustered in the anterior region of the hippocampus and the latter
distributed along its rostro-caudal axis (see Figure 4). It is not yet clear
why this pattern should occur. If each retrieval leads to the formation of
new traces within the MTL, as MTT predicts, then remote memories
should be more widely distributed than recent memories in MTL, and may
survive minimal damage to the MTL.
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Fig. 4. Schematic renderings of remote and recent activations. Each point corre-
sponds to a statistically significant activation from within the left hippocampus in
either remote (top; » = 18) or recent (bottom; n = 16) conditions. Red and black
squares represent activations at a significance level of P < 0.001 and P < 0.01 un-
corrected, respectively. Activations are shown on a single sagittal plane taken
from the Talairach and Tournoux (1988) atlas (25 mm lateral to the midline).
Overlapping activations were offset slightly in the recent condition. Differences in
the lateral displacement of the activations from the midline (along the x-axis of the
Talairach atlas) are not represented in the figure. The lateral and vertical dimen-
sions did not show any obvious systematic variability and therefore are not con-
sidered as a part of the overall pattern of interest. (From Gilboa et al., 2004).
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Other possible interpretations of this pattern of activation are that re-
mote memories, particularly those dating to childhood and adolescence,
may be encoded differently from more recent, adult memories, or that re-
cent memories may retain their emotional strength more than remote ones.
With respect to the latter possibility, Dolcos et al. (2002) reported that
emotional memories activated the anterior hippocampus more than non-
emotional ones, although in their study emotionality interacted with recol-
lection, and all their memories were recent by our standards.

Summary. The neuroimaging studies that we have conducted support
MTT’s predictions that the hippocampal complex is needed for retention
and retrieval of rich autobiographical memories no matter how old those
memories are (see also Conway et al., 1999, and the review by Maguire,
2001). Our findings also help explain why recent autobiographical memo-
ries sometimes lead to greater hippocampal activation than do remote
memories: Recent memories tend to be more vivid and experientially
richer than remote ones. Once these qualities of memory are controlled or
factored out, recency no longer is a modulating influence on hippocampal
activation. The foci of activation for recent and remote memories were dis-
tributed differently in the hippocampus, the former clustering in the ante-
rior portion, and the latter distributed along the rostrocaudal axis. To-
gether, these studies indicate that it is the richness of the memory or the re-
experience, rather than its age, that determines the extent of hippocampal
involvement. This pattern is consistent with MTT, but contrary to the stan-
dard consolidation model.

Lesion studies

Despite the confirmatory evidence from neuroimaging studies, these re-
sults are fundamentally correlational: They indicate that the hippocampus
is implicated in retrieving remote autobiographical memories, not that it is
needed to do so (Shimamura, 2002). Only evidence from lesion studies can
address that question conclusively. If the hippocampal complex is needed
for retrieval of remote autobiographical memories, then damage to it
should lead to remote memory deficits.

The evidence in the literature is mixed on this point. In reviewing the
literature until 1998 on damage restricted to the medial temporal lobe, Fujii
et al. (2000) noted that as the damage extends from the hippocampus
proper to the adjacent medial temporal lobe regions, so does the extent of
retrograde amnesia from a few years to a lifetime, if the entire complex is
implicated. In the few cases in which damage was confined to the hippo-
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campus proper, retrograde memory loss was limited to just a few years.
Some recent studies, however, suggest that severe and extensive retrograde
amnesia for autobiographical events can occur even with damage confined
to the hippocampus (Cipilotti et al., 2001, and discussion in Nadel &
Moscovitch, 2001). As well, H.M.’s retrograde amnesia which was re-
ported to last only for three years (Scoville & Milner, 1957), has been ex-
tended to 11 years (Corkin, 1984), and even longer ( Corkin, 2002) for his
autobiographical memory.

A possible reason for the discrepancy among the studies is that the
measures used to assess remote autobiographical memory were not sensi-
tive enough to capture its richness, or to distinguish the specific, episodic
component from the more generic or semantic one. Typically, autobio-
graphical memory is scored on a three-point scale, with the maximum
number of points awarded if information about the temporal-spatial con-
text is supplied along with some details (Crovitz & Schiffman, 1974; Ko-
pelman et al, 1989). Such a system, however, would not distinguish be-
tween a report that contains just enough information to get a maximal
score and one that supplies far more details. Scoring memories according
to the total number of details that are supplied, much as one would score
the logical stories on Wechsler Memory Scale for anterograde memory,
would provide a more accurate measure of how well remote memory is
preserved. By adopting this new scoring technique, we showed a remote
memory deficit for all time periods except early childhood, where it was
absent not because memory in amnesic patients was good, but because
memory in normal people was also impoverished (Moscovitch et al., 1999;
Nadel et al., 2000).

As informative as that study was, leading to development of a new, reli-
able method of assessing remote memory (Levine et al., 2002), the amne-
sic patients who participated in it were a heterogeneous group, none of
whom had damage confined to the hippocampal complex. To determine
whether similar extensive memory loss could be observed in people with
medial temporal lobe damage, we tested people with unilateral temporal
lobe epilepsy either before or after anterior, medial temporal lobectomy
(Viskontas, McAndrews, & Moscovitch, 2000). Even though we used a
standard test of autobiographical memory (The AMI by Kopelman et al.,
1989), we found a retrograde memory loss dating back to early childhood,
with no temporal gradient, even in individuals with late onset (after age
16) seizures (See Figures 5a,b). In fact, there is a suggestion that the deficit
was more severe in the late onset cases, paralleling Seidenberg et al.’s
(1997) finding on anterograde memory loss. Personal semantic memory,
however, was unaffected at all time periods tested (see Figure 5c).
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Fig. 5. Left panel: Autobiographical episodic memory performance. Mean scores
on episodic components of the Autobiographical Memory Interview (AMI; Ko-
pelman et al., 1989) for control (n=22) and patient (n=25) groups. The maximal
score is 9 per time period. Vertical lines depict standard errors of the means.
Middle panel: Autobiographical episodic memory performance during earliest
time periods. Mean scores on episodic components of AMI for control (n=22), late
seizure onset (n=11), and early seizure onset (n=8). Late seizure onset describes
patients who reported first seizures after age 18, early seizure onset describes pa-
tients who reported first seizures before age 5. The maximum score is 3 per time
period. Right panel: Personal semantic memory performance. Mean scores on
semantic components of AMI for control (n=22) and patient (n=25) groups. The
maximum score is 21 per time period. Vertical lines depict standard errors of the
means. (From Viskontas et al., 2001).

These findings do not imply that remote autobiographical memories are
lost; rather, they indicate that remote memories are impoverished. Even
severely amnesic people may retain the gist of particular events without
the rich detail that allows them to be re-experienced vividly. The conver-
gence of amnesic and normal memory at remote time periods that some-
times is observed, and that can give the impression of a temporal gradient,
likely occurs because many remote memories, even of neurologically-
intact people, are impoverished, less experiential and more semantic (Cer-
mak & O’Connor, 1984) compared to their recent memories (see Gilboa et
al., 2004), and not because remote memories are preserved in amnesia.

Proponents of the standard model argue, however, that severe, and tem-
porally extensive, retrograde amnesia is observed for autobiographical
events only if the lesion encroaches on the lateral temporal cortex, not if it
is confined to the medial temporal lobe. Thus, working with people with
such circumscribed lesions, Bayley, Hopkins, and Squire (2003) reported
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that autobiographical memories of the first third of their patients’ lives
(dating back 20-40 years) were normal, even though they used Levine et
al.’s (2002) more sensitive scoring technique. The methods used for elicit-
ing the memories, however, were different from those used by Moscovitch
et al. (1999) and Levine et al. (2002), and judging from the data, they were
not as effective. Indeed, whereas the number of details, both event-specific
(internal) and generic (external), produced by control subjects in Bayley et
al.’s study averaged only 18 per memory, those in Levine et al.’s and
Moscovitch et al.’s study averaged 100. Indeed, their controls produced far
fewer details than many of our amnesics, some of whose lesions were sub-
stantially larger than the lesions of Bayley et al.’s patients.

It is very likely that the memories sampled by Bayley et al. (2003) were
not what we have called vivid, or experientially rich, memories, and would
likely not require much hippocampal participation to retain or retrieve
them. The source of the difference between our findings and theirs more
likely lies in the kind of memories sampled (vivid vs impoverished) rather
than only in differences of lesion location and extent in the two popula-
tions. Furthermore, we note that the pre-operative temporal-lobe epilepsy
patients studied by Viskontas et al (2000) were equally impaired in retro-
grade memory as those who had undergone temporal-lobe resection, which
clearly involved a considerable extent of removal of temporal neocortex.

Even MTT, however, posits that the amount of MTL damage should
correlate with the severity and extent of retrograde amnesia for autobio-
graphical events. Using MRI volumetry in a group of mild to moderate AD
patients, Gilboa et al. (submitted b) found a strong correlation between ex-
tent of remaining tissue in bilateral MTL and anterior lateral temporal cor-
tex on the one hand, and retrograde autobiographical memory loss, on the
other, although the pattern was not sensitive to the age of the memory
tested. No such correlation, however, was evident in a study of patients
with focal lesions (Kopelman et al., 2003). Exactly what accounts for this
discrepancy remains to be determined.

Likewise, there is disagreement concerning the effects of semantic de-
mentia (SD) on autobiographical memory loss (see Graham & Hodges,
1997; Graham, Patterson, & Hodges, 1999; Murre et al., 2001). Neural de-
generation associated with SD affects primarily the anterior and lateral
temporal cortex, typically on the left, leaving the MTL relatively spared
(Mummery, Patterson, Price, Ashburner, Frackowiak, & Hodges, 2000). If
remote autobiographical memories are represented in neocortex, as the
standard model predicts, then patients with SD should show impaired
memory for remote events but preserved memories for recent ones, a pat-
tern opposite to that which the consolidation model predicts for amnesia.
This is exactly what Graham et al. (1997) reported.
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Westmacott, Leach, Freedman, and Moscovitch (2001), however, ar-
gued that this pattern is observed only because patients with SD do not
have the verbal means necessary to comprehend and express themselves
adequately. Given non-verbal cues, such as family photos of particular
events, and the opportunity to communicate by gestures, intonation, and so
on, the SD patient tested showed that remote autobiographical memory
was relatively preserved, a finding corroborated by Moss et al. (2003),
Ivaniou, Cooper, Shanks, and Venneri (2003), and Piolino et al. (2003).
Graham et al.’s patients, however, continued to be impaired in retrieving
all memories except those from the last two years, even when they were
tested using Westmacott et al.’s methods (Nestor, Graham, Bozeat,
Simons, & Hodges, 2002).

The source of the discrepancy among these studies remains unknown. A
likely possibility is that the extent and locus of degeneration differs among
patients, but whether the differences lie in MTL, anterior and lateral tem-
poral lobes, or even prefrontal cortex (PFC), has yet to be determined.

Summary. The results of lesion studies are more variable than those
from neuroimaging studies, because the methods used differ across studies,
as do the size and location of lesions and degeneration. On balance, how-
ever, the results favor the MTT: Damage to the hippocampal complex
leads to temporally extensive loss of detailed autobiographical memories.
These lesion findings indicate not only that the hippocampus is implicated
in the retention and retrieval of these memories, as neuroimaging studies
had already shown, but that it is essential for these functions. Some ques-
tions remain to be resolved: Is the severity and temporal extent of the
autobiographical memory loss related to the size of MTL lesions or degen-
eration, and does degeneration of anterior and lateral temporal cortex in
SD spare recent, but not remote, memories?

Parallels between anterograde and retrograde memory: A
common mechanism?

The evidence from studies of retrograde amnesia—that the MTL, and par-
ticularly the hippocampus, is needed for retention and retrieval of rich
autobiographical memories, or re-experiencing of past events—dovetails
with emerging evidence from studies of anterograde memory. As we noted
earlier (p. 4), Tulving (1985) distinguished between two aspects of recog-
nition, and of memory in general: recollection and familiarity. Aggleton
and Brown (1999), working in a somewhat different tradition, had already
distinguished between the extended hippocampal system, which is needed
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for recall, and the peri-rhinal system, which suffices for recognition (see
above, p. 6). Investigators were quick to see the parallels between Aggle-
ton and Brown’s proposal and Tulving’s distinction between recollection
and familiarity (Yonelinas, 2002).

A number of studies showed that recollection was disproportionately
impaired following lesions that included the hippocampus, whereas famili-
arity was relatively spared (Holdstock et al., 2002a, b; Mayes et al., 2003,
2004; D. Moscovitch & McAndrews, 2000; Yonelinas et al., 2002). Con-
currently, neuroimaging studies appeared which showed that the hippo-
campus was activated preferentially during recognition of items that were
recollected as compared to those which were only considered familiar
(Dolcos et al., 2002; Eldridge, Knowlton, Furmanski, Bookheimer, &
Engel, 2000; Davachi, Mitchell, & Wagner, 2003). Our own preliminary
findings (Caza et al. , 2004) have shown that even for recognition of newly
learned associations, those which are accompanied by recollection show
the greatest hippocampal activation. This finding emphasizes that recollec-
tive experience, rather than simply the retention and recovery of newly-
formed associations, is the salient factor in hippocampal memory proc-
esses.

These studies on recollection and familiarity in anterograde memory add
the virtue of parsimony to the MTT: The same processes which implicate
the hippocampus in anterograde memory also implicate it in remote mem-
ory. If we accept this evidence, there is neither need nor reason to believe
that the functions and representations that depend on the hippocampus dur-
ing recent memory, stop depending on it for remote memory. According to
this belief, which forms the basic tenet of the standard model, other struc-
tures, which did not possess the capability initially to support recollection,
would assume that function once consolidation is complete. Even if this
were biologically plausible, it adds complexity where complexity is not
needed.

It is important in all of these discussions to emphasize that when we say
that representations depend on the hippocampus or are mediated by it, we
do not mean that they reside there, any more than that a melody resides in
the keys of a piano (Wechsler, 1963). As argued by us (Nadel & Mosco-
vitch, 1997, 1998) and others (P. Milner, 1989; Teyler & DiScenna, 1986),
the hippocampus contains sparse codes that bind and orchestrate informa-
tion that is distributed in many brain regions into a multifaceted memory of
a past experience. Without hippocampal involvement, that information
cannot be unraveled in a way that would capture the experience. In short,
the hippocampus allows re-experiencing to occur. To push the musical
analogy further, the hippocampus provides the score that is crucial for or-
chestrating the music which emerges from the neocortical players.
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Semantic memory for facts, events, people, and words

Damage to extra-hippocampal structures in the medial temporal lobes can
lead to loss of remote memories for facts, events, and people, with the lat-
ter being particularly associated with damage to the anterior temporal pole
(Tranel, Damasio & Damasio, 1997). Loss of semantic memory, including
loss of vocabulary and conceptual knowledge, is associated with damage
to posterior neocortical structures, particularly the lateral aspects of the
temporal lobe.

It is not known which areas are implicated in the loss of personal seman-
tics. Semantic loss is evident in many patients with dementia and neocorti-
cal degeneration, including people with semantic dementia whose MTL is
relatively spared (Graham & Hodges, 1997; Snowden, Griffiths, & Neary,
1994, 1996), as is their autobiographical memory (Kitchener and Hodges,
1999). As noted earlier, although there is controversy as to whether people
with SD have a memory loss for remote, autobiographical events, there is
agreement that semantic memory is impaired except for information ac-
quired or used most recently.

With respect to amnesia associated with MTL damage, investigators of
all theoretical persuasions agree that loss of pre-morbid semantic memory
following MTL damage is temporally-limited, with remote memories be-
ing more resilient, a pattern opposite to that observed in SD (Fujii et al.,
2000; Manns, Hopkins, & Squire, 2003; Murre et al., 2001). This stands in
stark contrast to the extensive retrograde loss of autobiographical memory
in people with MTL lesions.

These differences between SD and MTL amnesia are illustrated in Fig-
ures 6 and 7 where we can compare the performance of K.C., a person
with large bilateral, hippocampal lesions (Figure 6 ), to that of E.N., a per-
son with semantic dementia (Figure 7) (Wetmacott et al, 2001; Westmacott
and Moscovitch, 2002). Despite having widespread damage in other corti-
cal and subcortical areas (see Rosenbaum et al., 2000, in press), K.C.’s in-
telligence is in the normal range as is his knowledge of words and people
for all time periods except for the 5-10 year period immediately preceding
his accident, and at all times subsequent to it. By comparison, E.N.’s re-
cent memory for words and names is better than her remote memory for
them.

We interpret the performance of E.N. as showing that the medial tempo-
ral lobes, which are relatively preserved in her, can mediate retrieval of
semantic memory because they still retain some autobiographical signifi-
cance, mediated by the hippocampus, and it is by virtue of this experience-
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Fig. 6. Performance of healthy controls and K.C., an amnesic person with bilat-
eral hippocampal lesions, on tests of semantic memory. Left panel, Famous
Names: fop: Difference in reading time (sec/list of 15 words) between unfamiliar
names and names of people who became famous in each of five year periods be-
tween 1940 and 1995. The greater the difference, the more familiar the name is to
the person being tested. K.C. sustained his injury in 1981. Middle: Percent cor-
rect responses in a three-alternative forced-choice in which participants selected
the name belonging to a famous person. Confident responses are compared to
guesses. Bottom: Percent correct responses in a three-alternative forced choice in
which participants select the appropriate category (e.g., politician, actor, athlete).
Confident responses are compared to guesses. Right panel, Words: The measures
are the same as in the left panel, except that participants now are tested on words
that entered the language in each of five year periods between 1940 and 1995.
(Modified from Westmacott & Moscovitch, 2001, 2002; Wesmacott et al., 2002).
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Fig. 7. Performance of E.N., a person diagnosed with semantic dementia, on tests
of semantic memory. Names and Words: Percent correct responses in a three-
alternative forced-choice in which participants selected the name belonging to a
famous person from two non-famous names, and the real word from two non-
words. Top panel shows only confident responses. Bottom panel combines the
score from confident responses and guesses. Healthy controls scored over 90%
correct with no change across time. (From Westmacott & Moscovitch, 2002).
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based trace that the “semantic” memory is recovered. In people with de-
generation of the MTL and lateral and anterior temporal cortex, as occurs
in Alzheimer’s Disease (AD), the losses resulting from damage to both
structures combine, and we observe an extended and graded retrograde
amnesia for names and words that seems to be related to the severity of the
disorder (Westmacott & Moscovitch, 2003, and Figure 8 a). As the disease
progresses, the gradient extends further back in time (Figure 8 b). The im-
plication of these findings, and of similar ones reported by Piolini et al.
(2003), is that the most remote semantic memories are represented more
strongly in the neocortex, or distributed more widely, so that they are less
vulnerable than more recently-acquired memories to neuronal degeneration
or loss.

Recent evidence from studies on the acquisition of semantic memory in
children whose hippocampus was damaged at birth, or shortly thereafter
(Vargha-Khadem et al., 1997, Gadian, Aicardi, Watkins, Porter, Mishkin,
Vargha-Khadem, 2000)., and in adults with hippocampal lesions (Kitch-
ener, Hodges, & McCarthy, 1998; O’Kane, Kensinger, & Corkin, 2004;
Skotko et al., in press; Van der Linden, Cornil, Meulemans, Ivanoiu,
Salmon, & Coyette, 2001; Westmacott & Moscovitch, 2001), suggests that
acquisition of semantic memory is not dependent on the MTL, but cer-
tainly benefits from it (but see Kitchener & Squire, 2000). Neuroimaging
studies support these observations. In a test of memory for faces of famous
people, which can be considered a test of semantic memory, Haist, Bow-
den Gore, and Mao (2000) found greater activation in the entorhinal cortex
for faces of people who became famous in the most recent decade than in
all other decades. Similar findings were reported by Leveroni et al. (2000).
This 10-year gradient is consistent with that reported in lesions studies
(Manns et al., 2003; Westmacott et al., 2001,2002).

Taken together, the results from the lesion and neuroimaging studies
speak to a fundamental distinction between remote memory for episodic
and semantic information. Whereas detailed memory for autobiographical
episodes is dependent on the medial temporal lobes for as long as the
memory exists, memory for semantic information benefits from the MTL
(hippocampus and peri-hippocampal cortex) for only a limited time, and
can be acquired, slowly and with difficulty, without it. Observations re-
garding the fate of remote semantic memory, and the acquisition of new
semantic memory, following medial temporal and neocortical lesions and
degeneration are consistent both with the traditional model and MTT, al-
though the mechanisms used to explain the findings differ. We discuss
these alternatives next.
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Fig. 8. Performance of C.T., a person diagnosed with Alzheimer’s Dis-
ease in the mid-1990s, on tests of semantic memory. Percent correct re-
sponses in a three-alternative forced-choice in which participants selected
the name belonging to a famous person from two non-famous names (top
panel), and the real word from two non-words (bottom panel). The per-
son was tested at two intervals, a year apart, to chart the decline. Only con-
fident responses are displayed. (From Westmacott, Freedman, et al.,
2004).
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Prolonged consolidation for semantic memory: Two
alternatives

MTT provides the following account of the interaction of episodic with
semantic memory. Whereas each autobiographical memory trace is unique,
the creation of multiple, related traces facilitates the extraction of the neo-
cortically-mediated information which is common among them, and which
is shared with other episodes. This information is then integrated with pre-
existing knowledge to form semantic memories that are represented per-
manently in neocortical structures specialized in processing the informa-
tion and capable of being modified while doing so. Eventually, those
memories can be retained and retrieved independently of the hippocampal
complex. This process of memories becoming increasingly semantic or ge-
neric, was first proposed by Cermak and O’Connor (1984; Cermak, 1989)
to explain the preserved memories, both personal and public, of amnesic
people.

According to the standard model, however, the memory that is held
temporarily in the medial temporal lobes is identical to the memory that
later is stored permanently in neo-cortex. Indeed, many believe that pro-
longed consolidation effects a transfer of the same memory from one loca-
tion to another by strengthening neocortical connections (see Kandel,
2001, p. 1038).

MTT assumes, on the other hand, that the temporary MTL memory is
fundamentally different from the permanent neocortical one. The former
retains its episodic flavor, such that the semantic content is tied to the spa-
tio-temporal (autobiographical) context in which it was acquired. The latter
is stripped of its episodic context and retains only the semantic core (see il-
lustrations in Figure 9). By this view, prolonged consolidation refers to the
establishment of a semantic trace that can survive on its own, but it does
not entail the loss of the episodic trace, nor is it identical to it (see
McClelland, McNaughton, & O’Reilly, 1995, for a computational model
which argues for the necessity of two distinct memory systems and how
the episodic contributes to the semantic, and Murre et al., 2001 for review
of models of retrograde amnesia and semantic dementia ). Indeed, accord-
ing to MTT, the two types of memories can co-exist, so that one can have
both an episodic and a semantic representation of the same event, object,
person, or fact, and that one can lose one kind of representation without
losing the other (see Figure 10). These alternative interpretations make dif-
ferent predictions which we have tested both in humans and in nonhumans
(see Rosenbaum, Winocur, & Moscovitch, 2001).
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Fig. 9. The presumed, normal loss of episodic memory with time, with memories
becoming increasingly semantic. The relation between hippocampus and neocor-
tex in representing episodic and semantic memory during this process is also de-
picted. The top panel shows that shortly after engaging in an event with a person,
such as swimming or cycling, autobiographical memories of the events are repre-
sented in the hippocampal complex with links to neocortex where semantic
knowledge about the person, that she likes to cycle and swim, is also represented.
With time, details of the autobiographical memories fade. In the end (bottom
panel), what remains is only semantic knowledge about the person, represented in
neocortex. Thus, one is left knowing many things about the person, but without
having any autobiographical episodes associated with that knowledge. You only
“know” that person but cannot “recollect” anything about her.
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Fig. 10. The presumed, normal loss of episodic memory with time, with most
memories becoming increasingly semantic, except that some autobiographical
memories are preserved . The relation between hippocampus and neocortex in
representing episodic and semantic memory during this process also is depicted.
The top panel shows that shortly after engaging in an event with a person, such as
swimming or cycling, autobiographical memories of the events are represented in
the hippocampal complex with links to neocortex where semantic knowledge
about the person, that he likes to golf and that he is romantic, is also represented.
With time, details of most of autobiographical memories fade. The romantic en-
counter with the person, however, is recollected, and in doing so, is re-encoded as
a memory, as described by MTT. As a result, there are multiple traces of that epi-
sode, each mediated by hippocampal-neocoritcal ensembles. In the end (bottom
panel), one is left with many semantic memories associated with the person, which
are represented in neocortex, but also with a few autobiographical memories of
him. Thus, one not only “knows” many things about the person, but one can also
“recollect” or “remember” some autobiographical episodes associated with him.
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The evidence from people with semantic dementia supports the MTT in-
terpretation. People with SD read and recognize names of countries, cities,
landmarks, people, and even common objects better if they have episodic
or personally-significant memories associated with them (Graham et al.,
1998; Snowden et al., 1994, 1996; Westmacott et al., 2001) than if they do
not. Having lost semantic representation as a result of neocortical degen-
eration, people with SD rely on their relatively preserved MTL to represent
these items within an autobiographical context. Put in other words, they
recollect these names, events, and objects, rather than know them, in con-
trast to what the rest of us do. Conversely, amnesic people with medial
temporal damage will recognize objects, words, and individuals regardless
of their autobiographical significance, but will not be able to conjure an
autobiographical event related to them (Westmacott et al., 2001).

MTT helps account for the different memory gradients in amnesia and
semantic dementia. In semantic dementia, recent memories, both episodic
and semantic, can be supported for a while by their relatively preserved
MTL, perhaps by providing tonic input and support to degenerated neocor-
tical neuronal ensembles. Alternatively, and more plausibly, their behavior
suggests that, in the early stages of semantic memory acquisition, there is
an episodic component to semantic knowledge that contributes to retention
and retrieval. That is, the information is represented simultaneously by the
hippocampal complex-neocortical ensemble as an episodic memory and by
the neocortex as a semantic memory (see Figure 8 and Nadel & Mosco-
vitch, 1997, 1998; Nadel et al., 2003). Eventually, episodic support is no
longer needed.

Unless they are rehearsed or revived, most hippocampally-dependent
episodic memories fade within a relatively short time, leaving semantic
memories primarily dependent on neocortex. Because their neocortex is
degenerated, patients with SD cannot support remote semantic memories
unless they are also represented in the hippocampal complex, as is the case
for cities, countries, and landmarks which the patient remembers visiting.
By contrast, amnesic patients with MTL damage cannot form new, elabo-
rate semantic memories although they can gain some familiarity with new
vocabulary and names of famous people (Corkin, 2002; Wesmacott et al.,
2001; but see Kitchener et al., 1998; Van der Linden et al., 2001, for cases
of well-preserved semantic memory acquisition). Older semantic memo-
ries, which were assimilated into the amnesic person’s general knowledge,
are retained well, and can be normal.
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Test of the standard model’s and MTT account of the
pattern of semantic memory loss in amnesia and
dementia

To test the two models, Westmacott and I (Westmacott & Moscovitch,
2003; Westmacott, Black et al., 2004) examined performance on two se-
mantic memory tasks: fame judgment and speeded reading of names of
famous people. According to traditional consolidation theory, both types of
knowledge should be represented in neocortex if the names are not recent.
MTT, other hand, predicts that insofar as the ostensibly semantic memory
has autobiographical significance, that component of the memory is de-
pendent on the hippocampal complex for both recent and remote names.

To obtain an independent measure of semantic and episodic components
of name knowledge, we had a group of control participants make recollec-
tion (R) or familiarity or know (K) judgments to names. Westmacott and I
were able to select 25 names which consistently were rated as R and an-
other 25 which consistently were rated as K, and which were matched for
length, familiarity, and the amount of semantic knowledge participants had
about them (see Figure 11).

Armed with these well-matched norms for a sample of names, we used
them in our tests of fame judgment and speeded reading which we admin-
istered to a separate group of control participants who were not involved in
collecting the norms. We found that reaction times (RTs) for fame judg-
ments and speeded reading were significantly faster (by about 50 msec) for
names with high R ratings as compared to those with low R (or K) ratings.
RTs to non-famous names were about 200 msec slower (Westmacott &
Moscovitch, 2003) (see Figure 12 a, b).

If, as MTT predicts, the advantage of high R over low R names is de-
pendent on the hippocampal complex, then the advantage should be dimin-
ished or absent in people with damage to those structures who have poor
episodic memory, such as people with amnesia or with Alzheimer’s dis-
ease. People with SD, on the other hand, should retain the high R advan-
tage even though they have neocortical degeneration accompanied by se-
mantic memory loss. If, however, high R responses to old names are
neocortically-mediated, as the standard model predicts, then performance
on high R names should not be selectively impaired in amnesia, but should
be impaired in AD and SD.

In accordance with MTT, but against the standard model, we found that
the R advantage was lost in all four of the people with amnesia, and in all
but one of over a dozen people with AD whom we tested (see Figure 11 a,
b). By contrast, the two people with SD whom we tested showed a height-
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Fig. 11. The neural representations associated with people about whom one has
both semantic and autobiographical memories (one both “knows” and “remem-
bers” that person, see Figure 10), and about whom one has only semantic knowl-
edge (one only “knows” that person, see Figure 9).

ened R advantage (see Figure 11 c). Thus, although tests of fame judgment
and speeded reading are ostensibly semantic, our results show that they
should more properly be considered tests of knowledge to which both se-
mantic and episodic memory can contribute (Westmacott, Black, et al.,
2004).

After completing the RT tests, we had our participants rate the names
they had seen as R or K. In line with our findings on the RT test, we found
that people with amnesia or Alzheimer’s Disease gave R ratings to far
fewer of the names than did the controls; in some cases, none of the names
received an R rating. In contrast, the SD patients gave a larger than normal
proportion of R ratings to names which they recognized (Westmacott,
Black et al., 2004).

Taken together, these results favor the MTT interpretation of the preser-
vation of remote semantic memory over the interpretation provided by the
standard model. Remote semantic memories are different from their recent
counterparts. Typically, they contain information only about the semantic
core, without the context in which that information was acquired. This se-
mantic knowledge is represented in extra-hippocampal structures. The
autobiographical significance that may also be associated with that knowl-
edge, on the other hand, is dependent on the hippocampus. When it is first
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Fig. 12. Mean reaction times in msec (and standard error of the mean, SE) to make
fame judgments, and voice onset times in msec (SE) to read names of famous or
non-famous people. The famous names were rated as reliably eliciting recollection
in the cohort (High R) or as unlikely to elicit recollection (Low R). Participants
were healthy controls between 45-55 years old (top panel) or 65-80 years old (bot-
tom panel). (From Westmacott & Moscovitch, 2003).
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2004).
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acquired, semantic knowledge often may be very highly associated with
autobiographical context, and may need to be recovered via that route.

Summary. Unlike episodic memory, semantic memory for public
events, people, vocabulary, and even facts about oneself (personal seman-
tics) shows only a temporally-limited retrograde amnesia, lasting about ten
years, in people with medial temporal/hippocampal lesions. Moreover,
there are even cases showing that acquisition of semantic memory is pos-
sible after hippocampal lesions, although in most (but not all) cases learn-
ing is slow and the memory is not always elaborate. These findings are
consistent with MTT and the standard model.

In comparison to the standard model, however, MTT argues that the
“semantic” memory that benefits from hippocampal involvement during
the initial period is not identical to the one that is retained after that initial
vulnerable period has passed. What appears to be memory consolidation
really is memory transformation, from a (semantic) memory embedded in
a rich context to one in which the context has been lost, or become impov-
erished, so that only the semantic core remains. Evidence from humans
(and rats, Rosenbaum et al, 2001) supports this idea, and also demonstrates
that the two types of “semantic” memories can co-exist and contribute to
performance in healthy people (and in rats).

Conclusion

The evidence reviewed suggests strongly that the function of the hippo-
campus (and possibly related limbic structures) is to help encode, retain,
and retrieve experiences, no matter how long ago the events comprising
the experiences occurred. Episodic or autobiographical memories are not
comprised simply of the content of the event or the associations that make
up the experience, but of the experience itself, insofar as that is possible.
What this means is that some conscious awareness is bound up with that
experience (in common parlance, that is what experience would imply—
having a non-conscious experience would simply be described as an event
that happened to oneself but that one did not really experience).

This view of the function of the hippocampus borrows from Tulving’s
(1985) distinction between recollection and familiarity or knowing, and
applies it to the component process model (Moscovitch, 1992, 1994, 1995,
2000; Moscovitch & Umilta, 1990, 1991; Moscovitch & Winocur, 1992,
2002) which states that the hippocampus is a structure that obligatorily en-
codes all information in conscious awareness. Via its connections with the
neocortex and other structures, the hippocampus binds the elements of the
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experience, and the consciousness that accompanied it, into a memory
trace.

The hippocampal component of the memory trace is a sparsely-
distributed code that acts as a pointer or index to the brain regions that rep-
resent elements of the experience (Teyler & DiScenna, 1986). It is via that
pointer or index that the memory trace is reactivated so that the event can
be re-experienced. Thus, although the memory of the experience is de-
pendent on the hippocampus, it does no reside there, but is distributed
throughout those regions of the brain that represent the multifaceted ele-
ments of the experience and that are reactivated in concert by the hippo-
campus.

Emerging evidence from studies of recently-acquired memories in the
laboratory suggests that it is recollection, i.e., memory of an experience,
that is particularly dependent on the hippocampus. Developing MTT,
Nadel and T (1997, 1998; Moscovitch & Nadel, 1999; Moscovitch et al.,
1999) proposed that the same applies to remote memories: Detailed memo-
ries of autobiographical episodes always depend on the hippocampus no
matter how long ago they were formed. Contrary to the standard view,
such memories are not consolidated elsewhere in the brain.

By contrast, semantic memories of public events, of people, of vocabu-
lary, of facts about oneself (personal semantics), and even of the gist of
events without their experiential component (familiarity without recollec-
tion), can be represented without the hippocampus, though it may benefit
initially from hippocampal involvement. Memories which appear to be
consolidated with time on closer inspection seem to be transformed from
those which are experientially-based to those which are more semantic.
The evidence that we have reviewed from lesions and neuroimaging stud-
ies is, for the most part, consistent with these proposals, though some is-
sues remain to be resolved. MTT provides a parsimonious view of memory
and hippocampal function across time, from anterograde to retrograde: As
long as the memory is experiential, it will always depend on the hippo-
campus.

Making experience and re-experience the foundation of hippocampal
memory opens many new problems. We do not know what it truly means
to travel back in time and re-experience an event. Nothing is re-
experienced as it had occurred. Memory is reconstructive, not reduplica-
tive, of experience. Furthermore, as Gilboa (2004) noted, we do not have
direct measures of what constitutes the experiential part of memory. In-
stead, we have to rely on close correlates, such as the number of details,
and ratings of vividness and personal significance (Addis et al., 2004a;
Gilboa et al, 2004; Levine et al, 2002; Moscovitch et al, 1999). Using
judgments of recollection gets at the same thing. All of these, except actu-
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ally measuring the number of details one can remember, are subjective
measures which carry problems of their own. Nonetheless, rather than re-
vert to some objective measure which does not capture the essence of re-
experiencing, new procedures can be developed that will allow us to inves-
tigate the implications of an experientially-based view of memory and hip-
pocampal function in humans and other animals (see Rosenbaum et al.,
2001; Eichenbaum, 2001; Fortin, Agster, & Eichenbaum, 2002; Fortin,
Wright, & Eichenbaum 2004; Martin, de Hoz, & Morris, in press;
Winocur, 1990; Winocur, MacDonald and Moscovitch, 2001; Winocur,
Moscovitch, Caruana, & Binns, submitted).
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