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Mechanisms of Memory

LArRRY R. SQUIRE

Recent studies of animals with complex nervous systems,
including humans and other primates, have improved our
understanding of how the brain accomplishes learning
and memory. Major themes of recent work include the
locus of memory storage, the taxonomy of memory, the
distinction between declarative and procedural knowl-
edge, and the question of how memory changes with
time, that is, the concepts of forgetting and consolidation.
An important recent advance is the development of an
animal model of human amnesia in the monkey. The
animal model, together with newly available neuropath-
ological information from a well-studied human patient,
has permitted the identification of brain structures and
connections involved in memory functions.

OST SPECIES ARE ABLE TO ADAPT IN THE FACE OF EVENTS

that occur during an individual lifetime. Expericnces

modify the nervous system, and as a result animals can
learn and remember. One powerful strategy for understanding
memory has been to study the molecular and cellular biology of
plasticity in individual neurons and their synapscs, where the
changes thar represent stored memory must ultimately be recorded
(1). Indeed, behavioral experience directly modifies neuronal and
synaptic morphology (2). Of course, the problem of memory
involves not only the important issue of how synapses change, but
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also questions about the organization of memory in the brain.
Where is memory stored? Is there one kind of memory or are there
many? What brain processes or systems are involved in memory and
what jobs do they do? In recent years, studies of complex vertebrate
nervous systems, including studies in humaps and other primates,
have begun to answer these questions.

Memory Storage: Distributed or Localized?

The collection of neural changes representing memory is com-
monly known as the engram (3), and a major focus of contemporary
work has been to identify and locate engrams in the brain. The brain
is organized so that separate regions of neacortex simultaneously
carry out computations on specific features or dimensions of the
external world (for example, visual patterns, location, and move-
ment). The view of memory that has emerged recently, although it
still must be regarded as hypothesis, is that information storage is
tied to the specific processing areas that are engaged during learning
(4, 5). Memory is stored as changes in the same neural systems that
ordinarily participate in perception, analysis, and processing of the
information to be learned. For example, in the visual system, the
inferotemporal cortex (area TE) is the last in a sequence of visual
pattern-analyzing mechanisms that begins in the striate cortex (6).
Cortical area TE has been proposed to be not only a higher order
visual processing region, but also a repository of the visual memorics
that result from this processing (4). '

The idea that information storage is localized in specific arcas of
the cortex differs from the well-known conclusion of Lashley’s
classic work (7) that memory is widely and equivalently distributed
throughour large brain regions. In his most famous study, Lashley
showed that, when rats relearned a maze problem after a cortical
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