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Hippocampal cells have mnemonic correlates
as well as spatial ones
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The activity of complex spike cells in the hippocampus is strongly correlated with the location
of a rat in a spatial environment. These results have led to the development of the cognitive map-
ping theory of hippocampal function. However, a considerable body of evidence from experiments
examining the behavioral changes following lesions of the hippocampus emphasizes its role in
memory (both spatial and nonspatial), rather than cognitive mapping. If the hippocampus plays
a role in nonspatial mnemonic processes as well as in cognitive mapping, then the activity of
complex spike cells in the hippocampus ought to be correlated with different types of mnemonic
demands. In this article, we review the results from relevant experiments, which indicate that
complex spike cells do have mnemonic correlates in some behavioral tasks. These results sug-
gest that current theoretical interpretations of hippocampal function should emphasize both

mnemonic and cognitive mapping processes.

Many different theoretical frameworks have been used
to explain hippocampal function. The experiments
described here were designed to address the interrelation-
ship of two different approaches. The cognitive mapping
analysis of hippocampal function emphasizes its role in
spatial behaviors, and was developed primarily as a result
of experiments demonstrating spatial correlates of com-
plex spike cells in the hippocampus (Leonard &
McNaughton, in press; Muller, Kubie, & Ranck, 1987;
O’Keefe & Nadel, 1978; Olton, in press-c). The
mnemonic interpretation of hippocampal function empha-
sizes its role in processing certain types of memory, de-
fined on the basis of the associative characteristics of that
memory, rather than the spatial or nonspatial nature of
the stimuli that are to be remembered. It was developed
primarily as a result of experiments showing substantial
and circumscribed impairments of memory following le-
sions of the hippocampus (Corkin, 1984; Olton, 1983,
in press-b; Rawlins, 1985; Squire, 1987; Zola-Morgan,
Squire, & Amaral, 1986).

Some initial attempts to examine the relative merits of
these two approaches set them up as mutually exclusive
alternatives. For example, if the hippocampus has a selec-
tive spatial function, then cellular activity in it should not
be correlated with nonspatial, mnemonic processes. On
the other hand, if the hippocampus has only nonspatial
mnemonic functions, then cellular activity should be cor-
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related with the appropriate mnemonic processes regard-
less of the nonspatial characteristics of the stimuli and
responses.

Lesions of the hippocampus consistently impair perfor-
mance in tasks that require recent memory, a type of
memory that is necessary to perform accurately in any
type of delayed conditional discrimination (DCD; see
reviews in O’Keefe & Nadel, 1978; Olton, 1983). At the
beginning of each trial in a DCD, one or more stimuli
are presented to the individual. The stimuli are then re-
moved for a delay. At the end of the delay, two or more
responses are available. The response that is correct is
conditional on the stimuli presented at the beginning of
the trial. Lesions of the hippocampus produce impairments
in many different types of DCDs—either a main effect
(so that choice accuracy is reduced at all delays), or an
interaction (so that choice accuracy is reduced to a greater
extent at longer than at shorter delays). These impairments
occur for both spatial and nonspatial discriminative stimuli
(see review in Raffaele & Olton, 1988).

Because the results of lesion studies have demonstrated
that the hippocampus is required for normal choice ac-
curacy in DCDs, these tasks provide an excellent oppor-
tunity to determine if hippocampal cells have mnemonic
correlates, that is, activity associated with the mnemonic
demands of the task. In one experiment, a visual DCD
was used (Wible et al.,1986). The discriminative stimuli
were two goalboxes, which differed in brightness. At the
beginning of each trial, for the sample phase, one goal-
box was blocked and the rat entered the other goalbox
to obtain reinforcement (a sucrose solution). For the de-
lay, the rat was returned to the start area. For the choice
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phase, the block was removed so that the rat could enter
either goalbox. However, only the goalbox that was en-
tered during the sample phase had reinforcement in it
(delayed match-to-sample). Activity was recorded from
single units while the rat was in the goalbox drinking su-
crose, a situation in which both the stimuli and the
responses were highly controlled.

In some units, activity was differentially associated with
the phase of the task (sample phase or choice phase). For
these units, the stimuli (in the goalbox) and the responses
(drinking the sucrose) were identical during the period
of recording in both runs. Consequently, the differential
unit activity had to reflect the difference in the mnemonic
characteristics of the two runs (acquisition of informa-
tion during the sample phase, retrieval and use of that in-
formation during the choice phase). In other units, ac-
tivity was differentially correlated with the nonspatial,
discriminative stimuli. These units fired differentially in
the presence of one goalbox as compared to the other.
The nonspatial correlates were presumably elicited by the
fact that these stimuli were involved in the DCD.

Finally, in many units, activity was correlated with the
interaction of two or more variables. For example, unit
activity increased in the presence of a particular dis-
criminative stimulus (black or white compartment) and
a particular phase (sample or choice phase). These corre-
lates with an interaction of two or more relevant
mnemonic dimensions were also characteristic of units
recorded in monkeys performing in a DCD task
(Watanabe & Niki, 1985).

Continuous nonmatch-to-sample (CNM) also showed
significant mnemonic correlates of single units in the hip-
pocampus (Sakurai, 1988). CNM is a form of a DCD be-
cause the correct response for each stimulus depends upon
a comparison of that stimulus with the immediately
preceding one. A go/no-go stimulus-response-reinforce-
ment contingency was in effect; a go response was cor-
rect on nonmatch trials (a change in stimuli), a no-go
response was correct on match trials (a repetition of the
stimulus from the preceding trial).

Single cells were recorded in many different areas of
the hippocampus. In many of the cells, mnemonic corre-
lates were associated with behavior in the task. For ex-
ample, the activity of many cells in CA1 and CA3, in
response to the onset of the stimulus, was greater on non-
match (go) trials than on match (no-go) trials. For both
of these types of trials, the stimuli were identical, but the
unit’s response was different because of changes in
mnemonic variables.

Much remains to be accomplished in the analysis of
mnemonic correlates of hippocampal unit activity. Psy-
chological analyses (Olton, in press-a) must identify the
kinds of memory that elicit mnemonic correlates in hip-
pocampal units. Neurophysiological analyses must iden-
tify the ways in which different components of the hip-
pocampal system process this mnemonic information, and
must describe the transformations that signals undergo as
they are transduced from one neuron to another along the
chain of receptors, interneurons, and effectors. Nonethe-
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less, these data provide strong evidence that single-unit
activity in the hippocampus does have mnemonic as well
as spatial correlates.

Consequently, the original phrasing of the question
about the relative merits of spatial and mnemonic anal-
yses of hippocampal function was probably incorrect. Is
the hippocampus a spatial or a mnemonic processor? The
answer is clearly yes. Comparison of these two approaches
might proceed best if the question was changed, perhaps
to: ‘‘How does the hippocampus process both spatial and
nonspatial, mnemonic information?’’ This alternative ap-
proach is not meant to blur the distinction between spa-
tial and nonspatial analyses, nor to imply that either of
these analyses is already complete in itself; both of them
have much to accomplish individually. However, each
analysis might benefit by considering the results obtained
by the other, and the best neurocomputational analyses
of hippocampal function will obviously be able to incor-
porate them both.
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