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A little more than 20 years ago Sco- 
ville and Milner reported that surgical re- 
moval of parts of the temporal lobe, and 
in particular the hippocampus, produced 
a profound memory defect in human pa- 
tients. This has been one of the most 
(perhaps the most) influential observa- 
tions in the history of neuropsychology, 
and it has launched what is now a gener- 
ation of experimentation into what the 
hippocampus "does." Studies have pro- 
ceeded at a heated pace in both the clinic 
and the animal laboratory, and while any 
number of ideas have emerged (along 
with a library of publications) acceptable 
integrative theories have seemed always 
distant. The book by O'Keefe and Nadel 
attacks the problem head on and emerges 
as a fascinating, erudite, and brave 
piece of scholarship. The authors posit 
that animals locate themselves in space 
by using cognitive "maps" and that 
these maps are built and stored in 
the hippocampal formation. Stated bald- 
ly the idea sounds simple enough, but in 
fact this wedding of the cognitive map 
with the hippocampus results in a varie- 
gated assemblage of ideas. This makes 
for fascinating reading but a difficult sub- 
ject for brief review. 

After a historical introduction to the 
idea of psychological space (and the de- 
gree to which it is innate), the authors get 
down to business and discuss the bitter 
arguments that once raged about how an- 
imals navigate their way through the en- 
vironment: Do they chain together a se- 
ries of cues and responses, or do they 
use an internal ('cognitive") representa- 
tion ("map") of the external world? 
O'Keefe and Nadel find the evidence for 
the latter idea convincing and then pro- 
ceed to investigate the properties of such 
maps and how they are developed. 

Having made their case that cognitive 
spatial maps exist, even in rats, and are 
built and repaired according to an unusu- 
al set of rules, the authors move to the 
idea that such maps reside in the hippo- 
campus. After a brief (and excellent) re- 
view of the pertinent anatomy, O'Keefe 
and Nadel struggle to incorporate the 
enormous literature on the "theta" 
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rhythm, an electroencephalographic wave 
characteristic of hippocampus, into their 
hypothesis. I suspect that readers versed 
in this subject will find the arguments 
strained, but it hardly matters, for the 
authors generate their most telling points 
for the idea of a hippocampal map by us- 
ing their own neurophysiological studies 
of "single unit" activity from behaving 
rats. They find that cells in hippocampus 
fall into two categories: those that dis- 
charge when the animal finds itself in a 
particular spot in the environment and 
those that fire when it encounters a 
strange object or the absence of an ex- 
pected one. These experiments are es- 
sential to the major theory of the book 
and deserve an analysis that cannot be 
attempted in this space. The authors 
close the section by combining the anat- 
omy and physiology into a model of how 
the hippocampus builds and uses maps. 
This part of the book is in many ways 
less satisfying than the remainder- 
O'Keefe and Nadel verbally wave their 
hands at the unit-recording studies link- 

ing the hippocampus to simple learning 
(that is, they resort to oddly humorless 
and largely rhetorical statements about 
the relative merits of psychology and 
ethology) and fail to make any real use of 
the exploding knowledge about the cir- 
cuitry of hippocampus. Here perhaps we 
see one disadvantage of starting with be- 
havior and thinking back to anatomy. 

The unveiling of the model completes 
the first half of the book. The authors 
then proceed to demonstrate the power 
of their hypothesis by using it to analyze 
the extensive literature on the functional 
effects of hippocampal lesions. They ar- 

gue that behavior after such damage re- 
flects first a loss of the spatial map and 
second a reliance on a cue-specific re- 
sponse system. Beyond their penetrating 
use of the spatial hypothesis, O'Keefe 
and Nadel provide the reader with an 
eminently fair and unfailingly fresh look 
at the lesion literature; in fact, this part 
of the book is a superb textbook on ani- 
mal psychology. 

Finally, the book arrives at the amnes- 
ic syndrome that follows damage to the 
hippocampal formation in human beings, 
the phenomenon that has prompted so 
much of the research into the functions 
of hippocampus. The authors make use 
of certain recent ideas in linguistic 
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theory and propose that the left hippo- 
campus serves as a representational de- 
vice that stores the relationships of 
words to each other-in short, as a se- 
mantic map. The right hippocampus ac- 
cording to the now-elaborated theory of 
a cognitive map serves to provide spatial 
and temporal contexts for the items to be 
stored. One might then think of a partic- 
ular segment of the bilateral hippo- 
campus as a "picture" of an event. Hip- 
pocampal damage according to this theo- 
ry results in a loss of these pictures as 
well as of the ability to form new ones; it 
also forces the patient to rely upon sim- 
pler stimulus-response modes of infor- 
mation storage. So the spatial map be- 
comes a semantic map and humans use 
their hippocampi to find their way 
through their memorial worlds in some- 
what the same way rats use theirs to lo- 
cate themselves in an external universe. 

In this age of endless collections of 
symposium proceedings each like the 
last, this book comes as a refreshing 
change. What we have here is a novel, 
well-developed, and frankly stated theo- 
ry, something that is not often seen. 

GARY LYNCH 

Department of Psychobiology, 
University of California, 
Irvine 92717 
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The biology of lizards is fascinating for 
many reasons. Lizard behaviors are 
complex, have a large number of stereo- 
typic components, and yet are capable of 
modification through conditioning. As a 
group lizards are diverse in morphology, 
behavior, and ecological niche. Their 
brains contain structures representative 
of allmajor components of the mamma- 
lian brain, yet they lack the extensive 
neocortical mantle that masks the deeper 
structures of the mammalian brain. In 
addition lizards have recently proved to 
be particularly well suited to studies of 
the effects of environmental and social 
variables on behavioral endocrinology. 

In 1975, a group of more than 20 
neuroanatomists, physiologists, etholo- 
gists, psychologists, and evolutionary bi- 
ologists met to share their knowledge of 
the structure of the brain and the behav- 
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