
book outlines and explores the newest such sub-
discipline. The field of sensory ecology centres on
the signals to which organisms respond and their
methods for using those signals to guide their
behaviour. As Dusenbery defines the discipline
with this broadly drawn and clearly written book,
it is a separate field of study sitting squarely in the
gap between behavioural and physiological ecol-
ogy. But because its main concerns are the acqui-
sition and response to environmental or biological
stimuli, sensory ecology touches on all aspects of
organismal biology. Foraging, communication,
migration, predator–prey interactions, even tem-
perature regulation, all depend in some part on
responses to a variety of stimuli. As the study of
information acquisition and processing, sensory
ecology could in principle occupy a central
position among the constellation of ecological
disciplines.
The underlying premise of sensory ecology that

strongly influences the structure of Dusenbery’s
book is that the physical properties of signals
determine their interaction with the environment
and, to a great extent, with the physiological
systems that detect them. These general properties
are independent of any specific use of those sig-
nals, and therefore behavioural strategies for
exploiting particular types of information should
in broad terms be independent of ultimate goals.
This is a deep idea, and one not often systemati-
cally considered by behavioural biologists. How-
ever, it does make intuitive sense. An acoustic
signal, for example, will be distorted and masked
by the environment in the same way regardless of
whether it is being used to detect a predator or
seek a mate, and therefore its utility as a signal
and the physiological and behavioural strategies
to optimize its detection and discrimination
should be identical in either case.
In keeping with this premise, a major part of

Sensory Ecology is devoted to a rigorous, insight-
ful analysis of the properties of sensory signals.
The emphasis is placed on examining the general
features of particular classes of physical stimuli.
These features in turn indicate the universal con-
straints on the use of particular stimuli in a
biological context and consequently the general
strategies for best obtaining and using them.
Dusenbery clearly and economically outlines the
properties of different signals important to organ-
isms while including the mathematical presen-
tations necessary for a deeper, quantitative under-
standing of stimulus properties. Olfactory, visual
and auditory signals receive the most attention,
but other stimuli from temperature to magnetic
are also covered. A short section outlining general
principles of information processing precedes the

centre section on stimulus properties, and two
longer sections discussing behavioural strategies
for producing and using signals follow. Examples
drawn from a wide variety of biological systems
serve to illustrate the basic ideas presented in each
section.
Some sensory physiology and some traditional

behavioural ecology appear, but only to illumi-
nate the book’s main subjects, signal properties
and acquisition strategies. Moreover, the breadth
of material covered precludes a comprehensive
review of any single sensory system from all
sides, or an in-depth analysis of the theoretical
issues and controversies surrounding various
approaches to describing informational systems.
But these are subjects for different books.
Dusenbery’s book is instead an excellent overview
of the issues and considerations that define the
field of sensory ecology. The author’s scholarship
in presenting so much material so well is impres-
sive. Anyone thinking of entering this ecological
sub-discipline would want to read Sensory Ecol-
ogy, and any biologist who studies the interactions
of animals with their environment at any level
would benefit by having it on hand.

W W
Department of Psychology,
University of Texas,
Austin, TX 78712, U.S.A.

What is Intelligence? Edited by J K.
Cambridge: Cambridge University Press (1994).
Pp. vii+207. Price $29.95.

Why is it that we can easily recognize intelligence
operating in an individual through speech, leader-
ship, physical and mental problem-solving (and a
dozen other ways), yet simultaneously find it so
difficult to pin down in definition? Is this just a
reflection of our current state of ignorance, or is
there something inherently ill-conceived about the
concept of intelligence itself? Perhaps it is a dis-
parity between perception and conception analo-
gous to our capacity to recognize and appreciate a
beautiful summer day in the absence of an ability
to define the experience itself. In our naivete we
think we know what it is to be a beautiful summer
day: all we need is a quiet spot where the sun
shines brightly. So we locate just such a place, but
then to our horror we find ourselves frozen in the
icy sunshine of Mars! Surely this is too simple; we
know that our experience of a summer day
involves much more than bright sunshine. So we
back up, and doggedly attempt to define the
summer day by defining its constituent parts: the
soil, the grass, the atmosphere, the solar system,
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then evaluating the physics and biology of human
vision, human cognition, and finally considering
the human soul and psyche. But lo and behold,
when we are finished we are no longer satisified.
This is not what we meant; this is not a beautiful
summer day. We feel and experience a summer
day, spontaneously and immediately. Somewhere
the scientist and poet in us have blended into one,
and we are left hopelessly confused.
And so too goes the enduring problem of

defining intelligence. Because every attempt to
provide a coherent, global definition seems pale
and incomplete (not at all what we mean by such
a grand term as ‘intelligence’), we break it down
into what we presume to be its constituent parts,
partitioning the concept in local, domain-specific
elements. From a glance at its title, one might
suspect that this volume seeks more, but the
individual eight essays that comprise the volume
reveal the understandable absence of a unified
definition. Gregory & Mackintosh both review the
search through the animal world for the evol-
utionary roots of intelligence and are justifiably
amazed at the sophisticated abilities of non-
human primates such as chimpanzees, as well as
the memory systems of food-caching birds.
Butterworth explores the development of intelli-
gence in human babies, and although he never
provides closure on the definition of intelligence,
he cites longitudinal studies that reveal corre-
lations between early visual attention of babies
and verbal IQ 4–8 years later. Schank &
Birnbaum struggle with the problem of definition
and conclude that the current approach of arti-
ficial intelligence has run up against the chicken-
and-egg problem, this time in the form of
knowledge versus process. And although the dis-
tinction between knowledge and process is illumi-
nating, it casts little light on the problem of
understanding the creativity and spontaneity of
‘intelligence’. Penrose turns to mathematics, the
most standardized language of intelligence, and
notes that even here researchers face the challenge
of finding an adequate definition. Undaunted
by the problem of definition, Arom diverts the
discussion to music (perhaps the earliest form of
mathematics’ artistic expression) and leaves one
with the strong impression that even in the music
of pre-literate cultures there resides an intelligence
every bit as rich as that used for fashioning bows
and poison-tipped arrows. Even further removed
from the problem of defining intelligence is
Sperber’s essay on verbal understanding, where he
emphasizes language interpretation strategies far
more than precise definition; and in what might be
the most insightful essay of them all, Gregory
borrows a metaphor from classical physics and

speculates that perhaps language itself is the
mechanism for the transfer of potential intelli-
gence to kinetic intelligence. Dennett picks up on
this possible function of language in his essay,
arguing that when we compare ‘the time scales of
genetic and cultural evolution, it is useful to bear
in mind that we today—every one of us—can
easily understand many ideas that were simply
unthinkable by the geniuses in our grandparents’
generation!’ (italics in original, page 170).
After setting this book down, the average

science reader will probably have a new appreci-
ation of both the diversity of intelligences in the
world, as well as of the difficulties in using the
word ‘intelligence’. Like the problem of trying to
define a beautiful summer day, the reader will be
convinced that each essay has touched a part of
what we mean by intelligence, but none has pro-
vided an answer to the book’s more ambitious
title. But surely this inability to provide a unified
definition of intelligence is acceptable. After all,
perhaps those who argue that ‘intelligence’ is a
word best banished from scientific discourse are
right: perhaps we will only truly understand our
recognition of this particular ‘summer day’ by
understanding the operation of all of the many
local systems that combine to produce it. Perhaps
the interpretations of intelligence demanded by
the poet can never fully be provided by the
predictions generated by the scientist.

D J. P &
T J. P

Laboratory of Comparative Behavioral Biology,
USL-New Iberia Research Center,
100 Avenue D,
New Iberia, LA 70560, U.S.A.

Quantitative Genetic Studies of Behavioral Evol-
ution. Edited by C. R. B. B. Chicago:
Chicago University Press (1994). Pp. x+390.
Price $66.00 hardback, $24.95 paperback.

This book is a collection of papers by 14 authors.
Half the chapters provide conceptual overviews of
theoretical questions, and the other half are
mostly summaries of the author’s own empirical
work.
The hallmark of behaviour is phenotypic plas-

ticity. The age, health and recent experience of the
organism, plus the environment and social sur-
roundings in which it finds itself, all combine to
affect what it does. Phenotypic models (optimiz-
ation, game theory, dynamic modelling) are
widely used to ask how an individual should
change its behaviour as circumstances vary.
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