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Preface

Biological psychology is the most interesting topic in the world. I am
sure every professor and every textbook author feels that way about his or
her own topic. But the others are wrong; this really /s the most interesting
topic. It deals with the fundamental questions of what is the human mind,
what is its relationship with the brain, how does it work, and why are we the
way we are.

My primary goal in writing this text has been to engage the reader’s
interest. | have tried not to focus on biological mechanisms for their own
sake but to concentrate on their relationship to some of the central phenom-
ena of psychology—topics such as the mind-body problem, the evolution of
behavior, the relationship of sleep to mood and work efficiency, eating dis-
orders, alcoholism, language development, sexual behavior, psychosomatic
illnesses, anxiety, aggressive behavior, amnesia, recovery from brain damage,
depression, and schizophrenia. I hope that no reader who finishes the book
will still be wondering what the study of the brain has to do with “real
psychology.”

In a field thar progresses as rapidly as biological psychology has, no text
can tell the reader everything that is important to know now, much less
everything that will be important to know ten years from now. One impor-
tant function of a text is to give the reader enough background to go to the
library to read the latest professional books and journal articles. With that
in mind, 1 have introduced a much expanded glossary, which includes a
number of terms that a student might encounter in outside readings, even if
the terms are not used in this text. | hope this will prove a useful reference
source both during the course and afterward for many students.

The organization of the third edition is the same as the second, with
these exceptions: (1) Chapter 1 has been extensively revised, with new sec-
tions on issues in the evolution of behavior and the ethics of animal experi-
mentation. (2) The chapter on language and lateralization has been moved
from Chapter 13 to Chapter 5. (3) The autonomic nervous system is now
discussed in Chapter 4, and ulcers are discussed in the chapter on emotion.
In the second edition, both were in Chapter 1.

The main change has been in bringing this text up-to-date. More
than one-third of the references in this edition were published in the years
1983-1987. At least small revisions were made in almost every section, other
than the Introduction. Two of the BioSketches are new. Many of the illustra-
tions are new or revised, and color has been added throughout. New to this
edition are two sections of full-color photos and illustrations.

Some of the new topics in this edition: ways a drug can affect synaptic
transmission {Chapter 3), the relationship between brain size and body size
(4), the history of prefrontal lobotomy (4), Geschwind’s hypothesis on the
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determination of handedness (5), the controversy on “blindsight” (7), biolog-
ical rhythms and three kinds of insomnia (9), biological predispositions to-
ward alcohol abuse (10), puberty (11), biological predisposition to panic
disorder (12), reference memory and working memory (13), infant amnesia
and old-age loss of memory (13), test batteries to evaluate human brain
damage (14), sensory neglect and sensory extinction (14), viral hypotheses
of depression and schizophrenia (15 and 16), altered sleep patterns as an
antidepressant (15), seasonal affective disorder and light therapy (15), and
prediction or early diagnosis of schizophrenia (16). Among topics that have
been expanded in light of current research are Parkinson’s disease and
Huntington’s disease (8), and tranquilizers and GABA synapses (12).

Each chapter starts with a list of main ideas. Key words appear in
boldface the first time they are used and defined. Most chapters include one
or more BioSketches of key investigators and one or more Digressions that
introduce peripheral but interesting information. Each chapter concludes
with a summary, review questions, thought questions that challenge the
student to go beyond the text, terms to remember, and suggestions for further
reading. The text concludes with the glossary and a thorough subject index
and name index. A study guide is available at an additional charge. A manual
is also available for instructors who adopt the text.

I have received a great deal of mail from readers of the second edition,
both students and faculty. A number of the changes I made were in response
to their questions and suggestions. I would like to thank two of those stu-
dents for their especially helpful comments, William Barto from Seton Hall
University and Richard DeWald from the University of Texas. Mr. DeWald
provided particularly insightful suggestions for the vision chapter, which led
to new ways of presenting lateral inhibition and visual fields.

I thank the reviewers who made extensive and most helpful suggestions
based on the second edition or earlier drafts of the third edition: Herbert
Alpern, University of Colorado, Boulder; Kent Berridge, University of Mich-
igan; Harry Carlisle, University of California, Santa Barbara; Gaylord Elli-
son, University of California, Los Angeles; Michael Gardner, Los Angeles
Valley College; Joel E. Grace, Mansfield University; Elaine M. Hull, State
University of New York, Buffalo; Lynn Nadel, University of Arizona; Peter
H. Platenius, Queen’s University; Paul R. Sanberg, University of Cincinnati;
Roc Walley, University of Alberta. Thanks in particular to Elaine Hull, who
not only provided comments on this text but also wrote the study guide to
accompany it. A great many colleagues kindly provided me with suggestions,
manuscripts, illustration materials, and other help. Among them were Lewis
R. Baxter Jr., Bernhardt Bogerts, Bruce Bridgeman, Douglas Chute, Richard
Coss, Timothy Crow, Allan Geliebter, Patricia Goldman-Rakic, Laura
Grimes, John Haig, Stephen Hobbs, John Hostetler, A. J. Hudspeth, J. G.
MacFarlane, T. Nilsson, Sergio Pellis, Howard Poizner, Robert Provine,
Joseph Rogers, Paul Sanberg, Evelyn Satinoff, Sue Savage-Rumbaugh, Susan
Schiffman, Thomas Stonebraker, Barbara Szekely, Phillip Teitelbaum, Luigi
Valzelli, Diana Woodruff-Pak, J. A. Yaryura-Tobias.

Thanks also to the staffs of the libraries at North Carolina State Univer-
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sity and at the Marine Biological Laboratory of Woods Hole, Massachusetts,
where I spent one summer.

In the production of this text T have had the extraordinary good fortune
to work for a second time with Del Mar Associates. Nancy Sjoberg super-
vised all phases of the production in a manner that was prompt, efficient,
and creative. Linda McVay, who rendered the airbrush artwork, converted
my crudest sketches into attractive works of art. Jackie Estrada did an excel-
lent and thorough job with the copyediting. Advice from these three led to
other drawings that [ hadn’t even known I wanted until [ saw them. Linda
Rill selected the color photos. John Odam designed the cover and the color
insert sections. | appreciate the good work from all of these people.

Ken King, my editor at Wadsworth, not only continues to be the best
editor in the business, but keeps getting better. I thank him for his encour-
agement, advice, and friendship. I thank my wife, Ann, and my children,
David, Sam, and Robin, for their patience, for their support, and for show-
ing interest every time | wanted to talk about the latest bit of esoterica I
had read.

I welcome correspondence from both students and faculty using this
book. Write to: James W. Kalat, Department of Psychology, Box 7801, North
Carolina State University, Raleigh, NC 27695-7801.
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The Global
Issues of
Biological
Psychology

MAIN IDEAS

1. Biological psychologists seek to explain be-
havior in terms of both its physiology and its evo-
lution.

2. Mind and brain are closely related, but we
do not know the exact nature of their relation-
ship or what mind really is. Both philosophers
and scientists would like to know whether minds
could exist independently of brains, whether
brains could function equally well if they did not
give rise to minds, and what it is about the activ-
ity of the brain that is responsible for the mind.

3. Direct electrical stimulation of the brain can
induce behavioral changes and subjective experi-
ences. Studies of electrical stimulation of the
brain provide strong evidence that the brain is
responsible for mental activity.

4. Anything thatis characteristic of a species,
including a characteristic behavior, is presumed
to be an outcome of evolution. In some cases,
such as altruistic behavior, it is difficult to imag-
ine how evolution might have favored the be-
havior.

5. Many experiments in biological psychology
use animal subjects. Some of those experiments
inflict pain or distress. The ethics of such experi-
ments has become controversial.




[HE GLOBAL ISSUES OF BIOLOGICAL PSYCHOLOGY

t is often said that Man is unique among animals. It is worth looking at
this term “unique” before we discuss our subject proper. The word may in
this context have two slightly different meanings. It may mean: Man is
strikingly different—he is not identical with any animal. This is of course
true. It is true also of all other animals: Each species, even each individual is
unique in this sense. But the term is also often used in a more absolute sense:
Man is so different, so “essentially” different (whatever that means) that the
gap between him and animals cannot possibly be bridged—he is something
altogether new. Used in this absolute sense the term is scientifically meaning-
less. Its use also reveals and may reinforce conceit, and it leads to compla-
cency and defeatism because it assumes that it will be futile even to search
for animal roots. It is prejudging the issue.

Niko Tinbergen (1973)

Human beings are part of nature. Although much sets us apart from
other animal species, we have much in common with other species, too. To
understand who we are, we need to understand our relationship to the rest
of the animal kingdom.

To understand the nature of our experiences, our “minds” if you wish,
we need to understand the physical structure that is responsible for them.
Our experience, our behavior, our sense of personal identity—all are prod-
ucts of the brain. Biological psychology is an attempt to understand how the
brain generates those products.

Biological psychology—also known as physiological psychology, be-
havioral neuroscience, psychobiology, and biopsychology—deals with a
number of important practical questions: Can biological measurements de-
termine which people are most likely to develop alcoholism, depression,
schizophrenia, or impulsive violent behavior? How may such disorders as
insomnia, hyperactivity, and anxiety attacks be prevented? How do tran-
quilizers, antidepressant drugs, and other medical treatments for psycholog
ical disorders work? Is it possible to promote behavioral recovery after brain
damage?

In addition to the practical questions, biological psychologists deal wit
broad philosophical issues: What is the relationship between the mind and
the brain? Could a mind exist independently of a brain? If not, then what is
it about the physical structure and functioning of the brain that gives rise to
the mind?

How does heredity influence behavior? Our capacity for behavior is a
product of our evolutionary history. But did that evolutionary history leave
us with genes that force us to think and act in certain ways? Or did it leave
us with genes that merely make it easier for us to develop certain behaviors
over others? Or did it leave us with genes that are completely adaptable to
the influences of the environment, such that our thinking and behavior are
entirely a product of the way we were brought up?

And what about our sense of personal identity? Each of us has a feeling

-



BIOLOGICAL EXPLANATIONS OF BEHAVIOR

that “I am a single individual.”” Yet we know that the brain is composed of
billions of cells that communicate with one another by paths that are some-
times long and indirect. Under certain circumstances, one part of the brain
may fail to communicate with another part of the brain. How, then, does
our sense of personal identity arise? And is it an illusion?

Biological psychologists do not have firm answers to any of these ques-
tions, but most of them are motivated by curiosity about such questions.
Although our scientific investigations may not directly answer the great phil-
osophical questions, they may improve the quality of our speculations.

In this chapter, we shall deal with the global issues of biological psy-
chology. First we shall consider examples of biological explanations of be-
havior and the philosophical issues related to such explanations. Then we
turn to issues concerning evolutionary explanations of behavior. Finally we
deal with the ethical issues related to experimentation on animals. In later
chapters we shall turn away from these global issues and develop a number
of biological explanations in more detail.

BIOLOGICAL EXPLANATIONS OF BEHAVIOR

Throughout this book we shall be trying to explain behavior and experience
in biological terms. Biological explanations fall into two major categories:
physiological, and genetic-evolutionary. A physiological explanation deals
with the underlying machinery: What physical processes cause this to hap-
pen?‘A genetic or evolutionary explanation deals with the genetic blueprints
that led to the physiology: What genes caused the individual to develop this
way, and how did that pattern of genes come about? In some cases we deal
with only one of those categories of explanation; in other cases we are able
to deal with both.

An Example: The Escape Flight of Certain Moths

Let us first consider the example of a moth flying away from a bat. We can
ask what machinery causes the moth to do what it does (a physiological
question) and why the machinery works the way it does (an evolutionary
question). Most of this book will concentrate on vertebrates—humans when
possible—but this example of the moth has the advantage that the mecha-
nisms of behavior are understood in considerable detail.

An important problem faced by night-flying moths in many parts of the
world is to avoid being eaten by bats. Bats hunt insects at night quite effi-
ciently, sometimes catching ten to twenty per minute (Griffin, Webster, &
Michael, 1960). For catching small flying insects at night, the sense of smell
is practically useless. Vision would also be useless, even if bats’ eyes were
much better developed than they actually are. For catching insects, bats
have evolved a specialized ability to locate them from echoes, using a well-
developed sense of hearing.

A bat produces short bursts of high-pitched sounds, 20,000 to 100,000
Hz (hertz, or cycles per second), and then localizes nearby insects from the
echoes. These sounds are mostly above the range of human hearing. Most
adults cannot hear pitches as high as 20,000 Hz, although some children can
hear pitches as high as 40,000 Hz.
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