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Preface

I recently compared the first edition of my textbook with this fifth revision
of Animal Behavior. No one would have any difficulty seeing that they had
been written by the same person, even if my name were removed from
the cover. The organizational scheme is fundamentally the same, some of
the original illustrations have survived to the present, and much of the
original intent remains intact. When I first set out to write this textbook,
my goal was to demonstrate how researchers have used evolutionary
theory to gain insight into why animals behave as they do.

This is still one of my central goals, but my book has also changed
considerably from the first edition. In particular, over the years I have
given ever-increasing weight to showing how scientists do science by
testing alternative explanations, rather than simply presenting the “facts”
derived from behavioral research. The conclusions of scientists often
change and evolve, but the basic procedures they use have not changed
appreciably over the past two decades, nor are they likely to change much
in the next two decades. The process works, and I would like my book to
help students understand what it is and why it deserves our enthusiasm.

This fifth version of Animal Behavior continues the evolution of the text
toward an analysis of the process of doing science in the context of study-
ing behavior. I have continued to add examples of studies that singly or
together provide competing explanations for something intriguing in the
world of animal behavior, studies that offer evidence that helps us evaluate
the competing hypotheses. There is no shortage of such research in the
ever-expanding literature on behavior. This edition contains citations for
more than 1000 references; the first edition had half as many. I could have
discussed 2000 research articles of quality were it not for the limitations
of time, space, and my brain’s capacity to remember what I have just read.

In addition to updating the material discussed in the text, I have formed
a new chapter on animal communication. I have moved the chapter on
parental care so that it follows the chapters on reproductive behavior and
precedes the chapter on social behavior. And I have rewritten each and
every chapter, making changes in content and organization that I hope
will help my readers keep the big issues in mind. If the revisions I have
made are productive ones, my readers will more readily see that there are
only a few really big concepts that inform our view of specific problems
and puzzles. I hope some students will carry these ideas away from a
course, remember them past the final exam, and even put them to use
occasionally when thinking about the wonderful natural world around us.
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For hundreds of thousands of years, humans observed animals for a thoroughly
practical reason: their lives depended on a knowledge of animal behavior. Even
today many useful things can come from studying this subject. For example, an
understanding of the reproductive behavior of agricultural insect pests may help
control them, while a knowledge of the migrating patterns of an endangered species
may enable conservationists to design adequate reserves to save the animal from
extinction. But even if there were absolutely no practical benefits to be derived
from the study of animal behavior, the topic would still be worth learning about
for the simple reason that it is fascinating. Animals are capable of extraordinary
feats. Praying mantises can detect the ultrasonic cries of predatory bats. Ground
squirrels treat their full siblings differently than their half-siblings. Some male
damselflies use their penises to scrub other males” sperm out of their mate’s sperm
storage organ before transferring their own sperm. I am impressed by these and
many other discoveries about the behavior of the creatures that share our world
with us, and I hope that you will be similarly impressed. The point of this text,
however, is not only to introduce you to these entertaining discoveries but also to
help you understand how scientists go about investigating animal behavior. Learn-
ing how to think in a scientific manner has shaped the way I approach almost
every issue in my life, not just my scientific research. This book is dedicated to the
proposition that the process of doing science is every bit as interesting as the
discoveries that are the end product of the process.
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AN EVOLUTIONARY
APPROACH TO
ANIMAL BEHAVIOR

QUESTIONS ABOUT BEHAVIOR

[ lived for one summer in Monteverde, a tiny community in the mountains
of Costa Rica, and while I was there a friend loaned me a black light,
which I hung up by a white sheet on the back porch of our home. The
ultraviolet rays produced by the device attracted hundreds of moths on a
good night, and many stayed on the sheet until morning, when I could
inspect them at my convenience. Some mornings I found a huge bright
yellow moth clinging to the sheet. This attractive moth, a member of the
genus Automeris, held its forewings so that they covered its abdomen and
hindwings. In the chilly dawn, the sluggish moth did not struggle if I
picked it up carefully. But if I jostled it suddenly, or poked it sharply on
its thorax, the moth abruptly lifted its forewings and held them up to
expose its previously concealed hindwings. The hindwings were marvel-
ously decorated, with large circular patches of blue, black, and white scales
set on a deep yellow background. The patches looked like two eyes, which
seemed to stare back at me (Figure 1).

Anyone seeing Automeris abruptly expose its hindwing “eyes” for the
first time will surely wonder what is going on. I know I did. My questions
about Automeris wing-flipping grew into a substantial list, but no matter
how long the list, I could assign each question to one of just two categories:




2 CHAPTER ONE

1 AUTOMERIS MOTH FROM COSTA RICA. Left: Moth in its resting
position with the forewings held over the hindwings. Photograph by the
author. Right: After being jabbed in the thorax, members of this species
pull the forewings forward to expose the “eyes” on the hindwings. Pho-
tograph by Michael Fogden.

.

“how questions,” about the PROXIMATE cAUSEs of the behavior, or “why
questions,” about its ULTIMATE causEs [619, 707]. How questions ask how
an individual manages to carry out an activity; they ask how mechanisms
within an animal operate, enabling the creature to behave in a certain way.
Why questions ask why the animal has evolved the proximate mechanisms

at cause it to perform an activity. The two kinds of questions are com-
plementary, not antagonistic, because they deal with fundamentally dif-
ferent levels of analysis.

How Questions

Consider the following series of questions about the wing-flipping reaction
of an Automeris moth to a sharp poke:

What is the causal relationship between the animal’s genes and its
~behavior? ——

How has the development of the moth from a single cell to"a multi-
million-celled adult affected its behavior?

What stimuli trigger the response and how are these stimuli detected?

How are the animal’s nervous and muscular systems integrated to

enable it to react to a poke in the side?

What these five questions have in common, despite their diversity, is
an interest in the operation of mechanisms within the moth that cause it
to pull its forewings forward, revealing its amazing hindwings. The di-
versity of proximate questions is great enough, however, that we can
subdivide them into two complementary groups, one dealing with the
effects of heredity and development on the construction of the mecha-

nisms underlying wing-flipping, and the other dealing with how the fully
developed mechanisms actually work to cause the Teaction.
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With respect to the influence of heredity on development, we can ask
how the special touch receptors, brain cells, and muscle controllers used
in the wing-flipping reaction arise in an individual. The adult moth began
life as a fertilized egg, a single cell that contained genetic instructions
donated by its father and mother. These instructions affected the devel-
opment of the moth, channeling the proliferation and specialization of
cells along certain pathways that produced a nervous system with special
features in the adult insect. This is a wonderfully complex process, still
poorly understood for any organism, let alone for Automeris moths.

Even if the development of the response were completely understood,
we could still explore how the fully developed neural mechanisms within
the adult moth detect certain kinds of stimulation and how messages are
then relayed to activate a muscular response. Not a single person has
examined the neurophysiological foundation of the behavior of the Auto-
meris moth that I bothered in Monteverde, but the underlying mechanisms
are there waiting for future investigations.

Why Questions

Let’s say that you personally discovered everything there was to know
about the genetic—-developmental and sensory—motor causes of the wing-
flipping behavior of Automeris moths. You could still continue to study the
moth’s behavior in order to satisfy your curiosity about a whole set of
very different questions, such as:

What is the purpose, the function, of the behavior? -
ow does the behavior assist the individual in overcoming obstacles—

to survival and reproduction?

How has the behavior evolved and how has it changed over evolu-
tionary time?

What was the original step in the historical process that led to the
existence of the current behavior?

These are all questions about the evolutionary, or ultimate, reasons for
why an animal does something. Wmﬂit_it\s-
forewings and expose its eye spots when it is mo 7 The British sci-

m]'e’s‘tpfsuggested that the action became common because it
protects the moth from predators, startling and frightening away moth-
eating birds that mistake the eye spots for the eyes of their enemy, pred-
atory owls [85]. ’

If the result of wing-flipping behavior has been to save the lives of
moths in the past, then the evolutionary process is partly responsible for
the behavior of individuals today. The genes that exist in contemporary
moths are a tiny subset of all the genes that have ever existed. Those that
have managed to persist to the present are genes that have in some way
contributed to their own survival. If a gene influenced the appearance or
behavior of a moth in ways that helped the moth frighten away predatory
birds, that gene would presumably have a better chance of being passe
on to descendants of that moth. This process could help explain why




CHAPTER ONE

Automeris moths living in Monteverde have inherited genetic mechanisms
that promote the development of wing-flipping behavior. The develop-
mental plan, and therefore the behavioral abilities, of each member of the
species alive today has been defined by differences in gene survival that
occurred during the history of the species:

Thus, studying the current function of behavior can give us insight
into the ultimate or evolutionary causes of behavior. But there is another
component to the evolutionary analysis of behavior, and that has to do
with how the trait came into being and then was (perhaps) modified over
time until it reached its current state. The present sharp wing-flipping
behavior was surely not always practiced by the ancestors of modern-day
Automeris. Probably the initial phase involved certain wing movements
associated with taking flight, movements that have been modified over
time, just as the color pattern of the hindwings has certainly changed over
time [84]. A full understanding of the ultimate causes of wing-flipping
requires investigation into the initial form and subsequent alteration of
the behavior over the millennia.

Table 1 summarizes this discussion about the two fundamental levels
of analysis, proximate and ultimate, in the study of behavior. You should
now be able to discriminate between mechanistic and evolutionary expla-
nations. If someone were to make the claim that Automeris moths expose
their hindwings when pecked because their nervous system controls the
wing-flipping response, this is a proximate explanation—as are all hy-
potheses based on genetic, developmental, neural, or hormonal mecha-
nisms found within the body of an individual. If someone were to propose
that the action evolved because of past predation pressure on the species,
you would know that this is an ultimate explanation—as are all explana-

TABLE 1 Levels of analysis in the study of animal behavior

PROXIMATE CAUSES

1 Genetic-developmental mechanisms
Effects of heredity on behavior
Genetic—environmental interactions during development that produce
sensory—motor mechanisms

2 Sensory-motor mechanisms
Detection of environmental stimuli: Operation of nervous systems
Adjustment of internal responsiveness: Operation of hormonal systems
Carrying out responses: Operation of skeletal-muscular systems

ULTIMATE CAUSES

1 Historical pathways leading to a behavior
Origin of the behavior and its alteration over time

2 Past effects of natural selection in shaping a current behavior
Past and current utility of the behavior in reproductive terms

Sources: Holekamp and Sherman [454], Sherman [853], and Tinbergen [931].
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Ultimate effects on evolution of species

Genes contributed to next generation

Reproductive consequences

Behavior

Activated internal mechanisms

T Internal
Proximate causes mechanisms

The individual

2 PROXIMATE AND ULTIMATE CAUSES OF BEHAVIOR as illustrated by
Automeris moth wing-flipping. At the proximate level, various mechanisms
internal to an individual moth enable it to execute the behavior. At the
ultimate level, the moth’s response to potential predators affects its repro-
ductive success as measured by the number of copies of its genes that are
passed on to the next generation. The history of differential reproductive
success among individuals determines what genes survive from generation
to generation and therefore what genetic information is available to influ-
ence the development of moths in the current generation.

tions that deal with the reproductive or adaptive value of a trait and its
historical basis, its-evolutionary foundation (Figure 2).

Moreover, if someone were to claim that work on the genetic (or neural)
mechanisms of the response made it unnecessary to examine hypotheses
about the possible reproductive benefits of the response, you would know
that they are mistaken; learning how mechanisms work does -
uestions about why these particular m - A full analysis of
proximate and ultimate explanations.




