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The Uses of Principles
We explore the animal world by actively applying important guiding  
principles to our investigations. Just as the exploration of outer space is 
both guided and limited by such principles as the theories of gravitation 
and motion and their associated technologies, exploration of the animal 
world depends critically on the principles of evolution, genetics, and  
cellular organization, and the questions and methods derived from them. 
Zoology makes sense to us only when we understand the principles used 
to construct this knowledge.

The principles of modern zoology trace their long history to many 
sources. Some principles come from laws of physics and chemistry, which 
all living systems obey. Others come from the scientific method, which 
tells us that our hypothetical explanations of the animal world must guide 
us to gather data that potentially can refute these  explanations. Many  
important principles come from previous studies of the living world, of 
which animals are one part.

Principles of heredity, variation, and organic evolution guide the 
study of life from the simplest unicellular forms to the most complex  
animals, fungi, and plants. Because life shares a common evolutionary 
origin, principles learned from the study of one group often provide  
insights into other groups as well. By tracing the origins of our operating 
principles, we see that zoologists are not an island unto themselves but part 
of a larger scientific community.

We begin our study of zoology by searching broadly through the 
history of science and biology for our most basic principles and their  
diverse sources. These principles simultaneously guide our studies of  
animals and integrate those studies into the broader context of human 
knowledge.

Life: Biological Principles and 
the Science of Zoology

LEARNING OBJECTIVES
Readers will be able to:

1.1 Explain the unifying properties of living systems as outcomes of life’s unique evolutionary history.

1.2 Explain the major features unique to the animal branch of the evolutionary tree of life.

1.3 Explain how science consists in testing, possibly rejecting, and improving our simplest and best explanations using data, not in proving 
the correctness of a conjecture.

1.4 Explain the five major conjectures of Darwin’s evolutionary theory—perpetual change, common descent, multiplication of species, 
gradualism, and natural selection—and the roles of Mendelian genetics and the chromosomal theory of inheritance in animal evolution.

Zoologist studying the behavior of yellow baboons 
(Papio cynocephalus) in the Amboseli Reserve, Kenya. 
©Cleveland P. Hickman, Jr.
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PART ONE
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2 PART ONE Introduction to Living Animals

 Zoology, the scientific study of animal life, builds on centuries 
of human observations of the animal world. Mythologies of 
nearly every human culture reveal early attempts to solve the 

mysteries of animal life and its origin. Zoologists now confront these 
same mysteries with the most advanced methods and technologies 
developed by all branches of science. We document the diversity of 
animal life and organize it in a systematic way. This complex and 
exciting process builds on the contributions of thousands of zoolo-
gists working in all dimensions of the biosphere (see Figure 1.1). We 
strive to explain how animal diversity originated and how animals 
perform the basic processes of life that permit them to inhabit diverse 
environments.

This chapter introduces the fundamental properties of animal 
life, the methodological principles that govern their study, and two 
important theories that guide our research: (1) the theory of evolu-
tion, which is the central organizing principle of biology, and (2) the 
chromosomal theory of inheritance, which explains heredity and 
variation in animals. These theories unify our knowledge of the  
animal world.

1.1 FUNDAMENTAL PROPERTIES 
OF LIFE
Historical Continuity of Life
We begin by asking, What is life? Our definition lies in the historical 
continuity of life on earth. Life’s history of common descent with 
modification gives it an identity separate from the nonliving world. 
We trace this common history backward through time from the  diverse 
forms observed today and in the fossil record to a common ancestor 
that must have arisen almost 4 billion years ago (see Chapter 2). There 
are no traces in the fossil record or on earth’s surface of what we 
 postulate to have been the incipient stages of life, those that predate 
cells. Replicating molecular systems, which could not have produced 
fossils, must have preceded and given rise to cellular life, whose his-
tory appears in the fossil record. All descendants of life’s common 
ancestor, past and present, lie within our concept of life.

Life’s most fundamental attribute is its reproduction of individ-
uals with heredity and variation. Replication of large molecules that 

Figure 1.1 Examples of observation in zoological research. A, Observing a coral reef. B, Observing nematocyst discharge from cnidarian tentacles, as 
shown in C, (see Section 13.1)
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