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PREFACE

Goals of the Seventeenth Edition

Humans are a naturally inquisitive species. As children, we become fascinated with our bodies, and life in general, at a very
early age. We want to know how our bodies work, why there are differences, and similarities, between ourselves and the
other children around us. In other words, at a very early age we are all biologists.

In many ways, today’s students in the science classroom face some of the same challenges their parents did decades ago.
The abundance of new terms often overwhelms even the best-prepared student, and the study of biological processes and
methods of scientific thinking may convince some students that “science isn’t their thing.” The study of human biology creates
an opportunity for teachers to instruct their students using the ultimate model organism—their own bodies. Whether this is
their last science class or the first in a long career in allied health, the study of human biology is pertinent to everyone.

Students in today’s world are being exposed, almost on a daily basis, to exciting new discoveries and insights that, in
many cases, were beyond our predictions even a few short years ago—from revolutionary new techniques to develop vaccines
to stop pandemics, to the impacts of climate change on their local environments and advances in medical techniques to fight
diseases such as cancer. Therefore, it is important that we know not only why we are different, but how we are the same as
the species we share the planet with. It is our task, as instructors, not only to make these findings available to our students
but to enlighten students as to why these discoveries are important to their lives and society. At the same time, we must
provide students with a firm foundation in those core principles on which biology is founded, and in doing so, provide them
with the background to better understand the many discoveries still to come.

As educators, the authors of this text understand the needs of our colleagues in developing curricula that increasingly
focus on relevancy and delivery in the online environment. McGraw Hill Education has long been an innovator in the
development of educational resources, and the Human Biology text is at the forefront in integrating these resources and
digital technologies into the science classroom. In this edition, that involved the following:

* Making the content more relevant to the current generation of students by updating chapter openers and themed readings
to focus on issues and topics important to the discussions that students are hearing in the world around them.

* Integrating relevancy modules to supplement the format of a traditional textbook and provide another avenue for students
to engage with the content.

* Redesigning the artwork to ensure it transitions to the digital world of mobile devices.

* Developing a new Featured Reading Series, The Diversity of Science, to emphasize the contributions of unrecognized
scientists to our understanding of biology.

Virtual Labs and Lab Simulations

While the biological sciences are hands-on disciplines, instructors today are often asked to deliver some of their lab content
online, as full online replacements, supplements to prepare for in-person labs, or make-up labs. These simulations help each
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Preface vii

student learn the practical and conceptual skills needed, and then let them check their understanding of the lessons by providing
feedback. With adaptive pre-lab and post-lab assessments available, instructors can customize each assignment.

From the instructor’s perspective, these simulations may be used in the lecture environment to help students visualize complex
scientific processes, such as DNA technology or Gram staining, while at the same time providing a valuable connection between the
lecture and lab environments.

Relevancy

The use of real-world examples to demonstrate the importance of biology in the lives of students is widely recognized as an effective
teaching strategy for the introductory biology classroom. Students want to learn about the topics they are interested in. The develop-
ment of relevancy-based resources is a major focus for the authors of the Mader series of texts. Some examples of how we have
increased the relevancy content of this edition are explained in the following paragraphs.

Relevancy Modules

A series of relevancy modules have been designed to accompany each unit in Human Biology. These modules demonstrate the
connections between biological content and topics that are of interest to society as a whole. Each module consists of an introductory
video, an overview of basic scientific concepts, and then a closer look at the application of these concepts to the topic. An
infographic at the end of each module may be easily used in the lecture environment to initiate discussion of the topic. Discussion
and assessment questions, specific to the modules, are available at the end of the module, and for automatic assessment in the
Connect platform. Below is a list of our current relevancy modules.

These modules are available as a supplementary eBook to the existing text within Connect, and may be assigned by the instructor
for use in a variety of ways in the classroom.

+ Sgientific Thinking in Everyday
Life « Fermentation ¢ The Biology
of Chocolate ¢ Cancer ¢ Your
Home's Hidden Diversity

+ Evelution of a Weed ¢ Antibiotic
Resistance ¢ Mega Crops

+ COVID-19: The Rise of a Global
Pandemic

+ Vaccines: Your Best Defense

¢ Our Animal Ancestors ¢ The
Biology of Weight Gain ¢ The
‘Bi‘q‘logy of Running a Marathon

+# Organic’Food; What's the
Differefice?  Climate Change

+ Toxic Algae Blooms

Slavica/E+/Getty Images



viii Preface

BioNOW Videos

The BioNOW series of videos, narrated and produced by educator Jason Carlson, provide a relevant, applied approach that allows
your students to feel they can actually learn biology on their own. While tying directly to the content of your course, the videos help
students relate their daily lives to the biology you teach, and lets them connect what they learn back to their lives.

Each video provides an engaging and entertaining story about applying the science of biology to a real situation or problem.
Attention is taken to use tools and techniques that the average person would have access to, so your students see the science as
something they could do and understand.

n
\\ Blu Nuw Finding out is better.

Photos: McGraw Hill

Ricochet Science Website

The website https://ricochetscience.com, managed by Michael Windelspecht, provides updates on news and stories that are interesting
to science and nonscience majors alike. The PopScience articles on this site provide an excellent focus for classroom discussions on
topics that are currently being debated in society. The site also features videos and tutorial animations to assist the students in
recognizing the relevance of what they are learning in the classroom.
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CHAPTER

Exploring Life
and Science

(top left): Daniel Allan/Image Source; (top right): Ariel Skelley/Getty Images; (bottom left): Luis Alvarez/Digital
Vision/Getty Images; (bottom right): Tatomm/iStock/Getty Images

CHAPTER OUTLINE |

11 The Characteristics of Life
1.2 Humans Are Related to Other Animals
1.3 Science as a Process

L J

Our planet is home to a staggering diversity of life. Our species,
Homo sapiens, is just one of the estimated 8.7 million different species
(not counting bacteria) that inhabit the globe. Life may be found every-
where, from the deepest ocean trenches to the tops of the highest 1.4 Science and the Challenges Facing
mountains. Biology is the area of scientific study that focuses on under- Society
standing all aspects of living organisms. Human biology focuses not
only on the biology of our species but also its interactions with other
species on the planet. This diversity of life is important to humans, be-
cause it provides us with food, medicines, and the raw materials needed
to manufacture the millions of items that make our way of life possible.
Equally as important as our planet’s biodiversity is the diversity of
the people who study biology. Scientists rely upon their own experi-
ences to ask questions, develop hypotheses, and design experiments
or models to explain natural phenomena. Therefore, in order for the
scientific community to ably address the challenges facing human
society, from climate change to emerging diseases, we need a diverse
population of individuals, with unique experiences and viewpoints, to
contribute their ideas and opinions. As we will see throughout this text,
there are many ways to study our world, and our diversity is a major
strength in developing solutions.

As you read through the chapter, think about the following questions:
1. What are some of the many ways a scientist can study biology?

2. Why would diversity in the scientific community play an important
role in addressing how science can address the needs of society?




2 Chapter 1 Exploring Life and Science

11 The Characteristics of Life

LEARNING OUTCOMES 1

Upon completion of this section, you should be able to
1. Explain the basic characteristics common to all living
organisms.
2. Describe the levels of organization of life.
3. Explain why the study of evolution is important in
understanding life.

The science of biology is the study of living organisms and the
environments they live in. All living organisms (Fig. 1.1) share
several basic characteristics. They (1) are organized, (2) acquire
materials and energy, (3) are homeostatic, (4) respond to stimuli,
(5) reproduce and have the potential for growth, and (6) have an
evolutionary history.

Life Is Organized

Life can be organized in a hierarchy of levels (Fig. 1.2). Note that,
at the very base of this organization, atoms join together to form
the molecules, which in turn make up a cell. A cell is the smallest

structural and functional unit of an organism. Some organisms,
such as bacteria, are single-celled organisms. Humans are multi-
cellular, because they are composed of many different types of
cells. For example, the structure of nerve cells in the human body
allows these cells to conduct nerve impulses.

A tissue is a group of similar cells that perform a particu-
lar function. Nervous tissue is composed of millions of nerve
cells that transmit signals to all parts of the body. An organ is
made up of several types of tissues, and each organ belongs to
an organ system. The organs of an organ system work together
to accomplish a common purpose. The brain works with the
spinal cord to send commands to body parts by way of nerves.
Organisms, such as trees and humans, are a collection of
organ systems.

The levels of biological organization extend beyond the
individual. All the members of one species (a group of inter-
breeding organisms) in a particular area belong to a population.
A tropical grassland may have a population of zebras, acacia
trees, and humans, for example. The interacting populations of
the grasslands make up a community. The community of popula-
tions interacts with the physical environment to form an ecosystem.
Finally, all the Earth’s ecosystems collectively make up the
biosphere (Fig. 1.2, top).

Figure 1.1 All life shares common characteristics.

From the simplest one-celled organisms to complex plants and animals, all life shares several basic characteristics.

(student group): FatCamera/E+/Getty Images; (mushrooms): IT Stock/age fotostock; (bacteria): Paul Gunning/Science Photo Library/Getty Images; (gorilla): Mike Price/
Shutterstock; (sunflower): Mediolmages/PunchStock/Getty Images; (Giardia): Dr. Stan Erlandsen/CDC
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Biosphere
Regions of the Ea
crust, waters, and
atmosphere inhabited
by living organisms

Ecosystem
A community plus the
physical environment

Community
Interacting populations in
a particular area

Population
Organisms of the same species
in a particular area

Species
A group of similar,
interbreeding organisms

Organism
An individual; complex individuals
contain organ systems

Organ System
Composed of several organs
working together

shoot
system

nervous

Organ
Composed of tissues functioning
together for a specific task

* leaves

Tissue , - 5
A group of cells with a common '\-'f«-f =\{ Qg gﬁ 5
structure and function N ATEIRZ [ A S/ FEAUS NI Y ALY/ ()
; ) N . nervous tissue leaf tissue
lant cell
Cell p

The structural and functional
unit of all living organisms

methane
Molecule

Union of two or more atoms
of the same or different elements

Atom
Smallest unit of an element;
composed of electrons,
protons, and neutrons

Figure 1.2 Levels of biological organization.
Life is connected from the atomic level to the biosphere. The cell is the basic unit of life, and it comprises molecules and atoms. The sum of all life
on the planet is called the biosphere.
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BIOLOGY IN YOUR LIFE

How many cells are in your body?

The number of cells in a human body varies depending on the
size of the person and whether cells have been damaged or
lost. However, most estimates suggest there are well over
30 trillion cells in @ human body. To put this into perspective,
there are only an estimated 3 trillion trees on Earth.

Life Requires Materials and Energy

Humans, like all living organisms, cannot maintain their organization
or carry on life’s activities without an outside source of materials and
energy. Energy is the capacity to do work. Like other animals,
humans acquire materials and energy by eating food (Fig. 1.3).
Food provides nutrient molecules, which are used as building
blocks or for energy. It takes energy to maintain the organization of
the cell and the organism itself. Some nutrient molecules are bro-
ken down completely to provide the energy necessary to convert
other nutrient molecules into the parts and products of cells. The
breakdown of food is a component of our metabolism, or the sum
of all the chemical reactions that occur within a cell or organism.

= - e ppi—
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Figure 1.3 Humans and other animals must acquire energy.
All life, including humans (a) and other animals, such as this eagle

(b), must acquire energy to survive. The method by which organisms
acquire energy is dependent on the species.

(a): Ariel Skelley/Blend Images/Getty Images; (b): Brian E Kushner/Shutterstock

The ultimate source of energy for the majority of life on Earth
is the sun. Plants, algae, and some bacteria are able to harvest the
energy of the sun and convert it to chemical energy by a process
called photosynthesis. Photosynthesis produces organic mole-
cules, such as sugars, that serve as the basis of the food chain for
many other organisms, including humans and all other animals.

Living Organisms Maintain an Internal
Environment

For the metabolic pathways within a cell to function correctly, the en-
vironmental conditions of the cell must be kept within strict operating
limits. Many of the metabolic activities of a cell, or organism, function
in maintaining homeostasis—a constant internal environment.

In humans, many of our organ systems work to maintain
homeostasis. For example, human body temperature normally fluc-
tuates slightly between 36.5 and 37.5°C (97.7 and 99.5°F) during
the day. In general, the lowest temperature usually occurs between
2 AM. and 4 A.M., and the highest usually occurs between 6 .M. and
10 p.M. However, activity can cause the body temperature to rise,
and inactivity can cause it to decline. The metabolic activities
of our cells, tissues, and organs are dependent on maintaining a
relatively constant body temperature. Therefore, a number of body
systems, including the cardiovascular system and the nervous sys-
tem, work together to maintain a constant temperature. The body’s
ability to maintain a normal temperature is also somewhat depen-
dent on the external temperature. Even though we can shiver when
we are cold and perspire when we are hot, we will die if the external
temperature becomes overly cold or hot.

This text emphasizes how all the systems of the human body
help maintain homeostasis. For example, the digestive system
takes in nutrients, and the respiratory system exchanges gas with
the environment. The cardiovascular system distributes nutrients
and oxygen to the cells and picks up their wastes. The metabolic
waste products of cells are excreted by the urinary system. The
work of the nervous and endocrine systems is critical, because
these systems coordinate the functions of the other systems.

Living Organisms Respond

It would be impossible to maintain homeostasis without the body’s
ability to respond to stimuli, both from the internal and external
environments. Response to external stimuli is more apparent to us,
because it involves movement, as when we quickly remove a hand
from a hot stove. Certain sensory receptors also detect a change
in the internal environment, and then the central nervous system
brings about an appropriate response. When you are startled by a
loud noise, your heartbeat increases, which causes your blood
pressure to increase. If blood pressure rises too high, the brain directs
blood vessels to dilate, helping restore normal blood pressure.

All life responds to external stimuli, often by moving toward
or away from a stimulus, such as the sight of food. Organisms may
use a variety of mechanisms to move, but movement in humans
and other animals is dependent on their nervous and musculoskeletal
systems. The leaves of plants track the passage of the sun during
the day; when a houseplant is placed near a window, its stems bend
to face the sun. The movement of an animal, whether self-directed
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Figure 1.4 Growth and development define life.
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a. A small acorn becomes a tree, and (b) following fertilization an embryo becomes a fetus by the process of growth and development.
(a) (seedling): bogdan ionescu/Shutterstock; (a) (tree): Frank Krahmer/Photographer’s Choice/Getty Images; (b) (sperm/egg): David M. Phillips/Science Source;

(b) (fetus): Steve Allen/Brand X Pictures/Getty Images

or in response to a stimulus, constitutes a large part of its behavior.
Some behaviors help us acquire food and reproduce.

Living Organisms Reproduce and Develop

Reproduction is a fundamental characteristic of life. Cells come into
being only from preexisting cells, and all living organisms have
parents. When organisms reproduce, they pass on their genetic
information to the next generation. Following the fertilization of an
egg by a sperm cell, the resulting zygote undergoes a rapid period of
growth and development. This is common in most forms of life.
Figure 1.4a illustrates that an acorn progresses to a seedling before it
becomes an adult oak tree. In humans, growth occurs as the fertilized
egg develops into a fetus (Fig. 1.4b). Growth, recognized by an in-
crease in size and often in the number of cells, is a part of development.
In multicellular organisms, such as humans, the term development
is used to indicate all the changes that occur from the time the egg is
fertilized until death. Therefore, it includes all the changes that occur
during childhood, adolescence, and adulthood. Development also
includes the repair that takes place following an injury.

The genetic information of all life is DNA (deoxyribonucleic
acid). DNA contains the hereditary information that directs not
only the structure of each cell but also its function. The information
in DNA is contained within genes, short sequences of hereditary
material that specify the instructions for a specific trait. Before
reproduction occurs, DNA is replicated so an exact copy of each
gene may be passed on to the offspring. When humans reproduce,
a sperm carries genes contributed by a male into the egg, which

contains genes contributed by a female. The genes direct both
growth and development so that the organism will eventually
resemble the parents. Sometimes mutations, minor variations in
these genes, can cause an organism to be better suited for its environ-
ment. These mutations are the basis of evolutionary change.

Organisms Have an Evolutionary History

Evolution is the process by which a population changes over time.
The mechanism by which evolution occurs is natural selection
(see Section 23.2). When a new variation arises that allows certain
members of a population to capture more resources, these members
tend to survive and have more offspring than the other, unchanged
members. Therefore, each successive generation will include more
members with the new variation, which represents an adaptation
to the environment. Consider, for example, populations of humans
who live at high altitudes, such as the cultures living at elevations of
over 4,000 meters (m) (14,000 ft) in the Tibetan Plateau. This envi-
ronment is very low in oxygen. As the Science feature “Adapting
to Life at High Elevations” investigates, these populations have
evolved an adaptation that reduces the amount of hemoglobin, the
oxygen-carrying pigment in the blood. As the feature explains, this
adaptation makes life at these altitudes possible.

Evolution, which has been going on since the origin of life and
will continue as long as life exists, explains both the unity and
diversity of life. All organisms share the same characteristics of life
because their ancestry can be traced to the first cell or cells. Organ-
isms are diverse because they are adapted to different ways of life.
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Adapting to Life at High Elevations

Humans, like all other organisms, have an evolutionary history.
This not only means we share common ancestors with other
animals, but over time we demonstrate adaptations to changing
environmental conditions. One study of populations living in the
high-elevation mountains of Tibet (Fig. 1A) demonstrates how
the processes of evolution and adaptation influence humans.
Normally, when a person moves to a higher altitude, the body
may respond by making more hemoglobin, the component of blood
that carries oxygen, which in turn thickens the consistency of the
blood. For minor elevation changes, this does not present much of a
problem. But for people who live at extreme elevations (some
people in the Himalayas can live at elevations of over 13,000 ft, or
close to 4,000 m), excess hemoglobin can present a number of health
problems, including chronic mountain sickness, a disease that
affects people who live at high altitudes for extended periods of time.
The problem is that, as the amount of hemoglobin increases, the
blood thickens and becomes more viscous. This can cause elevated
blood pressure, or hypertension, and an increase in the formation
of blood clots, both of which have negative physiological effects.

Figure 1A High-elevation adaptations.

Individuals living at high elevations, such as Tibetans, have become
adapted to their high-elevation environment.

Michael Freeman/Corbis

1. List the basic characteristics of life.
2. Summarize the levels of biological organization.

3. Explain the relationship between adaptations and
evolutionary change.

Because high hemoglobin levels would be a detriment to
people at high elevations, it makes sense that natural selection would
favor individuals who produce less hemoglobin at high elevations.
Such is the case with the Tibetans in this study. Researchers have
identified an allele of a gene that reduces hemoglobin production at
high elevations. Comparisons between Tibetans at both high and
low elevations strongly suggest that selection has played a role in
the prevalence of the high-elevation allele.

The gene is EPSAI, located on chromosome 2 of humans.
EPSAI produces a transcription factor that basically regulates
which genes are turned on and off in the body, a process called gene
expression. The transcription factor produced by EPSA [ has a num-
ber of functions in the body. For example, in addition to controlling
the amount of hemoglobin in the blood, this transcription factor also
regulates other genes that direct how the body uses oxygen.

When the researchers examined the variations in EPSA/ in the
Tibetan population, they discovered that the Tibetan version greatly
reduces the production of hemoglobin. Therefore, the Tibetan popula-
tion has lower hemoglobin levels than people living at lower altitudes,
allowing these individuals to escape the consequences of thick blood.

How long did it take for the original population to adapt to
living at higher elevations? Initially, the comparison of variations
in these genes between high-elevation and low-elevation Tibetan
populations suggested that the event may have occurred over a
3,000-year period. But researchers were skeptical of those data
because they suggested a relatively rapid rate of evolutionary
change. Additional studies of genetic databases yielded an interest-
ing finding—the EPSA] gene in Tibetans was identical to a similar
gene found in an ancient group of humans called the Denisovans
(see Section 23.5). Scientists now believe that the EPSAI gene en-
tered the Tibetan population around 40,000 years ago, either through
interbreeding between early Tibetans and Denisovans, or from one of
the immediate ancestors of this now-lost group of early humans.

Questions to Consider
1. What other environments do you think could be studied to
look for examples of human adaptation?
2. In addition to hemoglobin levels, do you think people at high
elevations may exhibit other adaptations?

CONNECTING THE CONCEPTS

Both homeostasis and evolution are central themes in the study
of biology. For more examples of homeostasis and evolution,
refer to the following discussions:

Section 4.8 explains how body temperature is regulated.

Section 11.4 explores the role of the kidneys in fluid and salt
homeostasis.

Section 23.3 examines the evolutionary history of humans.



1.2 Humans Are Related
to Other Animals

LEARNING OUTCOMES

Upon completion of this section, you should be able to
1. Summarize the place of humans in the overall
classification of living organisms.
2. Understand that humans have a cultural heritage.
3. Describe the relationship between humans and the
biosphere.

Biologists classify all life as belonging to one of three domains.
The evolutionary relationships of these domains are presented in
Figure 1.5.

Two of these domains, domain Bacteria and domain Archaea,
contain prokaryotes, single-celled organisms that lack a nucleus
(Fig. 1.6). Organisms in the third domain, Eukarya, all contain cells
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that possess a nucleus. Some of these organisms are single-celled;
others are multicellular. Humans are an example of multicelled
Eukarya.

Historically, domain Eukarya was divided into one of four
kingdoms (Fig. 1.6). However, the development of improved
techniques in analyzing the DNA of organisms suggests that not
all of the Protistas (the earliest eukaryotes) share the same
evolutionary lineage, meaning that the evolution of the eukary-
otes has occurred along several paths. A new taxonomic group,
called a supergroup, was developed to explain these evolution-
ary relationships. There are currently six supergroups for
domain Eukarya. Over the past several years, changes have been
made to the supergroup classification as new research unveils
relationships between these organisms. While these relation-
ships are still being studied and analyzed, current thinking
places the animals in the same supergroup (the Opisthikonts) as
the fungi.

The traditional kingdom level of classification within domain
Eukarya is still widely used, and is often placed beneath the
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Figure 1.5 The evolutionary relationships of the three domains of life.
Living organisms are classified into three domains: Bacteria, Archaea, and Eukarya. The Eukarya are further divided into kingdoms (see Fig. 1.6).
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Domain Bacteria

- Prokaryotic cells
of various shapes
« Adaptations to
all environments
« Absorb, photosynthesize,
chemosynthesize food 5 or chemosynthesize food
¢ Unique chemical Y % j ; “: «Unique chemical
characteristics 3 ﬁx, W characteristics
f 6,600

¢ Prokaryotic cells
of various shapes
¢ Adaptations to
extreme environments
¢ Absorb or

33,200

¢
) ‘

Escherichia coli, a bacterium

Sulfolobus, an archaean

Domain Eukarya; Kingdom Protista

¢ Algae, protozoans,
slime molds, and
water molds

e Complex single cell
(sometimes filaments,
colonies, or even
multicellular)

¢ Absorb, photosynthesize,
or ingest food

- Certain algae, mosses, ferns,
conifers, and flowering plants

« Multicellular, usually with
specialized tissues,
containing complex cells

- Photosynthesize food

Ophrys apifera, bee orchid

Paramecium, a single-celled protozoan

Domain Eukarya: Kingdom Fungi

»Molds, mushrooms, yeasts,
and ringworms

» Mostly multicellular filaments
with specialized, complex cells

« Absorb food

Domain Eukarya: Kingdom Animalia

- Sponges, worms, insects,
fishes, frogs, turtles,
birds, and mammals

« Multicellular with
specialized tissues
containing complex cells

«Ingest food

Buteo jamaicensis, red-tailed hawk

Amanita muscaria, a mushroom

Figure 1.6 The classification of life.
This figure offers some characteristics of organisms in each of the major domains and kingdoms of life. Humans belong to the domain Eukarya and
kingdom Animalia.

(archaea): Eye of Science/Science Source; (bacteria): A. Barry Dowsett/Science Source; (paramecium): M.I. Walker/Science Source; (orchids): CreativeNature_nl/iStock/Getty Images;
(mushrooms): Ingram Publishing/Getty Images; (hawk): Keneva Photography/Shutterstock

supergroup classification. The four kingdoms are shown in * Kingdom Animalia. Animals are multicellular organisms that
Figure 1.6 and include the following: must ingest and process their food. They are capable of motion

. . . . int in their lif le.
* Kingdom Protista. Commonly called the protists, this is a atsome point in their fife cycle

very diverse group of eukaryotic organisms, ranging from Among the animals are the invertebrates, which lack an inter-
single-celled forms to a few multicellular organisms. Some nal skeletal support structure, called vertebrae. Most animals are
protists use photosynthesis to manufacture food, and some invertebrates. Examples include earthworms, insects, and mollusks.
must acquire their own food. As we mentioned, the diverse Vertebrates are animals that have a nerve cord protected by a verte-
nature of these organisms indicates they have multiple evolu- bral column, which gives them their name. Fish, reptiles, amphibi-
tionary origins, and thus belong to different supergroups. ans, and birds are all examples of vertebrates. Vertebrates with hair

* Kingdom Plantae. The plants are multicellular, photosyn- or fur and mammary glands are classified as mammals. Humans,
thetic organisms. raccoons, seals, and meerkats are examples of mammals.

* Kingdom Fungi. Fungi are the familiar molds and mush- Humans are primate mammals and are most closely related to
rooms that help decompose dead organisms. Some fungi are apes. We are distinguished from apes by our (1) highly developed

parasites of plants and animals. brains, (2) completely upright stance, (3) creative language, and



(4) ability to use a wide variety of tools. Humans did not evolve
from apes; apes and humans share a common, apelike ancestor.
Today’s apes are our evolutionary cousins. Our relationship to
apes is analogous to you and your first cousin being descended
from your grandparents. We could not have evolved directly from
our cousins, because we are contemporaries—living on Earth at
the same time.

Humans Have a Cultural Heritage

Humans have a cultural heritage in addition to a biological heri-
tage. Culture encompasses human activities and products passed
on from one generation to the next outside of direct biological
inheritance. Among animals, only humans have a language that al-
lows us to communicate information and experiences symbolically.
We are born without knowledge of an accepted way to behave, but
we gradually acquire this knowledge by adult instruction and the
imitation of role models. Members of the previous generation pass
on their beliefs, values, and skills to the next generation. Many of
the skills involve tool use, which can vary from how to hunt in the
wild to how to use a computer. Human skills have also produced a
rich heritage in the arts and sciences. However, a society highly
dependent on science and technology has its drawbacks as well.
Unfortunately, this cultural development may mislead us into be-
lieving that humans are somehow not part of the natural world
surrounding us.

Humans Are Members of the Biosphere

All life on Earth is part of the biosphere, the living network that
spans the surface of the Earth into the atmosphere and down into
the soil and seas. Although humans can raise animals and crops for
food, we depend on the environment for many services. Without
microorganisms that decompose, the waste we create would soon
cover the Earth’s surface. Some species of bacteria help us by
cleaning up pollutants like heavy metals and pesticides.

Freshwater ecosystems, such as rivers and lakes, provide fish
to eat, water to drink, and water to irrigate crops. Many of our
crops and prescription drugs were originally derived from plants
that grew naturally in an ecosystem. Some human populations
around the globe still depend on wild animals as a food source. The
water-holding capacity of forests prevents flooding, and the ability
of forests and other ecosystems to retain soil prevents soil erosion.
For many people, these forests provide a place for recreational
activities like hiking and camping.

BIOLOGY IN YOUR LIFE

How many humans are there?

In 2021, it was estimated there were over 7.9 billion humans on
the planet. Each human needs food, shelter, clean water and air,
and materials to maintain a healthy lifestyle. Our species adds
an additional 83 million people per year—that is like adding the
population of ten New York Cities annually! This makes human
population growth one of the greatest threats to the biosphere.
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1. Define the term biosphere.
2. Define culture.

3. Explain why humans belong to the domain Eukarya and
kingdom Animalia.

CONNECTING THE CONCEPTS

To learn more about the preceding material, refer to the following
discussions:

Chapter 23 examines recent developments in the study of
human evolution.

Chapter 24 provides a more detailed look at ecosystems.
Chapter 25 explores how humans interact with the biosphere.

1.3 Science as a Process

LEARNING OUTCOMES I

Upon completion of this section, you should be able to

1. Describe the general process of the scientific method.

2. Distinguish between a control group and an experimental
group in a scientific test.

3. Recognize the importance of scientific journals in the
reporting of scientific information.

4. Recognize the importance of statistical analysis to the
study of science.

Science is a way of knowing about the natural world. When scien-
tists study the natural world, they aim to be objective, rather than
subjective. Objective observations are supported by factual informa-
tion, whereas subjective observations involve personal judgment.
For example, the fat content of a particular food would be an
objective observation of a nutritional study. Reporting about the
good or bad taste of the food would be a subjective observation.
It is difficult to make objective observations and conclusions,
because we are often influenced by our prejudices. Scientists must
keep in mind that scientific conclusions can change because of
new findings. New findings are often made because of recent
advances in techniques or equipment.

Religion, aesthetics, ethics, and science are all ways in which
humans seek order in the natural world. The nature of scientific
inquiry differs from these other ways of knowing and learning,
because the scientific process employs the scientific method, a
standard series of steps used in gaining new knowledge that is
widely accepted among scientists. The scientific method (Fig. 1.7)
acts as a guideline for scientific studies.

The approach of individual scientists to their work is as varied
as the scientists. However, much of the scientific process is de-
scriptive. For example, an observation of a new disease may lead a
scientist to describe all the aspects of the disease, such as the envi-
ronment, the age of onset, and the characteristics of the disease.
Some areas of biology, such as the study of biodiversity in the



