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Goals of the Fourteenth Edition

Humans are a naturally inquisitive species. As children, we become
fascinated with life 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, children are acting like 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 sci-
entific 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.

There are also challenges that are unique to the modern class-
room. Today’s students are 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. 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 keep up with the many discoveries still to come.

This edition of Human Biology is the second textbook in the
Mader series which utilized the student data derived from the
LearnSmart platform as a form of review. The premise is very
straightforward. Students don’t know what they don’t know—but
LearnSmart does. By compiling data from all of the probes
answered by all of the students, and then overlaying that data on
the text, we are able to visualize areas of content where the stu-
dents are having problems.

In addition, this revision of Human Biology, Foureenth Edi-
tion had the following goals:

1. build upon the strengths of the previous editions of the text

2. reorganization of the content to include a more robust discus-
sion of the biology of infectious diseases

3. refinement of digital assets to provide a more effective assess-
ment of learning outcomes to enable instructors in the flipped,
online, and hybrid teaching environments

Media Integration

Students can improve the effectiveness of their learning by inte-
grating the digital assets of today’s courses into their study habits.
These assets may easily be uploaded into any course management
system to provide your students with useful study tutorials.

As educators, the authors recognize that today’s students are
digital learners. Therefore, almost every section of the textbook is
now linked to MP3 files, animations of biological processes, and
videos. In addition, McGraw-Hill’s collection of 3D animations
are integrated into the more difficult chapters of the text.

MP3 These three- to five-minute audio files serve as a
28 review of the material in the chapter, and they also assist
the student in the pronunciation of scientific terms.

=@ Animation Drawing on McGraw-Hill’s vast library of

@ animations, the authors have selected animations that
will enhance the student’s understanding of complex
biological processes.

3D Animation For topics such as photosynthesis and cel-
lular respiration, McGraw-Hill has produced a series of
dynamic animations that may be used both as presentation
tools in the classroom, and as mini-tutorials that can be assigned
within Connect or your course management system.

> M Video The National Geographic videos provide students
with a glimpse of the complexity of life that normally
would not be possible in the classroom.

) Tutorial The authors of the textbook have prepared a
series of 2-minute guided tutorials of some of the more
difficult topics in the text.
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Author’s Guide to Using the Textbook

LearnSmart Labs encourages critical thinking and teaches the
scientific process. It also allows an instructor to integrate lab
activities into the classroom environment.

| encourage my students
BEFORE YOU BEGIN

to use the Before You Before beginning this chapter; take a few moments to
Begin feature to identify (O Bl DltcIm] oo ENGAGE

ConCeptS they need to ﬁ:;:i:cﬁgzmmgiiﬁﬁ?&make ke The following LearnSmart Labs contain LEARNSMART
. L. Sections 2.3 to 2.7 What are the basic rales of carbo- exercises that are related to the content B i L /\ B S“
review before beginning to hydrates, fafs, proteins, and nucleic acids in the cell? of this chapter: -
read the chapter content. | Section 2.7 What s the rol af ATP in .cei? o My oty
» Cell Anatomy
« Diffusion
= Osmosis
a V ™\
Pre-Class During Class
Built-in Preview IgscutS_SIon
and Review Tools uestions
and Activities

Students come to

class prepared Flip class and

engage students

] )

Learning Outcomes at the start of each section provide a KNG SEERTEIGALLY
preview of the content to come, while the Check Your Progress 1. Intheimage below. the i i ths autirophand undergoss
. pholosynthesis, whensas the bacteria [small. bfack dots) are
feature at the end of the section helps my students assess how the haterotrophs. Explain why the bacteria are clustered at
. . the far ends after the alga was exposed to different calor
well they understood the material. The learning outcomes are wavelengths of ight.
the same ones used in Connect, so | can easily assign a quiz to

assess which topics | need to clarify during class. Rt e
FAATTIRL TN &

3.1 What Is a Cell?
LEARNING OUTCOMES |

Upon completion of this section, you should be able to
1. State the basir rArincinlac &f the coll thann

flamentol  oxygen-seeking
grean alga baclaria

Absorbance —=

Colors of hght

=

2. Explain A Belgian doctor, Jan Baplista van Helmont (1580-1644) planted
cell sizel CHECK YOUR PHOGRESS s a small willow tree in a pot of goil. Hawshghe#ﬂ\etreesndthe
3.5l ronkspi b b oty
» T T i n he Jan, a L] 051 a mass. in
(1] Summarufz the cell theory, and state its importance to the O p B
study of biology.

() Explain how a cell’s size relates to its function. . - .
© Compare and contrast the information that may be obtained | use the Questions to Consider at the end of each reading and

from a light microscope and an electron microscope. Thinking Scientifically questions at the end of the chapter as
the basis for class discussions and active learning exercises.
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MEDIA STUDY TOOLS http://connect.mheducation.com

g :S M A R T B G D Kﬁ Study smart. SmartBook helps you maximize your study time by identifying what you know and don’t
know, The recharge feature in SmartBook helps you prepare for the tast by identifying the material that you are most likely to forget.

ﬂ Find even more resources to learn the chapter concepts including animations, tutorial videos, and interactive practice

questions.

@ Animations

3.2 Endosymbiosis

|eroLooy

@ MP3 Files

3.2 Cellular Organelles

;b 3D Animations

3.3 Membrane Transport:

3.3 Marnbrane Structure 3.3 How Difiusion Lipid Bilayer » Membranea
# [iffusion = Osmosis Works ¢ Hemolysis and Transport: Diffusion
3.6 Cellular Respiration Crenation » How Osmosis  « Membrane Transport:

Works » How Facilitated Osmosis * Membrane
Diffusion Works * How the  Transport: Active
Sodium-Potassium Pump  Transport

Works » Endocytosisand 3.6 Cellular Respiration:

m Tutorials ﬂ Videos

3.2 Endosymbictic Theory 3.5 Human Sperm
3.3 Osmosis and

Tonicity * Sodium-

Patassium Pump

3.4 Endomembrane

Systam

3.6 Energy of Activation

» Cellular Respiration

Media Study Tools includes a table
that shows students the animations,
videos, and multimedia assets

that are available to further explain
difficult topics. These may be used
as tutorials for the students, and

| may assign the accompanying
Connect activities to gauge whether
my students understand the content.

/
Post-Class
Assessment and
Integration
Apply content and
build critical thinking
"

THINKING CRITICALLY ABOUT THE CONCEPTS

In the case study at the beginning of the chapter, the child had
malfunctioning lysosomes, which caused an accumulation of fatty acid
in the system. Each part of a cell plays an important role in the
homeostasis of the entire body.

1. What might occur if the cells of the body contain malfunctioning
mitochondria?

2. What would happen to homeostasis if enzymes were no longer
produced in the body?

3. Knowing what you know about the function of a lysosome, what
might occur if the cells” lysosomes are overproductive instead
of malfunctioning?

CONNECTING THE CONCEPTS

The movemnent of materials across a plasma membrane is
crucial to the maintenance of homeostasis for many organ
systems in humans, For some examples, refer to the following
discussions:

Section 9.3 examines how nutrients, including glucose, are
moved into the cells of the digestive system.

Section 11.4 investigates how the movement of salts by the
urinary system maintains blood homeostasis.

Section 21.2 explains the patterns of inheritance associated
with cystic fibrosis.

Traditional end-of-chapter summaries and review
questions provide students with an opportunity for
low-stakes assessment of their comprehension of the
chapter’s topics.

The Connecting the Concepts box at the end of

each section helps students understand how the main
concepts of the chapter relate to other areas of the text,
building a deeper understanding of the content.



Author’s Guide to the Digital Classroom

Using reports from within the LearnSmart
system, especially the Most Missed
Questions report, | am able to identify areas
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| generally assign 20-30 minutes of SmartBook 3-5 days before class. The assignments cover only the
core topics for the upcoming lesson.



report types

assignment resuits
See student scores in high, medium and low ranges

student performance
Quickly review an indivmdual student's parformance

assignment statistics
Mean nighest Iowest SCores on each assignment

tem analysis
How your students scored on each assignment tem

During class | can focus on engaging the students with the
relevancy of the content using the BioNow Sessions videos,
active learning exercises, and animations. Tegrity lecture capture
lets my students review these concepts later.

Using feedback from the
LearnSmart reports, | am
able to design Connect

category analysis
Performance based on ilem calegory crilera you choose

) assignments that act as
tutorials that target the
concepts my students are
struggling with.

Post-Class
Connect Gl
Apply cortent and i -E
build critical thinking - / [ =]
o
/ f T r— e i ey e
' 5.1 The Cell Cycle
oo 2 @
none-
| .
= .
=
% I Cell Cycle Tutorials 0 " g
=
. Cell Division Quiz
% P 0 i @

The Connect reports allow me to assess whether my students

have met the learning objectives.

The quizzing option within Connect allows me to develop

assessments for any classroom environment.
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Engaging Your Students

Today’s science classroom relies heavily on the use of digital assets, including animations
and videos, to engage students and reinforce difficult concepts. Human Biology 14e
includes two resources specifically designed for the introductory science class to help you
achieve these goals.

BioNow Sessions Videos y A NEECT

A relevant, applied approach
allows your students to feel they
can actually do and learn biology
themselves. While tying directly
to the content of your course, the
videos help students relate their
daily lives to the biology you teach
and then 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 any regular person
could perform, so your students
see the science as something they
could do and understand. A 27-video series narrated and produced by Jason Carlson

003

The tutorials in this series were prepared to assist
students in understanding some of the more difficult
topics in biology. Each of the videos explores a
specific figure in the text.

For students, these act as informal office hours,
where they can review the most difficult concepts in
the chapter at a pace which helps them learn.

Instructors of hybrid and flipped courses will find
these useful as online supplements.

nght venincle

A 36-animation series narrated by Michael Windelspecht and produced by
Ricochet Creative Productions, LLC
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This edition of the text includes the addition of a new chapter, Chapter 8
“The Biology of Infectious Diseases.” This new chapter combines the
material on prokaryotic cells and viruses previously located in Chapter 7
with the Infectious Disease Supplement.

The chapter opener for Chapter 1: Exploring Life and
Science has been revised to include new information from the sci-
ence of exobiology. Section 1.3 has been reworked to include a
new diagram of the scientific method (Fig. 1.7) and discussion of
the scientific process. A new Science feature “Discovering the
Cause of Ulcers” has been added. Section 1.5 now focuses on the
scientific challenges facing human society.

Unit 1: Human Organization

Chapter 2: Chemistry of Life contains a new figure on the structure
of a nucleotide (Fig. 2.24). Chapter 3: Cell Structure and Function
has been reworked to include a more detailed description of the en-
ergy reactions (section 3.6) and includes additional information on
the energy of activation (Fig. 3.19). Chapter 4: Organization and
Regulation of the Body Systems has a new Science in Your Life box
on how cancers are named.

Unit 2: Maintenance of the Human Body

Chapter 5: Cardiovascular System: Heart and Blood Vessels
contains a new Science in Your Life box on the safety of statins. The
content on prokaryotic cells and viruses has been moved from
Chapter 7: The Lymphatic and Immune Systems to Chapter 8.
The chapter also now contains a new Health feature on adult vac-
cination schedules. Chapter 8: Biology of Infectious Diseases is a
new chapter that combines content from the previous edition on

C HAPTER

8

Biology of
Infectious
Diseases

CASE STUDY: BIRD FLU: H5N1 AND H7N9 CHAPTER CONCEPTS
5N1 is commonly called the bird flu or avian flu. However, his influenza
virus infects more than just birds. Since 2003, over 600 people have

been infected with HSN1. While cases of HSN1 are stillrare, there is a 60% e D O T R

mortality rate among individuals who are exposed to HSN1, making it a 8.2 Infectious Diseases and Human

concern of health officials around the world. And HSN1 is not the only form Health

of bird lu. In 2013, a new strain of avian flu, called H7N9, was reported in Epidemiology s the study of diseases in

Southeast Asia. Although present in bird populations for some time, H7N9 o G ST s

are used to describe disease outbreaks. HIV/

has just recently made the jump to humans. While both HSN1 and H7N9 X L e

-annot toanother, othe examples of pandemic diseases.

easily passed between people. 8.3 Emerging Diseases
In this chapter, we will see that certain viruses and other microbes, St e eee s aaates (o fore

never before been seen, as well as those

previously recognized in a small number of
people n solated settings. Diseases that have
been present throughout istory, but not known
to be caused by a pathogen, are also considered

8.1 Bacteria and Viruses
Bacteria and viruses are microbes that are

such as bacteria, are the cause of many serious diseases in plants and ani-
mals, including humans. The reason is that microbes such as the HSN1
virus have the ability to evolve, often fast enough to outmaneuver our own
immune systems and our abilty to develop effective immunizations and
medical treatments. However, not all microbes cause illness. Our skin is DT TS S T s
home to over 180 different bacterial species, and our guts are full of bacte- are previously known diseases undergoing

ria that as h digestion. that oil surgence, often due to human carelessness.
spills, treating sewage, and even producing human proteins through ge- 8.4 Antibiotic Resistance

netic engineering. In addition, microbes are an essential component of eco- Misuse of antibiotics has led to the selection of
systems. Archaea and bacteria are at the base of the tree of ife and were antibiotic-resistant organisms. Some organisms
the first living organisms on Earth. Surprisingly, molecular biologists tell us s e o sdi NG tes st ceslndines)
we are more closely related to archaea than to bacteria. In this chapter, we RN T D

examine these amazing microbes—viruses and prokaryotes.

As you read through the chapter, think about the following questions:

1. Based on the characteristics shared by all living organisms, should
viruses be considered living?

2. Although  why tial to fe?

BEFORE YOU BEGIN

this chapter, take a few moments to.
review the following discussions:

Section 1.1 What are the basic characteristics of
living organisms?

Section 7.4 Whatis the role of a T cellin the immune
response?

Section 7.5 How do immunizations protect an
Individual against disease?

149
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prokaryotic cells, viruses, and infectious diseases. The chapter also
contains new content on MERs. The mechanisms of breathing con-
tent in Chapter 10: Respiratory System now contains references
to Boyle’s Law.

Unit 6: Human Genetics

Chapter 19: Patterns of Chromosome Inheritance contains a new
comparison of meiosis I and meiosis II (Figure 19.10) that makes it
easier to identify the differences between these processes. The section
on meiosis (section 19.4) now includes the content on spermatogene-
sis and oogenesis. The comparison of mitosis and meiosis
(Fig. 19.14) is set in a new format. A new illustration of nondisjunc-
tion (Fig. 19.15) is provided in the chapter. Chapter 21: Patterns of
Genetic Inheritance has had new examples of human Mendelian ge-
netic traits added (Figs. 21.1 to 21.7). Chapter 22: DNA Biology and
Technology has been updated with new figures on semi-conservative
replication (Fig. 22.2) and translation (Fig. 22.10). The content on re-
productive and therapeutic cloning has been moved to this chapter.

Unit 7: Human Evolution and Ecology

Chapter 23: Human Evolution has been updated to contain new in-
formation on human evolution (section 23.5). Also included are a re-
vised graph of human evolution (Fig. 23.16) and a new image of early
human migration patterns (Fig. 23.19). Chapter 24: Global Ecology
and Human Interferences begins with a new chapter opener on the
wolves of Yellowstone. The chapter also contains a new graphic of the
major terrestrial biomes (Fig. 24.1). Chapter 25: Human Population,
Global Resources, and Conservation now includes a new Science
feature on wildlife conservation and DNA.

i Homo habilis Homo sapiens
ramidus afarensis alricanus -
iy, Homo sapiens|
\ ~ o !
b i ” Homo neandertalensis
[ . 1 - M zzA
| w @ Homo heidelbergensis
EZZZ77A
Homo erectus
Homo ergaster
===—A
Homo habilis

Australopithecus sediba
Australopithecus africanus
= =

Australopithecus afarensis

Ardigrlhecus ramidus Paranthropus boisei
B —

Paranthy
Sahelanthropus tchadensis aranthropus robustus
[ —— ==
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Figure 23.16 Human evolution.

ISeveral groups of extinct hominins preceded the evolution of modern humans. The groups have been divided into the early humanlike hominins
(orange), later humanlike hominins (green), early Homo species (lavender), and finally the later Homo species (blue). The cross marks indicate
lareas where current research is focusing on combining groups into single species.

Eurasia

Figure 23.19 Migration of early Homo from Africa.
The dates indicate the migration of early Homo erectus from Africa.’

"Derived from “Evolution of Early Homo: An Integrated Biological Perspective,”
S. Antén et al., Science 4 July 2014: 345 (6192).
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Dr. Sylvia Mader represents one of the icons of science education.
Her dedication to her students, coupled to her clear, concise writ-
ing style, has benefited the education of thousands of students
over the past 4 decades. As an educator, it is an honor to continue
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CASE STUDY:

THE SEARCH FOR LIFE

hat do Enceladus, Europa, Titan, Mars, and Earth all have in common?

Besides being part of our solar system, they are all at the frontline of
our species’ effort to understand the nature of life.

You may never have heard of Enceladus (shown above) or Europa, but
they are both now prime candidates to harbor life outside of Earth. Encela-
dus is one of Saturn’s moons, and Europa orbits Jupiter. Why are these
moons so special? Because scientists believe that both of these moons
contain water, and plenty of it. While both Enceladus and Europa are far from
the sun, the gravitational pull of their parent planets means that beneath the
frozen surface of both of these moons may be an ocean of liquid water. And
as we will see, water has an important relationship with life.

Titan is the second-largest satellite in the solar system, larger than even
our moon. Although it is in orbit around Saturn, and thus located some dis-
tance from the influence of the sun, Titan has become a focal point for the
study of extraterrestrial life since the NASA space probe Cassini-Huygens
first arrived at Saturn in 2004. Cassini has detected the presence of the build-
ing blocks of life on Titan, including lakes of methane and ammonia, and vast
deposits of hydrogen and carbon compounds called hydrocarbons.

On Earth, scientists are exploring the extreme environments near vol-
canoes and deep-sea thermal vents to get a better picture of what life
may have looked like under the inhospitable conditions that dominated at
the time we now know life first began on our planet. On Mars, there is evi-
dence that water may still be present on this planet, raising the hopes that
we may still find evidence of early life there.

In this chapter, we will explore what it means to be alive. By looking to
other areas of our solar system, we may develop a better understanding of
how life first developed and our place in the universe.

As you read through the chapter, think about the following questions:

1. What are the basic characteristics that define life?

2. What evidence would you look for on one of these moons that would tell
you that life may have existed on them in the past?

3. What does it tell us if we discover life on one of these moons and it
has characteristics similar to those of life on Earth? What if it is very
different?

Exploring Life
and Science

CHAPTER CONCEPTS

1.1

1.2

1.3

1.4

1.5

The Characteristics of Life

The process of evolution accounts for the
diversity of living organisms and explains why all
life shares the same basic characteristics.

Humans Are Related to Other Animals
Humans are eukaryotes and are further classified
as mammals in the animal kingdom. We differ
from other mammals, including apes, by our
highly developed brain, upright stance, creative
language, and ability to use a wide variety of tools.

Science as a Process

Biologists use the scientific process when they
study the natural world. A hypothesis is formulated
and tested to arrive at a conclusion. Theories
explain how the natural world is organized.

Making Sense of a Scientific Study
Data are more easily understood if results are
presented in the form of a graph and are
accompanied by a statistical analysis.

Challenges Facing Science
Technology is the application of scientific
information. Many challenges, including climate
change and loss of biodiversity, are being
studied by scientists.
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1.1 The Characteristics of Life

LEARNING OUTCOMES B |

Upon completion of this section, you should be able to

1. Explain the basic characteristics that are common to all
living organisms.

2. Describe the levels of organization of life.

3. Summarize how the terms homeostasis, metabolism,
development, and adaptation all relate to living organisms.

4. Explain why the study of evolution is important in
understanding life.

The science of biology is the study of living organisms and their
environments. 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 stim- MP3

uli, (5) reproduce and grow, and (6) have an evo- | Life
== ) Characteristics

lutionary history.

Life Is Organized

Figure 1.2 illustrates the levels of biological organization. Note that,
at the bottom of the figure, atoms join together to form the molecules
that make up a cell. A cell is the smallest structural and functional
unit of an organism. Some organisms, such as bacteria, are single
cells. Humans are multicellular, because they are composed of many

medicinal leech

meerkats

Figure 1.1 All life shares common characteristics.

different types of cells. A nerve cell is one of the types of cells in the
human body. It has a structure suitable to conducting a nerve impulse.

A tissue is a group of similar cells that perform a particular
function. Nervous tissue is composed of millions of nerve cells that
transmit signals to all parts of the body. Several types of tissues
make up an organ, and each organ belongs to an organ system.
The organs of an organ system work together to accomplish a com-
mon purpose. The brain works with the spinal cord to send com-
mands 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 indi-
vidual. All the members of one species (a group of interbreeding
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 populations interacts with the
physical environment to form an ecosystem. Finally, all the Earth’s
ecosystems collectively make up the biosphere (Fig. 1.2, top).

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 that there are well over
100 trillion cells in a human body.

From the simplest one-celled organisms to complex plants and animals, all life shares several basic characteristics.
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Figure 1.2 Levels of biological organization.
Life is connected from the atomic level to the biosphere. While the

cell is the basic unit of life, it comprises molecules and atoms. The

Biosphere
sum of all life on the planet is called the biosphere.

Regions of the Earth's cru
waters, and atmosphere inhabite
by living organisms

}

Ecosystem
A community plus the physical environment

Community
Interacting populations in a particular area

T

Population
Organisms of the same species
in a particular area

T

Organism
An individual; complex individuals
contain organ systems

f

Organ System
Composed of several organs
working together

f

Organ
Composed of tissues functioning
together for a specific task

f

Tissue
A group of cells with a common
structure and function

T

Cell
The structural and functional
unit of all living things

T

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

f

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

shoot
system
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Organisms Acquire Materials and Energy

Humans, like all living organisms, cannot maintain their organiza-
tion or carry on life’s activities without an outside source of mate-
rials and energy. Humans and other animals acquire materials and
energy when they eat food (Fig. 1.3).

Food provides nutrient molecules, which are used as building
blocks or for energy. It takes energy (work) to maintain the organi-
zation of the cell and of the organism. Some nutrient molecules are
broken down completely to provide the energy necessary to con-
vert other nutrient molecules into the parts and products of cells.
The term metabolism describes all the chemical reactions that
occur within a cell.

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 molecules, such as sugars, that serve as the basis of the
food chain for many other organisms, including humans and all
other animals.

Figure 1.3 Humans and other animals must

acquire energy.

All life, including humans (a) and other animals, such as this red-
tailed hawk (b), must acquire energy to survive. The method by
which organisms acquire energy is dependent on the species.

Organisms Maintain Homeostasis

For the metabolic pathways within a cell to function correctly, the
environmental conditions of the cell must be kept within strict
operating limits. The ability of a cell or an organism to maintain an
internal environment that operates under specific conditions is
called homeostasis. In humans, many of our organ systems work
to maintain homeostasis. For example, human body temperature
normally fluctuates 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 A.M. and 4 A.M., and the highest usually occurs
between 6 p.M. and 10 p.Mm. However, activity can cause the body
temperature to rise, and inactivity can cause it to decline. A num-
ber of body systems, including the cardiovascular system and the
nervous system, work together to maintain a constant temperature.
However, the body’s ability to maintain a normal temperature is
somewhat dependent 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 gases 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.
Throughout the text, the Connecting the Concepts sections will
provide you with links to more information on homeostasis.

Organisms Respond to Stimuli

Homeostasis would be impossible without the body’s ability to
respond to stimuli. 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 ves-
sels 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 musculoskel-
etal systems. The leaves of plants track the passage of the sun dur-
ing 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 or in response to a stimulus, constitutes a large part of its
behavior. Some behaviors help us acquire food and reproduce.

Organisms Reproduce and Grow

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, recog-
nized by an increase 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 adult-
hood. Development also includes the repair that takes place follow-
ing an injury.

The genetic information of all life is deoxyribonucleic acid,
or DNA. 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 that 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,
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Figure 1.4 Growth and development define life.

a. A small acorn becomes a tree, and (b) following fertilization,
an embryo becomes a fetus by the process of growth and
development.

mutations cause minor variations in these genes, potentially
causing an organism to be better suited for its environment.
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 Chapter 23). 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 that
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 environment
is very low in oxygen. As the Science feature, “Adapting to Life at
High Elevations,” investigates, these populations have evolved an
adaptation that actually 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 which will continue as long as life exists, explains both the
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Adapting to Life at High Elevations

Humans, like all other organisms, have an evolutionary history.
This means not only that we share common ancestors with other
animals but also that over time we demonstrate adaptations to
changing environmental conditions. One study of populations liv-
ing in the high-elevation mountains of Tibet (Fig. 1 A) demonstrates
how the processes of evolution and adaptation influence humans.

Figure 1A

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

Normally, if a person moves to a higher altitude, his or her
body responds by making more hemoglobin, the component of
blood that carries oxygen, which thickens 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), this can present a number of health problems, includ-
ing 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 thick-
ens and becomes more viscous. This can cause elevated blood

unity and the diversity of life. All organisms share the same char-
acteristics of life because their ancestry can be traced to the first
cell or cells. Organisms are diverse because they are adapted to
different ways of life.

CHECK YOUR PROGRESS

@ Describe the basic characteristics of life.
Summarize the levels of biological organization.

e Explain the relationship between adapations and
evolutionary change.

pressure, or hypertension, and an increase in the formation of
blood clots, both of which have negative physiological effects.

Because high hemoglobin levels would be a detriment to
people at high elevations, it makes sense that natural selection
would favor individuals who produced less hemoglobin at high
elevations. Such is the case with the Tibetans in this study. Research-
ers 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.
EPSA]I produces a transcription factor, which 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 their version greatly reduces
the production of hemoglobin. Therefore, the Tibetan population has
lower hemoglobin levels than people living at lower altitudes, allow-
ing 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? Modern genetic analysis allows scien-
tists to model the rate of evolutionary change. By comparing
these genes in high-elevation and low-elevation Tibetan popula-
tions, the researchers were able to determine that the process
probably occurred over less than 3,000 years. If we use a 25-year
generation time for humans, that means that the adaptation to the
high-elevation environment probably took less than 120 genera-
tions for this Tibetan population.

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 that 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 evo-
lution, 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. Describe the relationship between humans and the
biosphere, as well as the role of culture in shaping
that relationship.

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, domain Bacteria and domain Archaea,
contain prokaryotes, one-celled organisms that lack a nucleus.
Organisms in the third domain, Eukarya, all contain cells that pos-
sess a nucleus. Some of these organisms are single-celled; others
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are multicellular. Domain Eukarya is divided into one of four
kingdoms (Fig. 1.6)—plants (Plantae), fungi (Fungi), animals
(Animalia), and protists (Protista). Most organisms in kingdom
Animalia are invertebrates, such as earthworms, insects, and mol-
lusks. Vertebrates are animals that have a nerve cord protected by
a vertebral column, which gives them their name. Fish, reptiles,
amphibians, and birds are all vertebrates. Vertebrates with hair or
fur and mammary glands are classified as mammals. Humans, rac-
coons, seals, and meerkats are examples of mammals.

Humans are most closely related to apes. We are distinguished
from apes by our (1) highly developed 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 from our
cousins, because we are contemporaries—living on Earth at the
same time.

# BACTERIA S ¢ J

@)
A
common
ancestor # ARCHAEA
(first cells)
# Protists mj
O F})
# Plants %l
EUKARYA O 'N$
# Fungi \
O
[Jdomains £ Q\\
[Jkingdoms # \\—, v 4
Animals -
(O common ancestor -
I T T T T T T T ]
4.0 B15) 3.0 25 2.0 1.5 1.0 0.5 0

Billions of Years Ago (BYA)

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).

A geologic timescale is provided on the bottom for reference.
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Domain Eukarya; Kingdom Protista

¢ Algae, protozoans,
slime molds, and
water molds

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

* Absorb, photosynthesize,
or ingest food

Paramecium, a single-celled protozoan

Domain Eukarya; Kingdom Fungi

1 eMolds, mushrooms, yeasts,
and ringworms

*Mostly multicellular filaments with
specialized, complex cells

* Absorb food

Cantharellula, a club fungi

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

*Multicellular, usually with
specialized tissues,
containing complex cells

* Photosynthesize food

Phalaenopsis, orchid, a flowering plant

Domain Eukarya; Kingdom Animalia

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

*Multicellular with
specialized tissues
containing complex cells

*Ingest food

Vulpes, a red fox

Domain Archaea

* Prokaryotic cells
of various shapes
* Adaptations to
extreme environments
* Absorb or
chemosynthesize food
* Unique chemical
characteristics

33,200

Sulfolobus, an archaean

Domain Bacteria

- *Prokaryotic cells
of various shapes
* Adaptations to
all environments
* Absorb, photosynthesize,
or chemosynthesize food
* Unique chemical
characteristics

" Do, 5,500

E.coli, a bacterium

Figure 1.6 The classification of life.

This figure provides some of the characteristics of the organisms of each of the major domains and kingdoms of life. Humans belong to the

domain Eukarya and kingdom Animalia.

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
allows us to communicate information and experiences symboli-
cally. We are born without knowledge of an accepted way to
behave, but we gradually acquire this knowledge by adult instruc-
tion and the imitation of role models. Members of the previous
generation pass on their beliefs, values, and skills to the next gen-
eration. 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. How-
ever, a society highly dependent on science and technology has its
drawbacks as well. Unfortunately, this cultural development may
mislead us into believing 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 can clean up
pollutants like heavy metals and pesticides.

Freshwater ecosystems, such as rivers and lakes, provide fish
to eat, drinking water, 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 recre-
ational activities like hiking and camping.



How many humans are there?

As of the end of 2014, it was estimated that there were over
7.2 billion humans on the planet. Each of those humans needs
food, shelter, clean water and air, and materials to maintain a
healthy lifestyle. We add an additional 80 million people per
year—that is like adding ten New York Cities per year! This
makes human population growth one of the greatest threats to
the biosphere.

CHECK YOUR PROGRESS

@ Define the term biosphere.

Explain why it is important to know the evolutionary
relationships between organisms.

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

CONNECTING THE CONCEPTS

To learn more about the preceding material, refer to the follow-
ing 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.

Observation

}

Hypothesis 1
Potential i
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1.3 Science as a Process

LEARNING OUTCOMES R

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.

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 infor-
mation, whereas subjective observations involve personal judg-
ment. 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 find-
ings. New findings are often made because of recent advances in
techniques or equipment.

The Scientific Method Has Steps

Unlike other types of information available to us, scientific infor-
mation is acquired by a process known as the scientific method
(Fig. 1.7). It is important to note that the scientific method provides
a general framework for how scientists study the world around

Reject

Reject

Hypothesis 2
hypotheses Hypothesis 3 —> Prediction —> Experiment —> hypothesis 1
Remaining Hypothesis 2
possible : —> Prediction —— Experiment —- |, othesis 2
hypotheses Hypothesis 3 P

Last remaining

possible Hypothesis 3

hypothesis Modify hypothesis

}
I—l Predictions I—I

Experiment 1 Experiment 2 Experiment 3

‘ | |
Predictions

confirmed

Experiment 4

Conclusion

Figure 1.7 The scientific method.

On the basis of new and/or previous
observations, a scientist formulates a hypothesis.
The hypothesis is tested by further observations
and/or experiments, and new data either support
or do not support the hypothesis. The return
arrow from experiment 4 indicates that a scientist
often chooses to retest the same hypothesis or to
test a related hypothesis. Conclusions from many
different but related experiments may lead to the
development of a scientific theory. For example,
studies pertaining to development, anatomy, and
fossil remains all support the theory of evolution.





