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Discover Biology, Develop Skills,
and Make Connections

Since its trailblazing First Edition, Biological Sciences has delivered numerous biology
teaching innovations that emphasize higher-order thinking skills and conceptual
understanding rather than an encyclopedic grasp of what is known about biology.
Central to this shift is a student-centered approach that provides support for mastering
core content and developing skills that help students learn and practice biology.

This model represents the ... Ultimately
i .. .1o become .. . and then to apply )
overarching goal of the Seventh Gk A e what they have learned completing the course
Edition: To help novice learners : o as expert learners who
through practice . . . to new situations . . .
progress from instruction . . . think like biologists.
Instruction Practice Application = /
Content LR
Skills J

Thinking like
a biologist




Making Connections Through

NEW Integrative End of Unit Case Study is introduced following Chapter
1. Each unit concludes with a 2-page spread that continues the story, guiding
students through an exploration of key biological elements and scientific

data. A unifying story about the evolutionary arms race between newts and
garter snakes unfolds to illustrate how biology concepts and the various sub-
disciplines of biology are connected across multiple levels from molecules, cells,
and genetics to evolution and diversity, physiology, and ecology. Materials in
Mastering Biology support in-class and out-of-class activities.
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Introduction: Mystery of the Newt p. 17

Unit 1: What's So Toxic About Tetrodotoxin? pp. 142-3

Unit 2: How Did the Newt Become So Toxic? pp. 276-7

Unit 3: How Can Mutations Save a Snake? pp. 446-7

Unit 4: Are Garter Snakes and Newts Engaged in an Arms Race? pp. 530-1

Unit 5: Are Newts Adapted to Kill Humans? pp. 720-1

Unit 6: Can Plant Compounds Perform a Role Similar to Newt Tetrodotoxin? pp. 836-7
Unit 7: Do Garter Snakes Resistant to TTX Experience Trade-Offs? pp. 1052-3

Unit 8: What Is the Larger Ecological Context of Toxic Newts? pp. 1188-9



Every Chapter and Unit

= Modules

Overview

Introduction

Leamning Objectives

Prerequisites

Updated “Put It
All Together”
Case Studies
appear at the end
of every chapter and
provide a sample

of contemporary
biology research in
action. Each case
study poses questions
that help students
connect what they
learn in class with
current, real-world
biology research. At
least one question
requires students to
analyze real data or
apply quantitative
skills.

Biological Science, Seventh Edition
Ready-to-Go Teaching Modules

UNIT 4

Before Class During Class After Class

+ PUT IT ALL TOGETHER: Case Study

Are toucans important to tropical forests?

Human activities are causing the fragmentation of the Brazilian
Atlantic rain forest. One result is that toucans have become extinet
or nearly extinet in some of the forest fragments. Does the absence of
toucans affect the forest?

11. Toucans disperse seeds of key forest species such as jucara palms
by eating the fruit and defecating the seeds in new locations,
sometimes more than a kilometer away. If there are no toucans,
is the genetie diversity of palms likely to increase or decrease
within forest fragments? Why?

a. increase (due to increased genetic drift)

b. decrease (due to decreased gene flow)

c. decrease (due to decreased mutation rate)

d. decrease (due to decreased natural selection)

12. QUANTITATIVE Toucans can eat fruits with large seeds because
their large bills can open wide. Most other birds in the same
forest can only eat small seeds. Ecologist Mauro Galetti and his
colleagues measured the seed sizes of palms in forest fragments
with and without toucans. The graphs show two of the forest

7%\

Are Garler Snakes and Newts Engaged in an Arms Race? ‘.pe

1

©

14.

1

“o

16.

NEW The End-of-
Unit Case Studies
are supported

by Ready-to-Go
Teaching Modules
in Mastering Biology
that provide pre-
and post-class
assignments as well
as a wealth of ideas
for in-class activities.
These resources

will help enliven
your class time and
provide students
with opportunities to
apply what they are
learning.

populations they studied. What is the take-home message of
the data?
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Source: M. Galetti, R. Guevara, and M. C. Cortes, et al. 2013 Science 340
1086—1090.

. Do these data illustrate directional, stabilizing, disruptive, or

balancing selection? Justify your answer in terms of fitness.

Large seeds carry more resources than small seeds and tend to
have a higher rate of survival, especially after being dispersed by
a bird. Predict how the local extinction of toucans will affect the
palm population over time.

. PROCESS OF SCIENCE The data in the graphs are from two of

the 22 forest fragments studied by the researchers: 7 with
toucans present, 15 with toucans absent. Why do you think the
researchers bothered to study so many forest fragments?

SOCIETY If you were a journalist covering this story, how could
you use data from this study to respond to the following social
media post? “Evolution is a slow process. Humans do not cause
evolution in other organisms.”



Developing Skills with

NEW 24 Interactive Figures with
Walkthrough Videos help students
develop skills to interpret figures, as well

as develop a better understanding of key
concepts. Figure Walkthrough Videos are
embedded in Pearson eText for viewing

at the initial point of learning and also

 lon i e of the celt i assignable in Mastering with questions that
help students practice working with visuals.

The BioSkills reference section appears between
Chapters 1 and 2, drawing attention to key

skills students need to succeed in biology. This A
compendium of easy-to-find reference material i
supports skill development throughout the course. - BigSkills
Each BioSkill includes practice exercises in the book, .
questions in the Study Area of Mastering, and
assignable, skill-reinforcing activities in Mastering.

Asking Questions and Desiging Stuies

‘Ghapter 1: Introduces cure principies and best practices
Bi Pisturs 1: Provides a visual summary of how to think like a biologist

The narraive throughout the text models how o hink ikea bialagist,
Inciuding end-af-chaptar and end-of-unit case studies.

Research bores, graphs, and othe visval models in each chapter help
you ovisualae scintiic ideas.

Guantifying Biology Using Common Lah Tools Visualiaing Siology

1: ising the Metic System aad 6: Separating and Visualzing 12: Reading and Making Visual 5 Translating Greek and Latin
Significant Figures Molecules Models Roots n Biciogy
2 Reading and Making Graphs 7 Saparating Gall Gomponents 13: Reading and Making & Reading and Citng the
by Centriigation Phylagenic Tress Primary Uerature

% Interpreting Standard Ervor
Bare and Using Statistical 8:Using
9: Using Microscopy
& Working with Probabilties 10: Using Wolecular Bioogy
§: Using Logarithms Taoks and Techniques
11: Using Cell Gultre and
Model Organisms as Tools

14
Stuctures

See2: Reading and Making
aphs

o |
17 Recogniaing and Corecting Misconceplions
118, Using Bloam's Taxonomy or Study Success



Interactive and Engaging Content

‘ Making Models 5.1 Tips on Drawing Carbohydrates

Drawing simple models Is the best way to understand the
structures of monosaccharldes and glycosldic linkages. In these
models, focus on the overall shape of each monomer and how the
monomers' carbons are numbered, You can keep the drawings
simple by showing only the hydroxyl groups on the carbons belng
linked together, as in these examples based on a-glucose:

0

4 i
Ho P oH

a-Galucose

b
0 0
I
,gog_zon

a-14-Glycosidic linkage

MODEL Use the examples above and Figure 5.4b to draw simpli-
fied models of a B-glucose monosaccharide and a B-glucose
disaccharide with a B-1,4-glycosidic linkage.

To see this model in action, o o e Study Area of Mastering Biology [

Dynamic whiteboard
videos support each
Making Models
box, bringing the
modeling activity to life
and helping students
better understand how
to interpret and build
models. The videos are
embedded in the eText,
available in the Study
Area, and assignable
as homework in
Mastering Biology.

Making Models boxes explicitly teach students how
to use visual models to learn and do biology. 45 boxes
throughout the book guide students in deepening their
understanding of modeling and of biology concepts. Making
Models are also available for self-study in the Study Area
and assignable with questions in Mastering.
3 NEW Making Models boxes are:

Ch. 5: Tips on Drawing Carbohydrates

Ch. 40: Tips on Drawing Arrows

Ch. 48: Tips on Drawing Immune System Processes
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Guiding Students to Learning

This chapter explores
how plants move water
from their roots to their
leaves and how they
transport sugars to
all of their tissues—
sometimes over great
& distances.

Big Picture
Concept Maps
help students review
key ideas. Words and
visuals are integrated
in these 2-page
spreads to help
students synthesize
information about
challenging topics
that span multiple
chapters or units.
Accompanying
question sets
encourage students
to analyze important
patterns within

each Big Picture.
Mastering Biology
provides related
mapping activities
and questions to
help students work
on higher order
problems.
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and Increasing Engagement

_Yreguton | Hallmark Blue-Thread questions throughout the
L o A text encourage students to engage with content,

> think like biologists, and monitor their learning.
There are a variety of question types throughout
the text to help students retrieve and apply
information and practice skills at all cognitive levels
of Bloom's taxonomy.

" Hypothalamus

-4 Anterior
.. pituitary

Adrenal
gland

Kidney Cortisol €O is stored at night ... .. and used during the day.

Targets i
tissues ¥ 3PGA
throughout
body
Calvin
cycle
RuBP

Figure 46.14 The Interaction between Cortisol, ACTH, and

CRH Is an Example of Negative Feedback.
4 o Figure 10.25 In CAM Plants, Carbon Fixation Occurs at Night and the Calvin Cycle Occurs during the Day.
+/ PROCESS OF SCIENCE Use the figure to devise a test for adrenal 2 : g ¥ g o
3 3 « At what part of the day would there be the highest concentration of four-carbon organic acids in the vacuoles
failure in humans. of CAM plants?

Hear from every student with Learning Catalytics. Utilizing a variety of question types,
students recall ideas, apply concepts, and develop critical-thinking skills. Students respond
using smartphones, tablets, or laptops. Responses are monitored in real-time and allow you
to see what your students do—and don’t—understand. Instructors can create their own
questions, draw from community content, or access Pearson’s library of question clusters.
Focused on key topics, the clusters consist of 2-5 questions about a single data set or scenario.

learning |catalytics i b | P B e N
Questions  Classrooms  Training and Support Help  Feedback

My Courses > Freeman Ge > Biology

== #Gdi 18 Beviewsialis @ Cosste OF % Dalete modile

- wmpo™ 1 2 3 4 5 slp s 9 10 »

2 rogion
Meiosis and inhibitory Drugs Activity (3 of 4)

Cells are treated with Vineristine, & drug that inhibits microtubale formation, halting progress through meissis. indicate the phase in which you
pradict cefis would ramain fallowing traatmant with Vincristing.

, a8
§\) J

Answer




Multiple Levels of Assessment

24.1 How Are Species Defined and
Identified?

If your friend tells you she’s planning to study polar bears and griz-
zly bears for her summer research project, you'd likely know that
these animals are distinct species. But what if your friend is going
to compare forest eIephants .......................................................................
and savanna elephants of After you complete this section,
Africa? Are they the same spe- you should be able to. ..
cies or two different species? I Compare mechanisms of
Evolutionary biologists reproductive isolation.
have been wrangling with
the definition of species for
decades—how can you reli-
ably distinguish two or more
species of bears, elephants, or bacteria in the field or fossil
record? Although there is no single, universal answer, scientists
do agree there is a distinction between the general definition of a
species and the criteria used in the practical identification of spe-
cies in particular cases.

I Compare the advantages and
disadvantages of different
species concepts.

Check Your Understanding Questions at
the end of every section are tightly aligned to
the learning objectives for the section.

Steps to Building Understanding
Each chapter ends with three groups of questions that
build in difficulty

« TEST YOUR KNOWLEDGE
Begin by testing your basic knowledge of new information.

« TEST YOUR UNDERSTANDING
Once you're confident with the basics, demonstrate
your deeper understanding of the material.

« TEST YOUR PROBLEM-SOLVING SKILLS

Work towards mastery of the content by answering questions
that challenge you at the highest level of competency.

NEW Learning Objectives at the beginning
of every section make it clear what fundamental
content students should expect to learn and how
they should be able to apply that knowledge.

E CHECK YOUR UNDERSTANDING

+« If you understood this section, you should be able to . . .

1. Predict which mechanism of reproductive isolation played
a role in trumpeter speciation in the Amazon basin. Note:
Trumpeters cannot fly across large rivers.

2. Determine which species concept(s) could be used to
identify the number of trumpeter species in the Amazon.

Answers are available in Appendix A M
L

End-of-Chapter Questions are
organized in three levels-Test Your
Knowledge, Test Your Understanding, and
Test Your Problem-Solving Skills-so students
can build from lower- to higher-order
cognitive levels of assessment.



Help Students Learn and Practice

Blue Thread questions, throughout the text and figures, help students gauge their learning.

THE GLOBAL NITROGEN CYCLE
Major reservoir:

All estimated values in teragrams
] 9 Atmospheric nitrogen (Np)

(10" grams) of nitrogen per year (78% of atmosphere) Industrial poliution

(NO, NO,): 40

Industrial production
of fertilizer (120) and
burning of fossil Y
fuels (30): 150 -

Nitrogen-fixing
cyanobacteria:
140

Bacteria in mud
use N-containing
molecules as
energy sources,
excrete Ny: 355

Reservoir: 'r/; m
organisms: : ‘ L - e T e

et —
8000 Decomposition & | Assimilation

Lightning: 5

Reservoir:
Terrestrial
organisms:

Reservoir: soil =
Ammonia (NH;), ammonium (NH4*), nitrate (NO57)

o P

Figure 53.15 The Global Nitrogen Cycle. Nitrogen enters ecosystems as ammonia or nitrate via fixation from
atmospheric nitrogen. It is exported in runoff and as nitrogen gas given off by bacteria.
DATA: D. Fowler et al. 2013. Philosophical Transactions of the Royal Society B 368 (1621): 20130165.

+/ QUANTITATIVE Calculate the percentage of total nitrogen fixation (all downward-pointing arrows) that is caused by
human activities (black arrows).

Chapter Assessment Grids help instructors quickly identify suitable assessment questions
in the text according to learning outcomes, Bloom's taxonomy level, core concepts and core
competencies discussed in the Vision and Change in Undergraduate Biology Education report,
and when, applicable, common misconceptions.

BLOOMS TAXONOMY RANKING Blue Thread questions, including end-of-chapter pro.blems, ar.e ran!<ed
according to Bloom’s taxonomy and are assignable in Mastering Biology.
Each question is tagged to a publisher-provided Learning Outcome.
Instructors may also track their own Learning Outcomes using Mastering Biology.

When applicable, commeon student misconceptions are addressed
and identified with targeted questions.

Each guestion that covers a Core Concept from the Vision and Change
in Undergraduate Biology Education report is noted in the chapter assessment
grid and in Mastering Biology.

VISION & CHANGE
CORE CONCEPTS

Core Competencies from the Vision and Change in Undergraduate
Biology Education report are indicated in the chapter assessment grid and in
Mastering Biology.

VISION & CHANGE
CORE COMPETENCIES




Succeeding with Mastering Biology

Mastering Biology is the teaching and learning platform that empowers you to reach every student.
By combining trusted author content with digital tools developed to engage students and emulate the
office-hour experience, Mastering personalizes learning and improves results for each student.

NEW Early Alerts in
Mastering Biology uses
scores and behavioral data
Welcome o the Early Alorts! to help instructors identify
vy Aot s accrms et M) et N s yoi Gy iy s wh ity e SEUDING. IV SREURags You Y3 e Eaty Al S0 57000 W individual students at risk

students who mity need intarantion 1o be successhul. This feature is newly resassd in bets for seisct ities whils we continue o refine its capabiities. As you o
use Earty Alerts please use the Feedback inks 10 Submi your comments. Your feedback wil help us improve the proguct and make a real cliewice 10 of not pe rformi ng well

students. Get more «ifo on how Early Alerts works. . . . .
’ in the course. This insight
enables instructors to
6 Students High Risk. = 'ilbhﬁwsanHAlk & | 13Stucents No/Low Info provide informed feedback
-mu'n m B oo 29555
and support at the moment
el . struggling students need
o . it so they can stay—and

succeed—in the course.

Current Risk Levels 0

o%
1nagan? L 1eae

ms of Use| Copyright © 2018 Pearsan Education inc. Al Rights Pesenvod.

Ready-To-Go Teaching e
Modules offer prepared Teaching Modules
teaching tools for use
before, during, and after
class, including ideas for
in-class active learning.
The modules incorporate
the best that the text,
Mastering Biology, and
Learning Catalytics have
to offer and can be
accessed through the
Instructor Resources area
of Mastering Biology.




Personalizing Learning

and the Classroom

Dynamic Study Modules, based on the
latest developments in cognitive science, adapt
to student performance in real time to help stu-
QUESTION ANSWER dents study course topics. As a result, students
build the confidence they need to deepen their
understanding, participate meaningfully, and
perform better—in and out of class. Available
VOUWERE LURE AND 5 CORRECT on smartphones, tablets, and computers.

e devels will decrease

First Group

YOU WERE UNSURE AND 115 CORR

Adaptive Follow-Up Assignments provide each
student with targeted question sets that address the
specific concepts and skills he or she struggled with in the
original homework assignment.

Additional Mastering Resources
include: BioFlix, Graphlt! activities, HHMI
videos, animations, concept maps, new
tutorials, and many other tools to engage
students and bring concepts to life. Available
for self-study and assignment.




A Whole New Learning Experience

with Pearson eText

NEW Pearson eText is a simple-to-use, mobile-
optimized, personalized reading experience. It

0 allows students to easily highlight, take notes, and
A review key vocabulary all in one place. Instructors
. can share notes from their eText with students to
© e help focus student attention on important ideas.

@) Sreeigrighis

& specific subsirate, or combination of substruies,

There Is more 1o ackieving this ransition state than sinply sn enzyme bisding to its

substrates, however, Even if the reaction is spontancous, & certain amount of kinetic encrgy

called the activation energy '™ —is required to str e chemical bonds in substrates so
they can achieve the transition state, How do eneymes help clear the activation energy

hurdle?

Enzymes Lower the Activation Energy

Reactions happen when reactants have enough kinetic enesgy to avercome the activation

energy barrier

e kinetic energy of molecules, in turn, is a function of thei

(This is why reactions tend o proceed faster at higher

8110 graphs the changes in free energy that take place during the course of a

mical reaction. As you read along the x-axis from left 10 right, note that a dramatic rise in

frew encegy occurs when the reactants combing to form the transition state=followed by

ons May Be Driven Using Cherm

3 Energy

The 7th edition eText is accessible on computers, tab-
lets, and smart phones. To engage students, it includes em-
bedded multimedia carefully selected or created to support
key ideas in the text, including 45 Making Models videos, ow ke up your ody, and th o grmonie e ol o gl
- - . - dead and damaged ones. In contrast, you produce gametes —eggs or —~by a vanation
25 Figure Walkthrough videos, 12 interactive graphs, and 0 el i % e g Gl i S s o i
O\Ier 150 additional animations and Videos. h.\lfmnmn:)y\;mjmmm‘:- .xslI:;pyun:n',m‘.{.Mnmu.mnumm‘m.mgjuu:vllyu‘-ipﬁmhd'.i
B it e i i o s sk s e ot

number from 46 (two sets) to 23 (one set). Fertilization fuses two gametes logether and

returns the chromosome number 1o 46 (two sels), Mitosis thea conserves that number in

every somatic cell nsdleus of the new human individual. In Chapter 139, we will examine

the role of meiosis in reproduction and inheritance in more detail. In the remainder of this

chapter, we focus on mitosis and the rest of the cell cycle in cukaryotee.
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This garter snake, Thamnophis sirtalis, is a fearsome
predator. It devours whatever it can easily
overpower, including snails, slugs, earthwormes,
frogs, bird nestlings, mice—and newts. Can it
counter the deadly defense of the rough-skinned
newt (see back cover)? You'll find out the answer in
this edition of Biological Science, while exploring an
ongoing “evolutionary arms race” between snakes
and newts (see the case study at the end of Unit 4
on pages 530-531).
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