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1. Studying Life

1.1 What is Biology?

1.b.1 Organisms share many 

conserved core processes and 

features that evolved and are 

widely distributed among 

organisms today. 3-9

1.2 How is all life on Earth related?

1.b.2 Phylogenetic trees and 

cladograms are graphical 

representations (models) of 

evolutionary history that can be 

tested.  1.d.1 There are several 

hypotheses about the natural 

origin of life on Earth, each with 

supporting scientific evidence. 

1.d.2 Scientific evidence from 

many different disciplines 

supports models of the origin of 

life. 4.A.5: Communities are 

composed of populations of 

organisms that interact in 

complex ways. 4.B.2: 

Cooperative interactions within 

organisms promote efficiency 

in the use of energy and 

matter. 9-12

1.3 How do biologists investigate life? 13-16

1.4 How does biology influence public policy? 17-18
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2. Small Molecules and the Chemistry of Life

2.1 How does atomic structure explain the properties of matter?

4.A.1: The subcomponents of 

biological molecules and their 

sequence determine the 

properties of that molecule. 21-24

2.2 How do atoms bond to form molecules?

4.A.1: The subcomponents of 

biological molecules and their 

sequence determine the 

properties of that molecule. 25-29

2.3 How do atoms change partners in chemical reactions?

4.A.1: The subcomponents of 

biological molecules and their 

sequence determine the 

properties of that molecule. 30

2.4 What makes water so important for life?

4.A.1: The subcomponents of 

biological molecules and their 

sequence determine the 

properties of that molecule. 31-34

3. Proteins, Carbohydrates, and Lipids

3.1 What kinds of molecules characterize living things?

4.B.1: Interactions between 

molecules affect their structure 

and function. 39-41

3.2 What are the chemical structures and functions of proteins?

4.B.1: Interactions between 

molecules affect their structure 

and function. 42-49

3.3 What are the chemical structures and functions of 

carbohydrates?

4.B.1: Interactions between 

molecules affect their structure 

and function. 49-53

3.4 What are the chemical structures and functions of lipids?

4.B.1: Interactions between 

molecules affect their structure 

and function. 54-58

4. Nucleic Acids and the Origin of Life

4.1 What are the chemical structures and functions of nucleic 

acids?

3.A.1: DNA, and in some cases 

RNA, is the primary source of 

heritable information. 61-64



4.2 How and where did the small molecules of life originate?

1.d.1 There are several 

hypotheses about the natural 

origin of life on Earth, each with 

supporting scientific evidence. 

1.d.2 Scientific evidence from 

many different disciplines 

supports models of the origin of 

life. 65-68

4.3 How did the large molecules of life originate?

1.d.1 There are several 

hypotheses about the natural 

origin of life on Earth, each with 

supporting scientific evidence. 

1.d.2 Scientific evidence from 

many different disciplines 

supports models of the origin of 

life. 69-71

4.4 How did the first cells originate?

1.d.1 There are several 

hypotheses about the natural 

origin of life on Earth, each with 

supporting scientific evidence. 

1.d.2 Scientific evidence from 

many different disciplines 

supports models of the origin of 

life. 72-74

5. Cells: The Working Units of Life

5.1 What features make cells the fundamental units of life?

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 77-81

5.2 What features characterize prokaryotic cells?

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 82-83



5.3 What features characterize eukaryotic cells?

2.b.3 Eukaryotic cells maintain 

internal membranes that 

partition the cell into specialized 

regions. 4.A.2: The structure 

and function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 84-99

• Cytoskeleton (a network 

of structural proteins that 

facilitate cell movement,       

morphological  integrity,                  

organelle transport) 98-99

• Membrane-bound 

organelles (mitochondria 

and/or chloroplasts) 84, 86, 

92, 93

• Endomembrane systems, 

including the nuclear 

envelope 89-90

• Endoplasmic reticulum 

84, 89-90

• Endoplasmic reticulum 

84, 92

• Chloroplasts 84, 93

• Golgi 84, 86, 87, 90-91

• Nuclear envelope 85, 88

5.4 What are the roles of extracellular structures?

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 100

5.5 How did eukaryotic cells orginate?

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 101-104

6. Cell Membranes

6.1 What is the structure of a biological membrane

2.b.1 Cell membranes are 

selectively permeable due to 

their structure. 4.A.2: The 

structure and function of 

subcellular components, and 

their interactions, provide 

essential cellular processes. 106-119



6.2 How is the plasma membrane involved in cell adhesion and 

recognition?

2.b.2 Growth and dynamic 

homeostasis are maintained by 

the constant movement of 

molecules across membranes. 

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 111-113

6.3 What are the passive processes of membrane transport?

2.b.2 Growth and dynamic 

homeostasis are maintained by 

the constant movement of 

molecules across membranes. 

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 114-119 • Glucose transport 119

6.4 What are the active processes of membrane transport?

2.b.2 Growth and dynamic 

homeostasis are maintained by 

the constant movement of 

molecules across membranes. 

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 120-121

6.5 How do large molecules enter and leave a cell?

2.b.2 Growth and dynamic 

homeostasis are maintained by 

the constant movement of 

molecules across membranes. 

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 122-124



6.6 What are some other functions of membranes?

2.b.2 Growth and dynamic 

homeostasis are maintained by 

the constant movement of 

molecules across membranes. 

4.A.2: The structure and 

function of subcellular 

components, and their 

interactions, provide essential 

cellular processes. 124-126

7. Cell Signaling and Communication

7.1 What are signals, and how do cells respond to them?

3.D.1  Cell communication 

processes share common 

features that reflect a shared 

evolutionary history.  3.D.2 

Cells communicate with each 

other through direct contact 

with other cells or from a 

distance via chemical signaling. 

3.D.3. Signal transduction 

pathways link signal reception 

with cellular response. 129-131

7.2 How do signal receptors initiate a cellular response?

3.D.1  Cell communication 

processes share common 

features that reflect a shared 

evolutionary history.  3.D.2 

Cells communicate with each 

other through direct contact 

with other cells or from a 

distance via chemical signaling. 

3.D.3. Signal transduction 

pathways link signal reception 

with cellular response. 132-135

• G-protein linked receptors 

134-135

• Ligand gated ion 

channels 133-134



7.3 How is the response to a signal transduced through the 

cell?

3.D.1  Cell communication 

processes share common 

features that reflect a shared 

evolutionary history.  3.D.2 

Cells communicate with each 

other through direct contact 

with other cells or from a 

distance via chemical signaling. 

3.D.3. Signal transduction 

pathways link signal reception 

with cellular response. 3.E.1.  

Individuals can act on 

information and communicate it 

to others. 136-141

• G-protein linked receptors 

139

• Second messengers 138-

140

• Fight or flight response 

138

7.4 How do cells change in response to signals?

3.D.1  Cell communication 

processes share common 

features that reflect a shared 

evolutionary history.  3.D.2 

Cells communicate with each 

other through direct contact 

with other cells or from a 

distance via chemical signaling. 

3.D.4.  Changes in signal 

transduction pathways can alter 

cellular response. 142-144

7.5 How do cells communicate directly?

3.D.1  Cell communication 

processes share common 

features that reflect a shared 

evolutionary history.  3.D.2 

Cells communicate with each 

other through direct contact 

with other cells or from a 

distance via chemical signaling. 144-145

• Plasmodesmata between 

plant cells 144-145

8. Energy, Enzymes, and Metabolism



8.1 What physical principles underlie biological energy 

transformations?

2.a.1 All living systems require 

constant input of free energy. 

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 149-153

8.2 What is the role of ATP in biochemical energetics? 

2.a.2 Organisms capture and 

store free energy for use in 

biological processes. 153-155

8.3 What are enzymes?

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 156-157

8.4 How do enzymes work?

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 158-160

8.5 How are enzyme activities regulated?

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 161-166

9. Pathways that Harvest Chemical Energy

9.1 How does glucose oxidations release chemical energy?

2.a.1 All living systems require 

constant input of free energy. 

2.a.2 Organisms capture and 

store free energy for use in 

biological processes. 169-171

• Glycolysis 170

• Fermentation 170



9.2 What are the aerobic pathways of glucose metabolism?

2.a.1 All living systems require 

constant input of free energy. 

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 172-177 • Glycolysis 172-174

9.3 How does oxidative phosphorylation form ATP?

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 177-180

9.4 How is energy harvested from glucose int eh absence of 

oxygen?

2.a.1 All living systems require 

constant input of free energy. 

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 181-183 • Fermentation 181-183

9.5 How are metabolic pathways interrelated and regulated?

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 184-187

10. Photosynthesis: Energy from Sunlight

10.1 What is photosynthesis? 190-101

10.2 How does photosynthesis convert light energy into 

chemical energy?

2.a.2 Organisms capture and 

store free energy for use in 

biological processes. 192-198

• NADP in photosynthesis 

192

10.3 How is chemical energy used to synthesize 

carbohydrates?

2.a.3 Organisms must 

exchange matter with the 

environment to grow, 

reproduce, and maintain 

organization. 199-201

10.4 How do plants adapt to the inefficiencies of 

photosynthesis? 202-205

10.5 How does photosynthesis interact with other pathways? 205-206

11. The Cell Cycle and Cell Division



11.1 How do prokaryotic and eukaryotic cells divide?

3.A.2   In eukaryotes, heritable 

information is passed to the 

next generation via processes 

that include the cell cycle and 

mitosis, or meiosis plus 

fertilization. 210-211

11.2 How is eukaryotic cell division controlled?

2.c.1 Organisms use negative 

feedback mechanisms to 

maintain their internal 

environments and respond to 

external environmental 

changes. 3.A.2   In eukaryotes, 

heritable information is passed 

to the next generation via 

processes that include the cell 

cycle and mitosis, or meiosis 

plus fertilization. 212-215

• Cell cycle checkpoints 

214-215

11.3 What happens during mitosis?

3.A.2   In eukaryotes, heritable 

information is passed to the 

next generation via processes 

that include the cell cycle and 

mitosis, or meiosis plus 

fertilization. 215-220

11.4 What role does cell division play in a sexual life cycle?

3.A.2   In eukaryotes, heritable 

information is passed to the 

next generation via processes 

that include the cell cycle and 

mitosis, or meiosis plus 

fertilization. 221-223



11.5 What happens during meisis?

3.A.2   In eukaryotes, heritable 

information is passed to the 

next generation via processes 

that include the cell cycle and 

mitosis, or meiosis plus 

fertilization. 3.A.3   The 

chromosomal basis of 

inheritance provides an 

understanding of the pattern of 

passage (transmission) of 

genes from parent to offspring 224-229 • Down syndrome 228-229

11.6 In a living organism, how do cells die? 229

11.7 How does unregulated cell division lead to cancer?

3.A.2   In eukaryotes, heritable 

information is passed to the 

next generation via processes 

that include the cell cycle and 

mitosis, or meiosis plus 

fertilization. 230-232

• Cancer and cell cycle 

control 231-232

12. Inheritance, Genes, and Chromosomes

12.1 What are the Mendelian Laws of Inheritance?

3.A.4  The inheritance pattern 

of many traits cannot be 

explained by simple Mendelian 

genetics.  3.C.1  Changes in 

genotype can result in changes 

in phenotype. 237-247

12.2 How do alleles interact?

3.A.4  The inheritance pattern 

of many traits cannot be 

explained by simple Mendelian 

genetics.  3.C.2   Biological 

systems have multiple 

processes that increase 

genetic variation. 248-250



12.3 How do genes interact?

3.A.4  The inheritance pattern 

of many traits cannot be 

explained by simple Mendelian 

genetics.  3.C.1  Changes in 

genotype can result in changes 

in phenotype. 250-252

12.4 What is the relationship between genes and 

chromosomes?

3.A.3   The chromosomal basis 

of inheritance provides an 

understanding of the pattern of 

passage (transmission) of 

genes from parent to offspring. 

3.A.4  The inheritance pattern 

of many traits cannot be 

explained by simple Mendelian 

genetics. 3.C.2   Biological 

systems have multiple 

processes that increase 

genetic variation. 253-259

• X-linked color blindness 

258-259

• Sex-linked genes 257-

259

12.5 What are the effects of genes outside the nucleus?

3.A.4  The inheritance pattern 

of many traits cannot be 

explained by simple Mendelian 

genetics. 259

12.6 How do prokaryotes transmit genes?

3.A.4  The inheritance pattern 

of many traits cannot be 

explained by simple Mendelian 

genetics. 260-264

13. DNA and Its Role in Heredity

13.1 What is the evidence that the gene is DNA?

3.A.1: DNA, and in some cases 

RNA, is the primary source of 

heritable information. 267-271

13.2 What is the structure of DNA? 272-275

13.3 How is DNA replicated? 276-284

13.4 How are errors in DNA reparied? 285

13.5 How does the polymerase chain reaction amplify DNA? 286-288

14. From DNA to Protein: Gene Expression



14.1 What is the evidence that genes code for proteins?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 291-294

14.2 How does information flow from genes to proteins?

3.A.1: DNA, and in some cases 

RNA, is the primary source of 

heritable information. 3.B.2   A 

variety of intercellular and 

intracellular signal 

transmissions mediate gene 

expression. 294-295

14.3 How is the information content in DNA transcribed to 

produce RNA?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 296-299

14.4 How is eukaryotic DNA transcribed and the RNA 

processed?

3.A.1: DNA, and in some cases 

RNA, is the primary source of 

heritable information. 3.B.1   

Gene regulation results in 

differential gene expression, 

leading to cell specialization.   

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 300-303

• Poly A tail 302-303

• Excision of introns 300-

303

• Terminator 300

14.5 How is RNA translated into proteins?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 304-309

14.6 What happens to polypeptides after translation?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 310-314

15. Gene Mutation and Molecular Medicine



15.1 What are mutations?

3.A.3   The chromosomal basis 

of inheritance provides an 

understanding of the pattern of 

passage (transmission) of 

genes from parent to offspring 317-322

• Sickle cell anemia 318, 

319

15.2 How are DNA molecules and mutations analyzed? 323-326

15.3 How do defective proteins lead to diseases? 327-330

15.4 What DNA changes lead to genetic diseases? 330-333

15.5 How is genetic screening used to detect diseases?

3.A.3   The chromosomal basis 

of inheritance provides an 

understanding of the pattern of 

passage (transmission) of 

genes from parent to offspring 334-336

• Sickle cell anemia 335-

336

15.6 How are genertic diseases treated? 337-340

16. Regulation of Gene Expression

16.1 How do viruses regulate their gene expression?

3.B.1   Gene regulation results 

in differential gene expression, 

leading to cell specialization.  

3.C.3  Viral replication results in 

genetic variation, and viral 

infection can introduce genetic 

variation into the hosts. 343-347

16.2 How is gene expression regulated in prokaryotes?

3.B.1   Gene regulation results 

in differential gene expression, 

leading to cell specialization.  348-351 • Promoter 349

16.3 How is eukaryotic gene transcription regulated?

3.B.1   Gene regulation results 

in differential gene expression, 

leading to cell specialization.  352-355

• Promoter 353

• Enhancers 354

16.4 How do epigenetic changes regulate gene expression?

3.B.1   Gene regulation results 

in differential gene expression, 

leading to cell specialization.  356-359



16.5 How is eukaryotic gene expression regulated after 

transcription?

3.B.1   Gene regulation results 

in differential gene expression, 

leading to cell specialization.  360-363

17. Genomes

17.1 How are genomes sequenced? 366-370

17.2 What have we learned from sequencing prokaryotic 

genomes?

3.C.3  Viral replication results in 

genetic variation, and viral 

infection can introduce genetic 

variation into the hosts. 371-374 • Transposons 373, 374

17.3 What have we learned from sequencing eukaryotic 

genomes?

3.C.3  Viral replication results in 

genetic variation, and viral 

infection can introduce genetic 

variation into the hosts. 375-379 • Transposons 379

17.4 What are the characteristics of the human genome? 380-381

17.5 What do the new disciplines proteomics and 

metabolomics reveal? 382-385

18. Recombinent DNA and Biotechnology

18.1 What is recombinant DNA? 387-388

18.2 How are new genes inserted into cells? 389-391

18.3 What sources of DNA are used in cloning? 392-393

18.4 What other tools are used to study DNA function? 393-396

18.5 What is biotechnology? 397

18.6 How is biotechnology changing medicine, agriculture, and 

the environment?

3.A.1: DNA, and in some cases 

RNA, is the primary source of 

heritable information. 399-400

• Transgenic animals 399-

400 398, 401-403

19. Differential Gene Expression in Development

19.1 What are the processes of development? 406-407

19.2 Is cell differentiation irreversible?

4.C.1: Variation in molecular 

units provides cells with a wider 

range of functions. 408-411 • Cloned animals 409-410

19.3 What is the role of gene expression in cell differentiation?

4.C.1: Variation in molecular 

units provides cells with a wider 

range of functions. 412

19.4 How is cell fate determined?

4.C.1: Variation in molecular 

units provides cells with a wider 

range of functions. 413-416



19.5 How does gene expression determine pattern formation?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 3.D.2 Cells 

communicate with each other 

through direct contact with 

other cells or from a distance 

via chemical signaling.  4.C.1: 

Variation in molecular units 

provides cells with a wider 

range of functions. 417-424

• Morphogens stimulate 

development 419-420

• HOX genes and 

development 420, 422-423

• Morphogens and 

embryonic development 

419-420

20. Development and Evolutionary Change

20.1 What is evo-devo?

1.b.1 Organisms share many 

conserved core processes and 

features that evolved and are 

widely distributed among 

organisms today. 427-428

20.2 How can mutations with large effects change only one part 

of the body?

1.b.1 Organisms share many 

conserved core processes and 

features that evolved and are 

widely distributed among 

organisms today. 429-431

20.3 How can differences among species evolve?

1.b.1 Organisms share many 

conserved core processes and 

features that evolved and are 

widely distributed among 

organisms today. 432

20.4 How do developmental genes constrain evolution?

4.C.2: Environmental factors 

influence the expression of the 

genotype in an organism. 433-435

20.5 How do developmental genes constrain evolution?

4.C.2: Environmental factors 

influence the expression of the 

genotype in an organism. 436-438

21. Evidence and Mechanisms of Evolution



21.1 What facts form the basis of our understanding of 

evolution?

1.a.1  Natural selection is a 

major mechanism of evolution. 

1.a.2 Natural selection acts on 

phenotypic variations in 

populations. 1.a.4 Biological 

evolution is supported by 

scientific evidence from many 

disciplines, including 

mathematics. 1.c.3 Populations 

of organisms continue to 

evolve. 441-448

• Graphical analysis of 

allele frequencies in a 

population  446-447

• Application of Hardy-

Weinberg Equation 447-

448

• Artificial selection 443

21.2 What are the mechanisms of evolutionary change?

1.A.3: Evolutionary change is 

also driven by random 

processes. 1.c.3 Populations of 

organisms continue to evolve. 448-451

21.3 How does natural selection result in evolution?

1.a.2 Natural selection acts on 

phenotypic variations in 

populations 451-455

• Observed directional 

phenotypic change in a 

population 452-453

21.4 How is genetic variation maintained within populations? 456-458

21.5 What are the constraints on evolution?

1.A.3: Evolutionary change is 

also driven by random 

processes 459-462

22. Reconstructing and using phylogenies

22.1 What is phylogeny?

1.b.2 Phylogenetic trees and 

cladograms are graphical 

representations (models) of 

evolutionary history that can be 

tested. 465-467

• Analysis of phylogenetic 

trees 465-466

22.2 How are phylogenetic trees constructed?

1.b.2 Phylogenetic trees and 

cladograms are graphical 

representations (models) of 

evolutionary history that can be 

tested. 468-472

• Construction of 

phylogenetic trees based 

on sequence data 468-472



22.3 How do biologists use phylogenetic trees?

1.b.2 Phylogenetic trees and 

cladograms are graphical 

representations (models) of 

evolutionary history that can be 

tested. 473-475

22.4 How does phylogeny relate to classification?

1.b.2 Phylogenetic trees and 

cladograms are graphical 

representations (models) of 

evolutionary history that can be 

tested. 476-479

23. Species and Their Formation

23.1 What are species?

1.c.1 Speciation and extinction 

have occurred throughout the 

Earth’s history. 482-483

23.2 How do new species arise?

1.c.1 Speciation and extinction 

have occurred throughout the 

Earth’s history. 1.c.2 Speciation 

may occur when two 

populations become 

reproductively isolated from 

each other. 484-488

23.3 What happens when newly formed species come 

together?

1.c.1 Speciation and extinction 

have occurred throughout the 

Earth’s history. 489-492

23.4 Why do rates of speciation vary?

1.c.1 Speciation and extinction 

have occurred throughout the 

Earth’s history. 493-496

24 Evolution of Genes and Genomes

24.1 How are genomes used to study evolution? 499-504

24.2 What do genomes reveal about evolutionary processes? 505-508

24.3 How do genomes gain and maintain functions? 509-511

24.4 What are some applications fo molecular evolution? 512-516

25 The History of Life on Earth

25.1 How do scientists date ancient events? 519-521



25.2 How have Earth's continents and climates changed over 

time?

1.c.1 Speciation and extinction 

have occurred throughout the 

Earth’s history. 521-525

• Five major extinctions 

524-526

25.3 What are the major events in life's history?

1.c.1 Speciation and extinction 

have occurred throughout the 

Earth’s history. 526-535

• Five major extinctions 

528, 532, 533

26. Bacteria and Archaea: The Prokaryotic Domains

26.1 How did the living world begin to diversify? 537-538

26.2 What are some keys to the success of prokaryotes?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 539-540 • Biofilms 539-540 541-544

26.3 How can we resolve prokaryote phylogeny? 545-546

26.4 What are the major known groups of prokaryotes? 547-553

26.5 How do prokaryotes affect their environments?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 554 • Biofilms 554 553

26.6 Where do viruses fit into the tree of life? 555-558

27. The Origin and Diversification of Eukaryotes

27.1 How did the eukaryotic cell arise? 561-565

27.2 What features account for protist diversity? 566-568

27.3 How do protists affect the world around them? 569-571

27.4 How do protists reproduce? 572-574

27.5 What are the evolutionary relationships among 

eufaryotes? 575-586

28. Plants without Seeds: From Water to Land

28.1 How did the land plants arise? 589-590

28.2 How did plants colonize and thrive on land? 591-593

28.3 What features distinguish the vasular plants? 594-598



28.4 What are the major clades of seedless plants? 599-605

29. The Evolution of Plants

29.1 How did seed plants become today's dominant 

vegetation? 608-611

29.2 What are the major groups of gymnosperms? 612-614

29.3 What features contributed to the success of the 

angiosperms? 615-621

29.4 How do plants support our world? 622-625

30. Fungi: Recyclers, Pathogens, Parasites, and Plant 

Partners

30.1 What is a fungus? 627-630

30.2 How do fungi interact with other organisms? 631-635

20.3 What variations exist among fungal life cycles? 635-637

30.4 How have fungi evolved and diversified? 638-643

31. Animal Origins and the Evolution of Body Plans

31.1 What characteristics distinguish the animals? 646-648

31.2 What are the features of animal body plans? 649-650

31.3 How do animals get their food? 651-653

31.4 How do life cycles differe among animals?

Individuals can act on 

information and communicate it 

to others. 656-657 • Colony behavior 656-657 654-655

31.5 What are the major groups of animals? 658-664

32. Protostome Animals

32.1 What is a protostome? 667-670

32.2 What features distinguish the major groups of 

lophotrochozoans? 671-678

32.3 What features distinguish the major groups of 

ecdysozoans? 679-680

32.4 Why are arthropods so diverse? 681-688

33. Deuterostome Animals

33.1 What is a deuterostome? 693

33.2 What are the major groups of echinoderms and 

hemichordates? 694-696

33.3 What new features eveolved in the chordates? 697-702

33.4 How did vertebrates colonize the land? 703-712

33.5 What traits characterize the primates? 713-717

34. The Plant Body



34.1 What is the basic body plan of plants?

4.A.4: Organisms exhibit 

complex properties due to 

interactions between their 

constituent parts. 720-722

• Root, stem and leaf 720-

722

34.2 How does the cell wall support plant growth and form? 723-724

34.3 How do plant tissues and organs originate? 725-727

34.4 How do meristems build a continuously growing plant? 728-734

34.5 How has domestication altered plant form? 735-737

35. Transport in Plants

35.1 How do plants take up water and solutes? 740-744

35.2 How are water and minerals transported in the xylem? 745-747

35.3 How do stomata control the loss of water and the uptake 

of CO2? 748-749

35.4 How are substances translocated in the phloem? 750-753

36. Plant Nutrition

36.1 How do plants acquire nutrients? 756

36.2 What mineral nutrients do plants require? 757-758

36.3 How does soil structure affect plants? 759-761

36.4 How do fungi and bacteria increase nutrient uptake by 

plant roots? 762-766

36.5 How do carnivorous and parasitic plants obtain a balanced 

diet? 767-769

37. Regulation of Plant Growth

37.1 How does plant development proceed? 772-775

37.2 What do givverellins do?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 776-778

• Seed germination and 

gibberellin 776-778

37.3 What does auxin do? 779-783

37.4 What are the effects of cytokinins, ethylene, and 

brassinosteroids?

3.B.2   A variety of intercellular 

and intracellular signal 

transmissions mediate gene 

expression. 784-787

• Ethylene and fruit ripening 

786, 787

37.5 How do photoreceptors participate in plant growth 

regulation?

2.c.2 Organisms respond to 

changes in their external 

environments. 790-791

• Circadian rhythms 790-

791 788-789, 792

38. Reproduction in Flowering Plants

38.1 How do angiosperms reproduce sexually? 795-801



38.2 What determines the transition from the vegetative to the 

flowering state?

2.c.2 Organisms respond to 

changes in their external 

environments. 804-805

• Photoperiodism in plants 

804-805 802-803, 806-808

38.3 How do angiosperms reproduce asexually? 809-812

39. Plant responses to environmental challenges

39.1 How do plants deal with pathogens? 815-818

39.2 How do plants deal with herbivores? 819-822

39.3 How do plants deal with climatic extremems?

2.c.1 Organisms use negative 

feedback mechanisms to 

maintain their internal 

environments and respond to 

external environmental 

changes. 823-827

• Plant responses to water 

limitation 826, 827

39.4 How do plants deal with salt and heavy metals? 828-830

40. Physiology, Homeostasis, and Temperature Regulation



40.1 How do multicellular animals supply the needs of their 

cells

2.c.1 Organisms use negative 

feedback mechanisms to 

maintain their internal 

environments and respond to 

external environmental 

changes. 2.c.2 Organisms 

respond to changes in their 

external environments. 2.d.2 

Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.d.3 Biological 

systems are affected by 

disruptions to their dynamic 

homeostatis. 4.A.3: Interactions 

between external stimuli and 

regulated gene expression 

result in specialization of cells, 

tissues and organs. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 833-837

40.2 How does temperature affect living systems?

2.c.2 Organisms respond to 

changes in their external 

environments. 838-839

40.3 How do animals alter their heat exchange with the 

environment?

2.a.1 All living systems require 

constant input of free energy. 

2.c.2 Organisms respond to 

changes in their external 

environments. 839-843

• Ectothermy 839-843

• Endothermy 839-842

• Temperature regulation in 

animals 840-843

• Behavioral 

thermoregulation 840-841



40.4 How do mammals regulate their body temperatures?

2.c.2 Organisms respond to 

changes in their external 

environments. 844-849

• Temperature regulation in 

animals 845-847

• Hibernation and migration 

in animals 848

• Shivering and sweating in 

humans 846

• Thermoregulation in 

animals (countercurrent) 

846-848

41. Animal Hormones

41.1 What are hormones and how do they work? 852-857

41.2 How do the nervous and endocrine systems interact?

2.c.1 Organisms use negative 

feedback mechanisms to 

maintain their internal 

environments and respond to 

external environmental 

changes. 858-860

41.3 What are the major mammalian endocrine glands and 

hormones?

2.c.1 Organisms use negative 

feedback mechanisms to 

maintain their internal 

environments and respond to 

external environmental 

changes. 861-867

• Diabetes mellitus 864

• Thyroid hormone 862-863

41.4 How do we study mechanisms of hormone action? 868-871

42. Immunology: Animal Defense Systems

42.1 What are the major defense systems of animals?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 874-876

• Immune response 874-

876

• Mammalian cellular and 

humoral immunity, 

antibodies 874-876



42.2 What are the characteristics of the nonspecific defenses?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 877-879

• Immune response 877-

879

• Mammalian cellular and 

humoral immunity, 

antibodies 877-879

42.3 How does specific immunity develop?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 880-884

• Immune response 880-

884

• Mammalian cellular and 

humoral immunity, 

antibodies 880-884

42.4 What is the humoral immune response?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 885-886

• Immune response 885-

886

• Mammalian cellular and 

humoral immunity, 

antibodies 885-886



42.5 What is the cellular immune response?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 887-890

• Immune response 887-

890

• Mammalian cellular and 

humoral immunity, 

antibodies 887-890

42.6 How do animals make so many different antibodies?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 891-893

• Immune response 891-

893

• Mammalian cellular and 

humoral immunity, 

antibodies 891-893

42.7 What happens when the immune system malfunctions?

2.d.4 Plants and animals have 

a variety of chemical defenses 

against infections that affect 

dynamic homeostasis. 2.d.3 

Biological systems are affected 

by disruptions to their dynamic 

homeostatis. 2.d.4 Plants and 

animals have a variety of 

chemical defenses against 

infections that affect dynamic 

homeostasis. 894-897

• Immune response 894-

897

• Mammalian cellular and 

humoral immunity, 

antibodies 894-897

43. Animal Reproduction

43.1 How do animals reproduce without sex? 900-901

43.2 How do animals reproduce sexually? 902-908



43.3 How do the human male and female reproductive systems 

work? 909-915

43.4 How can fertility be controlled? 916-920

44. Animal Development

44.1 How does fertilization activate development?

2.e.1 Timing and coordination 

of specific events are 

necessary for the normal 

development of an organism, 

and these events are regulated 

by a variety of mechanisms. 923-927

44.2 How does gastrulation generate multiple tissue layers?

2.e.1 Timing and coordination 

of specific events are 

necessary for the normal 

development of an organism, 

and these events are regulated 

by a variety of mechanisms. 928-934

44.3 How do organs and organ systems develop?

2.e.1 Timing and coordination 

of specific events are 

necessary for the normal 

development of an organism, 

and these events are regulated 

by a variety of mechanisms. 935-936

44.4 How is the growing embryo sustained?

2.e.1 Timing and coordination 

of specific events are 

necessary for the normal 

development of an organism, 

and these events are regulated 

by a variety of mechanisms. 937-938

44.5 What are the stages of human development?

2.e.1 Timing and coordination 

of specific events are 

necessary for the normal 

development of an organism, 

and these events are regulated 

by a variety of mechanisms. 939-941

• Morphogenesis of fingers 

and toes 939

45. Neurons and Nervous Systems



45.1 What cells are unique to the nervous system?

3.E.2.   Animals have nervous 

systems that detect external 

and internal signals, transmit 

and integrate information, and 

produce responses. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 944-947

• Nervous and muscular 

944-947

45.2 How do neurons generate and transmit electrical signals?

3.E.2.   Animals have nervous 

systems that detect external 

and internal signals, transmit 

and integrate information, and 

produce responses. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 948-955

• Nervous and muscular 

948-955

45.3 How do neurons communicate with other cells?

3.E.2.   Animals have nervous 

systems that detect external 

and internal signals, transmit 

and integrate information, and 

produce responses. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 956-962

• Neurotransmitters 957-

960

• Acetylcholine 959

• Dopamine 959

• Serotonin 959, 961

• GABA 959

• Nervous and muscular 

956-962

46. Sensory Systems

46.1 How do sensory cells convert stimuli into action 

potentials? 965-966

46.2 How do sensory systems detect chemical stimuli? 967-969

46.3 How do sensory systems detect mechanical forces? 970-975

46.4 How do sensory systems detect light? 976-983

47. The Mammalian Nervous System: Structure and Higher 

Function

47.1 How is the mammalian nervous system organized?

Animals have nervous systems 

that detect external and internal 

signals, transmit and integrate 

information, and produce 

responses. 986-992

• Forebrain, midbrain and 

hindbrain 986-989



47.2 How is information processed by neural networks? 993-997

47.3 Can higher functions be understood in cellular terms? 998-1005

48. Musculoskeletal Systems

48.1 How do muscles contract?

4.A.4: Organisms exhibit 

complex properties due to 

interactions between their 

constituent parts. 1007-1014

• Nervous and muscular 

1007-1014

48.2 What determines muscle performance?

4.A.4: Organisms exhibit 

complex properties due to 

interactions between their 

constituent parts. 1015-1017

• Nervous and muscular 

1015-1017

48.3 How do skeletal systems and muscles work together?

4.A.4: Organisms exhibit 

complex properties due to 

interactions between their 

constituent parts. 1018-1023

• Nervous and muscular 

1018-1023

49. Gas Exchange in Animals

49.1 What physical factors govern respiratory gas exchange?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1026-1028

• Respiratory systems of 

aquatic and terrestrial 

animals 1026-1028

• Respiratory and 

circulatory 1026-1028



49.2 What adaptations maximize respiratory gas exchange?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1029-1034

• Cells of alveoli 1034

• Respiratory systems of 

aquatic and terrestrial 

animals 1029-1034

• Respiratory and 

circulatory 1029-1034

49.3 How do human lungs work?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1035-1036

• Respiratory systems of 

aquatic and terrestrial 

animals 1035-1036

49.4 How does blood transport respiratory gasses?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1037-1039

• Respiratory systems of 

aquatic and terrestrial 

animals 1037-1039

• Respiratory and 

circulatory 1037-1039



49.5 How is breathing regulated?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1040-1043

• Respiratory systems of 

aquatic and terrestrial 

animals 1040-1043 

• Respiratory and 

circulatory 1040-1043

50. Circulatory Systems

50.1 Why do animals need a circulatory system?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1046-1047

• Circulatory systems in 

animals 1046-1047

• Respiratory and 

circulatory 1046-1047

50.2 How have vertebrate circulatory systems evolved?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1048-1050

• Circulatory systems in 

animals 1048-1050

• Respiratory and 

circulatory 1048-1050



50.3 How does the mammalian heart function?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1051-1055

• Circulatory systems in 

animals 1051-1055

• Respiratory and 

circulatory 1051-1055

50.4 What are the properties of blood and blood vessels?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1056-1061

• Circulatory systems in 

animals 1056-1061

• Respiratory and 

circulatory 1056-1061

50.5 How is the circulatory system controlled and regulated?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1062-1065

• Circulatory systems in 

animals 1062-1065

• Respiratory and 

circulatory 1062-1065

51. Nutrition, Digestion, and Absorption



51.1 What do animals require from food?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1068-1073

• Digestive mechanisms in 

animals 1068-1073

• Stomach and small 

intestines 1068-1073

51.2 How do animals ingest and digest food?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1074-1076

• Cells of villi 1076

• Microvilli 1076

• Digestive mechanisms in 

animals 1074-1076 • 

Stomach and small 

intestines 1074-1076

51.3 How does the vertebrate gastrointestinal system function?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1077-1083

• Digestive mechanisms in 

animals 1077-1083

• Stomach and small 

intestines 1077-1083



51.4 How is the flow of nutrients controlled and regulated/

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments.  2.e.2 Timing 

and coordination of 

physiological events are 

regulated by multiple 

mechanisms. 4.A.4: Organisms 

exhibit complex properties due 

to interactions between their 

constituent parts. 1084-1089

• Digestive mechanisms in 

animals 1084-1089

• Stomach and small 

intestines 1084-1089

52. Salt and Water Balance and Nitrogen Excretion

52.1 How do excretory systems maintain homeostasis?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 1092-1093

• Excretory systems in 

animals 1092-1093

52.2 How do animals excrete nitrogen?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 1094-1095

• Excretory systems in 

animals 1094-1096



52.3 How do invertegrate excretory systems work?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 1095-1096

• Excretory systems in 

animals 1095-1096

52.4 How do vertebrates maintain salt and water balance?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 1097-1099

• Excretory systems in 

animals 1097-1099

52.5 How does the mammalian kidney produce concentrated 

urine?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms.  4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1100-1106

• Excretory systems in 

animals 1100-1106

• Kidney and bladder 1100-

1106



52.6 How are kidney functions regulated?

2.d.2 Homeostatic mechanisms 

reflect both common ancestry 

and divergence due to 

adaptation in different 

environments. 2.e.2 Timing and 

coordination of physiological 

events are regulated by 

multiple mechanisms. 4.A.4: 

Organisms exhibit complex 

properties due to interactions 

between their constituent parts. 1107-1111

• Excretory systems in 

animals 1107-1111

• Kidney and bladder 1107-

1111

53. Animal Behavior

53.1 What are the origins of behavioral biology?

2.E.3: Timing and coordination 

of behavior are regulated by 

various mechanisms and are 

important in natural selection. 1114-1116

53.2 How can genes influence behavior?

2.E.3: Timing and coordination 

of behavior are regulated by 

various mechanisms and are 

important in natural selection. 1117-1118

53.3 How does behavior develop?

2.E.3: Timing and coordination 

of behavior are regulated by 

various mechanisms and are 

important in natural selection. 

3.E.1.  Individuals can act on 

information and communicate it 

to others. 1119-1122

• Parent-offspring 

interactions 1120-1121

• Bird songs 1121-1122

53.4 How does behavior evolve?

2.E.3: Timing and coordination 

of behavior are regulated by 

various mechanisms and are 

important in natural selection. 

3.E.1.  Individuals can act on 

information and communicate it 

to others. 1123-1126

• Territorial marking 1124-

1125



53.5 What physiological mechanisms underlie behavior?

2.c.2 Organisms respond to 

changes in their external 

environments. 2.E.3: Timing 

and coordination of behavior 

are regulated by various 

mechanisms and are important 

in natural selection. 3.E.1.  

Individuals can act on 

information and communicate it 

to others. 1127-1132

• Hibernation and migration 

in animals

• Circadian rhythms 1127-

1128

• Release and reaction to 

pheromones 1132

53.6 How does social behavior evolve?

2.E.3: Timing and coordination 

of behavior are regulated by 

various mechanisms and are 

important in natural selection. 

3.E.1.  Individuals can act on 

information and communicate it 

to others. 1133-1138

• Courtship and mating 

behaviors 1133-1135

54. Ecology and the Distribution of Life

54.1 What is ecology?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 1141-1142

54.2 Why do climates vary geographically? 1142-1145

54.3 What is a biome? 1146-1156

54.4 What is a giogeographic region? 1157-1162

54.5 How is life distributed in aquatic environments? 1163-1165

55. Population Ecology

55.1 How do ecologists study populations?

4.C.3: The level of variation in a 

population affects population 

dynamics. 1168-1172



55.2 How do environmental conditions affect life histories?

2.a.1 All living systems require 

constant input of free energy. 

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 1173-1174 • Life history strategy

55.3 What factors limit population densities?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 1174-1177

55.4 How does habitat variation affect population dynamics?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy. 

4.C.3: The level of variation in a 

population affects population 

dynamics. 1178-1179

55.5 How can populations be managed scientifically?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy. 

4.C.3: The level of variation in a 

population affects population 

dynamics. 1180-1183

56. Species Interaction and Coevolution



56.1 What types of interactions do ecologists study?

4.A.6: Interactions among living 

systems and with their 

environment result in the 

movement of matter and 

energy. 1186-1187

56.2 How do antagonisic interactions evolve?

4.A.6: Interactions among living 

systems and with their 

environment result in the 

movement of matter and 

energy. 1188-1193

• Predator-prey 

relationships 1189-1190

56.3 How do mutualistic interactions evolve?

4.A.6: Interactions among living 

systems and with their 

environment result in the 

movement of matter and 

energy. 4.B.2: Cooperative 

interactions within organisms 

promote efficiency in the use of 

energy and matter. 1194-1197

56.4 What are the outcomes of competition?

4.A.6: Interactions among living 

systems and with their 

environment result in the 

movement of matter and 

energy. 1198-1201

57. Community Ecology

57.1 What are ecological communities?

4.A.5: Communities are 

composed of populations of 

organisms that interact in 

complex ways. 4.B.3: 

Interactions between and within 

populations influence patterns 

of species distribution and 

abundance. 1204-1207

• Food chains and food 

webs 1206



57.2 How do interactions among species influence community 

structure?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy. 

4.B.3: Interactions between and 

within populations influence 

patterns of species distribution 

and abundance. 1208-1209

• Loss of keystone species 

1209

57.3 What patterns of species diversity have ecologists 

observed?

4.B.3: Interactions between and 

within populations influence 

patterns of species distribution 

and abundance. 4.C.3: The 

level of variation in a population 

affects population dynamics. 

4.C.4: The diversity of species 

within an ecosystem may 

influence the stability of the 

ecosystem. 1210-1213

57.4 How do disturbances affect ecological communities?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy. 

4.B.3: Interactions between and 

within populations influence 

patterns of species distribution 

and abundance. 1214-1216



57.5 How does species richness influence community stability?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy. 

4.B.3: Interactions between and 

within populations influence 

patterns of species distribution 

and abundance. 1217-1219

58. Ecosystems and Global Ecology

58.1 What are the compartments of the global ecosystem?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 1222-1226

58.2 How does energy flow through the global ecosystem?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy. 

4.A.6: Interactions among living 

systems and with their 

environment result in the 

movement of matter and 

energy. 1227-1228



58.3 How do materials cycle through the global ecosystem?

2.d.1 All biological systems 

from cells and organisms to 

populations, communities, and 

ecosystems are affected by 

complex biotic and abiotic 

interactions involving exchange 

of matter and free energy 1229-1236

58.4 What services do ecosystems provide? 1237

58.5 How can Ecosystems be sustainably managed?

4.B.4: Distribution of local and 

global ecosystems changes 

over time. 1238-1240

59. Conservation Biology

59.1 What is conservation biology?

4.B.4: Distribution of local and 

global ecosystems changes 

over time. 1243-1244

59.2 How do biologists predict changes in biodiversity?

4.B.4: Distribution of local and 

global ecosystems changes 

over time. 4.C.4: The diversity 

of species within an ecosystem 

may influence the stability of 

the ecosystem. 1245-1246

59.3 What factors threaten species persistence?

2.d.3 Biological systems are 

affected by disruptions to their 

dynamic homeostatis. 4.A.5: 

Communities are composed of 

populations of organisms that 

interact in complex ways. 4.B.4: 

Distribution of local and global 

ecosystems changes over time. 1247-1250

• Human impact 1247

• Invasive species 1249

• Global climate change 

models 1249-1250

59.4 What strategies do biologists use to protect biodiversity?

4.B.4: Distribution of local and 

global ecosystems changes 

over time. 4.C.4: The diversity 

of species within an ecosystem 

may influence the stability of 

the ecosystem. 1251-1258




