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21.8 The stomach stores food and breaks it down with acid and
cnzvmes 436

21.9 Bacterial infections can cause ulcers 437

21.10¢ The small intestine is the major organ of chemical digestion
and nutrient absorption 438

21.11 The large intestine reclaims water 440
Diets and Digestive Adaptations

21.12 Adaptations of vertebrate digestive systems reflect dier 440
Nutrition

21.13 Owverview: A healthful dict satisfies three needs 442

21.14 Chemical energy powers the body 442

21.15 Body fat and fad diets 443

21.16 Nine amino acids are essential nutrients 444

21.17 A healthful diet includes 13 vitamins 444

21.18 Essential minerals are required for many body
functions 446

21.19 What do food labels tell us? 447
21.20 Diet can influence cardiovascular disease and cancer 448
Chapter Review 448

22 Respiration: The Exchange of Gases 450

Mechanisms of Gas Exchange

22.1 Owerview: Gas exchange involves breathing, the transport of
zases, and the servicing of tissuc cells 452

22.2  Animals exchange O, and CO, through moist body
surfaces 432

22.3 Gills arc adapted for gas exchange in aquatic
environments 454

22.4 Countercurrent flow in the gills enhances O, transfer 455

22.5 The tracheal system of insects provides direct exchange
between Lhe air and body cells 455

22.6 Terrestrial vertebrates have lungs 456

23 Circulation 464

23.1 The circulatory system associates intimately with all body
tissues 466

Mechanisms of Internal Transport

23.2  Several types of internal transport have evolved in
animals 466

23.3  Vertebrate cardiovascular systems reflect evolution 468
The Mammalian Cardiovascular System

23.4 A trip through the mammalian cardiovascular system 469

23.5 The structure of blood vessels matches their functions 470

23.6 The heart contracts and relaxes rhythmically 470

23.7 The pacemaker sets the tempo of the heartbeat 471

23.8 What is a heart atack? 472

23.9 Blood exerts pressure on vessel walls 473

24 The Immune System 482

MNonspecific Defenses Against Infection

24.1 Nonspecific defenses against infection include the skin and
muceus membranes, phagocytic cells, and antimicrobial
proteins 484

22.7 Smoking is one of the deadliest assaults on our respiratory
system 457

22.8 [Breathing ventilates the lungs 458

229 Breathing is automatically controlled 459
Transport of Gases in the Body

22.10 Blood transports the respiratory gases, with hernoglobin
carrying the oxygen 460

22.11 Hemoglobin helps transport CO, and buffer the blood 461

22.12 The human fetus exchanges gases with the mother's
bloodstream 462

Chapter Review 462

23.10 Measuring blood pressure can reveal cardiovascular
problems 474
23.11 Smooth muscle controls the distribution of blood 475

23.12 Capillaries allow the transfer of substances through their
walls 476

Structure and Function of Blood
23.13 Blood consists of cells suspended in plasma 477
23.14 Red blood cells transport oxygen 478
23.15 White blood cells help defend the body 478
23.16 Blood clots plug leaks when blood vessels are injured 479
23.17 Stem cells offer a potential cure for leukemia and other
blood cell diseases 480
Chapter Review 480

24.2 The inflaimmatory response mobilizes nonspecific defense
forces 485

24.3 The lymphatic system becomes a crucial battleground
during infection 486



Specific Immunity
The immune response counters specific invaders 487
Lymphocytes mount a dual defense 488

Antigens have specific regions where antibodies bind to
them 489

Clomal selection musters defensive forces against specific
antigens 490

The initial immune response results in a type of
“memory” 491

Chorview: B cells are the warriors of humaoral
immunity 492

Antibodies are the weapons of humoral immunity 493
Antibodies mark antigens for elimination 494

Monoclonal antibodies are powerful tools in the lab and
clinic 495

- Thermoregulation
25.1  Heat is gained o lost in four ways 504

252 Thermoregulation depends on both heat production and
b heat gain or loss 504

Behavior often alfects body temperature 505
Reducing the metabolic rate saves encrgy 506
Osmoregulation and Excretion

Osmoregulation: All animals balance the gain and loss of
water and dissolved solutes 506

Sweating can produce serious water loss 508
Many freshwater animals face seasonal dehydration 508

_3: 6 Chemical Regulation 516

The Nature of Chemical Regulation
1 Chemical signals coordinate body functions 518

Hormoncs affect target cells by two main signaling
mechanisms 519

The Vertebrate Endocrine System

Creerview: The vertebrate endocrine system 520

The hypothalantus, closely tied to the pituitary, connects the
nervous and endocrine systems 522

The hypothalamus and pituitary have multiple endocrine
functions 522

Hormenes and Homeostasis
The thyroid regulates development and metabolism 524

Asexual and Sexual Reproduction

Sexual and asexual reproduction are both common among
antmals 334

Human Reproduction

Reproductive anatomy of the human female 536
Reproductive anatomy of the human male 538

The formation of sperm and ova requires meiosis 540
Hormones synchronize cyclic changes in the ovary and
uterus 542

The human sexual response occurs in four phases 544
Sexual activity can transmit disease 544

24.13 T cells mount the cell-mediated defense and aid humoral
immunity 496

24.14 Cytotoxic T cells may help prevent cancer 497

24.15 The immune system depends on our molecular
fingerprints 498
Disorders of the Immune System

24.16 Malfunction or failure of the immune system causes
discase 498

24.17 Allergies are overreaclions o certain environmental
antigens 499

24.18 AIDS leaves the body defenseless 500
Chapter Review 500

Control of the Internal Environment 502

25.8 Animals must dispose of nitrogenous wastes 509

25.9 The excretory system plays several major roles in
homeostasis 510

25.10 Overview: The key functions of the excretory system are
filtration, reabsorption, secretion, and excretion 511

25.11 From blood filtrate to urine: A closer look 512
26.12 Kidney dialysis can be a lifesaver 513
Homeostatic Functions of the Liver
25.13 The liver is vital in homeostasis 514
Chapter Review 514

26.7 Hormones from the thyroid and the parathyroids maintain
calcium homeostasis 524

26.8 [Pancreatic hormones manage cellular fucl 526
26.9 Diabetes is a common endocrine disorder 527
26.10 The adrenal gla nds mohilize responses to stress 528

268.11 Glucocorticoids offer relief from pain, but not without
serious risks 529

26.12 The gonads secrete sex hormones 530
Chapter Review 530

Reproduction and Embryonic Development 532

27.8 Contraception prevents unwanted pregnancy 345
Principles of Embryenic Development

27.9 Fertilization results in a zygote and triggers embryonic
development 546

27.10 Cleavage produces a ball of cells from the zygote 548
27.11 Gastrulation produces a three-layered embryo 548
27.12 Organs start to form after gastrulation 550

27.13 Changes in cell shape, cell migration, and programmed cell
death give form to the developing animal 552

27.14 Embryonic induction initiates organ formation 552
27.15 Pattern formation organizes the animal body 553
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Human Development

27.16 The embryo and placenta take shape during the first month
of pregnancy 554

27.17 Human development from conception to birth is divided
into three trimesters 556

28 Nervous Systems 562

Nervous System Structure and Function

28.1 Nervous systems receive sensory input, interpret it, and send
aut appropriate commands 564

28.2 Neurons are the functional units of nervous systems 565
Nerve Signals and Their Transmission

28.3 A neuron maintains a resting potential across its
membrane 566

28.4 A nerve signal begins as a change in the membrane
potential 366

28.5 The action potential regenerates itself along the neuron 568

28,8 Neurons communicate at synapses 5649

28.7 Chemical synapses make complex information processing
possible 570

28.8 A variety of small molecules function as
neurotransmitlers 570

28.9 Many stimulants and depressants act on chemical
synapses 371
Nervous Systems

28.10 Nervous system organization usually correlates with body
symimetry 572

28,11 Vertebrate nervous systems are highly centralized and
cephalized 573

29 The Senses 584

20.1 Sensory inputs become sensations and perceptions in the
brain 586
Sensory Reception

20,2 Sensory receptor cells convert stimuli into electrical
energy 586

20.3  Specialized sensory receptors detect five categories of
stimuli 588
Vision

29.4 Three different types of eyes have evolved among
invertehrates 590

20.5 Vertebrates have single-lens eyes 590

20.6  To focus, a lens changes position or shape 591

30 How Animals Move 600

Movement and Locomotion
30.1  [Diverse means of animal locomotion have evolved 602

Skeletal Support

30,2 Skeletons function in support, movement, and
protection G4

30.3  The human skeleton is a unique variation on an ancient
theme a6

30.4 Skeletal disorders aftlict millions 607
30.5 Bones are complex living organs 608
30.6 Bone growth is a major feature of human development 608
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27.18 Childbirth is hormonally induced and occurs in three
stages 558

27.19 Reproductive technology increases our reproductive
oplions 559
Chapter Review 560

28.12 The peripheral nervous system of vertebrates is a functional
hierarchy 574

28.13 Opposing actions of sympathetic and parasympathetic
neurons regulate the internal environment 574

28.14 The vertebrate brain develops from three anterior bulges of
the spinal cord 576
The Human Brain

28.15 The structure of a living supercomputer: The human
brain 576

28.16 The cerebral cortex is a mosaic of specialized, interactive
regions 578

28.17 Talking About Science: Roger Sperry discovered that the
right and left cerebral hemispheres function differently 579

28.18 Several parts of the brain regulate sleep and arousal 580

28.19 The limbic system is involved in emotions, memory, and
learning 581

28.20 The cellular changes underlying memaory and learning
probably ocour at synapses 582
Chapter Review 382

20.7 How do corrective lenses work? 592
208 Our photoreceptor cells are rods and cones 393
Hearing and Balance
29.9  The ear converts air pressure waves into action potentials
that are perceived as sound 594
29,10 The inner ear houses our organ of balance 596
29,11 What causes motion sickness? 596
Taste and Smell
20,12 Odor and taste receptors detect categories of chemicals 597
20,13 Review: The central nervous system couples stimulus with
response 598
Chapter Review 598

Muscle Contraction and Movement
30.7 The skeleton and muscles interact in movement 0%
30.8 Fach muscle cell has its own contractile apparatus 610

30,9 A muscle contracts when thin filaments slide across thick
filaments 610

30.10 Motor neurons stimulate muscle contraction 612

30.11 Robots mimic animal movements 613

30,12 The structure-function theme underlies all the parts and
activities of an animal 614
Chapter Review 615
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Talking About Science: Plant scientist Katherine Fsau,
preeminent student of plant structure and function 620
Plant Structure and Function

There are two major groups of anglosperms: monocots and
dicots 621

The plant body consists of reots and shoots 622

Many plants have modified roots and shoots 623

Plant cells and tissues are diverse in structure and
function 624

Three lissue systerns make up the plant body 626

Plant Growth

Primary growth lengthens roots and shoots 628

Plant Nutrition and Transport 640
The Uptake and Transport of Plant Nutrients

Plants acquire their nutrients from soil and air 642

The plasima membranes of root cells control solute
uptake 643

[ranspiration pulls water up cvlem vessels 644

Guard cells control transpiration 645

Phloem transports sugars 646

Plant Nutrients and the Soil

PMlant health depends on a complete diet of essential
inorganic nutrients 648

You can diagnose some nutrient deficiencies in vour house
and garden plants 649

Soil in the life of plants: A closer lonk 650

Control Systems in Plants 658

Plant Hormones

Experiments on how plants turn toward light led to the
discovery of a plant hormone 660

Five major types of hormones regulate plant growth and
development 662

Awxins stimulate the clongation of cells in young shoots 662
Cytokinins stimulate cell division 664

Gibhercllins affect stem elongation and have numerous
other effects 664

Abscisic acid imhibits many plant processes 665
Ethvlene triggers fruit ripening and other aging
processes Ho6H

Plant hormones have many agricultural uses 667
Growth Responses and Biological Rhythms in Plants
Tropisms orent plant growth toward or away from
environmental stimuli 668

Plants: Form and Function

31.8 Secondary growth increases the gi.rli1 of woody plants 630
Plant Reproduction

31.9 Owverview: The sexual life of a flowering plant 632

31.10 The development of pollen and ovules culminates in
fertilization 632

31.11 The ovule develops info a seed 634

31.12 The ovary develops into a fruit 635

31.13 Seed germination continues the life cycle 636

31.14 Asexual reproduction produces plant clones 637

31.15 Vegetative reproduction is a mainstay of modern
agriculture 638
Chapter Review 638

32.9 Soil conservation is essential to human life 651

32.10 Talking About Science: Organic farmer Stephen Moore uses
no commercial chemicals 652

32.11 Fungi help most plants absorb nutrients from the soil 652

32.12 The plant kingdom includes parasites and carnivores 653

32.13 Most plants depend on bacteria to supply nitrogen 654

32.14 Legumes and certain other kinds of plants have built-in
nitrogen-fixing bacteria 634
Plant Mutrients and Agriculture

32.15 A major goal of agricultural rescarch is to improve the
protein content of crops 653

32.16 Genetic engineering may greatly increase crop yields 656
Chapter Review 656

J33.10 Plants have internal clocks 669

33.11 Plants mark the seasons by measuring photoperiod 670

33.12 Phytochrome is a light detector that may help set the
biological clock 671

33.13 Talking About Science: Gloria Coruzzi studies the genetic
basis of control systems in the model plant Arabidopsis 672
Plant Defenses

33.14 Defenses against herbivores and infectious microbes have
evolved in plants 672

33.15 Talking About Science: Plant biochemist Eloy Rodriguez

studies how animals use defensive chemicals made by
plants 674

Chapter Review 675
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34 The Biosphere: An Introduction to Earth’s Diverse Environments 678
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Ecologists study how organisms interact with their
environments at several levels 680

The Biosphere

The biosphere is the total of all of Earth's ecosystems 680
Environmental problems reveal the limits of the
|\|me|'u'n.' 6kl

Phvsical and chemical factors influence life in the
l'-ii.u.p':wru 6E2

t_‘!rg:_mimn-{ are .‘|1|..||1||_'|,1 1o abiotic and biotic factors by
natural selection 683

Regional climate influences the distribution of biological
communitics 684

Agquatic Ecosystems

Oiceans occupy most of Earth's surface 686

Freshwater communities ocoupy lakes, ponds, rivers, and
streams GBE

Population Dynamics 698

Populations are defined in several ways 700

Population Structure and Dynamics

Density and dispersion patterns are important population
variables 7040

[dealized models help us understand population growth 702
Density-dependent and density-independent factors limit
population growth 704

Some L1|,'||1|_||._||',|,1||~. have “hoom-and-bust” t}LII-"- 705

Life Histories and Their Evolution

Life tables track mortality and survivorship in

populations 706

Communities and Ecosystems 714

A community is all the organisms inhabiting a particular
place 716

Structural Features of Communities

Competition may occur when a shared resource is

limited 717

Predation leads to diverse adaptations in both predator and
prey 718

Predation can maintain diversity in a community 720
Svmbictic relationships help structure communities 720
Disturbance is a prominent feature of most

communities 7Z2

Talking About Science: Ecologist Frank Gilliam discusses the
role of fire in ecosystems 723
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Terrestrial Ecosystems

The major terrestrial ecosystems are called biomes 689
Tropical forests cluster near the equatar 6590

Talking About Science: U.S. Forest Service scientist Ariel
Lugo shares his views on tropical forest issues 691
Savannas are g]’:lh"-l..'lﬂdh with scattered trees 692
Deserts are defined by their dryness 692

Spiny shrubs dominate the chaparral 693

lemperate grasslands include the North American
prairic 694

Deciduous trees dominate temperate forests 694
Coniferous forests are often dominated by a few species of
trees 695

Long, bitter-cold winters characterize the tundra 696
Chapter Review 6%

Evolution shapes life histories 706

The Human Population

The human population has been growing very rapidly for
centuries 708

Age-structure diagrams predict the future growth of
populations 710

Talking About Science: Global warming may underlie
!:pngr.]phi\ shifts in ['ll.||'l'lJ].JIi':Hm 712

Chapter Review 712

Ecosystem Structure and Dynamics

Energy flow and chemical cycling are the two fundamental
processes of ecosystems 724

Trophic structure determines ecosystem dynamics 724
Food chains interconnect, forming food webs 726

Energy supply limits the length of food chains 727

An energy pyramid cxplains why meat is a luxury for
humans 728

Chemicals are recycled between organic matter and abiotic
reservoirs 728

Water meves through the biosphere in a global cycle 729
The carbon cycle depends on photosynthesis and
respiration 730




- 36.16 The nitrogen cycle relies heavily on bacteria 730

~ 36.17 The phesphorus cycle depends on the weathering of
rock 731

Ecosystem Alteration

- 36.18 Ecosystem alteration can upset chemical cycling 732

Classical Concepts in Behavior

7.1 Behavioral biclogy is the study of how animals behave in
their natural environments 738

Behavior results from both genes and environmental
factors 739
Innate behavior often appears as fixed action patterns 740

Ledrning ranges from simple behavioral changes to complex
problem solving 742

Imprinting is learning that involves both innate behavior
and experience 742

Many animals learn by association and imitation 744
Innewvation is problem solving without prior experience 745
Ecological Roles of Behavior

An animal's behavior reflects its evolution 746

Biological rhythms synchronize behavior with the
nvironmment 746

'ﬂ-'?.lﬂ Kineses and prientation behavior place animals in favorable
cnvirnnments 748

“37.11 Movement from place to place often depends on internal

! maps 748

$1.12 Behavioral ccologists use cost/benefil analysis in studying
feeding behavior 730

' 38 Conservation Biology 762

i The Biodiversity Crisis: An Overview

Habitat destruction, exotic species, and overexploitation are
the major threats te bindiversity 764

Biodiversity 15 vital to human welfare 765

Technology and the population explosion compound our
impact on habitats and other species 766

Rapid global warming could alter the entire biosphere 768
The Geographic Distribution of Biodiversity

Some locations in the biosphers are especially rich in
bindiversity 770

Conservation of Species Populations

Conservation often centers on sustaining fragmented
populations 772

Appendix 1:  Metric Conversion Table 782
Appendix 2:  The Amino Acids of Proteins 783
Appendix 3:  Further Readings 784
Appendix 4:  Chapter Review Answers 789
Appendix 5:  Photographic Credits 804
Appendix 6:  Illustration and Text Credits 808
Glossary G-1
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37 Behavioral Adaptations to the Environment 736

36.19 Alered ccosystems trigger changes in other ecosystems 733
36.20 Zoned reserves are an attempt 10 reverse ecosystem
disruption 734
Chapter Review 734

Social Behavior and Seciobiology

37.13 5Social behavior is an important component of popalation
biology 751

37.14 Rituals involving agonistic behavior often resolve
confrontations between competitors 752

37.15 Dominance hierarchies are maintained by agonistic
behavior 752

37.16 Talking About Science: Behavioral biologist Jane Goodall
discusses dominance hierarchies and mental abilities in
chimpanzees 733

37.17 Territorial behavior parcels space and resources 754

37.18 Mating bchavior often involves elaborate courtship
rituals 754

37.19 Complex social organization hinges on complex
signaling 756

37.20 Altruistic acts can be explained by evolulion 758

37.21 Talking About Science: Edward O, Wilson promoted the field
of sociobiology and is a leading conservation activist 759

37.22 Culture may reinforce innate huwman social behavior 760
Chapter Review 760

38.7 Identifying critical habital factors is a central goal in
conservation rescarch 773

38.8 Increased fragmentation threatens many populations: A case
study 774
Managing and Sustaining Ecosystems

F8.9  Sustaining ecosystems and landscapes is a conservation
priority 776

F8.10 Edges and corridors can strongly influence landscape
biodiversity 777

38.11 Restoring degraded habitats is a developing science 778

38.12 Sustainable development is an ultimate goal 779
Chapter Review 780
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