Patterns
of
Structure
and
Function

Preface xiv

1. STRUCTURE AND FUNCTION OF CELLS 1

The Cell. Where do cells come from?

The Tools of Study. Improvements in the light microscope— Electron
microscopes

Cell Structures. The nucleus—Endoplasmic reticulum and ribosomes
The Golgi apparatus— Lysosomes —Mitochendria —Chloroplasts
and plastids— Microtubules — Centrosomes —Cilia and fagella
Vacuoles—Cell walls—Cell membranes—Who's in charge here?

Tissues, Organs, and Systems '

Summary

Review gquestions

‘The Ostrich : 16
Mew X-ray System Gives Three-Dimensional Views TR i |
2. CHEMICALS OF LIFE 25

Units of Matter. Atomic structure— Electron shells—Combinations of
atoms ;

Chemical Bonds. Tonic bonds: the give-and-take honds—Ionic compounds
ionize—Acids and bases: the pH scale—Covalent bonds: the sharing
bomds —Hydrogen bonds

Water: Solvent of Life. Structure of water— Solvent properties

Organic and Inorganic Structures. Carbon and the structure of organic
compounds— The organic uses of oxyvgen

Carbohydrates. Simple sugars— Disaccharides— Polysaccharides

Liplds. Fats— Phospholipids —Waxes—Steroids

Proteins. Amina acids—Amino acid chains and protein structure
Sickle-cell anemia: one wrong amino acid—Enzymes

Muclele Acids

Summary
Review guestions

Hyperkinesis and Food Additives : a3

CDIltents \ 1‘

-



Patterns

of
Maintenance
and
Regulation

3. ENERGY AND ORGANISMS

ATP: Energy Currency of the Cell. How is ATP made?

Energy Reactions in the Cell. Enzymes and catalysis—Oxidation—
reduction reactions

Photosynthesis. Chlorophyll: the light-sensitive pigment—The light
reaciions: photophosphorylativn—The dark reactions:
carbohydrate synthesis

Cellular Respiration. Anaerohic respiration—The role of NAD and NADH
Acrohic respiration— The Krebs cvele— Summing up cellular

respiration
Summary
Review questions

And Now, an Artificial Leaf G

The Mandrake 56

4. PATTERNS OF DIGESTION 65

Nutrition Meeds in Digestion

Digestion Involves Specialization, Extracellular digestion—Intracellular
digestion—The heginnings of specialization—Gastrovascular
digestion— The complete digestive tract

The Human Digestive System. Nervous and hormonal regulation

Digestion in Planis

Sumimary

Review questions

Pltcher Plants 78 |

5. TRANSPORT IN PLANTS AND ANIMALS 85

Cellular Basis of Transport. Diffusion and osmosis—Osmolic pressure
Flow amd active transport

Animal Transport Systems. Transport in simple animals— Transport in
complex animals

Circulatory Systems. Open circulatory systems— Closed cireulatory
aystems

The Human Circulatory System. Composition of the blood—The heart and
circulation—The lymphatic system

Transport in Vascular Plants. Water absorption—Structure of wbody
stems— Translocation—The cohesion theory

|
I
‘ vi

CONTENTS

.



Summary

Review questions

The Elephant 94
Heading Off a Heart Attack g 100
6. GAS EXCHANGE SYSTEMS 111

Gas Exchange In Animals. Gas exchange in strueturally simple organisms
Gas exchange in structurally complex animzals

The Human Hespiralory System. Breathing

Gas Exchange in Vascular Planis

Summary

Review questions
Walking Catfish 116 |

7. SUPPORT AND LOCOMOTION SYSTEMS 129

Types of Skeleton. The exoskeleton—The endoskeleton
The Structure of the Skeleton, The joints

The Muscles. Types of muscle

Skeletal Muscle Contraction

Summary

Review quesiions

Giraffes 140

8. STABILITY OF THE ORGANISM 147

Iniernal Temperature Regulation. Ectotherms— Endotherms

Regulation of Fluid Balance

Waste Removal. The kidneys—The liver

The Repair of Damage. Temporary repair— Permanent repair

Defenses Agninst Disease. Phagooyvies: the [irst line of defense
Antibodies: the second line of defense—The thymus gland —The
development of immunity

Summary

Review questions

Sea Lions Ly : 156 |
Antibiotles: Miracle Drugs or Killer Drugs? 162

COMTENTS vii

e

-




S

9. HORMONAL REGULATION 167

Hormones in Animals. The discovery of hormonal action
Hormonal Regulation in Humans. The hypothalamus—The pituitary
gland —The adrenal glands— The thyroid gland—The parathvroid
glands—The pancreas—Other endocrine glands—The
| prostaglandins :
| Hormonal Regulation in Invertebrates. Insect metamorphosis— Har-
manes and metamorphosis
Hormonal Regulation in Plants. Auxin— Synthetic auxins— Apical
deminance—Other plant hormones— Photoperiodism

Summary

Review questions

The Monarch Butterfly L8O
il '
|| 10. NERVOUS SYSTEM REGULATION . 189

Neurons: The Basic Unit. The structure of neurons—The nerve impulse

Nerve Pathways, Simple and complex reflex arcs

Nervous Syslems in Invertebrates. The cnidarian nervous system— De-
velopment of central control —Maore complex mechanisms of contral

Mervous Systems In Vertebrates, The ceniral and peripheral nervous Hy5-
tems—The autonomic nervous system

The Brain. The human brain—The hindbrain—The midbrain—The fore-
brain—Brain waves

Summary
Review questions

Tickle ¥Your Brain to Stop Pain? 194

Patterns 11. ORIGIN AND REPRODUCTICN OF LIFE 211

of
o The Properiies of Life :
ReprﬂduCtlﬂﬂ The Origin of Life. The theory of biogenesis— The theory of abiogenesis

-—ry

and The Oparin hypothesis—Moleeules became living cells
Cellular Reproduction. Mitosis— Asexual reproduction—Sexual repro-
DE:VElﬂmeHt duction — Meiosis
Sumimary

Review questions

Bacterial Test for Dangerous Chemicals 222

viii CONTENTS




Patterns
of
Change

15. HEREDITY AND NEW INDIVIDUALS 297

The Investigations of Gregor Mendel. Mendel's experiments — Mendel's
analysis: the principle of seprepation —Testing the hypothesis: the
testeross — Dihybrid cross: principle of independent assortment
Aller Mendel

Genes and the Chromosome Theory. Experiments with Drosophifa — Link-
ape—Sex chrmuusu[m:ﬁ—ﬂ‘n|:,-sln|;-:wer—]'n-;mnp]e:re
dominance — Multiple alleles —Changes in chromosomes

Human Genetics. Human Blood groups—The Rh factor— Sex-linked
genes in humans—The gene poal

Summary

Review questions

The Marijuana Muddle T R e
The Armadillo il4
16. MASTER MOLECULES 325

The Discovery of DNA

Structures of Heredity, The genetic code —Protein synthesis
Regulation of Gene Action. Tnherited and environmental factars
Genetic Enginecring

Summary

Pulting DNA on the Assembly Line 339

17. GENETIC VARIATION IN POPULATIONS 345

-

Some Terms and Concepts. The Hardy—Weinherg principle

Sources of Variation, Mutation—Migration— Recombination
Influences on recombination

Preservation of Genes in a Population

Summary

Review questions

Eating Up the il Spills

X CONTENTS

ELL)

S| G/ BT Gaeae! A T s




Patterns
of
Change

15. HEREDITY AND NEW INDIVIDUALS 297

The Investigations of Gregor Mendel. Mendel's experiments — Mendel's
analysis: the principle of seprepation —Testing the hypothesis: the
testeross — Dihybrid cross: principle of independent assortment
Aller Mendel

Genes and the Chromosome Theory. Experiments with Drosophifa — Link-
ape—Sex chrmuusu[m:ﬁ—ﬂ‘n|:,-sln|;-:wer—]'n-;mnp]e:re
dominance — Multiple alleles —Changes in chromosomes

Human Genetics. Human Blood groups—The Rh factor— Sex-linked
genes in humans—The gene poal

Summary

Review questions

The Marijuana Muddle T R e
The Armadillo il4
16. MASTER MOLECULES 325

The Discovery of DNA

Structures of Heredity, The genetic code —Protein synthesis
Regulation of Gene Action. Tnherited and environmental factars
Genetic Enginecring

Summary

Pulting DNA on the Assembly Line 339

17. GENETIC VARIATION IN POPULATIONS 345

-

Some Terms and Concepts. The Hardy—Weinherg principle

Sources of Variation, Mutation—Migration— Recombination
Influences on recombination

Preservation of Genes in a Population

Summary

Review questions

Eating Up the il Spills

X CONTENTS

ELL)

S| G/ BT Gaeae! A T s




e

18. EVOLUTION: THE THEORY OF NATURAL SELECTION 359

-

Evidence for Evolution. Indusirial melanism—Chemical resistance
Suppart lrom ether research

The History of Evolutionary Theory. Geological change—Biological
change

Darwin and the Beagle

Matural Selection. Acceplance of Darwin's theory

Adaptation and Selection

Summary

Review questions

The Wild Mustang 5 72

19. ORIGIN OF SPECIES 381

‘What is a Species?

} Geographical Tsolation: Finches on Cocos Island

Isolating Mechanisms; Finches on the Galipagos Islands. Isolating
mechanisms and environmental niches—Isolation by postmating
mechanisms —Polvploidy

Allopatric and Sympatric Speciation

Subspecies, Races, Breeds

i Summary

Review guestions

Messages from Old Hones IHE
The Sperm Whale il 390
20. ORDER OUT OF CHAOS 399

Principles of Classificatlon. How many kingdoms?
Monersa
Protista. Plant-like protists—Animal-like protists
Fungi. Myxomyeophyta—Lichens
Planine. Thallophyia—Embryophyta—Bryophyta—Tracheophyta

r Prilophyta, Lycopsida, Arthrophyta—Pterophyta—Gymno-
spermae — Angiospermae
||| Animalia. Porifera—Cnidaria— Platyhelminthes—Nematoda

; Annelida— Mallusca— Arthropoda — Echinodermata—Chordata
| Summary
Heview guestions

| CONTENTS Xl




Interacting
with

the
Environment

Fungus-Growing Ants

21, RECEIVING AND COMMUNICATING INFORMATION 427

Sensory Reception. Mechanical receptors— The sense of touch—Moenitor-
ing the body—The reception of sound— The sense of balance
Chemical recepiors—Visual receptors—Simple and compound
eyes—The camera eye

The Sending of Messages. Chemical messages— Sending messages by
sound— Echolocation—Visual messages—The dance of the
honeybee—5Still more messages

Summary

Review questions

The Kangaroo Rat 434

Chemical Seducers in Human Females?

22, Animal Behavior 455

What is Behavior? Taxis, kinesis, reflex— Biorhythms: circadian, lunar,
annual

Species-Typical Behavior: Innate and Learned. Homing and migration

Learning: The Modilicatlon of Behavior Patterns. Hahituation — Classi-
cal conditioning—Trial-and-error Learning— Problemesolving
hehavior—The role of play in learning—Imprinting: a special
form of early learning

Soclal Behavior. Reproductive behavior: sticklebacks and penguins
Year-round societies: bees, wolves, and primates

Summary

Review questlons

Chatting with Chimps e R
The Black Bear

23. THE WEB OF LIFE - 479

Patterns of Interdependence. Patterns of nutrition—Tatlerns af profec-
tion— Patterns of reproductive interdependence

Ecological Interactions. Symbiosis— Predation—Conipetition

The Mature of the Ecosyslem. Ecological succession— Biomes

Summary

Xii CONTENTS




