I S R

CONTENTS

Preface
Chapter 1 INTRODUCTION

HIOLOGY A% 4 HCIHENCTE
THFE SCIENTIFIC METHOD

CLIT, RISE OF ATODERMN BIOLOGICAL SCHEACT

DAKRWIN S THEOLY
rHE CONCEPT OF LYyOLUTIORARY CHAaRGL
THE CORCETT OF NATURAL SELECTION

THE VARIETY OF OHGANISMS
MI{NEHA
PROTISTA

Pl AMTAE

Flikiil
AMIMAalln

LA {8

13
13
14
1t
15

PART 1 THE CHEMICAL AND
CELLULAR BASIS OF LIFE

Chapter 2 SOME SIMPLL CIIEMISTRY

T LLEALLN TS
FLTMEMTS IMPORTART 1M RIOLOGY
ATOMI STRUCTUHRFE

CHEATCAL MM DS

[OMIC BOMNDA

COVALENT IMYMIZS

BIOLOGH ALLY ENMIMIHTAN | WFAK RONTS

SOALLE IVPORTANT INORGASTC YU RO LS
WATEH

CARHUM UIKIDF

OXYHLM

25

27

7
29
29

35
L
37

41
+1
1%



vi  COMTENTS

SOME SIMPLE QORGANIC CHEMISTRY 46 PLANT TISSUES 12]
CARBOHYDRATES 47 MERISTEMATIC TISEUE 122
LIFID& 51 SURFACE TISSLE 122
FROTEINS g3 FUMDAMEMTAL TIRSUE 124
Exploring further: Chromatography a7 YASCULAR TISSUE 125
Expioring further: X-ray crysiallography 63 PLANT URGANS 126
HULLEIC ACIDS 63

. ANIMAL TISSUES 127
CHEMICAL REACTIONS &5 EFTHELIUM 127
ENERGEITH: CONDITIONS FOR CHE:!-'IICAL ma.n.crmns &6 CONNERTIVE TIEEME (10
iﬁ;g:f further: Free energy in chemical . . 133
PACTORS THAT INFLUENCE THE RATE OF CIIEMICAL HENER 135
REACTIONS 67 ANIMAL ORGANS 133
ENZYMES Fi
Chapter 3 CELLS: UNITS OF STRUCTURE Chagier 4 ENERGY TRANSFORMATIONS 137
ANMD FUNCTION 77

CHARACTERISTICS OF ENEHGY 137
THECEL]y THEORY @ PIIOTOSY NTHESIS 13
SUBCELLULAR ORGAMNIZATION AN HISTORICAL DEVELOPMENT 135
= 7E TITE CHEMICAL MATURE OF IMIOTOSYMTHESIS 141
[ N ROGCUPES a LIGHT AND CHIORODFHYLL 142
A 30 CYCLIC PHOTOPIOSPHORYLATION 145
THE BTRUICTURE OF THE CELL MEMBRANE 3l NONCYCLIC PHOTOPHOSEHOAYLATTO M 143
F"N"-mlm OF THE CELL MF‘.“E“NE ) = CARBOHYDHATE SYWTHESIS MY THE CALVIM CYVOLE 150
m:::ig gn:lr;h‘:;.;gs;i?;fu[;cssum. oty ag Explonng further: The Hill reaciion 1582
CELL WALLS AND COATS 95 T?IF LE...iF AS AN NRGAN OF rHoTlos'fNTHEma 155
o s e Aimensiond
THE ENDOPLASMIC RETICULUM AND RIBOSOMES [fir} &, FRETOSS T 160
THE GOLGI APFARATUS 106
MITOCHOMDRLA L7 CIIEMUSYNTIIESIS 162
LYS0SOMES 1
PEROKISOMES 109 CELLULAR METABULISM L&3
PLASTIDS 1Ll ANAEROBLC METABOLISM 163
VACUOLES 112 AEROBIC METAROLISM (MESPIRATION) la7?
MICROFILAMENTS 113 Exploring further. Regulation ol glucose hreakdown 1™
MICROTURILES 114 SUMMARY OF THE ATP YIELD OF THE RESPIRATION
CENTRIOLES 15 OF GLUCDSE 174
CILLA AND FLAGELLA 115 RERFTRATION UF FATS AhD FROTEING 175
MITOCHDMNDRIA A5 DRGANELLES OF CELLULAR

EUCARYOTIC VS, PROCARYOQTIC CELLS 17 HESPIRATION 176
"TYPICAL'" EUCARYOTIC CELLS ¥ Explormg further: The cheminsmoljc hypoibhess of
PROCARYOTIC CELLS 120 oxidavive phosphorylation 178
MULTICELLULAR ORGANIZATION 111 BODY TEMPERATURE AND METABOLIC RATE 180




. ——— e e .

PLANTS

PLANTS

wilandikh

1TAYES

GLLLS

CONTLEATS wll
= , SOLUTHIMNG IN TERREESTILIAL ANIMALS
PART Il THE BIOLOGY OF 248
R . TS prT
ORGANISEMS 187
TRAUTILAL SYSTEALS 155
Chapier 5 NUTRIENT PROCIUBREMENT AKD
PROCESSTNG 184
NLUTRIEAT WEOUITHIALLN TS O CILEY N o0 C.llzalr?!t‘r = INTERNAL TRANSPORT 257
Eaw MATERIALE FOR PIIOTOSTNTIESTS 190 CHGANTSMS WITHDTT SPECIAL THANSIURT
MIMERAL B LTRITLN 191 Y STEEAS I57
1 INT UHEM AIENT B ™
Bl L i 153 VasOCLLAKR PLAaNTS 254
BOWITS A% DHOAKS OF PROCUREMERT Jad STRUCTURM UF ST 25%
INSEUTIVLARDLS GRETK 1'LAN TS 201 THEy APEET U Ge P il
TRANSIOCATION OF SOLTTES i
AMUTRIESNT REOUIREAMENTS O]
HETEROTROPHIC ORGANIDAS 202 CHECULATION [N JHGIER ANIVALR 278
NUTHLENTS REQUIRLED IS DULK 203 1L [RSECT CIRCTLATLINY SYETRAM 278
205 THE YERTERERATE CIRCLULATORY SYSTLM 279
MINERAL RUTHITIUN 20 Explorieg fredier: Measuring Trlesadd prossre JHE
WUTRIENT PROCUREMENT 8Y FUNG 171 Explurng further: Thromboembalic aml
) ’ - Lypericnsive discase in lniman beings 2Ry
SUTTRIENT FROCTREAMENT Y ANIIALS dhdy DL 295
PHROTOWOD A 213
MUTRIERT PELGCLREMENT 1Y PROTORGBANY 211
MUTRICKT MROC L REMESNT 07 CURLINTERATES 214
NUTRITHT FROCLRESMOSNT U FLATWITRME 2le
ANIMALS WITIL COMPLETE LIGESTIVE TRAUTS "7 Chapter 8 REGULATION OF BODY FLULDS e
TILE DIGESTIVE SYSIUEM O TIIMANS AN GTLIER
Ry T A 221 THE EXTHACELLULAIL FLUIDS OF PLANTS 309
faploving further: Speoial juncilons bl
epithelial velis 227 FHE YTERTEDRATE LIVIER a1l
NS MATIO TG R 1E 14 AR 220
Explaring frerther: The digestion of Tactose by THE PROBLEM OF EXCRETION AND SALY AND
huttan adulls 214 TWATEHR BALAaNCE 1N ANIELALS 34
CIE FROGLEKL |5 A01ATLY ANIMALS 1l
FHE FROGLER |5 TERRESTRIAL ANINALE 3T
Chaper & GAS EXCHANGE 7
EXUCIRETORY MECHANISATS IN ANIMALS 30
TLIE PHIMELIA 238
CORTHALTILE WAL 19
SOLLTIONS 1N TERIESTRIAL PLANTS 230 TLAME LELL SYSTEME 12
339 NEPILHLUITA €17 FARTIIW AME e |
STEMS AMI MODTE 143 THE YERTERRATE KLIOMEY 1
Fxploring furtizer: The Kidnows as s lavso in high
SOLDTIONS 1IN AQUATIC ANIRMALS 2dh Lrlool prossure 24
245 MALTIGIH AR TURLULES 319
SOLUTIONS (THER TITAMN 411L1LS 248 THE CELLULAK NASIE OF AUTIVE TRARSPORT T 5ALT 33



vil CONTENTS

Chapter 9 CHEMICAL CONTROL

PLANT HORMONES
AUKINSG

GIBBERELLING
CYTOHRINING

INHIBITORS

ETHYLENE

CONTROL OF FLOWERING

HORMONES IN INVERTEBRATE ANTMALS

HORMONES 1IN VERTEBRATE ANIMALS
HORMONAL CONTROL OF DIGESTION

THE FANCREAS A AM ENDOCRINE ORGAN

THE ADRENALS

THE THYROLD

THE PARATHYROIDS

THE THYML=

THE PITUITARY AND THE HYPOTHALAMUS g
THE FINEAL

THE MECHANISM OF HORMONAL ACTION

HORMONAL CONTROL OF VERTEBRATE
REPRODUCTION

THE PROCESS OF SEKLAL REFRODUCTION

THE HUAN AND OTHER MAMMALIAN REPRODUCTIVE
SYSTEMS

Choprer 10 NERVOUS CONTROL
EVOLUTION OF NERVOUS SYSTEMS

NERVOUS PATHWAYS IN VERTEBRATES
MEURDME OF VERTEBRATES

REFLEX ARCS

THE AUTONOMIC NERVOUS SYSTEM

REFLEX COMTROL OF BREATHING AND HEARTAEAT

TRANSMISSION OF NERVOUS IMPULSES
CONDUETION ALGNG NEUVRONS
TRAHSMISSION ACROSS SYNAFSES

THAMNEMISSION BETWEEN THE MOTOR ANON AMD THE
EFFECTOR

KN

335
3¢

a5

M7

355

5T

Jel

38
370
in
371
375

376

381

kl

412
4]2

416
415
421

428

SENSORY RECEPTION
MECHANIZM OF RECEITOR FUNCTION
SENSATIDNS

THE MATOR SENSES

SENSDRY RECEFTORS OF THE SKIN

THE PROFRIOCEPTIVE AND VISCERAL SENSES
THE SENSES OF TASTE AMD SMELL

THE SENSE OF VISIDN

Exploring further: The processing of visual
Inlermalion in veriebralcs

THE SENSE OF HEARING
THE SEMSES DF EQUILIARIUM AND ACCELERATION
LATERAL-LINE 5YSTEMS

THE BRAIN
EVOLUT!ON OF THE YERTEBRATE BRAIN
THE MAMMALIAN FORERRAIN

Chapter 11 EFFECTORS

THE STRUCTURAL ARRANGCEMENTS OF
MUSCLES AND SKELETONS

ANIMALS WITH HYDROSTATIC SKELETOMS
AMIMALS WITH HARD JOUNTED SKELETDMS

THE PHYSIOLOGY OF MUSCLE ACTIVITY

THE GENERAL FEATURES OF SKELETAL-MUSCLE
CONTRACTION

THE MOLECULAR BASTS OF CONTRACTION
THE CONTROL OF CONTRACTION

EFFECTORS OF NONMUSCULAR MOVEMFENT
MOVEMENTS PRGDUCED BY MICROFILAMENTS:
HOVEMENTS PRODUCED BY MICROTUBLLFS

Chapter 12 ANIMAL BEHAVIOR

ANALYSIS OF BEHAVIOR
FUNDAMENTAL ELEMENTS OF BEHAVIOR
INHERITANCE AND LEARNING IN BEHAVIOR
MOTIVATION

THE CONCEPT OF SIGN STIMULY

423
429
430

452
432
413
413
435

442
445
431
452

452
454
458

465

Bl

472

472
474
479

481
453
435

405

459
494
493
a0g
2




F

COMTENTS

ANIM AL COMMUNICATION
COMMUNICATION BY SOUND
COMMUNICATION BY CTHIEMICALS
COMMUNICATION BY VISUAL DISPLAYS
COMMUNICATION IM TIONEYBEES
SYMBOLISH 1M COMMUNMICATION

HIOLOGICAL CLOUCKS

ORIENTATION BETIAVIOR
CRIENTATION BY VISUAL LANDMARKS
ORIENTATION BY ECIIOLOCATION
FLECTRIC OHIENTATION

ORIENTATION BY SMELL

AVIAN ORITNTATION AND NAVIGATION

FEELMNC BEHAVIOR

SNCIAL REIAVIOR (SOCIOBIOLOGY)
SPATIAL FACTORS THAT INFLUENCE 3OCIALITY
INSECT SOCIETIES

VERTEBRATE SOCIETIES

THE FVOLUTION DF BREIIAVIOR
THE DERIYATION OF BERAVIOR PATTERNS
THE GEMETICS OF BEHAVIUH

PART I11 THE PERPETUATION OF
LIFE

Chapier 11 CELLULAR REPRODUCTION

TIIE CENTRAL IMPUHTANCE OF THIE
MRUCELELS

MITOTIC CELL DIVISION
MITOSIE
CYTOKIMESIS

MEIOTIC CELL DIVISION
THE PROCESS OF MFEIISIS

THE TIMING OF MEIOSIs LN THE LIFE CYCLE
THE ADAPTIVE SIGNIFICANCE DF SEXUAL REPRODUCTION

6
S10
513
518
520

321

5243
523
524
515
526
527

533

536
537
538
gl

545
S
350

555

S57

557

559
550
569

571
573
574
579

Chapier ¥4 PATTERNS OF INHERITANCE

MONCITYHRID INHERITARCE
EXPERIMENTS BY MENDEL

THE TEST CROSS

TMNTERMEDIATE INHTRITANCE

DIHYARTD AND TRIHYBRID INHERITANCE
THE BaSIC DIHYRRID RATTO
GEKE INTEHACTIONS

PENETRANCE AND EXPRESSIVITY

TIHE EVALUATIHN OF EXPERIMENTAL
RESUJLTS

MIULTIPLTE ALLET.ES

Eaploring further: The genetic busis of the Eh
[aclor

MUTATIONS AND DELETERNYLS GENTS

SEX AND INHERITANCE
SEX DETERMIMATION
SEX-LIMKED CHARACTERS
GENES ON THE ¥ CHROMUSOME
SEX-INFLLUENCED CHARACTEHS

LINKAGEF

CHROMOSOMAL ALTERATIONS
Exploring further: Trisomy in humansy

GEMETTICS PROBLEMS

Chapter 15 THE NATURE OF THI: GENE
AND ITS ACTION

TIE CHEMICAL NATURE OF THE GEMNETIC
MATERIAL

TIE DIECOVYERY OF UNA AN ITS FUNCTION
THE MOLECLULAR STRUCTURE C1F DMA

THE REPLICATTON OF DA

THE ONE GENE-ONE ENZYME HYPOTIIESLS

ik

SE1

SE3
583
SHE
e

591
501
583

07

508

GO0

o5

408
11
ald
al3
413

Gli

6la
620

621

626

424
626
629

6l

fid




x CONTENTS

THE SYNTHESIS OF PROUTEINS

fibiA, TRAMEMITTEN OF INEORMATION FROM DNA TO
RIBDSOMES

THE GENETIC CODE

TRAMSFER ENA AND LTS ROLE [N THE TRANSLATION OF
MEESENGCER RMa

Ezploring further: Deciphering the genetic code
THE BEADING GF THE CODE BY THE RIBOSOMES
A SUMMARY OF THE MODEL

MUTATIONS

Exploring further: Sequencing of DNA and
delection of mmadons

NOW WHAT IS A GENE?

EXTRACHROMOSOMAL INHERITANCE
THE GENETIC ROLE OF CYTUPLASMIC ORGANELLES
PLASMIDS

Chapter 16 DEVELOPMENT: ASPECTS OF
CELLULAR CONTROL

THE CONTROL OF GENE TRANSCRIPTION
CONTROL OF GENE TRANSCRIFTION IN BACTERIA

CONTROL OF GEME TRAMSCRIPTION 1K EUCARYOTIC
CELL:

GENE AMPLIFICATION AS A CONTROL
MECHANISM

POSTTRANSCRIPTIONAL CONTROL

CANCER: A FAILURE OF NORMAL CELLULAR
CONTROLS

THE IMMUNE RESPONSE

Chapter 17 DEVELOPMENT: FROM EGG TO
ORGANISM

DEVELOFMENT OF & MULTICELLINLAR
ANIMAL

FERTILEZATION

EMBRYOMIC DEVELOPMENT

Exploring further: Development of the human
embryo

POSTEMBRYOMIC DEVELOPMENT

&1
43

H45
47
£51

652

654

657
657
G538

Lk
659

673

ar7

&7

083

657

FiLL

07
108

DEVELOPMENT QF AN ANGIOSPERM PLANT

THE SEED AMD ITS GERMIMNATION
GHROWTH aND DIFFEREMTIATION OF THE PLANT BOLY

THE PROBLEM OF IMFFERENTIATION AND
PATTERN FORMATION

THE FOLARITY OF CELLS AND THE FLAME OF CL EAVAGE
TISSUE INTERACTIONS IN DEVELOPMENT

THE GRADUALNESS OF DIFFERENTIATION

IS DIFFERENTIATION IRREVERSIBI E?

PART IV THE BIOLOGY OF
POPULATIONS AND COMMUNITIES

Chapier 18 EVOLUTION

EVOLUTION AS CHANGE IN THE GENETIC
MAKEUP OF POPULATIONS

GENETIC ¥ARIATION A5 THE RAW MATERIAL FOR
E¥VOLUTION

THE GENE POOL AND FACTORS TITAT AFEECT IT®
EQUILIBRIUM

Exploring further: The Hardy-Weinberg cquilibrium
THE ROLE OF NATURAL SELECTION

ADAFTATION

ADAFTATIONS FOR POLLINATION IM FLOWERIMNG PLANTS
DEFEM&MVE ADAFTATIONS OF ANIMALS

EYMBIOTIC ADAFTATIONS

ALTRUISTIC BEHAVICR

THE POESIBILITY OF NONADAFTIVE CHARACTERS

SPECIES AND SPECIATION
URITS OF POPULATION
SPECIATION

THE SPECIES PROALEM

THE CONCEFT OF PHYLOGENY

DETERMINING FHYLOGENETIC RELATIO NEIPS

Explortag further: Cytochrome ¢ as a 1axoponie
characlier

PHYLOGENY AND CLASSIFICATION

7l
217
721

72T
728
32
740
743

40

731

T3l

75l

T34
758
7539

76
780
T2
781
7Ba
788

ol

a0

S0

ile
El3




CINTENTS

xk

Chaprer 19 ECOLOGY

POTLLATIONS AS UNITS OF STRUCTURE
AND FUNCTIO M

POPNLA CION SIFE AND NISTRIBUTHIN
POPLTATION CRIMWTH
POFLILATION BRECGULATHIN

TIHE ECONOMY OF LOOSYSTEMS

THE FLOW OT EMERGCY
CYOLES OF MATEHRIALS
THT. RLILE OF SUHLS

THE RIOTIC COMMUNITTY

UMM ANCE, DIYERSLTY, AN COMMUNITY STARILITY
ECOLOGI AL SLCCLRSSI0N

THIL CONECTRTT OF CLIMAY

RIOMES

BIOGEOGRATILY

[HE TISPEREAL OT SIECLES
BIOGRGRAPHTT RESTOMS (F THE WIHHLLD

PART V THE GENESIS AND
DIVERSITY OF ORGANISMS

Chapter 20 THLE ORIGLN AND EARLY
CVOLUTION OF LIFE

TIIE QRIGIN OF L1FE

PRECAMBRIAN EVOLUTION

THE FOSRIL HECORD
TIE BERKMREI-MARSIHALL HYFUTILL RIS
TILE ORMIM F ELCARYOTIC CERLA

THE KINGDOAS OF LITT

Chapter 21 VIRUSES AND MONERA
YTR1SLS

VIROILS

Azl

£23
423
B23
B30

838
ERY)
E41
EL

E52
aca
353
Bl
Ba&

X3

LT
Bh2

|

H93
Rud
903
9a5
En
uo7

91l

216

916

922

MiOOMERA
SCTHAMY CETES
CYANOTIYTA
PROCIILOBOFHYTA

Chaprer 22 THE PROTISTAN KINGDOM

AMIMAL-LTKL PRUTISTA
WMASTILOPHORA

SARCOINA

SPOROFA

CILTATA

FIUINGLSLIKTE PROTISTA
FROTOMYCOTA (TITE THUE FURGUSTIKT PRUTISTS
CYMMOMYOUTA [THE SLTWL MOLDE)

PLANTLIKE PROTIS 1A

CUGLENGEHYTA (TILE EUGLENOINS]

CHARYSOPHYTA (TILE YELLOW-OREEM AND
COLDEN BROWK ALGAE AND THIL DIATOMS]

FYRROPIYTA (THT DIMUFLAGELT ATES)

Chapier 23 THE PLANT KINGDOM

CHLORAOPLIIYTA (THE CREEN ALGAE)
FLHAEQGPTIYTA (THE BROWN ALGAE]
RITODOPHYTA (TUHL RED ALGAL)
THE MOVEMENT ONTO LAND

ORYOPHYTA (THE LIVERWDHRTS,
I[ORNWORTS, AN MOSSTS)

TRACHEOPIIYTA (THE VASCULAR PLANTS]
PSILOIPSIDA

LYCOPSIRA (THE CTUT MUOSSES)

SPITENOPSIDA (THE THIRSETALLS)

PFTEROPSIDA (THE FERMS}

Fxploriing further: The cvalation of

sporophyle dominance

SPERMOFSTRA [THE 5EED PLANTS)

Faploring further: Evolulion ol pine concs

922
Q22
ALY
QT

Eal

934
40
o941
943
945

W E
Exh]
45

Q32
932

553
955

956

95T

474
974
973
977
974
OU)

QA
485



s .

xll  CONTENTS

Chapter 24 THE FUNGAL KINGDOM o9t THE PSEUTHICOELOMATE PRUTODSTOMIA e a

ASCHELMINTHES 1018
OOMYCOTA {THE WATER MOLDS) oz
THE COELOMATE PRUTOSTOMIA el
ZYGOMYCOTA (THE CONTUGATION FUNGI) o2 THE LOPHOPHORATE FUYLA Ll
MOLLUSCA 1022
ASCOMYCOTA (THE SAC FUNGI) Ga4 ANNELIDA 1028
. ONYCHOPHORA 1425
BASIDICMYCOTA {THE CLUB FUNGI oo EEToeTTh, 1029
THE DEUTERDSTOMIA 103§
Chaprer 21 THE ANIMAL KINGDOM 1000 ECHINODERMATA 1033
HEMICTIORDATA 142
PORIFERA (THE SPONGES) 1000 THE RELATIOMSHIFS AETWEEN ECIHINODERMS,
HEMICHORDATES, AMD CHORDATES 1047
THE RADIATE PHYLA 1002 INVERTEBRATE C1IORDATA 1045
COELEMTERATA [Fileh) YFRTEBRATE CIIORDATA M7
CTENOFHORA 1007 F¥LUTIOM OF THE FRIMATES JH1))
TITE EVOLUTION OF HUMAM BEINGS L
ORIGIN OF THE METAZ(A Lo
THE ACOELOMATE BILATERTA 1010 APPENDIX: A CLASSIFICATION OF
FLATYHELMINTHES {THE FLATWORMS) Lam LIVING THINGS 1075
HEMERTING {THE PROBOSCIS WORMS) 1015
GLOSSARY Al
MVERGCENCE OF THE PROTOSTOMIA ANT
DEUTERDSTOMIA 1015 INDEX Al7
— 00902




