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II reproduction in 469 autotrophic bacteria 327, 330 
respiration in 470 autotrophs 119,253 

abdounen 438,439 aunplitude 40 axon 602,604 
Abert's squirrel 243 anabolic steroids 626, 627 
absolute age 281-282 anal pore 33 7 Q • 

ofrock 272,273 anaphase 131, 133 
acquired iunununodeficiency anatouny 235,411,412 backbone 457,519,610 

syndroune (AIDS) 322,659 angelfish 464 bacteria 253, 325-333, 326 
active transport 106-107 angioplasty 583 antibiotic resistance in 181 
active viruses 320 angiosperuns 367,392-396, 397 autotrophic 327, 330 
adaptation 227,228 life cycle of 394-395 cell of 325-326 

for flight 481 types of 396 decomposing 332 ~~ 

plant 364-365 angle(s) food and 330-331,333 
survival and 246 of incidence 51, 56 genetic engineering in 208-209 

addiction 625 of reflection 56 heterotrophic 327, 332 
adenine 135,136,176 aniunal cells 84 nitrogen-fixing 332 
adolescence 662 cytokinesis in 134 oxygen production by 330 
adrenal glands 515,643 aniunal-like protists 335-338 reproduction in 328-329 
adrenaline 517, 642 aniunals 410-416 respiration in 327 
adulthood 663 cells of 89 Bacteria dounain 253 •• 
afterbirth 660 classification, of 415-416 bacteriophage 319 
agar 340 functions of 412-413 balance 608, 620 
Age of Fishes 290 structure of 411 ball-and-socket joint 520, 539 
Age of Maununals 296 symmetry in 414 barbiturates 627 
Age of Reptiles 294 Annelida 424 bark 383 
aging 663 annual rings 383 barnacle 41 0 
AIDS 322, 659 anteaters, spiny 490 bats 489 
air sacs 482 antennae 436 beetles, classifying 249 
alanine 176 crayfish 43 7 biceps 511, 529 
albin~sun 201 anther 393, 395 bilateral syununetry 414 
alcohol 626, 627, 628-629 antibiotics 348 binary fission 328,337 
alcoholic ferunentation 12 7 antibodies 514 binounial nounenclature 250-251 
alcoholisun 629 anus 428 biology 13-14 
algae 339-341, 349 anvil 619 birds 415, 480-485 

brown 341 aorta 554, 557 adaptations for flight 481 
diatoms 334, 339 aperture 65 digestion in 483 
dinoflagellates 339 appendages 435, 436 reproduction 484-485 
euglenoids 340 arachnids 435,436,438 respiration and circulation in 
green 341, 368 Archaea 253 482 
red 335,340 Archaeopteryx 294,295,477,480 temperature regulation in 484 

allele(s) 157-158, 171 Archiunedes 534 birth 660-661 
dominant 157, 158 arteries 512, 556, 558-559, 560 bivalves 431 A. 
multiple 194 coronary 558, 581 bladder, swiun 466, 467 
recessive 15 7 Arthropoda 434 blind spot 48 

alligators 4 7 6-4 77 arthropods 415, 434-438 blood 512,553,563-566 
alveoli 574,575,576 asexual reproduction 328, 335, transfusion of 567, 568 
aunino acids 100, 17 6, 179 346,365,413,420,425 volume of 566 
aununonites 276,277 asteroids 295 blood alcohol concentration 
aunniotic egg 474 asthuna 586 (BAC) 628 
aunniotic sac 659 atherosclerosis 581, 583 blood banks 582 ~ 

aunoeba 107, 336 athlete's foot fungus 348 blood cells 140, 520 
aunphetamines 626,627 atouns 97,280 blood clots 563, 566, 583 
aunphibians 290, 415, 468-471 atria 470, 554, 555 blood flow 556, 559 

diversity of 469 auditorynerve 619 blood pressure 560-561 
movement in 471 autonounic nervous systeun 611 high 582 
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blood type 567-568 
inheritance of 194 

body plan, segmented 436 
body structure 414 

of cnidarians 419 
of echinoderms 443 
evolution and 235 
of mollusks 430 
of segmented worms 429 
of sponges 418 
of tapeworms 427 
ofworms 425 

bone marrow 523, 565 
bones 518, 522-525 

ofbirds 481 
compact 522, 523 
development of 524 
growth of 523 
aslevers 538-539 
long 520 
spongy 522, 523 

bone tissue 411, 510 
bony fishes 466-467 
brachiopods 289 
Brachiosaurus 285, 479 
braUn 425,515,602,607,608-609, 

610 
alcohol abuse and 629 
concussion 613 
of mammals 489 
reflex response and 612 
vision and 48 

braUn stem 608, 609 
branching tree diagrams 255-257 

constructing 257,442 
breastbone (sternum) 519 
breathUfig 560,576-578 

respiration and 124 
breedUfig, selective 206, 228 
brittle stars 445 
bronchi 573, 574 
bronchitis 586 
brown algae 341 
buddUfig 346 
buds 382 

a 
calcium 523, 525 
cambium 383 
Cambrian Explosion 289 
cameras 37,64,65,66 
cancer 585, 629 
canines 487 
capillaries 512,556,557,558,559 

carbohydrates 99 
carbon-14 datUfig 281 
carbon dioxide 128, 385, 512. 

See also respiratory system 
in blood 556-557, 564, 575 
in cells 98 
from fermentation 127 
in photosynthesis 121, 122, 126 
from respiration 125 
as waste product 553 

Carboniferous Period 290-291 
carbon monoxide 584 
cardiac muscle 527, 528 
cardiovascular diseases 581-583 

atherosclerosis 581, 583 
hypertension 582, 583 
stroke 583 

cardiovascular system 552-569 
alcohol and 628 
functions of 553 

carpals 519 
carrageenan 340 
carrier 197 
cartilage 465,521,524 
cartilaginous fishes 466 
casts 236 
cell body 602 
cell cycle 129-137, 130 
cell differentiation 112, 138-141 
cell membrane 89, 90, 91, 103, 

104,326,336,509 
cell plate 134 
cells 14-15, 48, 74-145, 81, 411, 

508,509 
active transport in 106--107 
animal 84 
bacterial 325-326 
cell theory 84-85 
diploid 171 
egg 368 
functions of 81, 509 
fungal 345 
genetics and 170-17 4 
Golgi body 90, 91, 94 
leaf 384 
mitochondria 90, 91, 93, 112, 
125,489 

nerve 95, 515 
nucleus 90, 91, 92, 131,253, 
336,337,340,509,602 

onion root 89 
organellesin 88,93-94,509 
osmosis in 104-1 05 
plant 84,90,92-94,99,134,362 

Index 
red blood 81, 95, 105, 564, 565, 
566 

respiration 123-127 
ribosomes 90, 91, 92, 93, 130, 
177,178,326 

sex 170,172,180,413,514,648 
skin 81 
stem 140 
structure of 81, 100, 509 
target 642 
white blood 565 

cell theory 67, 84-85 
cellular respiration 123-127, 509, 

512 
cellulose 89 
cell wall 89, 90, 326, 362 
Celsius scale 673 
Cenozoic era 287, 296-297 
centipedes 415,435,436,438 
central nervous system 606, 

607-610 
centrioles 132 
centromere 131,133 
cephalopods 432 
cerebellum 608,609 
cerebrum 608,609 
cervix 652,653 
charged particles 42 
cheliped 43 7 
chemical reactions 98 

of photosynthesis 385 
chemistry 17 
chickenpox 322 
childhood 662 
chlorophyll 120, 368, 384 
chloroplast 90, 94, 112, 120, 121, 

126,139,340,362,363,384 
chokUng 574 
cholesterol 581 
Chordata 456 
chordates 456-45 7 
chromatids 131, 133 
chromatUn 92, 130, 131 
chromosome 21 200 
chromosome pairs 171 
chromosomes 131,171,176,649 

genes on 171, 174 
chromosome theory of 

inheritance 171 
chronic bronchitis 586 
cicada 435 
cilia 337,430, 573 

in trachea 57 4 
ciliary muscles 48, 49 
ciliates 337 
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circulatory system 512,572 
See also cardiovascular system 

of amphibians 470 
ofbirds 482 
of cephalopods 432 
closed 429,432 
of fishes 463 
of mollusks 430 
open 430 
of segmented worms 429 

classes 251 
classification of organisms 

248-257,249,415-416 
classifying 10, 671 
clavicle (collar bone) 519 
climate 

dinosaur extinction and 479 
extinction and 246 
plate movement and 284 

cloning 207 
closed circulatory system 429, 432 
Clostridium botulinum 329 
clots, blood 563, 566, 583 
club fungi 347, 348 
club mosses 372,374 
cnidarians 415,419-421 
coal forests 290, 291 
cocaine 626, 627 
cochlea 619 
codeine 627 
codominance 167, 194 
colds 322, 587 
cold sores 3 21 
collar bone (clavicle) 519 
collar cell 418 
collecting data 21 
color( s) 50-54 

combining 52-53 
complementary 52 
of opaque objects 51 
primary 52 
secondary 52 

colorblindness 196, 197 
communicating 21,671 
compact bone 522, 523 
comparative anatomy 235 
competition 230 
complementary 16 
complementary colors 49 
complementary structure and 

function 16 
complete metamorphosis 440 
compound(s) 97-101,98 
compound eyes 439 
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compound microscopes 68-69, 
82-83 

concave lenses 60, 617 
concave mirrors 55, 59 
conclusions, drawing 21,675 
concussions 613 
cone cells 48, 63, 140,390,616 
conifers 294, 389, 397 
conjugation 328, 33 7 
connective tissue 510, 511 
continental drift 284, 285, 291 
contour feather 481 
contractile vacuole 336, 337, 340 
control 20 
controlled experiment 20, 675 
convex lenses 59, 617 
convex mirrors 56 
coral polyps 422 
coralreefs 422-423 
cork 383 
cornea 48,49,615 
corn seed 3 77 
corn smut 348 
coronary arteries 558, 581 
cotton bolls 3 97 
cotyledons (seed leaf) 377, 396 
counseling, genetic 202 
crayfish 437 
crest 40 
Cretaceous Period 295 
Crick, Francis 135 
crocodiles 476-477 
crop 483 
cross-cutting relationships 2 7 5 
cross matching 568 
crustaceans 415,435,436 
crystal meth 

(methamphetamine) 627 
cuticle 364, 384 
cyanobacteria 288 
cycads 389 
cystic fibrosis 200 
cytokinesis 132, 134 
cytoplasm 90,91,93-94,107,125, 

134, 177,336,33~509 
cytosine 135, 136, 176 
cytoskeleton 89 

Q 
Darwin, Charles 224, 240 

theory of evolution 224-231 
natural selection and 229-231 

data 21,675 
daughter cells 130, 134 

daughter element 281 . 
decomposers 332, fungi as 348 
definition, operational 20, 38 
delivery 660 
dendrites 602, 604 
density, atmospheric 60 
deoxyribonucleic acid. See DNA 
deoxyribose 135 
dependence, emotional 629 
deposition 270,271 
depressants 626,628 
derived characteristics, shared 255 
dermis 511 
desert tortoise 473 
development 15 

in adolescence 663 
in adulthood 663 
before birth. See pregnancy 
in childhood 662 
during infancy 662 

Devonian Period 290 
diabetes 3 3 3 
diaphragm 488,576,577 

of camera 65 
diatoms 334, 339 
dicots 396 
diet, healthy bones and 524 
differentiation 138-141,657 
diffusion 103-104,559 
digestion 513 

bacteria and 333 
in birds 483 

digestive system 513,572, 573 
alcohol and 628 
in roundworms 428 

Dimorphodon 294 
dinoflagellates 339 
dinosaurs 294,479 

extinction of 295, 296 
diploid cell 171 
disease(s) 

asthma 586 
atherosclerosis 581, 583 
bronchitis 586 
colds 322, 587 
Dutch elm 348 
emphysema 585 
and evolution 242, 245 
fungal 245, 348 
hypertension 582, 583 
influenza 322,587 
lung cancer 585 
malaria 338 
pneumonia 587 
viral 322-323 
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I>~A 15,17,101,112,416,509 
analyzing 213 
cell differentiation and 140 
evolution and 235 
genes and 176 
mitochondrial 210 
replication 130, 135-136 
RNA compared to 177 
species relationships and 244 
structure of 135-136 

I>~A fingerprinting 210, 212-213 
domains 251, 253-254 
dominant allele 157, 158 
down feathers 481, 484 
I>own syndrome 200, 203 
downy mildews 343 
I>rew, Charles 582 
drug abuse 624-627 
drugs 624 
duck-billed platypus 490 

tl 
ear 618, 619-620. See also hearing 
ear canal 619 
eardrum 619 
Earth 

age of 282 
early 288 

earthworm 424,429 
Echinodermata 443 
echinoderms 415, 443-445 
ecologist 14 
ectotherms 459 
effort arm 536 
effort distance 534-535 
effort force 534-535, 537 
egg(s) 170, 172,413, 649, 653-654 

amniotic 474 
amphibians 469 
of birds 484-485 
insect 440, 441 
of mammals 490-491 
reptile 473, 477 
trout 464 

egg cells 368 
sponge 418 

ejaculation 651 
elbow joint 539 
electric field 42 
electromagnetic radiation 42 
electromagnetic spectrum 43-45 
electromagnetic wave 39, 42-45 
electron microscopes 67, 69, 83 

element(s) 97,280, 281 
daughter 281 
parent 281 

embryo 377,395,657,658 
differentiation of 657 
protection and nourishment 
658-659 

emotional dependence 629 
emperor penguins 460 
emphysema 585 
endangered species 242,471 
endocrine glands 641 

functions of 642-644 
endocrine system 515,640-647 

hormones and 641-642,652, 
654 

negative feedback in 644-645 
endoplasmic reticulum 90, 91,93 
endoskeleton 443, 458 
endospores 329 
endotherms 460 
energy 15,39,118 

of electromagnetic waves 42 
for photosynthesis 119 
respiration and 124 
stored 122 
from sun 119, 120 
waves and 39 

environment( s) 
bacterial cleanup of 332 
extinction and 245 
heredity and 198 
ice-age 296 
natural selection and 230 
of the past 238-239 
species variety and 242 

enzymes 100,130,513 
epidermis 511 
epididymis 650,651 
epiglottis 573, 574 
epithelial tissue 51 0 
equilibria, punctuated 240 
eras 286 
erosion 268, 270, 271 
Escherichia coli 327 
Essay on the Principle of 

Population (Malthus) 229 
estrogen 65 2 
euglena 340 
Eukarya 253 
eukaryotes 254 
evidence in scientific theories 222 

Index 
evolution 16, 218-261,228 

branching tree and 416 
classification and 248-257 
Darwin's theory of 224-231 
developmental similarities and 
235 

DNA and protein similarities 
235 

evidence of 234-240 
fossils 225, 236-240 
plate movement and 284, 285 
rate of 238, 240 
of species 241-246 
of vertebrates 458-459 

excretory system 511,513,628 
exercise 580 
exhalation 577 
exoskeleton 435 
experiments 

controlled 20, 675 
external ear 619 
external fertilization 464 
extinction 245-246 

in Cretaceous Period 295 
of dinosaurs 295, 296 
mass 291, 295 
in Permian Period 291 

extrusion 274, 275 
eyepiece 67, 68 
eyes 48-49,615. See also vision 

compound 439 
simple 439 
structure and function of 16-17 

eyespot 340,427 

a 
fallopian tubes 652,653 
family 251 
farsighted 64 
fats 99, 510 
faults 274, 275 
feathers 460 

contour 481 
down 481, 484 

feedback, negative 644-645 
female reproductive system 

652-655 
femur (thighbone) 519, 522 
fermentation 126-127 

alcoholic 127 
lactic acid 127 

ferns 373 
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fertilization 155, 413, 649, 
652-653,656 

in angiosperms 394 
external 464 
in gymnosperms 390 
internal 464 
sex chromosomes and 195 

fetus 658, 659 
fibrin 566 
fibula 519 
fields, electromagnetic 42 
filament 392, 393 
filial generation (F1) 156 
filter feeders 431 
finches, Galapagos 22 7 
fins 464, 467 
first -aid 26 
first-class levers 536,537 
fish(es) 290,415,462-468,463 

bony 466-467 
cartilaginous 466 
circulatory system in 463 
jawless 289, 456, 465 
movement in 464 
nervous system in 465 
reproduction in 464 
respiration in 463 
skeleton of 464 

fission, binary 328, 337 
flagellates 338 
flagellum 326,338,339,340 
flatworms 415,424,425,426-427 
Fleming, Alexander 348 
flight, adaptations for 481 
flowering plants 295 
flowers 392, 392-393 
flukes 426 
focal point 55, 56, 59, 60, 64 
follicle 654 
food 99, 123, 513 

bacteria and 330-331,333 
fungus and 34 7 
spoiled 331 

food vacuole 336,337 
force 533, 555 

levers and 534-535 
forests, coal 290, 291 
fossil(s) 225, 368 

branching trees and 25 7 
Cambrian 289 
casts 236 
evolutionary theory and 225, 
236-240 

formation of 236-237 
of gymnosperms 388 

index 276-277 
molds 236 
petrified 236 
preserved remains 23 7 
trace 237 
vertebrate 458, 476-477 

Franklin, Rosalind 13 5 
fraternal twins 661 
free-living organism 426 
frequency 40,41 
frogs 411,468,469,471 
fronds 373 
fruiting bodies 346 
fruits 392, 394 
fulcrum 534,537 

joint as 539 
functions 16 
fungi 254,344-349 

cell structure of 345 
classification of 346, 347 
club 347, 348 
and disease 348 
lichens 349 
plant roots and 348 
reproduction in 346 
sac 347, 348 

funguslike protists 335, 342-343 
fur 460,488 

a 
Galapagos Islands 226-227, 243 
gametophyte 368, 371 
gamma rays 44, 45 
gas exchange 575-576 
gastropods 431 
gene pool 242 
genes 157-158 

on chromosomes 171 
DNAand 176 
environmental influences 198 
in human body 17 4 
with multiple alleles 194 
natural selection and 231 
sex -linked 196 
traits controlled by many 194 
with two alleles 193 

gene therapy 209 
genetic code 17 6 
genetic counseling 202 
genetic disorders 199-203, 206 

gene therapy for 209 
sex-linked 200 

genetic diversity 242 
genetic engineering 208-209 

genetics 14, 148-217 
See also human inheritance 

cell and 170-174 
cloning 207 
codominance 167, 194 
genetic code 17 6 
genotypes 166 
mutations 180-181,231 
phenotypes 166 

genome 210 
genotypes 166 
genus 250 
geographic isolation 243 
geologic record, gaps in 275 
geologic time scale 286-297 
geology 268 

plate movement 283-285 
radioactive dating in 279-282 
relative age of rocks 273 
rock cycle 268-271,270 
uniformitarianism principle 269 

germination 379 
gestation period 490-491 
giant kelps 341 
giant pandas 245 
giant tortoises 225, 226 
Giardia 338 
gills 430,437,463 
gill slits (pharyngeal slits) 457 
ginkgoes 389 
gizzard 483 
glands 641 

See also endocrine glands 
endocrine 515 
mammary 487 
sweat 460 

glucose 124,125,126,553 
diffusion of 559 

gnetophytes 389 
goby 462-463 
golden frog 471 
Golgi body 90, 91,94 
Goodall, Jane 6-11 
gradualism 240 
gradual metamorphosis 440, 441 
gram 673 
Grand Canyon 273 
grasses 396 
grasshoppers 170-171,439 
green algae 341, 368 
ground pine 3 7 4 
growth hormone 644 
guanine 135,136,176 
gymnosperms 367,388-391,397 
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habitat 471 
hagfishes 465 
hair 488, 511 
half-life 280,281 
hallucinogens 626, 627 
hammer 619 
hearing 618-620 
heart 553, 554-555 

of amphibian 470 
ofbirds 482 
offish 463 
ofhumans 510 
of mammals 488 
replacement 583 

heart attack 581 
heart -lung machines 588-589 
heartsurgery 588 
hearttransplants 583,589 
heartwood 383 
hemoglobin 200, 564 
hemophilia 200, 202-203, 209 
herbaceous stem 382 
herbivores 431 
heredity 154. See also genetics 

environment and 198 
heroin 626, 627 
Hertz, Heinrich 41 
hertz (Hz) 41 
heterotrophic bacteria 327,332 
heterotrophs 119,253 
heterozygous 166 
hinge joint 520 
hip joint 539 
HIV 659 
homeostasis 516-517, 601 

hypothalamus and 642 
negative feedback and 644-645 
nervous system and 601 

homologous structures 235 
Homo sapiens 297 
homozygous 166 
Hooke, Robert 67, 69,81-82 
hormones 515,641-642,650, 652 

menstrual cycle and 654 
hornworts 3 71 
horsetails 372, 374 
host 318, 426 
Human Genome Project 210 
human inheritance 192-198 
humerus 519 
Hutton, James 268-269 
hybrid 158, 166 
hybridization 206 

hydras 420 
hypertension 582, 583 
hyphae 345, 348 
hypothalamus 515,642,643,644, 

645 
hypothesis 19,674 

developing 19, 55,674 

a 
Ichthyosaurus 476 
identical twins 661 
igneous rocks 269,270,271,274 
iguanas 2~6 
Iguanodon 4 7 6 
image(s) 54 

real 55, 61, 62 
virtual 54, 58, 59, 61, 62 

immovable joints 521 
immune system 514 
immunity 514 
inbreeding 206 
incidence, angle of 51, 56 
incisors 48 7 
inclusions 275 
incus 619 
index fossils 276-277 
index of refraction 60 
infancy 662 
infection 514 
inferring 8,9,46, 118,670 
influenza 322, 587 
infrared rays 43,45 
inhalants 626, 627 
inhalation 577 
inheritance. See also genetics; 

human inheritance 
of blood type 194 
chromosomes and 171 
of colorblindness 197 

inner ear 619,620 
inorganic compounds 98 
insects 415,435,436,439-441 

life cycle of 440-441 
insulin 208-209,333 
integumentary system 511 
internal fertilization 464 
Internet 600 
interneuron 602,603,608 
interphase 130,132,134 
interpreting data 21 
intestine 513, 576 
intrusion 274, 275 

Index 
invertebrates 289, 290, 404-449, 

415,416 
arthropods 415, 434-438 
cnidarians 415,419-421 
echinoderms 415,443-445 
insects 415, 435, 436, 439-441 
mollusks 415, 430-432 
sponges 415,417-418 
worms 424-429 

involuntary muscles 526 
iris 48, 49, 615 
Irish potato famine 343 
isolation, geographic 243 

jawless fishes 289, 456, 465 
jellyfish 419, 420 
joints 457,520-521 

immovable 521 
as machine structures 539 
movable 520, 521 

Jurassic Period 294 

a 
Kaibab squirrel 243 
karyotypes 202 
kelps, giant 341 
kidneys 473,513 
king cobra 472,473 
kingdoms 251,253 
knee joint 539 

a 
labor 660 
laboratory safety 23-27 
lactic acid fermentation 127 
lamprey 465 
lancelet 457 
land snail 431 
Landsteiner, Karl 567 
large intestine 513 
larva 418 

amphibians 469, 470 
crustacean 43 7 
insect 440 

larynx 573, 578 
lava 270,271,274 
law 

of the lever 536 
of reflection 56-57 
of superposition 273 

leaves 139,363,384-385 
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Leeuwenhoek, Anton van 67, 69, 
81,'82, 83, 84, 325-326 

lens(es) 58-60, 615 
of camera 66 
concave 160 
convex 159 
of eye 63 

lever 534-538 
bones and muscles as 538-539 
force and work in 534-535 
law of the 536 
mechanical advantage of 536 
types of 536-537 

lichens 349 
ligaments 521 
light 32-73 

bending 60 
color and 50-54 
nature of 38-45 
photosynthesis and 122 
in prism 46 
reflection 55-59, 56 
refraction 60 
seeing and 33, 48-49, 615 
speed of 42 
visible 43, 44, 46-49 
white 38, 47, 52 

light microscope 67,68 
Linnaeus, Carolus 250-251 
lipids 99 
liter 672 
liver 513 

alcohol's effect on 629 
liverworts 3 71 
lizards 140,475 

backbone of 457 
eye of 17 

loudness (sound intensity) 618 
louse 69 
LSD 626,627 
lung cancer 585 
lungfish 290 
lungs 470, 573, 574 
lymph 569 
lymphatic system 568-569 
lymph nodes 569 
lysosomes 91,94 

a 
machines 532-539, 533 

in body 538-539 
magma 270,271,274 
magnetic field 42 
magnification 67-68 

making models 671 
malaria 338 
male reproductive system 

650-651 
malleus 619 
Malthus, Thomas Robert 229 
mammals 294, 415, 486-492 

marsupial 490 
monotremes 490 
nervous system in 489 
placental 491 
respiration in 488 
temperature regulation in 488 

mammary glands 487 
manipulated variable 20 
marijuana 627 
marker molecules 514 
marrow 522 
marsupials 285, 490 
mass extinction 291, 295 
measuring 672 
mechanical advantage 536 
mechanical waves 39 
mediums 39 

index of refraction of 60 
medusa 419, 421 
meiosis 172-173 
Mendel, Gregor 154-159, 193 
menstrual cycle 653-655 
menstruation 654 
mescaline 626, 627 
Mesozoic era 287, 293, 294-295 
messenger RNA 177, 178, 179 
metacarpals 519 
metamorphic rock 269,270,271 
metamorphosis 43 7, 440-441 

complete 440 
gradual 440,441 

metaphase 131, 133 
metatarsals 519 
meteorites 282 
meteor 672 
methamphetamine 627 
microbiology 14 
microscopes 64, 67-69, 82-83, 689 
microwaves 43, 44 
middle ear 619 
mildews, downy 343 
millipedes 435, 436, 438 
mirror 57-59 

concave 58, 59 
convex 58,59 
plane 57 
reflection in 56 

mitochondria 90, 91, 93, 112, 125, 
489 

mitochondrial DNA 210 
mitosis 112, 131, 132-133, 134 
models 11-12,671 
molars 487 
molds (fossils) 236 
molds (organism) 236, 345, 34 7 

slime 335, 342 
water 343 

molecules 98, 103 
marker 514 

mollusks 415, 430-432 
molting 435 
monkey flowers 230 
monocots 396 
monotremes 490 
moon jelly 420, 421 
moon rocks 282 
morphine 627 
mosquito, malaria 338 
mosses 3 70, 3 71 
motor neuron 602, 603 
mouth 513 
movable joints 520, 521 
movement 413 

in amphibians 471 
in cnidarians 420 
in echinoderms 444 
in fishes 464 
in mammals 489 
skeleton and 520 

mucus 573,574 
multicellular organisms 85, 138 
multiple alleles 194 
multiple births 661 
muscle(s) 413, 511, 526-530 

cardiac 527, 528 
ciliary 48, 49 
involuntary 526 
as levers 538-539 
skeletal (striated) 511, 528, 612 
smooth 527, 528 
voluntary 527 

muscle tissue 510 
muscular system 511,526-530 
musculoskeletal system 511 
mushrooms 345,347 
mutations 180-181 
mutualism 338 

• 



s 
nails 511 
narcotics 626 
natural selection 229-231, 234 
navel 659, 660 
nearsighted 64 
nectar 394 
negative feedback 644-645 
Nematoda 424 
nembutal 627 
nephrons 513 
nerve cells 95, 515. See also neurons 
nerve cord 457 
nerve fibers 602 
nerve impulses 602-604, 642 
nerves 602 

auditory 619 
optic 48, 49, 615, 616 
peripheral 607 
spinal 610 

nervous system 511,515, 594-633, 
641 

alcohol and 628-629 
central nervous system 606, 
607-610 

drug abuse and 624-62 7 
in fishes 465 
functions of 600-601 
hearing and balance 618-620 
injuries to 613 
in mammals 489 
nerve impulses 602-604, 642 
neuron 602, 603 
peripheral nervous system 606, 
610-611 

reflexes 611-612 
of worms 425, 429 

nervous tissue 510 
neurons 602 

interneuron 602, 603, 608 
motor 602, 603 
sensory 602, 603 

newton (N) 533 
nicotine 584, 626, 627 
nitrogen 97 
nitrogen bases 135-136, 176, 177 
nitrogen-fixing bacteria 332 
nodes 382 
nomenclature, binomial 250-251 
nonvascular plants 366, 370-371 
nose 573, 598, 622 
notochord 456-457 
nuclear envelope 92, 131 
nucleic acids 101 

nucleolus 92 
nucleus 90, 91, 92, 131, 253, 336, 

337,340,509 
of neuron 602 

nymph 440, 441 

Q 
objective 67, 68 
observation 8, 50 

qualitative 7 
quantitative 7 

observing 7, 670 
Ochrobactrum anthropi 332 
oil gland 511 
oils 99 
onion root cells 89 
opaque materials 47 

color of 51 
open circulatory system 430 
operational definition 20, 38, 675 
opiates 627 
opossums 490 
optical axis 55 
optical tools 65-69 

cameras 37, 65, 66 
microscopes 65, 68-69, 82-83 
telescopes 3 7, 64, 67 

optic nerve 63, 615, 616 
oral groove 337 
orders 251 
Ordovician Period 289 
organ 85 
organelles 88,93-94,509 
organic compounds 98 
organisms 13 

free-living 426 
multicellular 85, 138 
unicellular 85, 138, 288 

organization, levels of 411, 508. 
See also cells; organs; organ 
systems; tissues 

organs 138,139,411,508,510 
organ systems 85,363,411,508, 

510-515 
circulatory system. 
See circulatory system 

digestive system 513,572,573,628 
endocrine system 515,640-647 
excretory system 511,513, 628 
immune system 514 
integumentary system 511 
muscular system 511,526-530 
nervous system. 
See nervous system 

Index 
reproductive system 514, 
648-655 

respiratory system 512, 570-578 
skeletal system 511, 518-525 

osmosis 104-1 05 
osteoporosis 525 
outer ear 619 
ovaries 393,395,643,648,652,653 
overproduction 229 
ovulation 654 
ovule 390, 395 
owls, classifying 252 
oxygen 97,126,288,385,430,512. 

See also respiration; 
respiratory system 

from algae 339 
in blood 556-557, 564, 575 
diffusion of 1 04 
obtaining 412 
from photosynthesis 121, 122 
produced by bacteria 330 
in respiration 125 

ozone 288 

Q 
pacemaker 555 

artificial 582 
plate tectonics, theory of 284 
paleontologists 238 
Paleozoic Era 287, 289-292 
pancreas 513,643 
pandas 245 
Pangaea 284,291 
paralysis 613 
paramecium 89,337 
parasites 318, 426 
parasitic protozoans 338 
parathyroid glands 515, 643 
parental generation 

(P generation) 156 
parent element 281 
particles, charged 42 
passive transport 106 
Pasteur, Louis 331 
pasteurization 331 
patella 519 
pathogens 514 
PCP 627 
pea plants 154-159 

crossing 155-156 
genetics of 157 

pedigree 201 
hemophilia 202 

pellicle 337,340 
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pelvic girdle 519 
penicillin 348 
Penicillium 34 7, 348 
penis 650, 651 
periods 286 
peripheral nerves 607 
peripheral nervous system 606, 

610-611 
Permian Period 291 
pesticide resistance 234 
petals 392, 393 
petrified fossils 236 
phalanges 519 
pharyngeal slits (gill slits) 457 
pharynx 573 
phenobarbital 627 
phenotypes 166 
phloem 376,381,382,383,384 
phosphates 135 
phosphorus 523 
photosynthesis 118-122,119, 124, 

288 
chemical reactions of 385 
leaf and 384-385 
respiration compared to 126 
stages of 120-122 

phylum 251,416 
physical therapy 203 
physics 17 
physiologist 14 
physiology 411,412 
pigments 120 
pine seed 3 77 
"pioneer, organisms 349 
pistils 155, 393 
pituitary gland 515, 643, 644, 645 
pivot joint 521 
placenta 491,659 
placental mammals 491 
planarians 426-427 
plane mirrors 54 
plant biology 14 
plantcells 84,90,92-94,99,362 

cytokinesis in 134 
plantlike protists. See algae 
plants 356-403. See also 

photosynthesis; seed plants 
adaptations for living on land-
364-365 

cell differentiation among 141 
cell wall in 8 9 
classification of 366-367 
domain of 254 
flowering 295 
with fungal partners 348 

genetically engineered 209 
life cycles of 368-369 
nonvascular 366, 370-371 
origin of 368 
plant body organization 363 
reproduction in 365 
seedless vascular 367, 372-374 
vascular 366, 367 

plasma 563, 565 
Plasmodium 338 
platelets 565, 566 
plate movement 283-285 
plates 284 
Platyhelminthes 424 
pneumonia 587 
point, focal 58 
pollen 155, 376 
pollen tube 394 
pollination 155, 390 

in angiosperms 394 
pollinators 393 · 
polyps 419, 422 
Ponderosa pine 390 
pores 418,511 

cell 92 
posing questions 674 
potassium-argon dating 281 
Precambrian Time 286-288 
predators 426 
predicting 9, 165, 670 
pregnancy 656-658 
premolars 487 
pressure 560 

rock cycle and 2 70 
primary colors 49 
principles, physical 16-17 
prism 46,60 
probability 162-165 
prokaryotes 253 
prophase 131, 133 
prosthesis 507 
protection, with skeleton 520 
protein coat of virus 319 
proteins 100 

clumping 567, 568 
gene code for 17 6 
plasma 563, 567 
structure and functions of 100 
transport 1 06 

protein synthesis 177-179, 180 
protists 254,334-343,335 

animal-like 335-338 
funguslike 335, 342-343 
plantlike (algae) 335, 339-341 

protozoans 335-338 

with cilia 337 
with flagella 338 
parasitic 338 
with pseudopods 336 

pseudopods 336 
puberty 663 
pulmonary circulation 57 5 
pulse 558 
punctuated equilibria 240 
Punnett squares 164-165, 173, 

193,195,197 
. pupa 440 
pupil 63,615 
purebred 155 

Q_ 
qualitative observations-7 
quantitative observations 7 
Quaternary Period 296-297 
questions, posing 19 

Q 
radial symmetry 414 
radiation, electromagnetic 42 
radioactive dating 279-282 

absolute ages 281-282 
radioactive decay 280 
radio waves 43, 44 
radius 519 
radula 431 
rainbow 46 
Rancho La Brea tar pits 23 7 
rays 466 
reactions, chemical 98 

of photosynthesis 385 
real image 55, 59 
receptacle 392 
recessive allele 15 7 
red algae 335, 340 
red blood cells 81, 95, 105,564, 

565,566 
reflecting telescope 67 
reflection 53-56 

angle of 53 
law of 53 

reflexes 611-612 
refracting telescope 66 
refraction 57,58 
relative age of rocks 272-277 

index fossils and 276-277 
law of superposition and 273 

replication 130 
repository 92 



reproduction 15, 413 
in amphibians 469 
asexual 328, 335, 346, 365, 413, 
420,425 

bacterial 328-329 
in birds 484-485 
in cnidarians 420 
in echinoderms 444 
in fishes 464 
flowers and 392 
in fungi 346 
in gymnosperm 390 
in mammals 492 
in plants 365 
in protists 335 
in seed plants 388-397 
sexual 170, 328, 346; 365, 413, 
425,649 

in sponges 418 
vegetative 365 
in worms 425 

reproductive system 514, 648-655 
female 652-655 
male 650-651 

reptiles 290, 294,415,472-479,473 
alligators and crocodiles 476-477 
extinct 479 
lizards and snakes 475 
turtles 478 

resistance arm 536 
resistance distance 534-535 
resistance force 534-535, 537 
resolution of microscope 68 
respiration 124,571 

in amphibians 470 
bacterial 3 2 7 
in birds 482 
cellular 123-127, 509, 512 
in fishes 463 
in mammals 488 
photosynthesis compared to 126 
stages of 125 

respiratory diseases 584-587 
respiratory system 512,570-578 

breathing 560, 576-578 
responding variable 20 
response 601 
retina 63,615,616 
Rh factor 568 
rhizoids 371 
rib bones 511 
ribonucleic acid. See RNA 
ribosomes 90, 91, 92, 93, 130, 177, 

178 
bacterial 326 · 

ringworm 348 
RNA 101, 177, 178 

messenger 177, 178, 179 
transfer 177, 179 

rock(s) 272-277 
igneous 269,270,271,274 
metamorphic 269, 270, 271 
moon 282 
sedimentary 236,269,270,271, 
272,275 

rock cycle 268-271,270 
rockweed 341 
rod cells 63,616 · 
rootcap 381 
root cells 139 
root hairs 381 
roots 141,380-381 
root system 363, 380 
roundworm 415, 424, 425, 428 

a 
sac fungi 34 7, 348 
safety 

in case of accident 26 
in field 25 
during investigations 23-25 
rules 686 
symbols 25, 686 

salamander 468, 469, 470, 471 
salivary gland 513 
salt (sodium chloride) 98, 105 
sapwood 383 
sarcodines 336 
scale model 12 
scales 463 
scanning electron microscope 

(SEM) 83 
scanning tunneling microscope 

(STM) 83 
scapula (shoulder blade) 519 
Schleiden, Matthias 84 
Schwann, Theodor 84 
science 6-12 
scientific inquiry 18-22 

collecting and interpreting data 
21 

communicating results 21 
designing an experiment 20 
developing a hypothesis 19 
drawing conclusions 21 
nature of 22 
posing questions 19 

scientific theory 228 
scrotum 650,651 

Index 
sea anemone 413, 419 
sea cucumbers 445 
seal 458, 489 
sea slug 431 
sea stars 445 
sea urchins 445 
seconal 627 
secondary color 49 
second-class levers 536,537 
second filial generation 

(F2 generation) 156 
sedimentary rock 236, 269, 270, 

271,272,275 
sediments 236 
seed dispersal 378,390 
seed leaf (cotyledon) 377,396 
seedless vascular plants 367, 

372-374 
seedling 3 79 
seed plants 375-397 

angiosperms 367,392-396,397 
germination in 379 
gymnosperms 367,388-391, 
397 

leaves of 139, 363, 384-385 
pollen of 155, 376 
reproduction in 388-397 
roots of 141, 380-381 
stems of 141, 382-383 
vascular tissue in 3 7 6 

seeds 376 
development of 390 
naked 388 
structure of 3 77 

segmented body plan 436 
segmented worms 415, 424, 425, 429 
selection 230 
selective barrier 1 03 
selective breeding 206, 228 
selectively permeable 102 , 
self-pollination 155 
semen 651 
semicircular canals 619,620 
seminiferous tubules 650 
senses 598,614-624 
sensory neuron 602, 603 
sepal 392, 393 
septum,cardiac 554,555 
sexcell(s) 170, 172,413,514,648 

mutation in 180 
sex chromosomes 195-197 

fertilization and 195 
sex-linked disorder 200 
sex-linked genes 196 
sex-linked traits 196 

Index • 723 



Page numbers for key terms are printed in boldface type. Index Page numbers for illustrations, maps, and charts are printed in italics. 

sexual reproduction 170, 328, 
346,365,413,425,649 

shared derived characteristics 256 
sharks 466 
shock 566 
shoot system 363 
shoulder blade (scapula) 519 
shutter of camera 65 
sickle-cell disease 200, 203 
sight. See vision 
Silurian Period 289, 290 t 
simple eyes 439 ' 
single-celled organisms 288 
skates 466 
skeletal muscle 511, 528, 612 
skeletal system 511, 518-525 

bones 518,522-525 
frog 411 
functions of 518-520 
joints 457,520-521 

skeleton 458, 518 
in arthropods .435 
of vertebrates 457-458 

skin 511,623 
alcohol and 628 
color of 194 
of reptiles 473 

skin cells 81 
skull 458,.511, 519, 520 
sliding joint 521 
slime mold 335, 342 
sloths 225 
small intestine 513, 576 
smell, sense of 598, 622 
smoking 584-585 
smooth muscle 527, 528 
snail, land 431 
snake 475 
snow plant 241 
sodium chloride (salt) 98, 105 
somatic nervous system 611 
sound 618 
specialization, cell 140 
species 225,241-246,415 

endangered 242 
extinction of 245-246 
rate of evolution of 240 
relationships between 244-245 
variety of 242 

speed 42 
sperm 170,172,413,649,650 

path of 651 
sperm cells 368,418 
sphygmomanometer 561 
spiders 17, 415 

't4. 

spinalcord 515,607,610 
injuries to 613 

spinal disk 61 0 
spinal nerves 61 0 
spindle fiber 133 
spine 457 t 

spiny anteaters 490 
Spirogyra 68 
sponges 415,417-418 
spongy bone 522, 523 
spores 342,346,372,373 
sporophyte 368, 3 71 
squirrels 243, 489 
stamen 155, 392, 393 
stapes 619 
starches 99 
stem(s) 141,382-383 

herbaceous 382 
woody 383 

stem cells 140 
sternum (breastbone) 519 
steroids, anabolic 626, 627 
stigma 393, 394 
stimulants 626 
stimulus 601 
stinging cell 420 
stirrup 619 
stomach 513 

ofbirds 483 
echinoderm 444 

stomach acid 573 
stomata 121,384,385 

. stress 517 
striated (skeletal) muscle 528, 612 
Strigiformes 252 
stroke 583 
stromatolites 279 
structure 16 
style 393, 394 
suffocation 586 
sugar(s) 99 

from fermentation 126 
six-carbon 121, 122 

sun, energy from 119, 120 
superposition, law of ·273 
surgery, heart 588 
survival 

adaptation and 227,246 
reproduction and 231 

Sutton, Walter 170 
sweat glands 460, 511 
sweating 516 
swim bladder 466, 467 
swimmeret 437 
symbiosis 338 

symbols, safety 25 
symmetry 414 
synapse 604 
systematics 249 
systems 139 

a 
table, data 21 
tadpole 469 
tapeworms 426, 427 
tar 584 
tarantula 412,438 
target cells 642 
tarsals 519 
tarsiers 489 
taste, sense of 598, 622 
taste buds 622 
taxonomy 249 
teeth, mammalian 487 
telescopes 67 
telophase 131, 132 
temperature regulation 

in birds 484 
in mammals 488 
skin and 511 
in vertebrates 459-460 

tendon 413,528,530 
termites 338 
Tertiary Period 296 
testes 643,648,650,651 
testosterone 650 
theory of plate tectonics .284 
theory, scientific 226 
Thermus thermophilus 327 
thighbone (femur) 519, 522 
thigh joint 539 
third-class-levers 536, 537 
thorax 439 
thymine 135, 136, 176 
thymus gland 515, 643 
thyroid 645 
thyroid gland 515, 643, 644 
thyroid-stimulating 

hormone (TSH) 645 
thyroxine 645 
tibia 519 
tissues 85,138,139,411,508,510 

connective 510, 511 
vascular 365, 372, 376 

toads 468,471 
tobacco, chemicals in 584, 585 
tolerance 625 
tongue 622 



tortoises 478. See also turtles 
desert 473 
giant 225, 226 

touch, sense of 623 
trace fossils 23 7 
trachea 573, 574, 578 
traits 154 

sex-linked 196 
tranquilizers 627 
transfer RNA 177, 179 
translucent materials 47 
transmission electron 

microscope (TEM) 83 
transparent material 47 
transpiration 385 
transport proteins 1 06 
Triassic Period 294 
triceps 529 
trough 40 
tube feet 444, 445 
turtles . 4 7 8 
twins 661 
tympanic menbrane 619 
Tyrannosaurusrex 477,479 

£11 
ulna 519 
ultraviolet rays 44, 45 
umami 622 
umbilical cord 49)-491, 659, 660 
umbilicus 659 
unconformity 275 
unicellular organisns 85, 138 
uniformitarianism 269 
uracil 177, 178 
urethra 650,651,65 
urinary bladder 513',650, 651, 653 
urine 473,513 
uterus 652, 653 

a 
vaccines 323 
vacuoles 90, 91, 94 

contraCtile 336,337, 240 
food 336,337 

vacuum 42 
vagina 652,653 
valium 627 
valve, heart 555, 589 
variables 20,675 

manipulated 20, 675 
responding 20, 675 

vascular plants 366, 367. See also 
angiosperms; gymnosperms 

seedless 367, 372-374 
vascular tissue 365, 372,376 
vegetative reproduction 365 
veins 512,556,558,559,560 
venom 438,475 
ventricle 470, 554, 555 
vertebrae 457,519,610 
vertebralcolumn 457,519,610 
vertebrates 235, 289, 415, 416, 

450-497 
amphibians 290, 415, 468-471 
birds 415, 480-485 
evolution of 458-459 
fishes 415,462-468,463 
fossils of 458, 476-477 
mammals 294,415,486-492 
reptiles 290,294,415,472-479, 
473 

temperature regulation in 
459-460 

vibration 39 
Virchow, Rudolf 84 
virtual image 54, 55, 56, 59, 60 
viruses 318-323, 514 

active 320 
disease and 322-323 
hidden 321 
model of 12 
multiplication of 320-321 
structure of 319 

visible light 43, 44, 46-49 
vision 33, 63-64, 615-617 
visuals 36 
vocal cords 578 
volcanic activity 270,271,295 
voluntary actions 611 
voluntary muscles 527 

Ill 
waste products, cellular 89, 559 

removal of 553 
water 

in cells 98 
elimination from body 571 
in photosynthesis 122, 126 
plant acquisition and retention 
of 364 

from respiration · 125 
water molds 343 

· w:atervascular system 443,444 
Watson, James 135 

Index 
wave(s) 38-42, 39 

electromagnetic 39, 42-45 
mechanical 39 
radio 43,44 
sound 618 

wavelength 40, 41 
waxes 99 
Welwitschia 389 
wheat rust 348 
white blood cells 514, 565 
white light 38, 47,52 
wind 

pollination and 390,391 
seed dispersal by 3 78 

wings 481 
withdrawal 625 
wood, petrified 236 
woody stem 383 
woolly mammoths 246 
work 533 

levers and 534-535 
worms 424-429 

flah¥orm 4i5,424,425, 
426-427 

roundworm 415,424,425,428 
segmented 415,424,425,429 

12 
Xchromosome 195 

colorblindness and 197 
x-rays 44,45 
xylem 376,381,382,383,384 

a 
Y chromosome 195 
yeast' 127,254,345,346,347 

t'J 
zygote 365,368,649,656~657 
zygote fungi 347 
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