
802  MHR • Index

Index
Numbers in bold font indicate page(s) where the term is defi ned; t indicates the term is in a Table; f indicates the term is in a 
Figure; Illus indicates the term is in an unnumbered illustration; Rev indicates the term is discussed in a Review question. 

Abboud, Salim, 196
Abiotic factors, 78, 79, 84, 93f, 108, 

712, 728
Abiotic limiting factors, 100
Abiotic nutrients, 43f, 52, 63
ABO system, 296, 300, 605, 605, 674, 675
Aboriginal peoples, 
 diabetes facts among, 459 
 diets of, 236, 237
 exposure to teratogens, 523
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Active site, 214, 215f
Active transport, 158, 159t
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Adenine, 626–628
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 use in nerve impulses, 374
Adhesion, 36
Adrenal cortex, 451, 453, 454
Adrenal gland, 436f, 451–454
Adrenal medulla, 451, 452
Adrenocorticotropic hormone 

(ACTH), 444, 445f, 454
Adult-onset diabetes (see Type 2 

diabetes)
Advanced Life Support (ALS), 56
Aerobic cellular respiration, 183, 187, 

194
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Afterbirth, 515
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 Edmonton Protocol, 462, 466
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 forest protection, 150Rev
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 rough fescue growth in, 119
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 tips for writing Diploma Exam, 760, 

 761
 Tomorrow Project, 290
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 water availability in, 39
 water consumption, 41Illus
 water quality in Haynes Creek, 58
Alcohol, 
 and diuresis, 316
 in pregnancy, 522, 523f
Alcoholism, 235, 241Rev
Aldosterone, 317, 454
Aleut, 103
Algal bloom, 50, 58, 61, 63, 70Rev
Alimentary canal (see Gastrointestinal 

tract)
Alkalinity, 754, 755
Allantois, 515, 516f
Allele frequency, 679–685, 693, 695
Alleles, 552, 589, 590, 593, 594, 599, 

600, 604, 605, 674, 675, 679
Allergies, 289

Alpha cells, 456, 458
Alteration of generations, 575
Altitude (also Elevation), 94, 108
Alveoli (singl. Alveolus), 247
Alzheimer’s disease, 394
Ambulocetus, 129
American bittern (Botaurus 

lentigosus), 114
Amino acids, 145Rev, 209, 211, 636, 637t
 transport to cells, 227
 mutations in, 643
Ammonia, 306
Ammonifi cation, 48
Ammonium, 48, 49
Amniocentesis, 658 
Amnion, 511, 516f
Amniotic cavity, 511
Ampere (A), 749t
Amplitude, 421, 423
Ampulla, 425f
Amylase (pancreatic), 223, 225t
Amylase (salivary), 218, 225t
Anaerobic cellular respiration, 183, 

189, 190, 194
Anaerobic digestion, 192
Analogous structures, 132, 133
Anaphase, 557f, 558
Anaphase I & II, 565, 567
Anatomy, 130, 131
Androgens, 492
Andropause, 495
Anemia, 282
Angioplasty, 279
Animal Breeder, 667
Animal cells, 155f, 156–159, 558
Animala kingdom, 86, 92
Animals, 85
 asexual reproduction in, 575
 breeding, 611
 classifi cation of, 85–87
 development of anatomy in, 130, 131
 fossil records of, 126–129
 gamete formation in, 568–571
 geologic time scale of, 128f
 in ecology, 4
 transgenic, 655–657
Anorexia nervosa, 235–237
Anoxic, 183, 189
Anterior, 762t
Anterior pituitary, 444
Antibiotics resistance, 119
Antibodies, 293–295, 300
Antibody-mediated immunity, 293–295 
Anticodons, 639, 640f
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Antidiuretic hormone (ADH), 316, 
441, 444, 445f

Antigens, 294, 295, 300
 in blood typing, 296
Antiparallel, 628
Anti-sense strand, 638
Anus, 217f, 218f, 231
Aorta, 270
Aqueous humour, 411
Archaea (also Archaebacteria) 

kingdom, 86
 in deep-sea vents, 12
Archaea domain, 87, 92
Archaeopteryx, 129, 130
Arctic Climate Impact Assessment, 6
Artic fox (Alopex lagopus), 103f
Area, 749t
Argon, 55t
Arm (of a microscope), 757f
Aristotle, 85, 122, 386, 586
Arteries, 222f, 247, 270, 271, 281, 312
Arteriosclerosis, 277, 278
Artifi cial eye, 408, 409
Artifi cial insemination, 530
Artifi cial selection, 118
Asbestosis (also Pulmonary fi brosis), 

262Rev
Ascending loop of Henle (see also loop 

of Henle), 315t
Asexual reproduction, 573–575
Asthma, 258, 259, 289
Astigmatism, 413
Asymmetrical cytokinesis, 570
Asymptomatic, 487
Atherosclerosis, 277, 279
Atmosphere, 5f
 composition of, 55t
 early formation of, 55, 56
Atom (structure of), 751
Atomic bonds, 751
Atomic shells, 751
ATP (see Adenosine triphosphate)
ATP synthase, 174
Atraction force (of atoms), 751
Atria (singl. Atrium), 269
Atrioventricular node, 274
Atrioventricular valves, 270
Atrociraptor, 129 
Atrophy (of muscles), 344, 349
Auditory canal, 420
Auditory system, 419–425
 balance and coordination, 424
 ear structure, 419, 420
 hearing loss, 423
 sound, 419–423
Autoimmune disorders, 288
Autonomic system, 367, 397, 398f
Autosomal dominant inheritance, 612
Autosomal recessive inheritance, 612, 

613

Autosomes, 552, 553, 612
Autotrophs, 9, 15, 162
Avery, Oswald, 624
Axon, 369f, 372, 373, 376

B cells (also B lymphocytes), 294, 300
B lymphocytes (see Lymphocytes)
Back mutations, 690
Bacteria, 
 classifi cation of, 86, 87
 denitrifying, 49
 genetically-modifi ed, 654, 655
 in extreme environments, 12, 13
 in fermentation, 191t
 in phytoremediation, 62
 in sulfur cycle, 46, 47
 nitrogen-fi xing, 48, 49f
 nitrifying, 13, 48 
 reproduction of, 573, 574
 resistance to antibiotics, 119
 UV radiation effects on, 54t
Bacteria domain, 87, 92
Bacteria (also Eubacteria) kingdom, 86
Bacterial contamination, 65Rev
Balance, 408, 409, 419, 424, 425f
Banff Springs snail (Physella Johnson), 

79f, 708
Banting, Frederick, 459
Barr body, 603, 604
Base (of a microscope), 757f
Base unit, 748
Bases, 755f
Basilar membrane, 420, 421
Basilosaurus, 129
Batesian mimicry, 723
Batrachotoxin, 430
Benson, Andrew, 176
Benthic zone, 98f
Berthold, Adolph, 438
Best, Charles, 459
Beta cells, 456, 458, 459
Beta-carotene, 170
Beumont, William, 221
Bicarbonate ion (HCO3

–), 252, 254, 
317, 753, 754t

Bicarbonate, 219t, 224
Biceps, 333
Bicuspid valve (also Mitral valve), 270
Bighorn sheep (Ovis canadensis 

canadensis), 114f
Bile, 219t, 224, 235
Bilirubin, 297
Binary fi ssion, 573, 574f
Binocular vision, 416
Binomial nomenclature, 88, 92
Bioavailability, 232
Biobank, 618
Biodiversity, 98
Bioethicist, 667
Biofi ltration, 196

Biogas, 192
Biogeochemical cycles, 34, 42–52, 63
Biogeography, 130, 133
Biological barriers, 137, 138, 141
Biological drawings, 759
Biological species, 115
Biomagnifi cation, 28
Biomass, 20, 21
 and carbon cycling, 46
 and ecosystem productivity, 53
Biomedical Engineer, 467
Biomes, 94–98
Biophysicist, 197
Bioremediation, 655
Biosphere, 4, 5f, 53, 83
 balance in, 55–57
 energy entry into, 4–14
 energy transfer within, 16–26
 preserving natural balance of, 

 59–62
 species interaction in, 731–736
Biosphere 2, 56, 57
Biotechnologist, 667
Biotechnology, 652–661, 662
 affect on gene pools, 698
Biotic factors, 49, 78, 84, 102, 712, 725
Biotic limiting factors, 101–103
Biotic nutrients, 43f, 52, 63
Biotic potential (r), 709 
Birds, 
 evolutionary relationships of, 

 125, 138
 transitional fossils of, 130 
Birth, 523–526
Birth control (see Contraception)
Bison, 130, 703
Bladder (see Urinary bladder)
Blastocyst, 510, 511
Blind spot, 416
Blood, 268–291, 362
 carbon dioxide transport in, 282, 

 284, 286, 288
 circulation of, 282–291 
 circulation pathways, 276, 277, 291
 clotting, 283, 284f, 291
 disorders, 288, 289
 fi ltration in the kidneys, 312
 fl ow in the aveoli, 247f
 formed portion of, 282, 283, 291
 functions of, 284, 286, 287
 oxygen exchange in, 276, 277, 291
 pH, 317, 755f
 types, 296, 297
Blood pressure, 274, 288, 323, 325
 in the glomerulus, 312
 units of, 274, 749
Blood sugar (hormonal regulation of), 

456–462
Blood transfusion, 289, 296
Blood vessels, 268, 281
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 structure of, 270, 271, 281
Blood-brain barrier, 388
Bobcat (Lynx rufus), 88t
Body fl uids, 
Body Mass Index (BMI), 241Rev
Body temperature (maintenance of), 

203f
Body tube (of a microscope), 757f
Boey, Herbert, 649
Bolus, 218, 219
Bone marrow transplant, 291
Borborygmi, 222
Boreal forests, 9f, 108Rev, 728
Boswellia (Boswellia serrata), 255
Bottleneck effect, 694
Botulism, 345t
Boundary, 4, 5
Bovine spongiform encephalopathy 

(BSE) (also Mad cow disease), 385
Bowels, 234
Bowman’s capsule, 308, 312, 315t
Brain, 367, 385–394
 mapping functions of, 392
 structures and functions of, 391t
 techniques for imaging, 392, 394
Breathing, 244, 248–250
 and respiration, 249–254
Breech birth, 525
Broca’s area, 392
Bronchi (singl. Bronchus), 246
Bronchial dilators, 262Rev
Bronchial pneumonia, 257
Bronchioles, 245f, 246, 247
Bronchitis, 256
Bronchus, 245f
Buccal mucosal cells (drawing of), 

759f
Budding, 574
Bundle of His, 274
Burgess Shale, 126, 127f, 128
Butanol, 191

Caesarean section, 525
Caffeine, 382, 399
Calcitonin, 449
Calcium, 232, 449
Calcium carbonate (CaCO3), 46
Calcium ion (Ca++), 754t
 in muscle contraction, 338, 339, 342
California ground squirrel 

(Spermophilus beecheyi), 678
Calories, 749
Calvin, Melvin, 176
Calvin-Benson cycle, 176, 177, 178, 195
Camoufl age, 114
Canada lynx (Lynx canadensis), 721
Cancer, 495, 560
Cancer Geneticist, 666
Cancer study, 290
Canola oil, 610, 611

Capillaries, 247, 270, 271, 281, 287, 
288, 291, 312

Capillary bed, 287, 288
Capon, 438
Capsule endoscopy, 205, 234f
Carbohydrases, 225
Carbohydrates, 8, 10, 206t, 207, 208, 

216
 digestion, 225f, 226
 in cellular respiration, 182, 183
 in photosynthesis, 162, 169
 synthesis of, 176, 177
Carbon, 43–46, 63
 rapid and slow cycling of, 44, 45
Carbon dioxide, 8, 43, 55t, 56f
 and global warming, 6
 as a greenhouse gas, 175, 193
 double-covalent bonding in, 752 
 exchange in the lungs, 250, 252
 from plants and animals, 44
 in anaerobic cellular respiration, 190
 in blood pH, 317
 in cellular respiration, 182, 183, 187
 in photosynthesis, 165, 169
 in respiration, 244, 252
 in the circulatory system, 276
 transport in blood, 282, 284, 286, 288
Carbon dioxide fi xation, 176, 178
Carbon sink, 44, 46
Carbonic acid (H2CO3), 252, 317
Carboxyl (–COOH) group, 209f
Carcinogens, 259
Carcinomas, 259, 261
Carginogenic, 645
Cardiac muscle, 269, 332, 333, 342
Cardiac output, 275
Cardiovascular disorders, 277, 279, 280
Careers:
 Agronomist, 197
 Animal Breeder, 667
 Bioethicist, 667
 Biomedical Engineer, 467
 Biophysicist, 197
 Biotechnologist, 667
 Cancer Geneticist, 666
 Clinical Counsellor/Therapist, 539
 Community/Public Health Worker, 

 539
 Conservation Biologist, 197
 Doctor of Sports Medicine, 355
 Environmental Communications 

 Specialist, 67
 Environmental Lawyer, 67
 Environmental Microbiologist, 197
 Environmental Planner, 67
 Environmentalist Technologist, 67
 Fitness Consultant, 467
 Foot Care Nurse, 467
 Forensic Laboratory Analyst, 667
 Forest Science Biologist, 743

 Genetic Counsellor, 667
 Horticulturalist, 67
 Kinesiologist, 355
 Massage Therapist, 355
 Microbial Geneticist, 667
 Micropaleontologist, 147
 Occupational Therapist, 355
 Ophthalmologist, 467
 Paeloartist, 147
 Paleoclimatologist, 147
 Paleontologist, 146
 Paleotechnician, 147
 Peer Education Counsellor, 539
 Pharmacist/Pharmacy Assistant, 467
 Physiotherapist, 354
 Professor of Environmental Design, 

 67
 Radio/TV Broadcaster, 743
 Registered Dietician, 467
 Science Journalist, 742
 Science Teacher, 743
 Stratigrapher, 147
 Sustainability Expert, 66
 Teacher/Educator, 539
 Web Site Designer/Developer, 743
 Wildlife Biologist, 743
Carnegie stages, 515f
Carnivores, 13
Carotenoids, 170
Carrier protein, 158, 374
Carrying capacity (K), 711, 712, 713, 
 of Earth, 736
Cartilage, 246
Catalyst, 214
Cataracts, 412, 418
Catastrophism, 123
CCR5 receptor, 690f
Cell body, 372
Cell cycle, 74, 75, 550, 553, 554
 regulation of, 560, 561
Cell division, 74, 75f, 549–554, 556–561
 and twin formation, 570, 571
Cell membrane, 154f, 155, 156, 157
 ion movement across, 373, 374
 resting potential of, 373, 374
 transport mechanisms in, 159t
Cell plate, 558, 559
Cell wall, 154 Figure, 155
Cell-mediated immunity, 293
Cells, 154–159, 362, 547, 549–554, 

556–561, 573, 574
 energy needs of, 14
 of animals, 154–159
 of blood, 283t
 of plants, 154–159
Cellular respiration, 8, 18f, 28, 43f, 44f, 

162–168, 174, 182–194, 244, 248
 in muscle tissue, 340 
 the process of, 182, 183
 water in, 34
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Cellullar immunity, 295, 300
Cellulose, 207, 208f
Cenozoic era, 128f
Centi- (c) prefi x, 749t
Central nervous system (CNS), 367, 

385–394
Central vacuole (see Vacuole)
Centrioles, 558
Centromere, 551, 553, 554
Centrosome, 155
Cerebellum, 387
Cerebral cortex, 389, 406
Cerebral hemispheres, 389, 390
Cerebrospinal fl uid, 386, 387f, 388, 389
Cerebrum, 387, 389f–392
Cervix, 483
Channel protein, 158
Chargaff, Erwin, 626, 627
Chargaff ’s rule, 627
Charge (of an atom), 751
Chase, Martha, 625
Chemical energy, 12, 14, 15, 162
 for muscle contraction, 339–341
Chemical mutagen, 645
Chemical toxicity, 28
Chemiosmosis, 174, 177, 188, 194
Chemoreception, 419–429
Chemoreceptors, 408, 409t, 425, 426
Chemosynthesis, 12
Chemosynthetic producers, 12, 13, 15
Chemotherapy, 291
Chimera, 649
Chlamydia, 488, 489
Chloride ion (Cl–), 753, 754t
Chlorine gas (Cl2), 753
Chlorofl uorocarbons, 54
Chlorophyll, 164, 168, 170, 177

a, 170, 177
b, 170, 177

Chloroplasts, 154 Figure, 162, 164, 
168, 647

Cholecystitis, 241Rev
Cholecystokinin (CCK), 230
Cholesterol, 594, 595
Cholinesterase, 382
Chorion, 510, 515, 516f, 659
Chorionic villi, 516, 517f
Chorionic villi sampling, 659
Choroid, 410
Chromatids, 557, 558, 564–571
Chromatin, 154f, 155, 547, 551, 557, 558
Chromatography, 172
Chromosomal sex (also Genetic sex), 

492
Chromosome mapping, 600, 614, 616
Chromosome theory of inheritance, 596
Chromosomes, 74, 75, 508, 509, 551–

554, 557, 558, 563–571, 595–597, 
599–609, 616t, 624, 630, 674, 675

 mutations, 644

Chronic bronchitis (see Bronchitis)
Chyme, 220, 222, 224
Chymotrypsin, 223, 225t, 226
Cichlids, 139f, 140
Ciliary muscle, 410, 412
Ciliated cells, 245f
Circadian rhythm, 443
Circulation, 287, 288
Circulatory system, 202, 362
 components of, 268, 269
 function of, 268
 structures of, 268–281
Circumcision, 481
Cirrhosis, 235, 237
Citric acid cycle (see Krebs cycle)
Class, 88t, 92
Classifi cation of organisms, 85–88
Cleavage (in cell division), 509
Climate, 93, 108
Climax community, 726
Clinical Counsellor/Therapist, 539
Clones, 655–657
Cloning, 698
Closed systems, 5
Clumped distribution, 707
Coarse-adjustment knob, 757f
Cocaine, 382, 383t
Cochlea, 420, 421f
Cockcroaches, 112, 113, 118
Co-dominance, 595
Co-dominant alleles, 685
Codon, 636
Coenzymes, 214
Co-evolution, 722, 723
Cohen, Stanley, 649
Cohesion, 36
Colitis, 234
Collared pika (Ochotona collaris), 

79–81f
Collecting duct, 308, 314, 315t
Colorectal cancer, 359Rev
Colostrum, 526
Colour blindness, 414, 603
Colour vision, 414, 415
Commensalism, 724
Community, 80, 81, 84, 109
Community and Public Health 

Workers, 539
Competition, 101–103
Competitive inhibitors, 215
Complementary base pairs, 628
Complete dominance, 589
Compound light microscope, 756, 757f
Comte de Buffon, 122
Concave lens, 413
Concentration gradient, 157, 158, 177, 

188, 194, 374, 376
 in the nephrons, 313
Conclusion, 760
Condensation, 35f

Condenser lens, 757f
Condoms, 532
Cone (of conifers), 576–578f
Cones (of the eye), 410, 414, 415
Congenital heart defects, 279, 280
Conifers, 576–578f
Conjugation, 573
Conotoxin, 430
Conseravation Biologist, 197
Consumers (also Heterotrophs), 9, 13, 

14f, 15, 43f, 719–722
 primary, 13, 15, 16f, 17f, 19f, 21f, 

 24f, 29
 quaternary, 17f
 secondary, 13, 15, 16f, 17f, 19f, 21f, 

 24f, 29
 tertiary, 13, 15, 16f, 17f, 19f, 21f, 

 24f, 29
Continuous genetic code, 637
Continuous traits, 605, 607
Contraception (also Birth control), 

530–532, 
Contraceptive technologies, 531
Contraction (of muscles), 332, 333, 

335–342
 and exercise, 344–349
Contracture, 345t
Control centre, 203
Controlled variables (also Fixed or 

Restrained variables), 761
Convex lens, 413
Coordination, 424
Copernicus, Nicolaus, 134
Copy DNA (cDNA), 652
Cornea, 410–413
Corona radiate, 508
Coronary bypass surgery, 279
Coronary pathway, 276, 277, 281
Corpus callosum, 387f, 389, 391t
Corpus luteum, 496–498, 511
Correns, Carl Erich, 596
Cortisol (also Hydrocortisone), 454
Cottonwoods, 101
Coulomb (C), 749t
Covalent bond, 751
Cowper’s gland, 479f, 481
Cramps, 345t
Cranial nerves, 396
Creatine, 342
Creatine phosphate breakdown, 339, 

340, 342
Cretinism, 448
Creutzfeldt-Jakob disease, 394, 395f
Cristae, 164
Crohn’s disease (also Ileitis, Enteritis), 

234
Crop rotation, 49
Crossing-over (of chromosomes), 566, 

600, 601
Croucher, Cheryl, 742
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Crush syndrome, 345t
Cryptic coloration, 722
CT (computed tomography) scan, 260, 

280
Cubic centimetre (cm3), 749t
Cubic metre (m3), 749t
Culture, 4f
Cupula, 424
Cuvier, Georges, 122, 133
Cyanobacteria, 70Rev
Cystic fi brosis, 258, 613
Cystitis, 318
Cytokinesis, 555, 558, 559f
Cytoplasm, 154f, 206
Cytoplasmic streaming, 268
Cytosine, 626–628
Cytoskeleton, 154f, 155

Daniel, Juliet, 666
Darwin, Charles, 124–127, 130, 134, 

137, 678
Daughter cell, 74, 551, 555, 558, 559, 

562, 569, 570, 574
de Vries, Hugo, 596
Dead zones, 58, 61
Deafness, 423, 424, 562
Deamination, 227
Deca- (da) prefi x, 749t
Deci- (d) prefi x, 749t
Decibels (dB), 423
Decomposers, 13, 14f, 15, 29, 43f
 in sulfur cycle, 46
 trophic level of, 16f, 17f
Deep-sea vents, 12, 13
Deep-sea research, 13
Deforestation, 65Rev, 58
 and carbon cycling, 44, 46
Degree Celsius (°C), 749t
Dehydration synthesis, 207, 211f, 216
Delayed onset muscle soreness, 345t
Della Porta, Giambattista, 134
Denaturation (of proteins), 214, 215 
Dendrites, 369f, 372, 385, 386
Denitrifi cation, 48
Density, 106, 108
 of water, 36
Density-dependent factors, 712
Density-independent factors, 712
Deoxyribonucleic acid (see also DNA 

entries), 211, 546, 547, 551, 552, 
624–633, 636

 analysis techniques, 649–651, 652, 
 653

 double-helix, 628f, 634f, 638
 evolutionary clues from, 132
 history of discovery, 624–627
 in medicine and technology, 

 652–661
 molecular biology, 132
 mutations, 115–117, 643–647

 replication, 630–633
 structure, 627–630
 UV radiation effects on, 54t
Dependent variables (also Responding 

variables), 761
Depolarization, 376, 377, 379
Descending loop of Henle (see also 

loop of Henle), 315t
Desert, 94f
Desulfovibrio, 47f
Development (see Fetal development, 

Embryonic development)
Diabetes insipidus, 316, 441
Diabetes mellitus, 457–459
 Type 1 diabetes, 458 
 Type 2 diabetes, 458, 459
Diabetic retinopathy, 418
Diacetyl, 191t
Dialysis, 319, 329Rev, 359Rev
Dialyzer, 359Rev
Diaphragm, 245f, 249, 254
Diaphragm (of a microscope), 757f
Diastolic pressure, 274
Diatoms, 9f
Dichotomous keys, 89, 92
Diets, 236–238
 and allergies, 289
 and heart disease, 279
 and thyroid disorders, 448, 449
Differentiation, 512
Diffusion, 157, 159t, 374
 in respiration, 252 
 of gases in blood, 282, 284, 286, 288
Digestion, 217, 231
Digestive enzymes, 225t
Digestive system, 202, 217–231, 362
 accessory organs, 223, 231
 and health, 233–238
Digestive tract, 217f, 218f, 231
Dihybrid cross, 593
Dinosaur fossils, 129, 130, 146
Diploid, 552, 565, 566, 570, 571, 575, 576
Disaccharides, 207, 216, 225f
Dissection, 366
 of a fetal pig, 762–767
Distal, 762t
Distal tubule, 308f, 314, 315t
Diuresis, 316
Diuretics, 329Rev
Divergenece, 137, 141
Diversity (see also Variation, 

Biodiversity), 116
 and natural selection, 118
DNA (see Deoxyribonucleic acids)
DNA fi ngerprint, 649–651
DNA ligase, 632, 633t, 648
DNA microarray, 652
DNA polymerase, 631, 632, 633t
DNA probe, 659
DNA replication, 554

DNA sequencing, 633
DNA vector, 660
Doctor of Sports Medicine, 355
Dolly, 656
Domains, 87, 88t, 92
Dominant, 589–594
Dominant alleles, 675, 681
Dopamine, 382t
Dorsal, 762t 
Dorudon, 129
Double covalent bond, 752
Double-helix, 627, 628
Down syndrome, 567, 568
Drosophila melanogaster, 140, 561, 

599–601
Droughts, 39, 40, 62
Drugs, 383, 397
 and pregnancy, 522
Dry powder inhalers, 259
Duchenne muscular dystrophy, 613, 614
Ductus deferens (also Vas deferens), 480
Duodenum, 218f, 222, 224
Dwarfi sm, 445, 446f

Ear, 419, 420f
Eardrum (see Tympanum)
Earth,
 atmosphere of, 5f, 55t
 biomes of, 95–98
 biosphere of, 4, 5f, 56, 83
 climate, 93–95
 geosphere of, 5f
 hydrosphere of, 5f
 ocean composition, 55t
 open and closed systems of, 5
 poles, 93f
 theories of evolution, 122–128
Eastern skunk cabbage (Symplocarpus 

foetidus), 15f 
Ecological communities, 717–728
Ecological disturbance, 728
Ecological niche, 97, 108
competition in, 718, 719
Ecological pyramids, 18–21, 25, 29
Ecologists, 79, 84
Ecology, 4 
Ecoregion, 98
Ecosystems, 16, 82, 84, 109
 ecological pyramids of, 18–24
 endangered, 26
 energy fl uctuations in, 25
 food chains and food webs in, 16–18
 and water, 39, 40
 factors limiting growth in, 98–100, 

 108
 habitats and niches within, 97, 98, 

 108 
 productivity of, 53f
 sampling population numbers in, 

 105, 106
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 stability and energy transfer, 24
Ecosystem services, 39
Ecotourism, 738
Ecstacy, 383t
Ectoderm, 511, 512, 513f
Edmonton composter, 196
Effectors, 203, 369t
Eggs (see also Ova), 74, 75, 508, 509, 

530, 568–570, 576, 589
Ejaculation, 481
Ejaculatory duct, 479f, 480
Electric charge, 749t
Electric current, 749t
Electrocardiogram (ECG), 274, 275
Electron-dot diagrams, 752f
Electron-transport chain/system, 173, 

174, 186–189, 195
Electrons, 751t–753
in light-dependent reactions, 171, 173, 

177
Elevation (see Altitude)
Ellis Van Creveld syndrome, 694
Elongation, 631
Elton, Charles, 16–18
Eltonian pyramids (see Ecological 

pyramids)
Embryo, 484, 512–517, 527
 similarities among species, 132f
Embryonic development, 509–517
Embryonic disk, 511
Embryonic stem cells, 527
Emphysema, 258
Emulsifi cation, 224, 227
Endocrine disruptors, 501
Endocrine glands, 436–442, 444–449, 

456, 474t, 475f
Endocrine system, 202, 363, 437–442, 

444–449, 474t, 475f
 vs Nervous system, 436, 437
Endocrinologist, 466
Endocytosis, 158, 159, 231
Endoderm, 511, 512, 513f
Endometrium, 483, 497, 498, 510
Endoplasmic reticulum, 154f, 155
Endorphins, 382t
Endosymbiont theory, 647
End-stage renal disease (ESRD, also 

Kidney failure), 359Rev
Energy, 
 and ecosystem productivity, 53
 alternative sources, 175, 176
 balance with matter exchange, 53–62
 cycling in the biosphere, 14
 fi rst law of thermodynamics, 14
 for deep ocean lifeforms, 12
 for muscle contraction, 339–341
 for photosynthesis, 8, 165, 169, 173, 

 174
 fl uctuations in an ecosystem, 25
 entry into the biosphere, 4–14

 from cellular respiration, 8, 182, 183
 from manure, 192
 needs for by organisms, 7–9
 second law of thermodynamics, 14
 stability in ecosystems, 24
 transfer and biomass changes, 20, 21
 transfer and stability in ecosystems, 

 24
 transfer between trophic levels, 17, 18
 transfer in the biosphere, 5, 16–26, 52
 units of, 749t
Enteritis (see Crohn’s disease)
Environment, 78, 84
 and genetic traits, 609
 changes over time, 81, 82
 chemical toxins in, 28
 effects of human activities on, 58–61
 extreme, 12
 features protecting against UV 

 radiation, 54t
 selective pressure on populations, 

 118–120
 in the ecology, 4
Environmental Communications 

Specialist, 67
Environmental Designer, 67
Environmental Lawyer, 67
Environmental Microbiologist, 197
Environmental Planner, 67
Environmental resistance, 712
Environmental Technologist, 67
Enzymes, 165, 167, 168, 214–216, 219t, 

225t, 382
 and diet, 238
 in DNA replication, 633t
Epididymis, 480
Epiglottis, 218, 245f, 246
Epilepsy, 389
Epinephrine, 397, 437, 452, 454
Eructation, 222
Erythrocytes (also Red blood cells), 

282, 291
Esophageal sphincter, 219
Esophagus, 217f, 218, 219
Essay on the Principle of Evolution, 126
Estrogen, 495, 497, 498, 511, 512f, 526
Ethanol, 193, 194
Ethanol fermentation, 190, 191, 193, 

195
Ethics, 532–534
Euglena, 86
Eukarya domain, 87, 92
Eukaryotes, 154, 164, 547, 551–553, 

630, 647
Eukaryotic organisms, 86, 87f
Eustachian tube, 420
Eutrophication, 50, 63
Evaporation, 35f
Evolution, 
 by natural selection, 674, 675

 development of theory, 122–126
 evidence for, 126–133
 geologic time scale, 128f
 gradualism model, 140, 141f
 pace of, 140, 141
 punctuated equilibrium model, 

 140, 141f
 scientifi c debate over, 134, 135, 141 
Exaptations, 132
Excitatory signals, 380
Excretion, 306
Excretory (also Urinary) system, 202, 

306–325, 362
 disorder of, 318, 319, 321–323, 325
 maintaining blood pH, 317 
 organs of, 306, 307
 regulating salt balance, 317 
Exercise, 344–349
Exhalation, 249
Exocrine gland, 456
Exocytosis, 158, 159
Experiment, 761
Expiration (also Exhaling), 244
Expiratory reserve volume, 250
Exponent, 750
Exponential growth, 573
Exponential growth pattern, 709, 733
Exponential growth phase, 711
External respiration, 244, 248, 250, 

252, 254
Extirpated species, 104
Extracellular fl uid, 157, 206
Extra-embryonic membranes, 515
Extreme environments, 12
Eye, 410–418
 disorders of, 412, 413, 418
 focusing, 412, 413
 structures of, 411f, 411t
Eyepiece (also Ocular lens), 757f

Facilitated diffusion, 157, 158, 159t
in respiration, 252, 254
FAD (fl avin adenine dinucleotide), 

188, 194
FADH2 (reduced fl avin adenine 

dinucleotide), 187, 188, 194
Familial hypercholesterolemia, 594, 595
Family, 88t, 92
Fast-twitch fi bres, 347, 348, 349
Fatigue, 346
Fats, 208, 457
 in muscle, 341
Feces, 231
Female reproductive system, 481–484
 hormonal control of, 495–499
Fermentation, 8, 183, 186, 190, 194, 

340, 341 
 of ethanol, 190, 191, 193, 195
Fermentation products, 191t
Fertilization, 484, 498, 508, 509, 570

3296_Index.indd   63296_Index.indd   6 11/6/06   4:17:58 PM11/6/06   4:17:58 PM



808  MHR • Index

Fertilizer, 42f
Fetal alcohol spectrum disorder 

(FASD; also Fetal alcohol 
syndrome), 522

Fetal development, 520–523
Fetus, 515–517, 520–523
Fibrin, 284
Fibromyalgia, 345t
Field of view, 756, 757
Fight-or-fl ight response, 397, 437, 452
Filial (F) generation, 588–590, 600, 607
Filtrate, 308, 315
Fimbriae, 482
Finches (evolutionary relationships 

in), 125, 138f
Fine-adjustment knob, 757f
First law of thermodynamics, 14
First polar body, 570
First trimester (see Trimesters)
Fish,
 cichlids, 139f, 140 
 farming and sustainability, 66 
 fl ying, 127
 geologic time scale of, 128f
 methylmercury contents in, 28t 
 speciation in, 139, 140
 stored energy in, 25t 
 UV radiation effects on, 54t
Fitness Consultant, 467 
Fixed variables (also Controlled 

variables), 761
Flatulence, 222
Flemming, Walter, 551
Flying fi sh (Exocoetus volitans), 127
Focus (eye), 412, 413
Folic acid (also Folate; see Vitamin B9)
Follicles, 482, 496–498
Follicle-stimulating hormone (FSH), 

444, 445f, 493, 495–497
Follicular stage, 497
Food chain, 17, 24, 29
 marine, 17f
 terrestrial, 17f
Food preservation techniques, 210
Food web, 17, 18f, 24, 29
Foot Care Nurse, 467
Force (unit of), 749t
Forces (between atoms), 751
Frequncy, 749t
Forebrain, 386, 387, 391t
Forensic Laboratory Analyst, 667
Foreskin, 479f, 480, 481
Forest fragments, 81
Forest Science Biologist, 743
Formed portion (of blood), 282, 291
Fossil fuels, 
 hydrocarbons in, 46
 sulfur in, 47, 48
Fossil record, 126, 133, 140
Fossils, 112, 122, 123, 126–130, 133

 transitional, 129
Founder effect, 694
Fovea centralis, 412–414
Fragmentation, 574
Frameshift mutation, 644
Francis Crick, 627, 628, 634f
Franklin, Rosalind, 627, 628
Fraternal twins (see Twins)
Frequency, 421
Frontal lobes, 391
Fulcrum, 333
Fungi kingdom, 86, 92

G1 (gap or growth 1) phase, 553, 554
G2 (gap or growth 2) phase, 553, 554
Gaia Hypothesis, 55
Galilei, Galileo, 134
Gall bladder, 217f, 218f, 224, 231
Gallstones, 235
Galvani, Luigi, 373
Gamete Intrafallopean Transfer 

(GIFT), 530
Gametes, 75, 478, 479, 552
 formation of, 563–571
 mutation in, 116
Gametophyte, 576–578
Garrod, Archibald, 614
Garter snakes, 145Rev
Gastric bypass surgery, 241Rev
Gastric inhibitory peptide (GIP), 230
Gastric juices, 219t, 220
Gastrin, 230 
Gastrointestinal (GI) tract (also 

Alimentary canal), 217
Gastrula, 512
Gastrulation, 512, 513f
Gel electrophoresis, 649–651
Gene expression, 636, 637
Gene fl ow, 690f, 691
Gene pool, 679
 reasons for changes in, 689–698
Gene technologies, 653–661
Gene therapy, 660
Gene-chromosome theory, 600
General Adaptation Syndrome (GAS), 

454
Genes, 115, 132, 133, 546, 552, 586–

597, 599–609, 629, 630, 679
Genetic code, 636
and ancestry, 646, 647
Genetic Counsellor, 667, 616
Genetic crosses, 589–591
Genetic disorders, 658–661
Genetic diversity (see also Genetic 

variation), 689
 and human activities, 695–697
 causes of, 689–697
 in populations, 676–698
Genetic drift, 690f, 693

Genetic engineering, 647–649, 652–
661

 affect on gene pools, 698
Genetic equilibrium (also Hardy-

Weinberg equilibrium), 684
Genetic markers, 659
Genetic screening, 616, 658, 659
Genetic variation (see also Genetic 

diversity), 115, 645–647
Genetics, 586–597, 599–609
 and evolution, 132, 133, 674, 675
 and society, 610–616
 and society, 652–661
 inheritance, 586, 587
 tracing ancestry, 646, 647
Genital herpes, 487, 488
Genital warts, 488
Genographic project, 653
Genome, 629, 630
Genomics, 640, 642
Genotype, 590, 591, 659, 675
Genotype frequency, 679
Genus, 88t, 92
Geographical barriers, 137, 141
Geologic time scale, 128f
Geosphere, 5f
Germ cells, 563
Germ line mutations, 643
Germ-line therapy, 660, 661
Gestation period, 762f 
Giga- (G) prefi x, 749t
Gigantism, 445, 446f
Glacier lilies (Erythronium 

grandifl orum), 80f
Glands, 436–442, 456
Glans clitoris, 484
Glans penis, 479f, 480
Glaucoma, 411, 418
Glial cells, 368, 372
Global warming, 6    
Glomerular fi ltration, 311, 312, 315
Glomerulonephritis, 329Rev
Glomerulus, 308, 315t
Glottis, 245f, 246
Glucagon, 456, 457
Glucocorticoids, 453, 454 
Glucose, 10, 208f, 437
 and facilitated diffusion, 157, 158
 as energy fuel, 191, 193
 circulation in blood, 226
 hormonal regulation in blood, 

 456–462
 in cellular respiration, 162, 165, 191
 in muscle fermentation, 341
 in photosynthesis, 169, 170
 synthesis of, 176, 177
Glyceraldehyde-3-phosphate (PGAL), 

176, 179
Glycerol, 208
Glycogen, 207, 208f, 347, 457
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 in muscle, 341
Glycolysis, 183, 186, 190, 191, 194
Goitre, 449
Golden orb spider, 139f
Golgi apparatus, 154f, 155
Gonadocorticoids, 453
Gonadotropin-releasing hormone 

(GnRH), 493, 495–497 
Gonads, 478
Gonorrhea, 489
Gradient, 157
Gradualism, 140, 141f, 141
Gram (g), 748, 749
Grana, 164, 168
Granulocytes, 283
Grasslands (boundary of), 4, 5
Grave’s disease, 448
Gravitational equilibrium, 424
Grey matter, 372, 381f, 385, 386, 389
Griffi th, Frederick, 624
Grizzly bears (Ursus arctos), 111Rev, 

149Rev, 714
 energy usage of, 18f
Growth, 444–447
Growth phases, 711
Growth rate (gr), 708, 733, 734
Guanine, 626, 628

Habitats, 95, 96, 97, 98, 108
Haeckel, Ernst, 4, 86
Hair (homologous structure of), 131
Hair cells, 420, 421, 423, 424, 562
Haploid, 552, 565, 571, 575, 576
Hardy, Godfrey, 680, 681
Hardy-Weinberg equation, 681–685 
Hardy-Weinberg principle, 681–684 
Haughton-Mars Project, 57
Hawaiians (diets of), 236, 237
Health (and the digestive system), 

233–238
Hearing, 408, 409, 419–425
Hearing loss, 423, 424, 562
Heart, 268–270, 281
Heart failure, 303Rev
Heart rate, 275, 276
Heartbeat, 272, 274, 367
Heartburn, 219
Heart-lung machine, 280f
Heat, 35, 162
 exchange in the body, 286, 287
 from aerobic cellular respiration, 341
 in the energy cycle, 11, 14, 29Illus 
 storage in water, 37
Heat capacity, 37
Hectare, 749t
Hecto- (h) prefi x, 749t
Helicases, 630, 632, 633t
Helicobacter pylori, 223
Helper T cell, 295, 486
Hemodialysis, 319, 322f, 359Rev

Hemoglobin, 252, 254, 282, 594
Hemolytic disease of the newborn 

(HDN), 297
Hemophilia, 288, 303Rev, 613
Hepatitis, 235, 237, 486, 487
Herbivores, 13, 207
Heredity, 550
 and evolution, 674, 675
Herpes (see Genital Herpes)
Herpes simplex virus, 487
Hershey, Alfred, 624
Hertz (Hz), 421, 749t
Heterotrophs (see also Consumers), 9, 

15, 162
Heterozygous, 590–595, 674, 681
Heterozygote advantage, 594, 695
Hindbrain, 386, 387, 391t
Histamine, 289
Histoire Naturelle, 122
Histones, 551
HMS Beagle, 124
Hoary marmot (Marmota caligata), 96f
Hodgkin, A.L., 373
Homeostasis, 55, 203, 310, 316, 318, 

319, 348, 349, 386, 397
 and sensation, 427, 429
 and the endocrine system, 436–442
 maintenance by the nervous 

system, 366, 367
 of calcium, 449
Homeostatic regulation, 286, 287
Homo sapiens, 88
Homologous chromosomes, 552, 553 

Figure, 563–571
Homologous structures, 130, 131, 133
Homozygous, 590–594, 674, 681
Hormone replacement therapy (HRT), 

498, 499
Hormones, 219t, 436–442, 444–449, 

451–454, 456–462, 474t, 475f, 478
 for contraception, 531, 532
 for digestion, 230t
 transport of, 268
Horticulturalist, 67
Host, 103
Human body (systems of), 202
Human chorionic gonadotropin 

(hCG), 510, 511, 514
Human genetics, 611–616
Human Genome Project, 633, 653
Human growth hormone (hGH), 439, 

444–446
Human immunodefi ciency virus 

(HIV), 288, 486
Human papilloma virus (HPV), 488
Huntington’s disease, 612
Huxley, A.F., 373
Hybrid, 588
Hydra, 574f
Hydrocarbons (toxic), 62

Hydrochloric acid, 224, 230
Hydrochlorofl uorocarbons, 54
Hydrogen, 
 as alternative energy, 175, 176
 electron sharing in, 751f, 752in 

water molecule, 35f
Hydrogen bond, 36, 37f, 63, 628f, 753
Hydrogen ion (H+), 314, 317, 753, 754t
 in pH balance, 754
Hydrogen sulfi de, 48, 61
 splitting by archea, 12
Hydrologic cycle, 35, 63
Hydrolysis, 207, 216
Hydrosphere, 5f
Hydroxide ion (OH–), 754t
Hydroxyl (–OH) group, 207
Hyperglycemia, 457
Hyperopia, 413
Hyperthyroidism, 448
Hypertonic, 157
Hypertrophy, 345, 346, 348, 349
Hypothalamus, 316, 387, 391t, 397, 

436f, 441, 443, 444, 453f, 526
Hypothermia, 350Rev
Hypothesis (see Scientifi c hypothesis)
Hypothyroidism, 448
Hypotonic, 157

Ice, 36, 37f
Identical twins (see Twins)
Ileitis (see Crohn’s disease)
Ileum, 218f, 223
Immunity, 293–300
 antibody-mediated, 293–295
 cell-mediated, 293
 disorders of, 298, 299
 skin, 293
Implantation, 510, 511
In vitro fertilization (IVF), 529, 530f
Inbreeding, 692, 693
Incomplete dominance, 594
Incus, 420
Independent variables (also 

Manipulated variables), 761
Indicator, 212
Individual organisms, 79, 84
Individuals, 115
natural selection in, 118–120
Induced mutations, 645
Infertile, 529
Infi ltration, 35f
Infl ammation, 454
Infl ammatory bowel disease, 234, 237
Inhalation, 249
Inhaler, 258f, 259
Inhaling (see Inspiration)
Inheritance, 586, 587
 and crossing over, 599, 600
 polygenic, 605, 607
 sex-linked, 601, 602
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Inheritance of acquired characteristics, 
123

Inhibin, 493, 494
Inhibitors, 215
Inhibitory neurotransmitter, 415
Inhibitory signals, 380
Inner cell mass, 510, 511
Inner ear, 420
Insecticides (resistance to), 121Rev
Inspiration (also Inhaling), 244
Inspiratory reserve volume, 250
Insulin, 437, 456–459, 654
Insulin-dependant diabetes (see Type 1 

diabetes)
Integumentary system, 202, 363
Intercostal muscles (also Rib muscles), 

249
Intermediate-twitch fi bres, 347
Intermembrane space, 187
Internal respiration, 244, 248, 252, 254
International Space Station (ISS), 2
International System of Measurement 

(see SI units)
Interneurons, 368, 369t, 370
Interphase, 553, 557f, 563
Interspecifi c competition, 718, 719
Interstitial fl uid, 288, 292
Intestinal gas, 233
Intestine, 217, 218f
Intracellular fl uid, 157, 206
Intraspecifi c competition, 101, 717, 718
Intrinsic factor, 231
Inuit, 7, 24, 59, 366
 diets of, 236f, 237
 hunting of polar bears, 731
 Sheila Watt-Cloutier, 6, 7f
Invertebrates,
 geologic time scale of, 128f
 fossil remains of, 127, 128
Involuntary body processes, 367
Involuntary control, 397
Involuntary responses, 387
Iodine, 448, 449
Ionic bonds, 753 
Ionic compounds, 753
 in solution, 754
 properties of, 754
Ions, 753, 754
Iris, 410
Iron sulfi de (FeS), 48
Iron (in Calgary tap water), 51t
Islets of Langerhans, 456, 467f
Isotonic, 157

Jaundice, 224, 297
Jejunum, 223
Joule (J), 749t
Juvenile diabetes (see Type 1 diabetes)

Kaiso, 666

Karyotype, 553, 658, 659
Kermode bear (Ursus americanus 

kermodei), 692
Ketones, 318
Kidney, 306–308, 310, 316–325, 457
 disorders in, 318, 319
 maintaining blood pH, 317 
 nephrons, 308, 310–315, 319
 regulating salt balance, 317 
 renal artery, 307f, 308
 renal cortex, 307f, 308, 310
 renal medulla, 307f, 308, 310
 renal pelvis, 307f, 310
 renal vein, 307f, 308
 ureters, 307
 urethra, 307, 479f, 481
 urine formation in, 311–314
 water reabsorption in, 316
Kidney stones, 319
Kidney transplant, 321–323, 329Rev
Killer T cell, 295
Kilo- (k) prefi x, 749t
Kilogram (kg), 748, 749t
Kilojoule (kJ), 749t
Kilopascal (kPa), 749t
Kinesiologist, 355
Kinetic energy, 14
King, Malcolm, 255
Kingdom, 85, 88t, 92
Kittens (Felis domesticus), 115f
Krebs cycle (also Citric acid cycle, TCA 

cycle), 183, 186–188, 195
K-selected strategies, 713, 733
Kyoto Protocol, 7 

Labia, 484
Labour, 523–526
Lactate (see also Lactic acid), 341, 342
Lactate fermentation, 190, 195
Lactation, 526
Lactic acid (see also Lactate), 190, 191t, 

194
Lactose intolerance, 226
Lag phase, 711
Lagging strand, 631
Lake (zones in), 97, 98f
Lamarck, Jean-Baptiste, 123, 124, 127, 

133
Landfi lls, 70Rev
Langerhans, Paul, 456
Lanugo, 520
Laparoscopy, 322, 323f
Large intestine, 217f, 218f, 231
Laryngitis, 256
Larynx, 218, 245f, 246
Lateral, 762t
Latitude, 94, 108
Law of independent assortment, 591, 

593
Law of segregation, 589 

Leading strand, 631
Leclerc, George-Loius (see Comte de 

Buffon)
Lee, Tang, 66
Length, 749t 
Lens, 411, 412
 of a microscope, 757f
Leucocytes (also White blood cells), 

283, 291
Leukemia, 289, 291
Leutinizing hormone (LH), 444, 445f
Levene, Phoebus, 624, 626
Life strategies, 712, 713
Light miscroscope, 756
Light rays (in eye focus), 412, 413
Light therapy, 443
Light-dependent reaction, 170, 171, 177
Light-independent reaction, 170, 176, 

177
Light source (of a microscope), 757f
Limber pine (Pinus fl exilis), 84Rev
Limbic system, 426
Limbs, 130, 131
Limiting factors, 99–103, 108
Limnetic zone, 98f
Linked genes, 599
Linnaeus, Carolus, 88
Lipase, 223, 225
Lipid soluble hormones, 440
Lipids, 206t, 208, 209, 216
 digestion of, 225f, 227
Litebook®, 443
Litmus paper, 755t
Litre (L), 749t
Littoral zone, 98f
Liver, 217f, 224, 231
 diseases of, 235
Lobular pneumonia, 257
Locus (pl. loci), 552, 674
Lodgepole pine tree, 77
Logistic growth pattern, 711
Lokanc-Dilizio, Wendi, 538
Long-eared bat (Myotis 

septentrionalis), 97f
Long-term stress response, 453
Loop of Henle, 308f, 313, 314
Lovelock, James, 55
Lower respiratory tract, 246–248
 infections of, 256–259, 262
Lung cancer, 259–261, 646
Lung volume reduction surgery 

(LVRS), 258
Lungs, 245, 249
Luteal stage, 497
Luteinzing hormone, 493, 495–497
Lyell, Charles, 123, 133
Lymph, 292
Lymphatic and immune systems, 202, 

362
Lymphatic circulatory system, 292–300
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 and immunity, 293–300
Lymphatic vessels, 362
Lymphocytes, 283, 292–294
Lymphoid leukemia, 289
Lysosome, 155

MacGregor, Stephanie, 354
MacLeod, Colin, 624
Macromolecules, 206–216
Macrophages, 293, 300
Macular degeneration, 418
Magnetic resonance imaging, 394
Magnifi cation, 756, 757
Male reproductive system, 478–481
 hormonal control of, 492–495
Malleus, 420
Malthus, Thomas, 126, 133
Maltose synthesis, 208f
Manipulated variables (also 

Independent variables), 761
Map unit, 600
Marfan syndrome, 612
Marijuana, 383t
Mass, 749t
Massage Therapist, 355
Maternal chromosomes, 563f, 565, 566
Matrix, 164
Matter, 751
 balance with energy exchange, 53–62 
 fl ow and energy transfer, 52
 metabolic waste, 13, 306 
 recyclers of, 13, 14f
 water in cycles of, 34–41
Mayr, Ernst, 679
McCarty, Maclyn, 624
Mealworms (Tenebrio molitor), 13f
Measurement, 748–750
Mechanoreception, 419–429
Mechanoreceptors, 408, 409t, 427
Medium ground fi nch (Geospiza 

fortis), 120
Medulla oblongata, 387, 391t, 397
Mega- (M) prefi x, 749t
Meiosis, 74, 75, 563–571, 576
Meiosis I (see Meiosis)
Meiosis II (see Meiosis)
Melanoma, 645
Melatonin, 443
Membrane potential, 373, 374, 376, 377
Memory T cell, 295
Mendel, Gregory, 587–597, 599
Meninges, 386–388
Menopause, 498
Menstrual cycle, 495, 496, 498
Menstruation, 484
Mercury, 28
Mesoderm, 511, 512, 513f
Mesozoic era, 128f
Messenger RNA (mRNA), 636–641, 652
Metabolic pathways, 165, 168

Metabolic water, 34
Metabolism, 165 
 hormonal regulation of, 446–449 
Metabolites, 324
Metabonomics, 324
Metaphase, 557f, 558
Metaphase I & II, 565
Metered dose inhalers, 259
Methamphetamine, 383t
Methane, 192, 233
Methionine, 640
Methylmercury, 28t
Metre (m), 748
Metric prefi xes, 749t
Metric system (see SI units)
Mice (Mus musculus), 679, 680
Micro- (µ) prefi x, 749t
Microbial Geneticist, 667
Microevolution, 684
Micro-organisms, 86
 immunity against, 293–300
Micropaleontologist, 147 
Miscroscopes, 756–758
 making scale drawings, 758, 759f
 slide preparation techniques, 758 
 slide viewing techniques, 757, 758
Micrometres (µm), 757
Microtubules, 154f, 558
Microvilli, 222, 223f
Midbrain, 386, 387, 391t
Middle ear, 420
Miescher, Friedrich, 624
Milli- (m) prefi x, 749t
Milligram (mg), 749
Millilitre (mL), 749t
Mineralcorticoids, 453, 454
Minerals, 211, 214, 216
Mis-sense mutation, 643
Missing carbon sink, 46
Mitochondria (singl. Mitochondrion), 

154f, 155, 162, 164, 168, 186, 187, 
223f, 647, 648

 in muscle cells, 341
 in the kidneys, 313
Mitochondrial DNA, 646, 647
Mitosis, 74, 75, 509, 551, 555–561, 569, 

576
Mitral valve (see Bicuspid valve)
mmHg, 274, 749
Molecular biology, 132, 133
Molecular genetics, 622
Molecules (of living systems), 206–216
Monocytes, 283, 293, 300
Monohybrid cross, 588–590
Monosaccharide (also Simple sugar), 

207, 216 
Monosomy, 567
Montréal Protocol to Reduce 

Substances that Deplete the Ozone 
 Layer, 54

Moose (Alces alces), 706
Morgan, Thomas Hunt, 599, 601, 624, 

645
Morning-after pill, 531
Morphogenesis, 512
Morphology, 79
Morula, 509
Mosquito (Aedes sp.), 703
Mosses, 576, 577f
Motor nerves, 396
Motor neurons, 369
Motor pathways, 367
Mountain goat (Oreamnos 

americanus), 83f
Mountain pine beetle (Dendroctonus 

ponderosea), 77 
Mouth, 217f, 218, 231
Movement, 348
MRI (magnetic resonance imaging), 

280, 281f
Mucus, 219t
Muller, Hermann, 645
Müllerian mimicry, 723
Multiple alleles, 604, 605, 685
Multiple sclerosis, 378
Muscle fi bres, 333, 335, 336t, 342
Muscle tissue, 332–342
 aerobic cellular respiration in, 341, 

342
 atrophy, 344
 contraction, 336–340f, 344–348
 creatine phosphate breakdown, 340 
 fermentation in, 340f, 341
 oxygen defi cit in, 341, 342
 resting, 340f
 skeletal, 331–342
Muscle twitch, 346–348
Muscular dystrophy, 345t, 350Rev
Muscular system, 202, 332–342, 363
 complications of, 344
 health and homeostasis, 344–349 
 muscle tissue, 332–342
Mutagen, 645
Mutations, 115, 116, 121, 643–647, 

689–692
 selective advantage from, 117, 118, 

 121
Mutualism, 723, 724
Myelin sheath, 372
Myelinated axons, 385
Myelinated nerves, 396
Myelinated neurons, 374, 376, 381f 
Myeloid leukemia, 289
Myofi laments, 336–338
Myofi brils, 335f, 336, 347, 348
Myoglobin, 336t, 341
Myograms, 346f
Myopia, 413
Mysosin head, 337f, 338f
Myosin myofi lament, 336, 337f, 338
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Myositis, 345t

NAD+ (nicotinamide adenine 
dinucleotide), 186, 190, 191, 194

NADH (reduced nicotinamide adenine 
dinucleotide), 190, 191, 194

NADP+ (nicotinamide adenine 
dinucleotide phosphate), 173f, 174, 
177

NADPH (reduced nicotinamide 
adenine dinucleotide phosphate), 
170, 173f, 174, 176, 177

Nano- (n) prefi x, 749t
Nasal passages, 245
Natural selection, 118–120, 121
Natural selection, 690f, 695
 development of theory, 122–126, 133
 evidence for, 126–133
Nature, 4f
Negative feedback mechanism, 203, 

441, 448
Nephrons, 308, 310–315, 319
Nerve (see also Nervous system), 368, 373
 cell, 367, 381f
 electrical nature of, 373, 374
 impulse, 372–374, 377, 378
Nervous system, 202, 363–401
 central (CNS), 385–394
 peripheral (PNS), 396–397 
 processes of, 372–384
 sensory reception, 406–430
 structure of, 366–372
 vs Endocrine system, 436, 437
Neural impulses, 406
Neural tube defects, 524
Neurological disorders, 400
Neuromuscular junction, 379, 380f, 381f
Neurons, 368, 373, 374, 424
 structure of, 370, 372
Neurotoxins, 430
Neurotransmitters, 379, 382t, 397, 

398f, 437
Neurulation, 514
Neutral pH point, 755
Neutron, 751t
Neutrophils, 293, 300
Newton (N), 749t
Nicotinamide adenine dinucleotide 

(see NAD+, NADP+, NADPH)
Nicotine, 383t
Nitrate, 48, 51t
 in anaerobic cellular respiration, 190
Nitric oxide, 325
Nitrite, 48
Nitrogen, 55t, 63
 cycle, 48, 49 
Nitrogen fi xation, 48
Nitrogenous bases, 626–628
Noble gases, 752, 753
Nociceptors, 427, 430

Node of Ranvier, 369f, 372f, 374, 377, 
378

Noise types, 423t
Non-competitive inhibitors, 215
Nondisjunction, 567
Non-insulin-dependant diabetes (see 

Type 2 diabetes)
Non-random mating, 690f, 692, 693
Nonsense mutation, 644
Non-sister chromatids, 565, 566f
Non-specifi c defences, 293
Norepinephrine, 382t
Norepinephrine, 397, 452
Northern pike, 84Rev
Nostril, 245f
Notochord, 513, 514
Nucelar envelope, 154f, 547
Nuclear magnetic resonance (NMR) 

spectrometry, 324
Nuclear pore, 154f, 155
Nucleases, 225
Nucleic acid digestion, 225f, 228
Nucleic acids, 206t, 211, 216, 546
Nucleolus, 154f, 155, 547
Nucleosidases, 228, 225t
Nucleotide bases, 636, 637t
Nucleotides, 211, 626–628
Nucleus (of an atom), 751
Nucleus (of a cell), 154f, 155, 547
Nutrients, 
 and pregnancy, 523, 524
 rapid cycling of, 42
 reservoirs, 42, 43, 52, 63
 slow cycling of, 43
 supplements, 232
 to the brain, 388, 389
Nutrition, 233–238
 for the fetus, 520

Obesity, 236, 237
 and vision loss, 418
Objective len, 757f
Ocean,
 composition of, 55t
 pollution in, 58
Occipital lobes, 390, 391t
Occupational Therapist, 355
Ocular lens (also Eyepiece), 757f
Oils, 208
Okazaki fragments, 632
Okazaki, Reiji, 632
Olfactory bulb, 426
Olfactory cells, 408, 426
Olfactory system, 427f
 nose structure, 427f 
 smell, 426
On the Origin of Species, 126, 134
Oncogenes, 666
Oncoproteins, 666
Onion skin cells (drawing of), 759f

Oogenesis, 482, 568–570
Oogonium, 569
Open systems, 5
Ophthalmologist, 467
Opsin, 415
Optic nerve, 410
Optical illusions, 408f
Ord’s kangaroo rat (Dipodomys ordii), 

38f, 144Rev
Order, 88t, 92
Order of dominance, 605
Organ formation, 512–515
Organ of Corti, 420, 421, 562
Organelles, 154, 547
Organisms, 5f
 adaptation for survival, 114, 115
 and their environment, 78, 79, 84
 classifi cation of, 85–88
 competition among, 101–103
 development of anatomy in, 130, 131
 distribution patterns, 130
 energy needs of, 8
 eukaryotes, 86, 87f
 evolution of, 122–132
 geologic time scale of, 128f
 heat-resistant, 12
 in different ecosystems, 93–108
 in ecology, 4
 naming system for, 88
 natural selection in, 118–120
 prokaryotes, 87
 speciation in, 139, 140
 UV radiation effects on, 54t
 variations within species, 115–118, 

 121
Organs, 362
Osmoreceptors, 316
Osmosis, 157, 159t
 in the nephrons, 313
Osmotic pressure, 316, 359Rev
Ossicles, 420
Osteoporosis, 232
Otoliths, 424
Outer ear, 419
Ova (singl. Ovum; see also Eggs), 481, 

482, 484, 485t, 496–498
Oval window, 420
Ovarian cycle, 496, 497 
Ovaries, 363, 436f, 478, 481, 482, 569
Oviduct, 482, 508
Ovulation, 482, 492, 510f
Oxic, 182
Oxidation, 167, 168, 182
Oxygen, 8, 63
 atomic bonding in, 752f
 atomic structure of, 751f
 atmospheric concentrations over 

 time, 56f
 composition in Earth;s atmosphere, 

55t
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 exchange in the lungs, 250, 252
 exchange in the umbilical cord, 517
 in cellular respiration, 9f, 182, 183, 

 188
 in diffusion, 157
 in muscle, 339–341
 in photosynthesis, 9f, 162
 in respiration, 244, 252
 in the brain, 388
 in the circulatory system, 276, 277, 

 281, 282, 288
 in water molecule, 35f
Oxygen cycle, 43
Oxygen defi cit, 341, 342
Oxytocin, 437, 444, 445f, 525
Ozone, 54

Pain, 427, 430
Paleoartist, 147
Paleoclimatologist, 147
Paleontologist, 146, 147
Paleontology, 122
Paleotechnician, 147
Paleozoic era, 128f
Pancreas, 217f, 218f, 223, 231, 436f, 456
 hormones of, 456, 457
Pancreatic amylase, 223, 225t
Pancreatic lipase, 225t, 227
Pancreatitis, 235, 238Rev
Pangenesis, 586
Papillae, 426
Parasites, 103, 108, 725
Parasitism, 103, 724, 725
Parasympathetic autonomic system, 

367
Parasympathetic nervous system, 397, 

398f
Parathyroid gland, 439f, 449
Parathyroid hormone (PTH), 449
Parent cell, 74, 551
Parental (P) generation, 588, 589, 600, 

607
Parental type, 600
Parietal lobes, 390, 391t
Parthenogenesis, 575
Parturition, 523–526
Pascal (Pa), 749t
Passive diffusion in respiration, 252, 

254 
Passive transport, 156, 157
Patellar refl ex, 371
Paternal chromosomes, 563f, 565, 566
Pathogens, 293–300
Pedigree, 611, 612f, 613
Peer Education Counsellor, 539
Pelvic infl ammatory disease (PID), 489
Penfi eld, Wilder, 392
Penis, 479f, 480, 481
Penylketonuria (PKU), 612, 613
Pepsin, 220, 225t

Peptide, 209
Peptide bond, 209, 211f
Per capita growth rate (cgr), 709, 735 
Perception, 406
Peripheral nervous system, 367, 

396–399
 autonomic system, 397, 398f
 somatic system, 396, 397
Peristalsis, 219, 222, 367
Peritoneal dialysis, 319, 322f, 359Rev
Peroxisome, 154f, 155
Persistent organic pollutants (POPs), 59 
Pesticide resistance, 121Rev
Petroleum hydrocarbons, 62
 in the carbon cycle, 46
pH, 
 and enzyme action, 215
 general principles of, 754, 755
 in Calgary tap water, 51t
 measuring of, 755
 of blood, 314
 regulation in the body, 317
 scale, 755
Phagocytosis, 159, 293, 300
Pharmacist/Pharmacy Assistant, 467
Pharynx, 245f, 246
Phenotype, 590, 591, 675
Phenotype frequency, 679
Phenylalanine, 613
Pheromones, 426
Philosophie Zoologique, 123
Phosphate ion (PO4

3–), 50, 754t
 in Calgary tap water, 51t
 in nucleotides, 626f, 627f
Phospholipid, 208
Phospholipid bilayer, 156f
Phosphorus, 63
 cycle, 49, 50
Photopsin, 415
Photoreception, 408, 410–418
Photoreceptors, 408, 410, 414, 415
Photosynthesis, 8, 10, 12, 28, 43f, 44f, 

86, 162–180
 by Euglena, 86
 light-dependent reactions, 170, 171, 

 177
 light-independent reactions, 170, 

 176, 177
Photosynthetic pigment, 170, 177
Photosystems I & II, 171, 173, 174, 177
Phylum, 88t, 92
Physical mutagens, 645
Physiotherapist, 354
Phytoplankton blooms, 160
Phytoremediation, 62
Pig (dissection of), 762–767
Pigment, 170
Piikani, 59, 60
Pilus (pl. pili), 573
Pineal gland, 439f, 443

Pinna, 419
Pinocytosis, 159
Pioneer community, 726
Pitch, 246
Pituitary gland, 387f, 436f, 441, 444, 

445f, 526
Placenta, 510, 511, 515, 516, 517f
Plaeoclimatologist, 147
Plant cells, 154f, 155–159, 558, 559
Plantae kingdom, 86, 92
Plants, 85, 571
 breeding, 610, 611
 classifi cation of, 85–87
 geologic time scale of, 128f
 human uses, 169f 
 in ecology, 4
 in phytoremediation, 62
 photosynthesis in, 8, 10
 reproduction in, 574–577
 solar energy storage in, 10
 transgenic, 655
 UV radiation effects on, 54t
Plaque (in heart disease), 277, 279
Plasma, 282, 284, 291
 osmotic pressure in, 316
Platelets, 283, 284
Plato, 122
Pleural membrane, 246, 247
Pleurisy, 258
Pleurisy root (Asclepias tuberose), 255
Pneomothrorax, 253
Pneumonia, 257, 258
Pneumothorax, 250
Point mutation, 643
Polar, 35
Polar covalent bond, 752, 753
Polar ice, 94f
Polarization, 373
Pollution, 58
Polychlorinated biphenyls, 655
Polydactyly, 612
Polygene, 607
Polygenic inheritance, 605, 607
Polygenic traits, 607
Polygraphs, 397, 399f
Polymers, 206
Polypeptide, 209
Polyploid, 552
Polyploidy, 571
Polysaccharide, 207, 208, 216
Polysaccharides, 225f
Ponds (boundary of), 4
Pons, 387, 391t
Population crash, 708
Population density (DP), 704, 705
Population distribution, 705–707
Population explosion, 708
Population growth, 707–714
 of humans, 733–736
Populations, 79, 84, 109, 678 
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 and natural selection, 118
 biotic limiting factors of, 101–103
 estimating numbers of, 105, 106
 genetic diversity of, 676–698
 genetic variation in, 115
 growth and interactions, 702–738
 natural selection in, 118–120
 range, 97, 108
 sampling of, 105
 selective advantage by mutation, 

 117, 118
 separation by barriers, 137, 138
 speciation in, 139, 140
Positron-emission tomography (PET), 

394
Posterior, 762t
Posterior pituitary, 444
Postsynaptic membrane, 379
Postsynaptic neuron, 379
Potassium ions (K+), 314, 317, 374, 

376, 380, 754t
 in action potential, 374, 376, 377
 in resting membrane potential, 374
Potential difference (also Voltage), 373, 

374, 376
Power (unit of), 749t
Powers of ten, 750t
Precambiam era, 128f
Precautionary principle, 662
Precipitation, 35f, 94f, 95
Precision, 748
Predator-prey interactions, 719–722
 climate effect on lynx predation, 103
Predators, 102, 103, 108, 719–722
Pregnancy, 512–517, 520–523
Prenatal development, 512–515, 521t
Prenatal diagnosis, 658, 659
Pressure, 
 in the ear, 420, 421
 in the eye, 411
 unit of, 749t
Presynaptic membrane, 379
Presynaptic neuron, 379
Prey, 102, 719–722
Primary consumers, 13, 15, 29, 719
 on pyramid of biomass, 21f
 on pyramid of energy, 24f
 on pyramid of numbers, 19f
 trophic level of, 16f, 17f
Primary germ layers, 512
Primary oocyte, 569
Primary producers, 719, 722
Primary sex characteristics, 478, 479t 
Primary spermatocyte, 569
Primary succession, 726
Primase, 632, 633t
Primer, 631, 632
Producers (also Autotrophs), 9, 11, 12, 

14f, 20, 21, 29, 719–722
 chemosynthetic, 12, 13

 effect on ecosystem productivity, 53
 on pyramid of biomass, 21f
 on pyramid of energy, 24f
 on pyramid of numbers, 19f
 trophic level of, 16f, 17f
Productivity (of the ecosystem), 53
Profundal zone, 98f
Progesterone, 495, 497, 498, 511, 512f, 

526
Prokaryotes, 87, 546, 630, 647
reproduction in, 573, 574 
Prolactin (PRL), 444, 445f, 526
Promoter, 638
Pronghorn (Antilocapra american), 

78f, 79
Prophase, 557
Prophase I & II, 564, 565
Propionic acid, 191t
Proprioceptors, 387, 424, 425
Prostate gland, 481, 495
Prostatitis, 495
Proteases, 225
Protective coloration, 722
Protein digestion, 225f, 226, 227
Protein synthesis, 636–641
Proteins, 145Rev, 206t, 209, 211, 216, 

457, 546
Proteomics, 640, 642
Protista, 86, 92
Proton, 751t
Proximal, 762t
Proximal tubule, 308f, 312, 313, 315t
Puberty, 493, 570
Pulmonary arteries, 270
Pulmonary circulation, 276f
Pulmonary fi brosis (see Asbestosis)
Pulmonary pathway, 276, 277, 281
Pulmonary veins, 270
Punctuated equilibrium, 140, 141f, 142
Punnett square, 591, 593, 594, 607, 

681, 682f
Punnett, Reginald, 590, 591
Pupil, 410
Purines, 628
Purkinje fi bres, 274
Pyloric sphincter, 220
Pyramid of biomass, 21, 25
 inverted 23f
Pyramid of energy, 24, 25
Pyramid of numbers, 19, 20f, 25
 inverted, 21f
Pyrimidines, 628, 645
Pyrite, 48
Pyrolysis, 191
Pyruvate, 183, 186, 190, 191, 194

Quadrats, 105, 106, 108
Quarternary consumer, 17f

R group (in proteins), 209, 211

Radiant energy (see Sun’s energy)
Radio/TV Broadcaster, 743
Radon (and cancer), 259
Random distribution, 705, 707
Random mating, 691, 692
Random samples, 106
Range, 96, 108
Rapid cycling (of nutrients), 42
Reaction centre, 171, 173
Receptor proteins, 439
Receptor-assisted endocytosis, 159
Receptors, 370
Recessive, 589–594
Recessive alleles, 681, 675
Recombinant DNA, 648
Recombinant frequency, 600
Recombinant plasmid, 649
Recombinant type, 600, 601
Recombination, 563
Rectum, 217f, 231
Red blood cells (see also Erythrocytes), 

282
Red-backed vole (Clethrionomys 

rutilus), 108Rev
Redox reactions, 167f
Reducing power, 167
Reduction, 167, 168, 176, 182
Reduction division, 563
Redundant genetic code, 637
Refl ex arcs, 369, 370
Refl exes, 369, 371
Refractory period, 377
Registered Dietician, 467
Reinersten, Sarah, 201Illus
Renal artery, 307f, 308
Renal cortex, 307f, 308, 310
Renal insuffi ciency, 319
Renal medulla, 307f, 308, 310
Renal pelvis, 307f, 310
Renal vein, 307f, 308
Replication bubble, 631
Replication, 630
Replication fork, 631
Replication machine, 632
Replication origin, 630
Repolarization, 376f, 377
Reproduction, 74, 75
 artifi cial methods, 529–532
 sexual vs asexual, 578–580
 social and ethical issues, 532–534
 types of, 573–578
Reproductive cells, 74, 75
Reproductive system, 202, 363, 478–484
 hormonal regulation of, 492–501
 sexually transmitted diseases, 

 486–490
Reproductive technologies, 529
Repulsion force (of atoms), 751
Research Scientist, 196
Residual volume, 250
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Resistance, 
 to antibiotics, 119
 to pesticides, 121Rev
Resolution, 758
Resolving power, 758
Respiration, 244, 248    
 and breathing, 249–254
 stages in, 244
Respiratory health, 256–262
Respiratory system, 202, 244, 362
 structures of, 244–247
 breathing mechanics, 249–254 
Respiratory tract, 262
 upper, 245, 246, 
 disorders of, 256–259, 262
 detection and treatment
 lower, 246, 247
 technologies of disorders, 260, 261
Respiratory volume, 250
Respirometer, 184fi g
Responding variables (also Dependent 

variables), 761
Rest-and-digest response, 397
Resting membrane potential, 373, 374
Restriction site, 648
Restriction endonucleases, 648, 649Illus
Restriction enzymes, 648–650
Restriction fragments, 648
Retina, 410, 415f, 418
Retinal detachment, 418
Retinitis pigmentosa, 408
Revolutions, 123
Revolving nosepiece (of a microscope), 

757f
Rh system, 296, 297, 300
Rheumatoid arthritis, 288
Rhodopsin, 415
Rib muscles (also Intercostal muscles), 

249, 254
Ribonucleic acid (RNA), 211, 331, 332, 

546, 547, 624, 626f, 629, 636
Ribosomal RNA (rRNA), 639
Ribosomes, 154f, 155, 547, 639, 640
Ribulose biphosphate (RuBP), 176, 

177, 179
Rigor mortis, 340
RNA (see Ribonucleic acid)
RNA polymerases, 638
Robots, 364, 365
Rods (of the eye), 410, 414, 415
Rotational equilibrium, 424
Rough endoplasmic reticulum, 154f
Roundup-ReadyTM Canola, 654
r-selected strategies, 712, 713
Rubisco (ribulose bisphosphate 

carboxylase), 177, 178
Ruby-throated hummingbird 

(Archilochus colubris), 8f, 9
Rugae, 220f
Rule of 10 (also 10 Percent rule/law), 18

Ryan, Edmond, 466

S (synthesis) phase, 553, 554, 563
Saccule, 424
Sales (regulation in the body), 317
Saliva, 218, 219t, 425, 426
Salivary amylase, 218, 225t
Salivary glands, 217f
Salmon, 32, 33f
Salt, 55t
 ionic bonding in, 753
Saltatory conduction, 378
Salmon, 33
Samples, 105
Sanger, Frederick, 636
Sarcolemma, 335f, 336t
Sarcoplasm, 336t, 338, 339
Sarcoplasmic reticulum, 335f, 336t, 339
Sarin gas, 382
Saturated fatty acid, 208, 209
Savanna, 94f
Schwann cell, 369f, 372
Science, 134, 135
Science Journalist, 742
Science Teacher, 743
Scientifi c hypothesis, 122, 760
Scientifi c measurements, 748, 749
Scientifi c notation, 750
Scientifi c review process, 134
Scientifi c theory, 122, 133
Sclera, 410
Scopes, John Thomas, 135
Scopes Monkey Trial, 135
Scrotum, 479
Sea lion population changes, 25
Seasonal Affective Disorder (SAD), 443
Second (s), 748, 749t
Second law of thermodynamics, 14
Second polar body, 570
Second trimester (see Trimesters)
Secondary consumers, 13, 15, 29, 719
 on pyramid of biomass, 21f 
 on pyramid of energy, 24f
 on pyramid of numbers, 19f
 trophic level of, 16f, 17f
Secondary oocyte, 570
Secondary sex characteristics, 478, 479t
Secondary spermatocyte, 569
Secondary succession, 728
Secretin, 230
Seed germination, 184
Segmentation, 222
Selective advantage, 116
Selective breeding, 586
Selective pressure, 118, 119
Selectively permeable (see Semi-

permeable)
Selye, Hans, 454
Semen, 481
Semicircle canals, 420, 424

Semi-conservation (in replication), 630
Semilunar valves, 270
Seminal vesicles, 479f, 481
Seminiferous tubules, 479, 480f
Semi-permeable (also Selectively 

permeable), 156
Seneca snakeroot (Polygala senega), 255
Sensation, 406
Sense strand, 638
Sensor, 203
Sensory adaptation, 406, 407
Sensory neurons, 368, 369t, 370, 424, 

429f
Sensory pathways, 367
Sensory receptors, 368, 369t, 406–409
Septum, 269
Serotonin, 382t
Sertoli cells, 480
Sex chromosomes, 552
Sex hormones, 478, 492–500
Sex-linked inheritance, 601, 602
Sex-linked traits, 601, 613, 614
Sexual and Reproductive Health 

Coordinator, 538
Sexual reproduction, 74t, 115, 573
Sexual selection, 695
Sexually transmitted infection (STI), 

486–490, 538
 prevention, 490t
 and infertilify, 529
Shells (of an atom), 751
Shivering, 350Rev
Shorthorn breeding, 611
Short-term stress response, 452 
SI (Système international) units, 748, 

749
Sickle cell anemia/disease, 116f, 118, 

594, 595f
Sight (see Vision)
Signal transduction, 378–382
Signifi cant digits, 749, 750
 rules for, 750t
Silent mutation, 643
Simple sugars, 207
Single bonds, 751f
Sinoatrial node, 272, 274, 281
Sister chromatids, 554, 555f, 563–566
Skeletal muscle (see also Muscle tissue, 

Muscular system), 332f, 333, 335, 
 336, 342, 344–349

 disorders of, 345t, 350Rev
Skeletal system, 202, 363
Skin, 363, 427
 in immunity, 293, 300
 in temperature regulation, 286
 nerves in, 368
 sensory neurons in, 429f
Skull, 386
Skunk cabbage (Symplocarpus 

foetidus), 15Rev
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Slides,
 preparation of samples, 758
 viewing under a miscroscope, 757, 

 758
Sliding fi lament model, 337, 338
Slow cycling (of nutrients), 43
Slow-twitch fi bres, 347, 349
Small intestine, 217f, 218f, 222, 231
Smeeton, Beryl and Miles, 104
Smell, 408, 409, 426
Smoker’s cough, 265Rev
Smoking, 
 and cancer, 259, 262
 and heart disease, 279
 and vision loss, 418
 in pregnancy, 522
Smooth endoplasmic reticulum, 154f
Smooth muscle, 332, 342
Snowshoe hare (Lepus americanus), 721
Sodium chloride (NaCl), 753, 754f
Sodium ions (Na+), 317, 379f, 753, 754t 
 fi ltration in the nephrons, 313, 314 
 in action potential, 374, 376–378
 in resting membrane potential, 374 
Sodium-potassium exchange pump, 

374, 376f
Soils, 71Rev
Solar collectors, 176f
Solar energy, aboard the International 

Space Station (ISS), 2
Somatic cell mutations, 116, 643
Somatic cell, 74, 550, 552
 mutation in, 116
 reproduction, 556–561
Somatic gene therapy, 660
Somatic stem cells, 527
Somatic system, 367, 396
Sound waves, 419–425
Sound, 419–425
Speciation, 136–138, 141
 and adaptive radiation, 140
 in reproductively isolated 

 populations, 139, 140
Species, 79, 84, 85, 88t, 92
 adaptation for survival, 114, 115
 change in abundance over time, 82t
 competition among, 101–103
 divergence, 137
 ecological niches, 97, 108
 embryonic similarities, 132
 evolution of, 122–132
 interactions in ecological 

 communities, 717–728
 natural selection in, 118–120
 process of formation, 136–141
 range, 97, 108
 succession, 725–728
 transformation, 136, 137f
 variations within, 115–118, 121
Specifi c defences, 293–295

Speech process, 392
Sperm cells, 74, 75, 478–482, 485t, 479, 

480, 508, 509, 529, 530, 568, 569, 
576, 589

Spermatids, 569
Spermatogenesis, 480, 493, 568
Spermatogonium, 569
Spermicides, 532
Sphenomandibularis, 338
Sphincters, 307
Sphygmomanometer, 274
Spinal column, 386
Spinal cord, 367, 381f, 385, 386
Spinal nerves, 396, 397f
Spindle apparatus, 558, 565
Spirograph, 250
Spontaneous generation theory, 550
Spontaneous mutations, 644, 645
Spores, 575, 576, 577f
Sporophyte, 576–578
Square centimetre (cm2), 749t
Square metre (m2), 749t
Squid (Loligo), 373
Stable equilibrium, 712
Stage (of a microscope), 757f
 clips, 757f 
Stapes, 420
Staphylococcus aureus, 118f, 119
Starch, 8, 10, 207, 208f
 digestion, 226
Stationary phase, 711
Stem cells, 527
Stereocilia, 420, 421, 423, 424
Sterile, 529, 531
Steroids, 208, 494
Sticky ends, 648
Stomach, 217f, 220, 231
 acids pH range, 755f
Stomata, 34, 39, 149Rev
Strata (singl. Stratum), 123f
Stratigrapher, 147
Streptococcus pneumoniae, 624, 625f 
Stress, 397, 451–454
Striations, 332f
Stroke, 388, 389
Stroke volume, 275
Stroma, 164, 168, 173, 176, 177
Stromatolites, 55, 56
Stroop effect, 390
Subatomic particles, 751t
Substrate, 214, 215f
Succession, 725–729
Suckling refl ex, 526
Sucrose, 215f
Sugars, 8
 in nucleotides, 627f–629
 hormonal regulation in blood, 

456–462
Sulfate, 46, 51t
 in anaerobic cellular respiration, 190

 reducers, 47f
Sulfur, 63
 acid deposition, 47, 48 
 cycle, 46–48
 oxidizers, 47f
Sulfuric acid (H2SO4), 48
 production in deep-sea vents, 12
Sulfurous acid (H2SO4), 47
Summation, 346
Summerhayes, Victor, 16
Sun’s energy (also Light or Radiant 

energy), 5, 9, 14, 15, 29Illus
 conversion of on Earth, 11f
 effect on ecosystem productivity, 53
 in cellular respiration, 9f
 in photosynthesis, 8, 9f, 162, 170
Superfi cial, 762t
Superovulation, 530
Supressor T cell, 295
Surrogate mothers, 530
Surroundings, 4
Survival, 114, 115
Sustainability, 66, 67, 731, 732
Sustainability Expert, 66
Sutton, Walter, 596, 597, 599
Swift fox (Vulpes velox), 104
Symbiosis, 723
Symbiotic relationships, 723–725
Sympathetic autonomic system, 367
Sympathetic nervous system, 397, 

398f, 452
Synapse, 379–382
Synapsis, 564
Synaptic cleft, 379
Synaptic terminal, 379
Synaptic vesicles, 379
Syphilis, 489, 490
Systemic circulation, 276f
Systemic pathway, 276, 277, 281
Systems, 4, 5
Systolic pressure, 274

T cells (also T lymphocytes), 294, 295, 
288, 300

T lymphocytes (see T cells, 
Lymphocytes)

T2 bacteriophage, 625, 626f
Table salt (see Sodium chloride)
Taiga, 94f, 96
Target sequence, 648
Taser, 372
Taste, 425, 426
Taste buds, 408, 426
Taxonomy, 85
TCA (tricarboxylic acid) cycle (see 

Krebs cycle)
Teachers/Educators, 539
Technology, 4f
Tectorial membrane, 420
Telophase, 557f, 558
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Telophase I & II, 565
Temperate forest, 94f
Temperature, 94f, 95, 108
 and enzyme action, 215
 homeostasis, 348, 349, 408, 409
 regulation in blood, 286
 unit of, 749t
Temporal lobes, 390, 391t, 424
Ten percent rule/law (see Rule of 10)
Tendon, 335f
Teratogens, 521–524
Termination, 632
Terrestrial biomes, 94, 95
Tertiary consumers, 13, 15, 29
 on pyramid of biomass, 21f
 on pyramid of energy, 24f
 on pyramid of numbers, 19f
 trophic level of, 16f, 17f
Test cross, 591
Testes, 363, 436f, 478, 479, 492, 493, 569
Testis-determining factor, 492
Testosterone, 438, 479, 493–495
Test-tube babies (see In vitro 

fertilization)
Tetanus, 346
Tetrad, 564, 565
Tetrodotoxin, 430
Thalamus, 387, 391t
Thalidomide, 523
Theory of evolution by natural 

selection, 122, 133, 141
Thermodynamics, laws of, 14, 15
Thermograms, 204, 205
Thermoreceptors, 408, 409t
Thiobacillus, 47f, 48
Third trimester (see Trimesters)
Thoracic cavity, 245, 249
Thoracic nerves, 396, 397f
Three-carbon (C3) compounds, 176, 186
Threshold potential, 376
Thrombin, 284
Thromboplastin, 283, 284
Thylakoid membrane, 170, 173, 177
Thylakoids, 164, 168, 173
Thymine, 626–628
Thymus, 436f
Thyroid, 438f, 439
Thyroid gland, 436f, 446–449
Thyroid-stimulating hormone (TSH), 

444, 445f, 448
Thyroxine (T4), 447–449
Tidal volume, 250
Time, 749t
Tissues, 362
Tongue, 218f, 425
Tonne, 749t
Tonsillitis, 256
Tonsils, 256
Touch, 408, 409, 427
Toxic hydrocarbons, 62

Toxicity (chemical), 28
Trachea (also Windpipe), 245f, 246
Tracheostomy, 265Rev
Traditional remedies, 255
Transcription factor, 666
Transcription, 636–640
Transdifferentiation, 562
Transect, 105, 106, 108
Transfer RNA (tRNA), 636–641
Transformation, 136, 137f, 141
Transforming principle, 624, 625f
Transgenic, 654–658
Transitional fossils, 129
Translation, 636, 638–640
Transpiration, 35f, 39
Transplant organs, 322
Tricarboxylic acid (TCA) cycle (see 

Krebs cycle)
Triceps, 333
Triglyceride, 208
Trimesters, 508, 512f, 520
Triple bonds, 752f
Trisomy, 567
Trophic level, 16, 25
 energy transfer in, 17
Trophoblast, 510
Tropic hormones, 441, 444
Tropical rainforest, 94f
Tropomyosin, 338, 339
Troponin, 338, 339
True breeding, 588
Trypsin, 223, 225t, 226
Tubal ligation, 531
Tubeworms (Riftia pachyptila), 12f, 13
Tubular reabsorption, 311–315
Tubular secretion, 311, 314
Tundra, 94f
Turbinate bones, 245, 246
Turner syndrome, 567
Twins, 537Rev, 570, 571
Tympanum (also Eardrum, Tympanic 

membrane), 420
Type 1 diabetes (also Juvenile diabetes, 

Insulin-dependant diabetes), 458 
Type 2 diabetes (also Adult-onset 

diabetes, Non-insulin-dependant 
diabetes), 458, 459

Tyrosine, 636

Ulcer, 233, 234, 237
Ultrasound, 658
Ultraviolet (UV) radiation, 645
 effect on different organsims, 54
 adaptive and environmental 

protection against, 54t
Umani, 426
Umbilical cord, 515, 516, 517, 525
Uncertainty (in measurements), 749
Uniform distribution, 707
Universal genetic code, 637

Unmyelinated axons, 385
Unmyelinated neurons, 378, 381f
Unsaturated fatty acid, 208, 209
Upper respiratory tract, 245, 246, 248
 infections of, 256, 262
Uracil, 626, 629
Urea, 306
Ureters, 307
Urethra, 307, 479f, 481
Urethritis, 318
Urinalysis, 320, 326Rev
Urinary bladder, 307
Urinary system (see Excretory system)
Urinary tract infections, 318
Urine, 308, 310, 311–316, 457
Urine test, 318t
Uterine contractions, 523, 524
Uterine cycle, 496, 498
Uterus, 482–484
Utricle, 424

Vacuole (also Central vacuole), 154f, 
155

Vagina, 483, 484
Vagus nerve, 396
Valence electrons, 751–753
Valence shell, 751, 752f
Valves, 270
van Leewenhoek, Antony, 358Rev, 586
Variables, 761
Variation (see also Diversity), 115, 116, 

121
Variety (and natural selection), 118
Vas deferens (see Ductus deferens)
Vasectomy, 531
Vasoconstriction, 286
Vasodilation, 286
Vegetative reproduction, 574
Vein, 222f, 247, 270, 271, 281, 312
Vena cavae (singl. Vena cava), 269
Ventral, 762t
Ventricles, 269
Vertebrae, 385f, 386
Vertebrates,
 development of anatomy in, 130, 131
 geologic time scale of, 128f
 fossil remains of, 129
Vesicle, 155, 159
Vestibule, 420, 424
Villi, 222, 223
Virchow, Rudolph, 550
Viruses (in gene therapy), 660
Vision, 408, 409, 410–418
 disorders of, 412, 413, 418
Vital capacity, 250
Vitamins, 211, 214, 216
 B9 (also Folate or Folic acid), 524
 C, 523
 D, 449
Vitreous humour, 411
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Vocal cords, 246
Voltage (see Potential difference)
Voltage-gated potassium channel, 377 
Voltage-gated sodium channel, 376
Voltmeter, 373
Volume, 749t
 of an atom, 751
Voluntary control, 396 
Voluntary movement, 387
Vomeronasal organ, 426
von Seysenegg, Tschermak, 596
Vulva, 484

Walkerton, ON, 65Rev
Wallace, Alfred Russel, 126, 127, 130, 678
Warfarin, 691
Waste matter (in metabolic terms), 13, 

306
Water, 8, 34–41, 293, 55t
 availability in ecosystems, 39, 40
 contamination, 65Rev
 density of, 36
 dissolution of ionic compounds in, 

 754
 disruption of cycle, 55
 electron-dot diagram of, 752f
 fi ltration in the nephrons, 311–314
 from cellular respiration, 182, 183
 heat capacity of, 37
 in blood, 282, 291
 in cellular respiration, 9f, 34

 in cycles of matter, 34–41
 in dehydration synthesis, 207
 in hydrogen bonding, 36, 37, 753
 in hydrolysis, 207
 in osmosis, 157
 in photosynthesis, 9f, 165, 169, 173
 molecular model of, 35f
 pH of, 754, 755
 phases of, 36, 37
 polar covalent bonding in, 752
 properties of, 35–37
 quality, 39
 reaborption (in the kidney), 311
 regulation in the body, 316–318
 treatment, 58
Water budget, 38t
Water-soluble hormones, 440, 441
Water strider (Gerris remigis), 37f
Water vapour, 35
Watson, James, 627, 628, 634f
Watt (W), 749t
Watt-Cloutier, Sheila, 6, 7
Weather Dancer 1, 59f
Web Site Designer/Developer, 743
Wechiau Community Hippo 

Sanctuary (WCHS), 738
Weinberg, Wilhelm, 680, 681
Weizmann, Chain, 191
Wernicke’s area, 392
Wet mount preparation, 758
Wetlands, 58, 59, 61

White blood cells (also Leucocytes), 
283, 292, 293

White matter, 372, 381f, 385, 386, 389
White willow, 255
Whooping crane (Grus americana), 

130, 696
Wigmore, Ann, 238
Wildlife Biologist, 743
Wilmut, Ian, 656
Windpipe (see Trachea)
Winogradsky column, 47f
Woolly mammoth, 136, 137
Writing tips, 760, 761

X chromosome, 552, 601, 603, 604
X-ray imagery, 205

Y chromosomes, 552, 601, 603, 604
Yeasts, in fermentation, 190, 193, 194
Yolk sac, 515, 516f

Z line, 337, 338
Zelenitsky, Darla, 146
Zeros (in signifi cant digits), 750t
Zona pellucida, 508
Zones, 
 climate, 93
 of a lake, 97, 98f
 vegetation, 96f
Zygote, 484, 509, 570
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