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A
Abomasum, relative size of, 329f, 329t
Absorption, 327, 329f

of feed nutrients, 332–333
Acaricides, 408
Accessory sex glands, 222
Acclimatization, 298
Accretionary growth, 205
Achromotrichia, 339t
Acromegaly, 210
ACTH (adrenocorticotropic hormone), 190, 232
Actin, 185
Adaptation, 298

of cattle (regional), 297–298
to environment, 299
natural, 298–299
physical environmental factors affecting, 298

Adaptive physiology, comparative, of humans and animals, 299
Addisonian pernicious anemia, 339t, 352, 353
Additive (see Gene action, additive)
ADG (see Average daily gain)
Adipoblast, 206
Adipocyte, 206
ADP (adenosine diphosphate), 186
Adrenal glands, 198t, 266
Adrenal hormones:

and growth, 211
effect of, on lactation, 266

Adrenalin, 186
effect of: on milk letdown, 272–273

on muscles, 186
and temperature changes, 301
(See also Epinephrine)

Adrenocorticotropin, 198t
Aedes, 404t
Aflatoxin, 393
African horse sickness, 394
African sleeping sickness, 401t, 414
African swine fever, 394
African trypanosomiasis, 401t, 414
Afterbirth, placental membranes, 233
Agammaglobulinemia, 374
Age:

effect of: on egg laying, 289–290
on egg production, 214t
on food conversion, 335
on lactation, 275
on litter size, 214t
on milk composition, 278
on social dominance, 429
on weaning weight of calves, 214t

and homeothermy, 300
of horses, 112, 113t
of puberty in farm mammals, 226t

Agglutination, 374
Agglutination test, 374
Aging, 214–217

theories of, 216–217
(See also Age)

Agonistic (combat) behavior of animals, 422–423
Agricultural education and research, 3–4
Agricultural production, regional distribution of, 5f
Agricultural research, 3–4
Agricultural Research Service (see USDA, Agricultural

Research Service)
Agriculture and the balance of nature, 17, 18f
AI (see Artificial insemination)
Air conditioning, effect of, on milk production, 310f
Albinos, 100, 102t

*Page numbers followed by f refer to figures; page numbers followed by t refer to tables;
page numbers followed by n refer to footnotes. See also the Glossary, pp. 439–476.
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Albumen (see Eggs, albumen of)
Alkali disease, 361t, 366
Allantoin, 194f
Alleles, 154, 164–165
Allelomorphs, 22, 154
Allen’s rule, 301
Alopecia, 339t
Altitude, adaptation to, 298
Altricial birds, 283t
Alveoli:

of lungs, 191, 192f
of mammary glands, 261f

American bison, 421, 424–425
Amino acids, 334

of animals products, 51t
balance of, in milk, 51–52
essential, 51t, 52t, 317–318
nonessential, 317
in protein synthesis, 150t
of selected foods, 51t
sulfur-containing, 360

Amnion, 230
Amniotic fluid, 230
Ampule, 252
Ampulla, 222
Amylase, 332t
Amylopsin, 332t
Anaplasmosis, 401t
Anatomy:

of avian male reproductive system, 285f
of circulatory system, 186–187
comparative, 179
of digestive systems, 327–328, 329f
of farm animals, 179–194
of female reproductive tract, 222–224
gross, 179
of male reproductive tract, 219–222
microscopic, 179

Ancestors, relationships to, 170t
Ancylostomiasis (see Hookworm)
Androgens, 198t, 211
Anemia, 188, 339t, 352, 353f, 361t, 400

in horses, 118
pernicious, 339t, 352
sickle-cell, 156, 362

Aneuploidy, 142
Animal agriculture:

as an employer, 15
and food production, 15
history and development of, 1–2
and humanity, 1–18

as a source of recreation, 15–16
and United States economy, 14–16
and world economy, 4

Animal and Plant Health Inspection Service (see USDA,
Animal and Plant Health Inspection Service)

Animal behavior, 416–430
agonistic (combat), 422–423
defined, 429
eliminative, 421–422
gregarious, 427–428
and heredity, 417–418
hypothalamus in, role of, 419
ingestive, 421
instinctive, 418–419, 429–430
investigative, 426–427, 427f
and malnutrition, 418
mother-young, 424–426, 427f
at parturition, 424–426
and population density, 429
in response to stimuli, 416–417
sexual, 423–424
shelter-seeking, 422
social dominance, 428–429
types of, 421–428

Animal breeding, laws of probability in, 154–155
Animal communication, methods of, 419–420
Animal diseases:

and economic losses to farmers, 370, 395
and the health of humans, 370–396
transmissible to humans, 375–393

Animal fats:
and atherosclerosis, 60–61
and consumption trends, 58t
and heart disease, 61

Animal health:
governmental safeguards of, 393–395
and the health of humans, 370–396

Animal intelligence, 419
Animal kingdom, important phyla of, 399t
Animal learning, 418–419
Animal production:

energy and efficiency of, 12–13
trends in, 7–9

Animal products, 48–77
cholesterol in, 52t
comparative nutritional contributions of, 50–57
composition of, 50t
consumption trends of, 59t
dietary contributions of, 57f
economy of, 16–17, 49
export of, 17
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fatty acids in, 52t
as a food buy, 49, 57
fortification of, 61–62
future of, 74–75
and growth in humans, 48–49
history of availability of, 48–49
labeling of, 62
legal aspects of fortifying, 62
lyophilization of, 69–70
mineral content of, 56t, 57t
new, 75–76
as nutrient source, 57t
pesticide residues in, 77
preservation of, 63–65, 69–70
safety of, 65–69
synthetic, 76–77
vitamins of, 57, 57t

Animal protein, 50–52
availability of, 9–10
nutritional merits of, 9–10

Animal quarantine, 394–395
Animal rights (see State of being)
Animal size, effect of, on lactation, 275
Animal wastes, utilization of, 14
Animal welfare (see State of being)
Animals:

behavioral responses of, 417–419
classification of, 399
in competition with humans for food, 11–12
composition of, 314–321
domestication of, 1–2, 2t, 3
ways they serve humans, 2

Anions, 356
Annelida, 399t
Anorexia, 357, 357t, 361t
Anterior pituitary gland, hormones of, 198t
Anthrax, 383–384
Antibiotics, 251, 325, 372, 403

and feed digestibility, 334
feeding to swine and poultry, 333
use of, in semen, 251, 256
and vitamin K synthesis, 343

Antibodies, 372
monoclonal, 373–374

Anticodons, 150
Antigen-antibody reactions, 374
Antigens, 374
Antioxidants, 341
Antiserum, 373
Antitoxins, 374
Aortic rupture in poultry, 361t, 362, 363f

APHIS (see USDA, Animal and Plant Health Inspection
Service)

Appetite, factors affecting, 330
Appetitive behavior in animals, 424
Aquaculture, 120–130

advantages of, 120–121, 129
brackish water culture of, 121f
defined, 121
economic impact of, 120–123
environmental aspects of, 129
fresh water culture of, 121f
history and development of, 120–123
marketing aspects of, 129
processing aquaculture products, 129
production cycles of, 128–129
production methods, 126–128, 126f, 127f, 128f
yield of, 9

Arable land, 8f
Arboviruses, 377t
Arsenic, 367–368
Arteries, 186–187
Arterioles, 187
Arthropoda, 400t
Arthropod-borne diseases transmitted from animals to 

humans, 377t
Arthropod control, 409–414
Arthropods:

affecting humans and/or domestic animals, 401t, 404–409
as vectors of disease, 401t

Artificial insemination, 241–258
advantages and benefits of, 243–244
in bees, 254
in cattle, 253–254
defined, 241
and estrous synchronization, 256–257
future of, 256–258
and genetic engineering, 257
history of, 241–243
of horses, 254
in humans, 255–256
limitations of, 244–245
in poultry, 254
in progeny testing, 244
regulations in cattle, 253t
species in which used, 242–243
in swine, 254
timing of, in cows, 253–254
in the world, 243t

Artificial vagina (AV), 246f
Ascaridiasis, 401t
Ascarids of horses, 118
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Ascorbic acid, 344–345
(See also Vitamin C)

Ash, 320f, 322
Asiatic cholera, 404t
Assay techniques for vitamins:

biological, 354
chemical, 355
microbiological, 354–355

Ataxia, 362
Atherosclerosis, 60–61
ATP (adenosine triphosphate), 186
Autonomic nerves, 193
Autosomes, 142
AV (artificial vagina), 246f
Average daily gain (ADG), 335

calculation of, 163t
Avian digestion, 332, 332t
Avian digestive system, 329f
Avidin, 352
Axon, 192–193
Azoturia, 115t

B
B vitamins:

and formation of red blood cells, 344
and release of energy from food, 344

Bacillus anthracis, 383
Backcross, 176
Backfat of swine, 24, 25f
Bacterial infections, 379–385

transmissible from animals to humans, 379–385
Bactofugation, 63
Baldness and heredity, 151
Barrow, 220
Basophils, 190
Bats, navigating of, by sound, 420
BCT (brucellosis card test), 380
Bedbugs, 400t, 409
Bee (see Honeybees)
Bee milk, 53
Bee venom, 54
Beebread, 53
Beef:

cholesterol in, 52t
composition of, 50t
improvement federation, 173
minerals of, 50t
vitamins of, 57

Beef breeds and artificial insemination, 353t
Beef cattle:

backgrounding of, 33
breeds of, 21t, 24, 26f
historical perspective of, 31–32
improvement federation, 173
life cycle of, 31–34
number of operations, 32t

Beef Improvement Federation, 173
Beef industry of the United States, 49
Beef steer:

defined, 220
external parts of, 181f

Beef tapeworm, 388f
Bees, 400t, 401

(See also Honeybees)
Beeswax, 401
Beetles, 400t
Behavior:

animal (see Animal behavior)
maternal, 424–426

Behavioral responses of animals, 418–419
external (learning experiences), 417
internal (heredity), 417

Bell-shaped curve in phenotypic variations, 163f
Bergmann rule, 301
Beriberi, 337, 339t, 345–346
Bile, 332t
Binomen, 399–400
Bioassay of crops, use of insects in, 403f
Biological assay of vitamins, 354–355
Biological control:

of insects, 410–414
of rabbit population, 411–412

Biological value, 50–51, 51t, 318
Biotechnology, 152–157
Biotin, 352

clinical deficiency symptoms of, 339t, 352
common sources of, 339t, 352
functions of, 339t, 350, 352

Bird eggs, 283
development of, 285–287

Birds:
altricial, 283t
communication of, by sound, 420
egg production, 45–46
grower, 45
meat production, 45
precocial, 283t

Birth rate, effect of heterosis on, 176t
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Birth size, maternal influence on, 207
Black death, 384
Blackbodies, 307
Blastoderm, 283
Blastodisk, 283
Blind staggers, 361t, 366
Bloat, 315, 330
Blood:

clotting, role of vitamin K in, 343, 343f
compatibility of types of, 189f
composition of, 187–188, 188t
plasma, 187–188
portal system, 187
serum, 188
types of, 188–190
typing of farm animals, 189–190

Blood platelets, 190
Blood spavin of horses, 109
Blood spots of eggs, 292
Blood-typing, 188–190, 253t
Bloodworms of horses, 118
Bluetongue, 377, 409
Body condition, effect of, on lactation, 275
Body conformation of horses, 101, 104–105f
Body weight and feed conversion, 303t, 335
Boll weevil, 413
Bolus, 331
Bomb calorimeter, 323f
Bone:

growth of, 182–183
parts of, 184f

Bone marrow, 182
Bone meal, 357
Botflies, 118, 406
Bots, 401t
Botulism, 391
Bovine somatotropin (see BST)
Bovine tuberculosis, 379
Bovitec, 325
Bowman’s capsule, 193, 194f
Brachiopoda, 399t
Brahmans, 21f, 22

heat tolerance of, 22, 302f, 306f, 309
Brain:

cholesterol in, 52t
gross anatomy of, 193f
size and lactose, 54t

Bran, 345
Breast-feeding, 54, 263–264

and conception control, 264

Breed associations, 22–23
Breed differences, 22
Breeding mares, 103
Breeds:

of beef cattle, 21t, 26f
of cats, 83–84, 85t
of dairy cattle, 21t, 27f
defined, 20
development of, 20
differences in, 22
of dogs, 83–84, 84t, 85t
dual-purpose, 24
exotic, 22
form and function, 24
of fowl, 28, 29t, 30–31f
genetic differences in, 22
of goats, 36
of horses, 21t, 29f
and life cycles of livestock and poultry, 20–46
new ones, 22
of sheep, 21t, 28f
of swine, 21t, 24, 25f
synthetic, 22
triple-purpose, 24

Broilers, number of, 44t
Bronchi, 191, 192f
Broodiness, 426, 427f

how delayed and induced, 290
BRT (brucellosis ring test), 380, 381f
Brucella:

abortus, 380
melitensis, 380
routes of infection, 382f
suis, 380

Brucellosis, 380–383
card test, 380
in cattle, swine, goats and sheep, 380
diagnosis of, 380
in humans, 381, 383f
milk ring test, 380
occurrence of, 382f
prophylaxis and control of, 381
state classifications for cattle, 382f
therapy of, 382

Bryozoa, 399t
BSE (Bovine spongiform encephalopathy), 389–390, 390f
BST (bovine somatotropin), 35, 264
Bubonic plague, 404t
Buffalo chips, 421
Bull stud, 35, 244n
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Buller syndrome, 422
Butter:

cholesterol in, 52t
composition of, 50t
consumption of, 58t

C
Caffeine, libido and, 254n
Calcitonin, 198t
Calcium, 356–357

and blood clotting, 343f, 357t
blood levels of, 201
clinical deficiency symptoms of, 357t
in forages, 357
functions of, 356–357, 357t
in grains, 357
in muscle contraction, 186
sources of, 357t

Calcium/phosphorus ratio, 357
in feeding horses, 106

Calories, 323
of carbohydrates, 324
defined, 323
expended during lifetime, 215
of fats, 324
of protein, 324

Campylobacter, 384
Cancer cells, division of, 205
Cancer of the eye, 307
Canine distemper, 92
Cannibalism in animals, 429
Canter, 98–99
Capacitation of spermatozoa, 229
Capillaries, 186–187
Caponize, 429
Carbohydrates, 314–315, 315t

of animal products, 53–55
caloric value of, 323
classification of, 315t
consumption trends of, 59t
digestion of, 331

Carbon monoxide, 192
Carboxyhemoglobin, 192
Carboxypeptidase, 332t
Carcass, amount of heterosis for, 176t
Carnivores, 327, 329f
Carotenes, 316
Carrier, 372
Carrion, 372

Cartilage, 182–183
CAST (Council for Agricultural Science and Technology), 5,

131, 134, 138
Castration, 220

and animal behavior, 422
chemical, 201
effect of: on growth, 211
on social dominance, 422
of horses, 106

Cat ascarid, 92, 389
Cat hookworm, 92, 389
Cations, 356
Cats:

basic body types of, 83–84
breeds of, 83–84, 85t
color plate of, 4a (Chapter 4)
history and domestication of 2t, 82–83
human bonding with, 82f, 86f, 88f
number of in the United States, 81

Cattle:
breeds of, 21t, 24–27, 26–27f
domestication of, 2t
world number of, 7

Cattle grubs, 406
Cattle tick fever, 407
Cattle warble, 406
Caudal, defined, 179, 261
Cecum, 106, 328, 328t
Cell division, 143–146

of cancerous cells, 205
of normal cells, 205

Cells:
illustration of, 141f
types of, in growth, 205–206

Cells of Leydig, 225
Cellulase, 332t
Cellulose, 315t, 329f, 331–332t, 334
Centaur, 96
Cerebellum, 193
Cerebrum, 193
Certified Semen Services, Inc., 256
Cervix, 223f, 224f
Cesarean operation, 233
Chalaza, 284f
Chastek paralysis, 339t, 346
CHD (coronary heart disease), 60–61
Cheddar cheese:

cholesterol in, 52t
composition of, 50t
minerals of, 56t
vitamins of, 57
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Chemical assay of vitamins, 355
Chemical preservation of animal products,

64–65
Chemicals:

and animal communication, 420
in insect control, 409–410

Chicken:
cholesterol in, 52t
composition of, 50t
minerals of, 50t
vitamins of, 57

Chickens:
breeds of, 28, 29t, 30, 30f, 31f
classifying baby chicks, 285
digestive system of, 191f
domestication of, 2t
external parts of, 183f
life cycle of, 43–46
molting of, 46
skeleton of, 185f
world number of, 7

Chiggers, 404t, 408
as vectors of disease, 404t

Chlordane, 410
Chlorine, 359–366

clinical deficiency symptoms of, 357t
functions of, 357t, 360
sources of, 357t, 360

Chlorophyll, 314, 316
Cholesterol, 199, 200f, 316

in animal products, 52t
effect of diet on amount in eggs, 292
and heart disease, 60–61
synthesis of, 60

Choline, 339t, 354
clinical deficiency symptoms of, 339t, 354
common sources of, 339t, 354
functions of, 339t, 354f

Chondrocytes, 206
Chordata, 339t
Chorion, 230–231, 232f
Chromosomes, 141–143, 237, 413

abnormalities of, 142
of chickens, 142
lethal, 143
nonhomologous, 142f
number of, in animals, 142t
sex, 142f, 237, 413

Chymotrypsin, 332t
Circulatory system, 186–190, 187f
Cirrhosis, 339t

Classification:
of digestive systems, 328t
of nutrients, 320f

Claude Bernard rule, 302
Claudication, 109
Climate, 298

effect of, on production, 311
and the progress of people, 295

Climatic chamber, 311f
Cloaca, 194
Cloning, 153, 237–238
Clutch, 290
Clutch size of selected birds, 291t
Coat color:

changes with environmental temperatures, 308f
of horses, 99–100, 101t, 102t

Cobalamin, 344, 352
Cobalt, 364

clinical deficiency symptoms of, 361t, 365f
functions of, 361t, 364
sources of, 361t
and vitamin B12, 352

Coccidiomycosis, 386
Cockroaches, 400t
Codon, 149–150
Coefficient of digestibility, 52, 322–323
Coelenterata, 399t
Coenzymes, 339t
Cold habituation, 300
Cold sterilization, 64
Cold tolerance of animals, 299
Colic in horses, 106, 108
Collagen, effect of age on, 215
Collateral relatives, 101, 170t, 171

relationships of, 170t
Colorado tick fever, 404t
Colostrum, 277–280

composition of, 277t
effect of feed on, 277n
immunological aspects of, 278–280
importance of, 278–280

Combat behavior, 422
Comfort zone:

of cattle, 305
of poikilotherms, 299
(See also Thermoneutral zone)

Compaction, 315
Companion animals, 16, 80–95

behavior of, 89
care and training of, 89–90
career opportunities associated with, 93–94
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Companion animals—Cont.
contributions to humans by, 85–88
economic aspects of, 82
feeding and managing, 90–92
health and disease aspects of, 92–93
human bonding with, 88
human relationships with, 80–82, 94–95
major species of, 80–81
therapeutic uses of, 86–88
annual visits to veterinary clinics, 94

Compensatory gains, 212
Compensatory growth, 205
Complement, 374
Complement fixation, principles of, 374f
Complement fixation reaction, 374
Complementary milk, 271
Concentrate feeds for horses, 106
Concentrates, crude fiber of, 321
Conception rate, effect of heterosis on, 176t
Conditioned reflex, 418
Conditioning:

classical (associate learning), 418
operant (trial and error), 418

Conduction and heat loss, 306
Conformation of horses, 101, 104–105f
Congenital malformation and toxic plants, 391f
Consumption trends:

of dairy products, 57–60
of fats, 58t
of fish, 59t
of meat, 59t
of oils, 58t
of poultry products, 59t

Contagious bovine pleuropneumonia, 394
Convection and heat loss, 306–307
Cooling in nonsweating species, 309
Cooling mechanisms, 300
Copper, 362

clinical deficiency symptoms of, 361t, 362f, 363f
functions of, 361t, 362
sources of, 361t, 362

Coronary heart disease (CHD), 60–61
Corpora allata, 413
Corpus albicans, 224
Corpus hemorrhagicum, 224
Corpus luteum, 198t, 224–225f, 227, 234, 256
Correlations, genetic, 172
Corticotropin-releasing hormones (CRH), 198t
Cortisol, 200f
Cosmic radiation, 298
Cottage cheese, composition of, 50t

Cotyledons, 230, 231f 
Coumarin, 393
Council for Agricultural Science and Technology (see CAST)
Courtship among animals, 420
Cow ponies, 96–97
Cow trap, 428f 
Cowper’s glands, 222
Cowpox, 378
Cows:

brain of, 199f
circulatory system of, 187f
drying off, methods used in, 274
external parts of, 180f
gestation period of, 227t
insemination of, 253–254
internal parts of, 191f
muscles of, 185f
reproductive organs of, 223f, 224f
skeleton of, 184f

Coxiella burnetti, 379
Cranial, defined, 179, 261
Crazy-chick disease, 342f
Creaming of milk, 277
Creep feeding, 32
Creeping eruption, 406
Cretinism, 210–211
Creutzfeldt-Jakob disease (CJD) and new variant 

(vCJD), 390
Cribbing of horses, 111
Crop, 329f, 329t, 331–332, 332t
Crop milk, 264
Crossbreeding, 175–177

and animal behavior, 417
and growth, 213
rotation, 176

Crossbreeding effect, type of gene action indicated 
by, 176t

Crossing effect, type of gene action indicated by, 169t
Crossing over, 145, 154
Crude fat, 320f, 321
Crude fiber, 320f, 321
Crude protein, calculation of, 320f, 321
Cryptorchid, 220
Cryptosporidiosis, 385
Ctenophora, 399t
Cultures, killed, 373
Cumulus oophorus, 230
Curled-toe paralysis, 339t, 348f
Cutaneous larva migrans, 406
Cutting horse, 417f
Cyanide, 391
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Cyanocobalamin (B12), 339t, 352–354
clinical deficiency symptoms of, 339t, 352–354
common sources of, 339t, 354
functions of, 339t, 352

Cystic follicles, 228
Cytochrome C, 360
Cytokinesis, 145, 145f

D
Dairy breeds, composition of milks of, 277t
Dairy cattle:

breeds of, 21t, 27f 
historical perspective of, 34
life cycle of, 34–36
number of, 34t

Dairy cows (see Cows)
Dairy products, consumption of, 57–60, 59t, 415
DDT (dichlorodiphenyltrichloroethane), 409, 409n, 410, 415
Deerflies, 404t, 406
Dehydration, 63–64
Dehydration exhaustion, 304
7-Dehydrocholesterol, 340
Delayed implantation, 230
Deletion, 143
Dementia, 339t
Demodectic mange, 92, 408
Dendrites, 192
Dermacentor andersoni, 379
Dermatitis, 339t, 348f, 353f
Dermis, 179
DES (diethylstilbestrol), 325
Dexamethasone, 239
DHIA (Dairy Herd Improvement Association), 172, 324

sire summaries, 173
Diaphysis, 182
Dicalcium phosphate, 357
Dicoumarin, 393
Dicoumarol, 343
Dieldrin, 410
Diestrus, 227
Diet composition, 333–334
Dietary nutrients furnished by major food groups, 50t

of beef, ham, and lamb, 58f
Diethylstilbestrol (DES), 325
Differentiation, 203, 207
Digestibility:

effects of diet composition on, 333–334
factors affecting, 333–334
of feeds, 333–334

Digestible energy, 324, 325f
Digestion:

avian, 332
in body regions, 329t
of carbohydrates, 331, 332t
of cellulose, 331, 332t, 333–334
effect of heating on, 333
factors, of, 333–334
of fats, 331–332, 332t
in monogastric animals, 328f, 329f, 330
physiology of, 327–336
in polygastric animals, 328f, 330
process of, 330, 332t
of starch, 332t
of proteins, 331, 332t

Digestion coefficient, 52, 322
Digestion stall, 322f
Digestive systems, 190–191, 327–329, 329t

anatomy of, 327–329
avian, 191f, 329f
capacity of, 329t
classification of, 328f
of monogastric animals, 328f
with functional cecum, 328f, 328t
of polygastric animals, 328f
types and capacities of, 327–328, 329t

Digestive tract, enzymes of, 332t
Diluters (semen), 250–251
Diploid, 143
Disaccharides, 314, 315t
Disease:

body defenses against, 372
BSE (bovine spongiform encephalopathy), 389–390, 390f
Creutzfeldt-Jakob Disease (CJD) and new variant (vCJD), 390
defined, 371
diagnosis of, 375
genetic resistance to, 372–374
infectious, 371
modes of spreading, 372
noninfectious, 371
symptoms in horses, 114–115
testing for, 375
types of, 371

Disease protection, recent application of technology to,
373–374

Disease resistance:
acquired, 373
natural, 372–374

Diseases:
of animals transmissible to humans, 375–390
associated with selected parasites, 377t
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Diseases—Cont.
epizootic, 394
of humans associated with selected arthropods, 377t
of humans transmissible to animals, 390–391
nutritional, of horses, 115–116, 115t
protecting United States livestock from foreign, 393–395
transmitted by arthropods, 377t, 404t

Diseases (bacterial) of animals transmissible to humans,
379–385

anthrax, 383–384
brucellosis, 371f, 380–382
campylobacteriosis, 384–385
Cat scratch disease, 385
colibacillosis, 385
erysipelas, 385
leptospirosis, 382–383
listeriosis, 385
Lyme disease, 385, 386f
paratyphoid fever, 404t
plague, 384
salmonellosis, 384
tuberculosis, 379–380
tularemia, 384
typhoid fever, 404t

Diseases (fungal):
coccidiomycosis, 386
histoplasmosis, 386

Diseases (helminthic or worm) transmissible to humans 
by animals, 387–389

enchinococcosis (hydatid disease), 389f
hookworm (ancylostomiasis), 389
roundworms (ascarids), 389
taeniasis, 388–389, 389f
trichinosis, 387–388, 387f

Diseases (protozoal) transmissible to humans by animals:
anaplasmosis, 401t
cryptosporidiosis, 385
malaria, 404t
toxoplasmosis, 385

Diseases (rickettsiae and chlamydial infections), 379
Q fever, 379
psittacosis (ornithosis), 379
Rocky Mountain spotted fever, 379

Diseases transmissible by animals as passive carriers, 391
botulism, 391
tetanus, 391

Diseases (viral) of animals transmissible to humans, 
375–379

bluetongue, 377, 409
contagious ecthyma, 378–379
encephalitis, 377

foot-and-mouth, 378
Newcastle, 377
rabies, 375–376, 375f, 376f
smallpox (variola), 378
vesicular stomatitis, 378
West Nile virus, 377
yellow fever, 401t

Distemper, 92
DNA (deoxyribonucleic acid), 146–151, 158, 188, 194, 211,

216, 263, 357, 364, 419
Dog fly, 405
Dog hookworm, life cycle of, 389f
Dogs:

breeds of, 83–84, 84t
color plates of, 4b–4c (Chapter 4)
history and domestication of, 1, 2t, 3, 82–83
number of in the United States, 81
important uses of, 80–82

Domestication of animals, 1, 2t, 3
Dominance, 155–156, 164

and coat color of horses, 101–102t
lack of, 156
partial, 156

Dominant, defined, 155
Dormancy, 300
Dorsal, 179
Double-yolked eggs, 284, 293
Down syndrome, 143
Drosophilia, 402
Drugs, effect of, on milk composition, 378
Dry matter, calculation of, 321
Dry period, effect of, on lactation, 275
Drying off cows, methods used in, 273–274
Ducks:

domestication of, 2t
world number of, 7

Duplication, 142, 143f
Dystocia, 425

E
East Coast fever, 394
Echinococcosis, 389f
Echinodermata, 399t
Ecology, 295–296

defined, 296
and environmental physiology, 295–312

Ecthyma, contagious, of goats and sheep, 379
Ectoparasites, 370
Edema, 262f
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Efficiency of feed conversion, factors affecting, 
334–335

Efficiency of gain, heritability estimate of, 166t
Egg color, 166t, 282
Egg hatchability:

and manganese, 365
and zinc, 365

Egg laying, 289
effect of: artificial light on, 290f

light on, 290, 296f
nutrition on, 291
season on, 290

factors affecting, 289–291
hormonal control of, 287–288
intensity, effect of clutch length on, 290
physiology of, 282–294
by selected birds, 291t

Egg production:
effect of hen’s age on, 214t, 289–290
heritability estimate of, 166t
in the United States, 44

Egg products, 76
Egg shape, 282–283

heritability estimate of, 166t
Egg size:

effect of: age on, 292
bird size on, 293
nutrition on, 293
ovum on, 293

factors affecting, 292–293
heritability estimate of, 166t

Egg weight, 283t
of selected birds, 166t, 283t

Egg white (see Eggs, albumen of)
Egg-white injury, 352
Egg yolk, 284

double, 284, 293
factors affecting color of, 292
percent, 283t
use of, in extending semen, 250

Eggs:
albumen of, 283t, 284

percent, 283t
of birds, 283
cholesterol in, 52t
components of, 284f
composition of, 50t, 292
double-yolked, 284, 293
as food buy, 49
formation of, in hen, 286f
frozen scrambled egg mixes, 76

hard-cooked-peeled, 76
immunological and medical aspects of, 293
kinds of, 283
minerals of, 50t 
nature’s purpose of, 282
of other species, 282–283
number produced, 44t
pasteurization of, 68–69
safety of, 68–69
shell of: percent, 283t

thickness, 283
soft-shelled, 283
structure of, 283, 284f
vitamins of, 57
within eggs, 289f
yolk of (see Egg yolk)

Elastin formation and copper deficiency, 362, 363f
Electroejaculation, 247f
Electron microscopy, 268
Eliminative behavior of animals, 421–422
Emaciation, 361t, 364
Embryo transfer (ET), 234–235

procedures used in, 236f
as a research tool, 237
to test for Mendelian recessive alleles, 235
and twinning, 235
use of, in genetic testing, 235

Embryology, 179
Embryonic development:

and dietary zinc, 367f
in poultry, 287

Embryos:
cloning of, 237–238
freezing of, 237
sexing of, 237

Encephalitis, 377t
Encephalomalacia, 338t, 343
Endemic relapsing fever, 407
Endemic typhus fever, 404t
Endocrine glands, 196–197

of cows, 197f
secretions of, 197–200

Endocrinology, 196–202
Endoskeleton, 182
Energy:

of foods, 323–324
required to double birth weight, 212t
used by animals, 324

Enriched, 345n
Entomology, defined, 399
Envenomization, 400
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Environment, effect of, on thyroxine 
secretion, 298

Environmental physiology, 295–312
defined, 296

Environmental temperature, effect of, on 
lactation, 275

Enzymes:
defined, 331
of digestive tract, 331, 332t

Eosinophils, 190
EPA (Environmental Protection Agency), 409
EPD (Expected progeny difference), 173
Epidemic typhus fever, 404t
Epidermis, 179
Epididymis, 221f
Epiglottis, 191
Epinephrine, 186, 199f

effect of, on milk letdown, 272–273
and temperature changes, 301

Epiphysial groove, 210
Epiphysis, 182
Epistasis, 156–157, 166, 168
Equine encephalitis, 377t
Equine chorionic gonadotropin (eCG), 97
Equine piroplasmosis, 401t
Erepsin, 322t
Ergocalciferol, 340
Ergosterol, 316, 340
Ergot, 393
Eructation, 330
Erysipelas, 385
Erysipeloid, 385
Erythema, 400
Erythroblastosis fetalis, 189
Erythrocytes in farm animals, 188t
Erythropoiesis, 352, 361t
Escherichia coli and genetic engineering, 152
Esophageal groove, 329f
Essential amino acids, 51–52, 51t, 52t, 317–318, 330
Essential fatty acids, 316
Essential oils, 317
Estimated net energy, 324
Estivation of insects, 300
Estradiol, 200f 
Estrogen, 198t, 232

effect of, on growth of mammary gland, 264, 265f
secretion of, by beef and dairy cows, 264n
secretion variations, 264n

Estrogen compounds, 202
and fattening, 202
and growth, 202

Estrogens, 198t
effects of, on epiphysial cartilage, 211
functions of, 226–227

Estrous cycle, 227–229
abnormalities of, 228
length of, 227t
phases of, 227

Estrous detection, 257
Estrous period, length of, 227t
Estrus (heat), 227–228, 423

continuous, 228
detection in cattle, 257
effect of, on lactation, 275
in mares, 103
synchronization of, 227, 233, 256–257
and artificial insemination, 256–257

ET (see Embryo transfer)
Ether extract, 321
Euploidy, 143
Evaporation and heat loss, 308–309
Evaporative cooling:

for cows, 309f
and egg laying, 309–310
factors affecting, 308–309
and milk production, 309

Ewes, gestation period of, 227t
Exercise and milk composition, 278
Exocrine glands, 196, 259
Exoskeleton, 182
Exotic breeds, 22
Expected progeny difference (EPD), 173
Exploratory behavior, 426–427
Exsanguination, 407
Exudative diathesis, 338t
Eyes:

of horses, 99
of houseflies, 404

F
F1 generation, 154

and gene frequency, 164–165
F2 generation, 154

and gene frequency, 164–165
Face flies, 407
Factory farming, 131
Famine, historical examples of, 3
FAO (Food and Agriculture Organization of the United

Nations), 5, 6–9f, 12f
Farm exports, 17
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Farm products as part of food prices, 16f
Farm purchases, 15
Fat:

of animal products, 52–53
brown, 206
consumption of, 58t
consumption trends of, 58t
deficiency of, 317f
effect of, on absorption, 316
of feeds, 315–316
on pork and beef carcasses, 58t
synthesis in milk, 269
white, 206

Fat-depressing diets, 278
Fats, 315–316

caloric value of, 323
as dietary essentials, 52, 316
digestion of, 331–332
effect of, on appetite, 316
saturated, 52t
unsaturated, 52t

Fats and oils, consumption of, 58t, 317
Fatty acids, 52t

essential, 52–53, 316
omega-3 (n3), 52–53
omega-6 (n6), 52–53
saturated, 52–53
unsaturated, 52–53

FCM (fat-corrected milk), 334
FDA (see Food and Drug Administration)
Feather meal, 14
Feather pigmentation and dietary copper, 362f
Feathers, 179, 182
Febrile reaction, 372
Federal Meat Inspection Act, 393
Feed:

digestibility of, 322
effect of: on egg composition, 293

on lactation, 276
on milk composition, 278
on milk fat, 278
on milk secretion in sows, 277n

heating of, 333
physical form of, 333

Feed additives, 324–326
Feed consumption, effect of hot weather on, 303
Feed conversion, 333–334

of beef cattle, 10t
of dairy cows, 10t
efficiency of, 334–335
factors affecting, 334–335

of homeotherms, 303–304
of poikilotherms, 303–304
of poultry, 10t
of sheep, 10t
of swine, 10t

Feed digestibility:
factors affecting, 333
and ration composition, 333–334

Feed efficiency, 360
effect of heterosis on, 176t

Feed industry, 15
Feedback mechanism, 201
Fertility:

heritability estimate of, 166t
and population density, 429

Fertilization, 229–230
in vitro, 234

Fetal membranes:
of calves, 231f
of pigs, 230–231, 231f

Fever, 400
causes of, 304

Fibroblasts, 205
Filariae, 400
Filariasis, 404t
Filled milk, 76
Fish:

characteristics of, 123–125
composition of, 50t
consumption of, 59t, 120–121, 123f
as convertors of feed into food, 9
diagram of, 124f
dietary needs of, 124–125
efficiency in production of, 121, 129
marketing of, 129
minerals in, 50t
production of in the United States, 122f
schematic of, 125f
and water quality, 126
world catch of, 8, 9f
world production of , 120f, 121f

Fish tapeworm, 388
Fistulas, of horses, 109
Fleas, 399–400, 399t, 400t, 409

as vectors of disease, 404t
Fleeceworms, 405
Flies, 404t, 407

botflies, 406
chromosomes, 413
deerflies, 406–407
dog, 405
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Flies—Cont.
face, 407
gadflies, 406
heel, 406
horn, 405
horseflies, 406–407
houseflies, 404–405 (see also Houseflies)
irradiation of, 412
sandflies, 404t
screwworm, 401t, 405–406, 412
stable, 405
in transmission of African sleeping sickness, 

404t, 414
warble, 406

Flukes, 400
Flumethasone, 239
Fluorine, 367

clinical deficiency (or excess) symptoms of, 361t, 368f
functions of, 361t, 367
sources of, 361t, 367

Fluorosis, 367
Flushing, of sheep, 40
FMD (see Foot-and-mouth disease)
Foal heat, 103, 228
Foals:

care and management of, 105–106
time to double birth weight, 56t

Foley catheter, 235–237, 237f
Folic acid, 339t, 352

clinical deficiency symptoms of, 339t, 353f
common sources of, 339t, 352
functions of, 339t, 352

Follicle-stimulating hormone (see FSH)
Follicles, 225f, 265f, 286f, 287f
Food:

absorption of, 332–333
consumption trends of, 57–60, 59t
mastication of, 331
means of ingesting by animals, 421
prehension of, 331
related illnesses, 371
utilization of, by cows, 325f

Food and Agriculture Organization (see FAO)
Food and Drug Administration (FDA), 201–202, 366
Food and Safety Inspection Service of USDA, 394
Food conversion, 334–335

effect of age on, 335
effect of average daily gain on, 335
effect of inheritance on, 335
effect of level of feeding on, 335
effect of weight on, 335

Food mastication in farm animals, 331
Food nutrients, absorption of, 332–333
Food prehension in farm animals, 331
Food safety, 65–69

providing safe honey, 66
providing safe meats, 65–68
providing safe milk products, 69
providing safe poultry products, 68–69

Foodstuffs, analysis of, 321–322
Foot-and-mouth disease, 378
Forages, 421

for horses, 107
preferences of, by animals, 421

Foreign diseases, protecting United States livestock from,
394–395

Formamidine compounds in insect control, 410
Fortification of animal products, 62–63
Founder of horses, 110, 116t
Fowl, breeds of, 28, 29t, 30f, 31f
Fowl influenza, 394
Fox trot, 99
Freemartin, 231
Freeze-drying of animal products, 69–70
Freezing of embryos, 237
FSH (Follicle-stimulating hormone), 224, 226, 229, 234

role of: in egg laying, 287–288
in mammary gland growth, 265f

Full-feed and digestibility, 333
Full-siblings, relationship of, 170t, 171
Fungal infections, 373
Fungicides, 410

G
Gadfly, 406
Gaits of horses, 97–99
Galactin, 264
Galactophotes, 261
Galactopoiesis, 364
Gametes, 143
Gamma globulin, 372
Ganglion, 193
Geese, domestication of, 2t
Gelding, 220
Gender reversal in poultry, 418
Gene action:

additive, 157, 176
nonadditive, 155–157, 176
testing for additive effect, 168–169
testing for nonadditive effect, 169t
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Gene frequency:
factors affecting, 164–165
and genetic drift, 165
and mutations, 165
in a population, 163–165
and selection, 165

Gene transfer, 152–153
Generation interval, 172, 428
Genes, 146–147, 158, 417

and coat color of horses, 99–100, 101t, 102t
control, 150–151
and embryonical development, 151–152
functions of, 146–147
lethal, 152
linkage of, 154
operator, 150–151
segregation and recombination of, 154

Genetic code, 149–150
Genetic correlations, 172, 277
Genetic differences, 22
Genetic drift and gene frequency, 165
Genetic engineering, 152–157

and artificial insemination, 257
and growth hormone, 152–153
and plant breeding, 153
and production of insulin, 152–153
and production of vaccines, 152

Genetic progress:
annual, 172
for one generation, 171
prediction of, 171–172
for several years, 171–172

Genetic resistance to disease, 374
Genetics:

and heat tolerance, 298
principles of, 141–158

Genome project, 158
Genotypes, 154–158, 164

and blood, 189
of horses, 102f
mutations, 154–155

Gentamicin, use of, in semen, 251
Germ cell, of egg, 284f
Germ oil, 338t
Gestation, 227t, 230
Gestation period of mares, 227t
GH (see Growth hormone)
Gizzard, 327, 329f, 332t
Gloger rule, 302
Glomerulus, 193, 194f
Glucagon, 198t

Glucocorticoids, 198t, 211, 232, 239
Glycerol, 250
Glycogen, 315t
Gnats, 400t, 409
Goats:

breeds of, 36
domestication of, 2t 
historical perspective of, 36–37
life cycle of, 36–38
number of in the United States, 36
meat production, 38
mohair production, 38
world number of, 7, 36

Goiter, 116t, 362f, 364f
Golgi apparatus, 270f
Gonadotropic hormones, 198t
Gonadotropin-releasing hormone (GnRH), 198t, 201
Gonadotropins, 198t

and twinning, 201
Goose-stepping, 339t, 348, 349f
Gossypol, 292
Gout, 194
Governmental safeguards for animal and human health,

394–395
Grading animal products, 72–74

egg grades and grading, 72
grading meat products, 73–74
grading milk products, 72–73

Grass staggers, 359
Grass tetany, 359
Grazing by farm animals, 421
Gregarious behavior among animals, 427–428
Grinding:

of grain, 333
of hay, 333

Gross energy, 323
Ground limestone, 357
Growth:

accretionary, 205
adolescent spurt, 204
from birth to weaning, 213
of body, heart and brain, 204f
of bone, 206
the cell as the unit of, 205–206
compensatory, 212
curve in cattle and swine, 209f
and development of humans, 204–205
effect of: limited feeding on, 212t

undernutrition on, 212
factors limiting, 209
of fat, 206
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Growth—Cont.
fetal and postnatal, 204f
genetic control of, 213
and glucocorticoids, 211
and heredity, 212–213
hormonal control of, 209–211
in humans, 204–205
and insulin, 211
of muscle, 205–206, 206f
and other traits, 213–214
and ovulation rate, 213
periods of, 206–209
the phenomenon of, 203–205
physiology of, 203–217
postnatal, 208–209, 208f
postweaning, 213
prenatal, 206–207

Growth-accelerating force, 208
Growth curves of unicellular and multicellular plants 

and animals, 208f
Growth hormone (GH or somatotropin), 198t

concentration of, in pituitary gland, 210f
effect of, on lactation, 264
functions of, 209–210
and genetic engineering, 35, 152, 264

Growth hormone-inhibiting hormone, 198t
Growth hormone-releasing hormone (GHRH), 198t
Growth-retarding force, 208
Guinea pigs, inbred strains of, 174f
Gut closure and antibody absorption, 279
Gyplure, 413

H
Habituation, 418
HACCP (Hazard Analysis and Critical Control Point), 

65, 66t
Hair, 179, 182
Hair color, effect of environment on, 308f
Hair follicle, 183f
Half-siblings, relationship of, 170t
Hand, in horses, 97
Haploid, 143
Hardy-Weinberg law, 164
Harvest mite, 408
Hatch Act, 4
Hatching date:

and egg size, 293t
as related to age at sexual maturity, 292

Hatching of eggs, 44–45, 287
Hazard Analysis and Critical Control Point (see HACCP)

Health:
of animals and humans, 373–396
defined, 371
governmental safeguards for, 393–395
role of vitamins in, 337–355

Heart, 186–187
diagram of, 188f
disease and animal fats, 60–61

Heat (see Estrus)
Heat conservation and body size, 301–302
Heat dissipation, 306–311

and body size, 301
Heat gain by radiation, 307–308
Heat increment, 300, 302–303, 323, 325f
Heat loss, 305

factors enhancing, 305f
factors increasing, 305f
by radiation, 307
in swine, 306f

Heat production:
of carbohydrates, 305
effect of feed on, 305
factors increasing, 305f
of fats, 305
in homeotherms, 299–300
of protein, 305
variation among animals, 306

Heat-regulating mechanisms, 301–302
Heat regulation, chemical, 301–302
Heat stroke, 304
Heat tolerance:

of animals, 306f
effect of genetics on, 298

Heating, effect of, on trypsin-inhibiting factor, 333
Heating diets, 333
Heaves of horses, 116t
Heel flies, 406
Helminth (worm) infections, 387–389
Hemoglobin, 188

sickle-cell, 188
Hemorrhagic sweet clover disease, 343
Hepatoflavin, 346
Herbicides, 410
Herbivores, 10, 318, 327
Herdbook, 23
Hereditary patterns of animal behavior, 417–418
Heredity:

and environment, 296–298
and growth, 212–214
and social dominance, 428–429
and social rank, 428–429

492 INDEX

cam61759_index.qxd  1/30/02  2:28 PM  Page 492



Heritability:
and efficiency of feed conversion, 166t
of egg weight, 166t
of milk composition, 166t
of milk ejection, 269
of peak flow of milk, 269

Heritability estimates, 166
and genetic progress, 166t
type of gene action indicated by, 

166–168
Hessian fly, 409
Heterosis, 22, 176–177

effects of, on various traits, 176t
Heterospermic insemination, 252
Heterozygotes, 156
Heterozygous, 20, 156, 167–168
Hexapoda, 398
HGH (human growth hormone), 210
Hibernating species, 300
Histoplasmosis, 386
Hogs, external parts of, 181f
Holandric inheritance, 157
Homeostasis, 299
Homeothermic mechanism, 300
Homeotherms, 299–300

feed efficiency of, 303–304
Homeothermy, 299–300

and age, 300
Homing behavior in animals, 420
Homing pigeons, 420
Homospermic insemination, 252
Homozygous, 20, 156, 167–168
Homozygous dominant, matings required to test 

for, 167t
Honey, 52–55

composition of, 50t
how made, 53–54
kinds of, 53
minerals of, 56t
providing safe, 66
specific gravity of, 53
sugars of, 53
uses of, 53
world production of, 54

Honeybees:
communication among, means of, 53
drone, 53–54
queen, 53–54
royal jelly of, 53
sting of, 54
worker, 53–54

Hookworm (ancylostomiasis), 389
of cats and dogs, 92, 389f, 401t
of humans, 389

Hormone(s), 197–202, 417–418
and animal behavior, 417–419, 423
balance of, 202
and cancer, 202
chemical nature of, 197–199
effect of, on growth and fattening, 202
and egg laying, 287–288
feedback mechanisms of, 201
functions of, 198t, 200
growth (see Growth hormone)
interrelationships of avian females, 287f, 288f
juvenile, 414
luteinizing (see LH)
mechanism of action, 201
and public health, 202
regulation of their secretion, 201
releasing, 198t
role of, in reproduction, 201
steroid, 198t, 200f, 201–202
of thyroid gland, 198t

Horn flies, 405
raising of, 413

Horse botfly, 406–407
Horseflies, 406–407
Horses, 96–119

anemia in, 115t, 118
artificial insemination of, 254
bad habits of, 111
birthday of, official, 108
blemishes and unsoundnesses of, 109–111
body conformation of, 104f, 105f
brain of, weight of, 54t
breeds of, 21t, 27–28, 29f, 97, 98t
care and management of, 101, 103–106
care of feet of, 111–112
castration of, 106, 220
characteristics and types of, 97–100
coat color of, 99–100, 101t, 102t
colic in, 108, 111, 115t, 118
color plate of, 4d (Chapter 4)
common defects and unsoundnesses of, 109–111
conformation of, 101, 104–105, 104f, 105f
cutting, 96, 417f
determining age of, 112, 113f, 114f
disease and parasite control in, 114–118
disease symptoms of, 114–115
domestication of, 2t
draft, 97
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Horses—Cont.
external parts of, 182f
eyes of, 99
feeding of, 106–108
feet of: care of, 111–112

parts of, 112f
founder in, 116t
gaits of, 97–99
genotypes of, 102f
gestation period of, 103, 227t
gregarious behavior of, 428
harness, 98t
heavy, 97
historical aspects of, 27–28, 96–97
and HYPP (Hyperkalemic periodic paralysis), 359
light, 97
markings of, 100, 100f
measuring height of, 97
and human medicine, 97
moon blindness in, 107, 116t
movement defects of, 109
night blindness of, 117t
normal body functions of, 113–114
nutritional diseases of, 115, 115t, 116t, 117t
osteomalacia of, 116t
pasture for, 107
ponies, 96–97, 98t
and recreational use, 15–16
rickets in, 116t
saddle, 98t
selection of, 101
sizes and types of, 97
skeletal system of, 98f
smooth-mouthed, 112, 114f
as source of power, 13, 96–97
splints of, 110
stable vices of, 111
training and grooming of, 108
trimming feet of, 112f
types of, 97, 101
uses of, 96–97, 118–119
vitamins for, 107, 115t, 116t, 117t
washing of, 108
wild, 96
world number of, 7

Host resistance, 414
Houseflies, 404–405

life cycle of, 404
Human botfly, 406
Human chorionic gonadatropin (hCG), 97

Human diseases transmissible to animals, 390–391
Human Genome project, 158
Human health and vitamins, 337–355

(See also Vitamins; and specific vitamin)
Hyaluronidase, 230
Hybrid vigor, 22, 176–177, 213

calculation of, 176t
Hydatid disease, 389
Hydrocyanic acid, 391
Hydrophobia, 375–376
Hyperkalemic periodic paralysis (see Horses, 

and HYPP)
Hyperplasia, 205
Hyperthyroidism, 211
Hypertrophy, 205
Hypophysectomy, 197, 210

effects of, 197
Hypophysis (see Hypothalamus)
Hypoprothrombinemia, 343
Hypothalmic releasing factors, 198t
Hypothalamus:

in animal motivation, 419
diagram of, 199f
and heat regulation, 301
hormones of, 198t

Hypothermia, experimental, 300
Hypothyroidism, 211

I
Ice cream:

composition of, 50t
minerals of, 50t

ICU (International Chick Unit) of vitamin D3, 355
Imitation milk, 76
Immune reaction, 372
Immune serum, 372
Immunity, 372–373

acquired, 373
defined, 372
differences between active and passive, 373t
natural, 372–374
species, 372
transfer of passive, from mother to offspring, 279t, 373t

Implantation, 230
Implants, 32
Imprinting, 418–419
Inbreeding, 174–175, 335

amount of, in relatives, 170t
and growth, 213
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Inbreeding effect, type of gene action indicated by, 169t
Incubation period:

length of, in poultry, 283t
of selected birds, 283t

Induced parturition, 239
Inflammation, 372
Inflammatory reaction, five signs of, 372
Inflection, 208f, 209
Influenza, 390
Infundibulum, 223–224, 224f
Ingestive behavior of animals, 421
Inheritance:

cell theory of, 141–143
effect of, on food conversion, 335
and milk composition, 276–277
modes of, in horses, 101–102t
qualitative, 162–163
quantitative, 162–163
sex-influenced, 157–158
sex-linked, 157

Inositol, 339t
clinical deficiency symptoms of, 339t, 354
common sources of, 339t, 354
functions of, 339t, 354

Insect growth regulators (IGRs), 410
Insecta, 400t
Insecticides, 410, 414
Insects, 398–415

aesthetic value of, 402
biological control of, 410–414
body parts of, 398
contributions of: to humans, 400–403

to medicine, 402–403
control of, 409–414
in control of weeds, 402
damage of, to crops, 403
destructiveness of, 403–404
economic significance of, 398
as food for poultry, 401
growth regulators, 410
harmful effects of, 403–404
as parasites, 401t
and/or predators, 402
and pollination, 402
reproductive capability of, 410
resistance of, to insecticides, 410–411
secretions of, 400–401
sex attractants of, 413
speed of, 398
as test animals, 403f

use of: in dyes, 401
in research, 402

value of, to soil, 402
variation among, 398
wings of, number of, 398–399

Insensible perspiration, 308
Insight learning (reasoning), 418
Instars, 398
Instinct, 418, 430
Insulin, 198t, 211

and genetic engineering, 152
role of: in lactation, 267

in mammary gland growth, 267
Integrated pest management, 415
Intelligence of selected animals, 419
International Code of Zoological Nomenclature, 400
Interspecies rearing, 426
Interstitial cells, 225
Intrauterine migration, 231
Intussusception, 205
Inversion, 142f, 143
Invertase, 332t
Investigative (exploratory) behavior of animals, 426–427
In vitro fertilization, 234
Involution of mammary gland, 273–274
Iodinated casein, 324
Iodine, 362–364

clinical deficiency symptoms of, 361t, 362–363f
functions of, 361t, 362–364
in secretion of thyroxine, 362
sources of, 361t, 363n
supplementing diets with, 363n

Iodine value, 316
IPM (integrated pest management), 415
Iron, 360–362

clinical deficiency symptoms of, 361t
functions of, 360–362
of milk, 361–362
sources of, 361t

Iron absorption, effect of ascorbic acid on, 345f
Irradiation, of flies, 412
Isotonic, 268
IU (International Unit), 355

J
Jerky, 63–64
Joint ill of horses, 105
Joints, types of, 184
Juvenile hormone, 414
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K
Karyotype, 142

of cattle, 142f
Kidney, 193

as a secreting unit, 194f
Kilocalorie, 323
Kwashiorkor, 51

L
Labeling of animal products, 62
Lactase, 332t
Lactation, 259–280

artificial initiation of, 264
effect of: age on, 275

animal size on, 275
feed on, 276
frequency of milking on, 274

endocrine control of, 201, 265f
factors affecting, 274–276
hormonal control of, 264–267
initiated by suckling stimulus, 276
peak of, 273
persistency of, 274f
physiology of, 259–280

Lactochrome, 346
Lactoflavin, 346
Lactogen, 264, 265f
Lactogenesis, 264
Lactose, 54–55, 315t

antipellagric properties of, 55
and brain size, 54t
characteristics of, 54–55
hygienic values of, 55
in milks of mammals, 54, 276t
and mineral absorption, 74
sweetness of, 55
synthesis in milk, 268

Lamb:
cholesterol in, 52t
composition of, 50t
minerals of, 50t

Lambs:
nutritional deficiencies in, 259–361, 364–365
skeletal muscular dystrophy in, 338t, 343, 366
swayback disease in, 362

Lameness of horses, 109–110
Laminitis, 110, 116t
Land classification, 8f

Land, world use of, 12f
Land-grant colleges and universities, 3–4
Larval migrans, 406
Larynx, 191
Lasalocid, 325
Laws of probability and animal breeding, 154–155
LD50, 391
Learning in animals: associative, 418

by conditioning, 418
by habituation, 418
by imprinting, 419
insight (reasoning), 418
operant conditioning, 418
by reasoning, 418
responses to, 417–418
by trial and error, 418

Le Chätelier’s second principle, 70
Leptospirosis, 382–383

animals susceptible to, 382–383
vaccination against, 383

Letdown of milk, 271–273
early theories of, 271

Leukocytes, 190, 372
in farm animals, 188t

Leukopenia, 190
LH (luteinizing hormone), 198t, 199, 224, 226–227, 229

role of: in egg laying, 287–288
in mammary gland growth, 266f

Libido, 225
Lice, 400t, 404t, 408–409

biting, 401t
bloodsucking, 401t
control of, 408–409
as vectors of disease, 401t, 404t, 414

Life cycles, of livestock and poultry, 20–46
Life span:

effect of diet on, 215–216
in relation to length of growth period, 215f, 216

Ligaments, 184
Light:

effect of: on reproduction, 295
on semen, 248
on sexual maturity in poultry, 290f, 296f

and insect control, 413
Lignin, 320t
Linebreeding, 175, 175f
Linecross, 168, 175–176
Linkage of genes, 154
Lipase, 332t
Lipids, 315–316, 320f, 323

classification of, 320f
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Lipizzans, 98t, 99
Lipoproteins, 60
Lipotropic factor, 354
Liquid nitrogen, 251
Listeriosis, 385
Litter size, effect of dam’s age on, 214t
Littermates, 170–171
Liver:

cholesterol in, 52t
minerals of, 56t
vitamins of, 57

Livestock:
breeds of, 20–46
and United States farm income, 15
world number of, 7–9

Livestock inventory and production, 15
Livestock products, worldwide use, 8f
Living insecticides, 414
Lobule-alveolar system, 261f
Longevity as related to velocity of growth, 215
Lung, mammalian, diagram of, 191, 192f
Luteinizing hormone (see LH)
Luteotropin, 264
Lyme disease, 385, 386f, 401t, 404t, 407
Lymph vessels, 187
Lymphocytes, 187, 190
Lyophilization of animal products, 69–70
Lysine, deficiency of, 318f
Lysozyme, 372n

M
Macroelements, 356–360
Macrophages, 372
Magnesium, 359

clinical deficiency symptoms of, 357t, 359f
functions of, 357t, 358–359
in muscle contraction, 186
sources of, 357, 359

Maintenance energy, 324
Malaria, 401t
Malnutrition, 3, 48–49

and animal learning, 418
Malpighian bodies, 193
Malta fever, 380
Maltase, 332t
Maltose, 315t, 332t
Mammary glands:

anatomy of, 260–262
defined, 259
endocrine control of, 264–267, 265f

growth of, 262–264
measurement of, 263
of higher mammals, 259–262
internal structure of, 260–261
involution of, 273–274
lymph flow in, 262
number of, in selected species, 259
perfusion of, 268
pressure changes in, 269f
retrogression of, 263–264

Mammotropin, 264
Manganese, 365

clinical deficiency symptoms of, 361t, 365, 367f
functions of, 361t
and hatchability of eggs, 361t
sources of, 361t

Marek’s disease, 373
Mares:

care and management of, 103–105
milk composition of, 276t
parturition in, 103–105

Margarine, consumption of, 58t
Mariculture, 121, 121f
Markings of horses, 100
Mastication of food, 331
Mastitis, 370

and milk composition, 268
Maternal behavior, 424–426

of American bison, 424–425
Mating:

in farm animals, 162–178
habits among animals, 423–424, 428

Mating systems for livestock improvement, 173–177
Maturity:

at birth, 207f
physiological, 216f

Meat(s):
canning of, 67
consumption of, 59t
curing of, 67
inspection of, 67
preservatives for, 64
processed, 76
providing safe, 66–68
smoking of, 67
synthetic, 76–77, 77f

Meat analogues, 77
Meat inspection of USDA and states, 394
Meat production:

major worldwide sources of, 11f
worldwide, 7

INDEX 497

cam61759_index.qxd  1/30/02  2:28 PM  Page 497



Meat products restructured, 75–77
Meat tenderizers, 67
Mediterranean fever, 381
Medulla oblongata, 193
Megacalorie, 323
Megakaryocytes, 190
Meiosis, 143–146
Meiotic division, 145–146, 145f, 146f
Melanin, 297
Memory, long- and short-term, 419
Menadione, 338t
Mendel’s law of segregation and recombination of 

genes, 154
Menopause, 228
Menstruation, 227–228
Merocrine gland, 259
Metabolic rate, 213–214, 264

and body size, 214t
effect of fever on, 304

Metabolic water, 314
Metabolizable energy (ME), 324, 325f
Metamorphosis, 399
Metestrus, 227
Methane of rumen, 330
Methoxychlor, 410
Microbe engineering, 152
Microbiological assay of vitamins, 354–355
Microelements, 360–368
Microorganisms:

attenuated, 373
inhibiting growth of, 65

Microsurgery with embryos, 234, 237–238
Migration and gene frequency, 165
Milk:

antipellagric properties, 55
antirachitic properties, 55
Ca:P ratio of, 56
cholesterol in, 52t
composition of, 50t, 268–269, 276t, 276–278

and growth rate, 56t
creaming of, 277
defined, 276
drying of, 64
early theory of secretion of, 271
filled, 76
fortification of, 62
imitation, 76
minerals of, 55–56, 56t, 57f
multivitamin-mineral, 61–62
progesterone and pregnancy testing, 257

residual, 271
secretion of, 269–270
synthesis of, 267–269
synthetic, 76
in treatment of ulcers, 55
use of, in extending semen, 250
vitamin A and D potency of, 61–62
vitamins of, 57, 57f

Milk composition:
of dairy breeds, 276, 277t
factors affecting, 276–278
heritability estimate of, 166t, 277t
milk ejection, peak flow of, 277
of selected mammals, 276t

Milk fat:
dietary effects on, 278
in milks of mammals, 276t

Milk letdown, 271–273, 418
factors favoring, 272–273
factors inhibiting, 272–273

Milk precursors:
determination of, 267–268
of fat, 269
of lactose, 268
of minerals, 269
of protein, 268–269
of vitamins, 269
of water, 268

Milk production:
effect of heterosis on, 176t
and evaporative cooling, 309
heritability estimate of, 166t

Milk products, providing safe, 69
Milk ring test, 380
Milk secretion, when most rapid, 269
Milk sickness in humans, 392
Milk toning, 62
Milk veins, 261–262
Milking, completeness of, 274
Milking frequency, effect of, on lactation, 274
Milking machine:

for cows, 260f
for sows, 273f

Mineral absorption and vitamin D, 340
Mineral interrelationships, 256
Mineral nutrition, 356–368
Mineralocorticoids, 198t
Minerals, 320f, 356–368

amount of, in milks of mammals, 276t
of animal products, 50t
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classification of, 320f
contributions of, to humans and animals, 356–368
daily allowance of, for humans, 56t
deficiency symptoms of, 320, 357t, 361t
essential, 319–320
in feeding horses, 107, 115–117t
of feeds, 320, 322
functions of, 319–320, 357t, 361t
and growth rate of young, 56t
major sources of, 357t, 361t
secreted in milk, 276
(See also specific mineral)

Mites, 400, 400t, 401t, 407–408
chorioptic, 408
demodectic, 408
fowl, 407–408
mange, 408
psoropic, 408
sarcoptic, 408
scab, 408
as vectors of disease, 401t

Mitochondria, 141f
Mitosis, 144–145, 144f
Mollusca, 399t
Molt, 182
Molting:

how induced, 291
of insects, 398

Molybdenum, 366–367
clinical deficiency (or excess) symptoms of, 361t, 366
functions of, 361t, 366
sources of, 361t, 366

Monensin, 325
Monoclonal antibodies, 373–374
Monocytes, 190
Monoestrus, 228
Monogastric animals, 328f
Monorchid, 220
Monosaccharides, 314, 315t, 320f
Moon blindness of horses, 107, 110, 116
Morbidity losses from diseases, 370
Morphogenesis, 203, 207
Morrill Act, 3
Mortality losses from disease, 370
Mosaic code, 388
Mosquitoes, 400–401t, 407

in transmission of malaria, 404t
as vectors of disease, 404t

Mother-young behavior of animals, 424–426
Motivation of animals, 419

Mucin, 332t
Mule-foot, 182
Muscle contraction, physiology of, 186
Muscles:

smooth, 185
striated, 185
types of, 184–186

Muscular system, 184–186
Mutation and gene frequency, 165
Mutations, 155, 188
Mycotoxins, 393
Myiasis, 403
Myoblast, 205, 206f
Myoepithelial cells, 261f, 272f
Myosin, 185–186
Myotube, 205, 206f
Myxomatosis virus, 411

N
NAAB (National Association of Animal Breeders, 

Inc.), 253
NARMS (National Antimicrobial Resistance Monitoring

System), 71
Nasal fly, 406
National Antimicrobial Resistance Monitoring System (see

NARMS)
National Association of Animal Breeders, Inc., 253
National Genetic Evaluation, 173

beef sire summaries, 173
dairy sire summaries, 173
sheep sire summaries, 173
swine sire summaries, 173

National Institutes of Health, 394
National Performance Programs, 172–173

for beef, 172
for dairy, 172
for sheep, 173
for swine, 172

National Research Council (NRC), 106n, 324n,
355n, 368n

Natural foods, 62–63
Nature as designer of milk, 56
Navel ill of horses, 105
Navigation behavior in animals, 420
Nemathelminthes, 399t
Nematodes, 400
Nemertinea, 399t
Nervous system, 192–193
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Net energy (NE), 324, 325f
Neurohormonal regulation, 197
Neurons, 192–193
Neutrophils, 190
Newcastle disease, 377
Newton’s law of cooling, 301
NFE (nitrogen-free extract), 321
Niacin (see Nicotinic acid)
Nickel, 367–368

and rumen activity, 368
Nicotinic acid (niacin), 339t, 349–350

clinical deficiency symptoms of, 339t, 350, 351f
common sources of, 339t, 350
functions of, 339t, 349–350

Nidation, 230
Night blindness, 338t

of horses, 107
Nitrates, 192, 391
Nitrogen-free extract (NFE), 321
Nitrogen metabolism, urinary end products of, 194f
Nitrogenous compounds, classification of, 320f
Nonadditive (see Gene action, nonadditive)
Nondisjunction, 142
Nonfat milk solids, fortifying with, 62
Nonprotein nitrogen (see NPN)
Nonthermal sweating, 308–309
Noradrenalin, effect of, on muscles, 185–186
Norepinephrine, 186

effect of, on muscles, 186
NPN (nonprotein nitrogen), 330
NRC (see National Research Council)
Nucleic acid metabolism, urinary end products of, 194f
Nursing intervals in piglets, 425, 426f
Nutrients, classification of, 320f
Nutrition:

and behavior of humans and animals, 313
defined, 313
and egg laying, 291
and egg size, 293
environmental considerations of, 302–304
and growth, 212
of horses, 106–108
principles of, 313–326
role of minerals in, 356–368
role of vitamins in, 337–355

Nutritional diseases of horses, 115–117t
Nutritional labeling, 62
Nutritional myopathy, 366
Nutritional wisdom of animals, 421
Nutritive ratio, 323

Nutritive values, 318
of beef, ham and lamb, 50t
(See also Biological value)

Nymphomaniac, 228

O
Oils, 315–317

consumption of, 58t
Oligospermia, 234
Omasum, relative size of, 329f
Omnivores, 318, 327
Oogenesis, 147f
Operant conditioning, 418
Operon, 151
Opisthotonos, 357t, 359
Oral contraceptives, 201
Organogenesis, 207
Orientation behavior in animals, 420
Ornithosis, 379
Osmotic pressure in mammary glands, 268
Osteoblasts, 206
Osteoclasts, 206
Osteomalacia, 338t, 341, 357t, 361t
Ova transfer, 230f
Ovarian cysts, 228f
Ovary, 223–224f, 225f

of avian female, 285–287
endocrine control of, 226–227
follicles of, 198t
hormones of, 198t
of sow, 198t, 224–225f

Overdifferentiation, 217
Overdominance, 156–157
Overgrazing, 392
Oviduct, 223f, 224
Oviposition, 289
Ovoflavin, 346
Ovulation, 229, 233

in birds, 289
synchronization of, 233

Ovum of sow, 225f, 230f
Ox warble, 406
Oxygen debt, 186
Oxyhemoglobin, 188
Oxytocin, 198t, 232, 271–272

effect of, on semen output, 245
and egg expulsion, 289
and mastitis therapy, 272
role of, in milk letdown, 271–272
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Oxytocinase, 271
Oyster shells, 357t

P
Pacemakers, 187
Palomino, 98t, 99
Pancreas, 198t, 332t

hormones of, 198t
Pantothenic acid, 339t, 348–349

clinical deficiency symptoms of, 339t, 348
common sources of, 339t, 349
functions of, 339t, 348

Papanicolaou stain, 256
Papillae, 330f

effect of diet on development of, in ruminants, 330f
Para-aminobenzoic acid (PABA), 339t, 354

clinical deficiency symptoms of, 339t, 354
common sources of, 339t, 354
functions of, 339t, 354

Paracaseinate, 331
Parakeratosis, 361t, 366f
Parasites:

defined, 399
external, 401t
and the health of humans and animals, 401t
of horses, 118
internal, 401t
of significance to humans and animals, 401t

Parasitology, defined, 399
Parathyroid gland, 198t
Parathyroid hormone, 198t

effect of, on lactation, 265–266
Parthenogenesis, 54, 230, 402
Parturient paresis, 262, 265–266
Parturition, 232–233

and animal behavior, 424
inducing, 239
in mares, 103–105

Pasteurellosis, 395
Pasteurization, 68–69

of deboned poultry meat, 68
of eggs, 68–69
of milk, 69

Pasture for horses, 107
Patency, 261
Pathogens:

modes of entry of, 372
resistance to, 372–373

PD (see Predicted difference)
Peak flow of milk, 272
Peat scours, 366
Peck order, 225, 429
Pedigree, 22, 23f
Pedigree-Record Association, 22–23
Pellagra, 339t, 351f
Pelleted diet, effect of, on papillae, 330f
Pelleting of diets, 333
Penetrance, 167
Pepsin, 332t
Peptidase, 332t
Peptide linkage, 317
PER (protein efficiency ratio), 57
Perfusion of mammary gland, 268
Periosteum, 183
Peripheral nerves, 193
Pernicious anemia, 339t, 352
Perosis, 339t, 354f, 361t, 365
Pesticides, in animal products, 77, 410n
Pet animals, number of in the United States, 81–82
Pet foods, money spent for, 82
PG (see Prostaglandins)
pH, as used in preservation of animal products, 64–65
Pharynx, 191
Phenotype, 142, 155–157
Phenotypic variation, 162–163

causes of, 165–166
Pheromones, 420
Phospholipids, 316, 320f
Phosphorus, 356–357

clinical deficiency symptoms of, 357t, 358f
in forages, 357
functions of, 357t
in grains, 357
phytin, 357
sources of, 357t

Photoperiodism, 286
Photosensitization, 307
Photosynthesis, 314, 327
Phyla, five most important, in animal science, 400, 401t
Physical form (feed) and digestibility, 333
Physiological maturity, 216f
Physiology:

adaptive, of humans and animals, 299
of circulatory system, 186–187
defined, 179
of digestion, 327–336
of egg laying, 282–294
of farm animals, 179–194
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Physiology—Cont.
of growth, 203–217
of lactation, 259–280
of reproduction, 219–239
of senescence, 203–217

Phytin, 357
Pica, 357t
Pigeon milk, 200
Pigs:

artificial rearing of, 279f
domestication of, 2t
external parts of, 181f
(See also Swine)

Pineal gland, 198t
Pinkeye, 407
Piroplasmosis, 394
Pitocinase, 271
Pituitary gland, 196–197, 198t, 209–210, 232, 

362, 419
anterior, 196–197, 198t, 199f, 266f
posterior, 197, 199f, 266f

Placenta, 232–233
hormones of, 198t

Placental lactogen, effect of, on lactation, 266–267
Placental membranes, 198t, 231f, 233
Plague, 384
Plant protein, 317
Plants:

composition of, 314–321
toxic to animals, 391–393

Platyhelminthes, 399t
Play behavior in animals, 423
Pleitrophy, 172
PMS (pregnant mare serum), 97
Pneumonic plague, 384
Poikilothermic species, 300
Poikilotherms, 124, 216, 300

feed efficiency of, 303–304
Points of horses, 99
Poisons for insects, 410
Pollination by insects, 402
Polydactyly, 235
Polyestrus, 228
Polygastric animals, 328f
Polyneuritis, 339t, 346, 347f
Polynucleotidase, 332t
Polyploidy, 143, 230
Polypnea, 299
Polysaccharides, 315t
Polyspermy, 230
Pons, 193

Population:
doubling time of, 5, 6t, 7t
and food production, increases in, 7–9
regional distribution of, 5f
world projections, 6
world trends of, 5–6

Population density, factors affecting, in 
animals, 429

Porifera, 399t
Pork:

cholesterol in, 52t
composition of, 50t
minerals of, 50t

Pork tapeworm, 388
Portal system, 187
Potassium, 359

clinical deficiency symptoms of, 
357t, 360f

functions of, 357t, 359
and HYPP, 359
sources of, 357t, 359

Potassium nitrate, 391
Poultry:

breeds of, 28, 29t, 30–31f
gender reversal in, 418
hatching of, 44–45
life cycle of, 43–46
number of in the United States, 7, 15, 44t
world number of, 7
(See also Chickens; Turkeys)

Poultry litter, use of, in farm animal diets, 14
Poultry products:

consumption of, 59t
providing safe, 68–69

Pox diseases of humans and animals, 378
Precipitin reaction, 374
Precocial birds, 283t
Predicted transmitting ability (PTA), 173
Preejaculation preparation of bulls, 245–246
Pregnancy, 230–233

effect of, on lactation, 274–275
and milk composition, 278
tests for, in cows, 257

Pregnant mare serum gonadotropin (PMSG), 97
Prehension of food in farm animals, 331
Prepotent, 174
Preservation of animal products, 63–65, 69–70
Probability in animal breeding, 154–155
Proboscis, 404
Proestrus, 227
Progeny testing and artificial insemination, 257
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Progeny tests, 167
Progesterone, 198t, 200f, 201, 232

effect of, on growth of mammary gland, 264, 265f
functions of, 227

Progestins, 201
Prolactin (Prl), 198t

role of: in avian females, 288
in lactation, 264

Prolactin-inhibiting hormone (PIH), 198t
Prolactin-releasing hormone (PRH), 198t
Prostaglandins (PG), 200f, 232–234, 239, 256

chemical structure of, 200f
Prostate gland, 222
Protamone, 324
Protected proteins, 319
Protein(s), 317, 319, 320f

of animal products, 50t, 50–52
calculation of crude, 321
caloric value of, 323
complete, 51t
consumption trends of, 83
digestion of, 331
functions of, 317
and growth rate of young, 56t
from major food groups, 11f
in milks of mammals, 276t
in plants, 317
protected, 319
quality of, 51–52, 319
synthesis in milk, 268–269

Protein/calorie ratios, 57
Protein efficiency ratio (PER), 57
Protoplasm produced by insects, 415
Protozoa, 339t
Protozoal infections, 385
Proventriculus, 329f, 331–332, 332t
Proximate analysis, 322
Pseudorabies, 395
Psittacosis, 379
Psychrometric chamber, 311f
Puberty, 226, 263

age of, in farm mammals, 226t
Public health, 370
Pulmonary system, 187
Pure Food and Drug Law, 394
Purebred, 20
Purified diet, 360
Pyrethrum, 406
Pyrexia, 304
Pyridoxal, 350
Pyridoxamine, 350

Pyridoxine (B6), 339t, 350–352
clinical deficiency symptoms of, 339t, 351, 352f
common sources of, 339t, 352
functions of, 339t, 350–351

Q
Q fever, 379
Quantitative traits, statistical evaluation of, 162–163
Quarantine, 394

R
Rabbits, use of virus to control population of, 411
Rabies, 375–376

in selected wildlife hosts, 376f
transmission of, 375–376
vaccination of cats and dogs against, 376
vectors of, 375

Rack, 99
Radiation:

and heat loss, 307
in meat preservation, 64

Radiation sterilization, 412
Radioactive isotopes, 268

and mineral nutrition, 356
Radiocarbon dating, 2n
Radiograph of sow uterus, 232f
Ralgro, 325
Rate of passage:

as affected by physical form, 333
effect of, on digestibility of foods, 333

RB51 vaccine, 381
Reactions:

antigen-antibody, 374–375
complement fixation, 374
febrile, 304, 400
immune, 372
inflammatory, 372
precipitin, 374
toxin-antitoxin, 374

Recessiveness, 155–156, 164
Records of relatives, 170–171
Rectal temperatures of selected animals, 299
Red bug, 408
Red water fever, 382–383
Reflexes, 418
Regeneration, 204
Registration certificate, 23f
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Regression of mammary glands, 273–274
Reinforcement and animal learning, 418
Relapsing fever, 404t
Relaxin, 198n, 198t, 232
Releasing hormones, 198t, 201
Releasing stimuli, 419
Renal cortex, 193
Renal medulla, 193
Rennin, 332t
Repeatability, 167t
Reproduction:

effects of temperature on, 229
physiology of, 219–239
in avian females, 285–287
in avian males, 284–285f
in females, 226–233
in males, 224–226

Reproductive efficiency, effect of hot weather on, 309
and population density, 429

Reproductive organs of cows and sows, 224f
Reproductive physiology, recent findings of, 233–239
Reproductive physiology research and artificial insemination,

256–258
Reproductive tract:

of boars, 220f
of bulls, 220f
of cows, 223f
of females, 222–224

Residual milk, 271
Respiratory center, 192
Respiratory system, 191–192, 192f
Rete testes, 220
Reticulum, relative size of, 329f
Rh factor, 189, 255
Rhesus monkey, 189
Riboflavin, (B2), 339t, 346, 348

clinical deficiency symptoms of, 339t, 346, 348f
common sources of, 339t, 346
functions of, 346–348

Rickets, 338t, 339n, 341f, 362
Rickettsial infections, 385

cryptosporidiosis, 385
Q fever, 379
toxoplasmosis, 385
transmissible to humans by animals, 407
trench fever, 401t
tsutsugamushi, 404t
typhus fever, 401t

Rift Valley fever, 394
Rinderpest, 394

Ringworm, 340f
and vitamin A, 340f

RNA (ribonucleic acid), 147–151, 158, 211, 333–334, 357,
364, 419

Rocky Mountain spotted fever, 379, 401t, 407
Rodenticides, 393
Roughages:

crude fiber of, 321
digestion of, 334

Roundworms:
of cats, 389
of dogs, 389
of horses, 389
of humans, 389

Royal jelly, 53
Rumen:

development of, 328–330, 329f
digestion in, 332t
epithelium of, 330f
methane of, 330
microorganisms and, 330
when functional, 329f

Rumensin, 325
Ruminants, 334–336

in competition with humans for food, 11–12
defined, 328
role of, in human nutrition, 10f, 11–12
stomach compartments of, 329f, 329t
synthesis of amino acids, 317–318
synthesis of B-complex vitamins, 318
synthesis of vitamin K, 318
utilization of NPN, 318–319

Ruminate, 331
Rumination, 421
Runt pigs, 425

S
SAES (see State agricultural experiment stations)
St. Louis encephalitis, 377t
Salmon, 420

cholesterol in, 52t
minerals in, 56t

Salmonellosis, 384
Salt, 360
Sand flies, 404t
Sarcolemma, 67
Sarcoptic mange, 407–408
Saturated fatty acids, 316
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Scar tissue, 204
Scent posts, 422
Schistomiasis, 401t
Screwworm, 405–406
Screwworm flies, 401t

sterilization of males, 405–406, 412
Scrotum as heat-regulating mechanism, 219–220
Scrub typhus, 404t
Scurs, 157–158
Scurvy, 337, 339t, 344–345
Season, effect of, on milk composition, 277
Sebaceous glands, 183f
Selecting farm animals, 162–178
Selection, 166–169, 427–428

for additive gene action, 168–169
and animal behavior, 417–419, 428
artificial, 166
for dominance and recessiveness, 167
effect of population density on, 429
for epistasis, 168
and gene frequency, 165
of horses, 101
on individuality, 169–170
and insect resistance to insecticides, 410–414
for kinds of gene action, 166–169
natural, 166
for overdominance, 167–168
on records of relatives, 170
of superior breeding stock, 169

Selection differentials, 171–172
examples of, 171t

Selenium, 365–366
clinical deficiency (or excess) symptoms of, 361t, 365, 368f
functions of, 361t, 365
in relation to vitamin E, 365
sources of, 361t, 366

Semen:
amount produced, 225
antibiotics used in, 251, 256
appearance of, 247
cold shock of, 248
collection of, 245–247
coloring of, 251
custom freezing of, 253
dead and alive cells, 248, 249f
effect of light on, 248
enumeration of, 247–248
evaluation of, 247–250
exports of, 244t
extension of, 250–253

freezing, in straws, 252
freezing and thawing of human, 255
fresh liquid, 251
frozen, 251–252
lyophilization of, 252–253
morphology of, 248
motility of, 248
output and frequency of ejaculation, 245–246
pelleting of, 252
pH of, 250
production of, in selected mature males, 246t
shell-freezing of, 252
staining of, 249
storage of, 251–253
straws used, 252
volume per ejaculate, 225

Semen extenders:
characteristics of, 250–251
kinds of, 250–251

Semen storage, 225–226f, 251, 252f, 253
Seminal vesicles, 222
Seminiferous tubules, 220, 221f
Senescence, 214–216

physiology of, 203–217
Septicemia, 384
Seven-year itch, 407–408
Sex:

chromosomes, 142
determination of, 142

Sex attractants, 413
of insects, 413

Sex control, 237
Sex hormones:

and sex characteristics of birds, 288
and vitamin K, 343

Sex-influenced inheritance, 157–158
Sexing embryos, 237
Sex-limited traits, 158
Sex-linked inheritance, 157
Sexual behavior of animals, 423–424
Sexual maturity:

age at heritability estimate of, 166t
factors affecting, in poultry, 289–290

Sexual preparation and semen collection, 245–246
Shade:

cooling effect of, 309f
in nonsweating species, 309

Sheep:
breeds of, 21t, 27, 28f
contagious ecthyma, 278
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Sheep—Cont.
domestication of, 2t
external parts of, 180f
flushing of, 40
historical perspective of, 38–39
improvement program, 173
life cycle of, 38–41
number of in the United States, 39t
scabies, 408n
world number of, 7
(See also Lambs)

Sheep botfly, 406
Sheep gadfly, 406
Sheep liver fluke disease, 389
Shelf life of poultry meats, 67–68
Shell membranes of eggs, 284f
Shelter seeking among animals, 422
Shivering, effect of, on heat production, 305
Shorthorns, 21t

heat tolerance of, 302f, 308f
Sickle-cell anemia, 362
Sigmoid flexure, 222
Sigmoid growth curve, 208f
Silkworms, 400–401
Single cross, 176
Sire summaries, 173
Skeletal muscular dystrophy, 338t, 343, 366
Skeletal system, 182–184
Skin pigmentation and vitamin D, 339–340
Slaframine, 393
Slipped tendons, 367f
Smallpox, 378
Smith-Hughes Act, 4
Smith-Lever Act, 4
SMR (see Standard metabolic rate)
Social dominance of animals, 428–429
Social pathology, effect of population density on, in rats, 429
Social rank of animals, 225, 428–429
Sodium, 359

clinical deficiency symptoms, 357t, 359f
functions of, 357t, 359
sources of, 357t, 359

Sodium chloride, 359
clinical deficiency symptoms of, 357t, 360f
functions of, 357t, 359
sources of, 357t, 360

Somatomedins, 210
Somatostatin, 198t
Somatotropin (STH), 209–210

(See also Growth hormone)
Sonoray, 170f

Sore mouth disease, 379
Sound:

in animal communication, 420f
and insect control, 413

Sows:
gestation, 227t
ovary of, 224f, 225f
ovum, 225f, 230f
reproductive organs of, 224f
teat location of, functional at weaning, 426t

Soy protein isolate (SPI), 52f
Soybeans, trypsin-inhibiting factor of, 333
Spanish fly, 401
Spallanzani, 241–242, 331
Species immunity, 372
Spectmomycin, use of, in semen, 251
Sperm capacitation, 229
Spermatogenesis, 146f, 248

effect of temperature on, 311
Spermatozoa:

abnormal, 249f
cold shock of, 248
concentration of, 246t
enumeration of, 247–248
fertile life of, 246t
life of, in female tract, 246t
live and dead, 226f
microphotograph of, 249f
morphology of, 248
motility of, 248
normal and abnormal, 249f
numbers of, per ejaculate, 246t
staining of, 248

Sperm-typing for sex preselection, 257
Spiders, 400t
Spinal cord, 193
Spinnbarkeit, 256
Splints of horses, 110
Spontaneous ovulation, 229
Spotted fever, 379
Stable flies, 405
Stadia, 398
STAGES (swine testing and genetic evaluation system), 173
Stags, 220, 423
Stallions:

care and management of, 103
semen of, 103, 246t

Standard metabolic rate, 305
Starch, 315t
Starvation, defined, 7n
State agricultural experiment stations (SAES), Appendix D
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State of being, 131–139
defined, 135–137
economic and policy aspects of, 133
ethics and morals of, 132
legal aspects of, 133–134
philosophical aspects of, 132–133
and production practices, 134
ranges of response categories, 136t
scientific assessment of, 134, 137–139
and welfare plateau, 137–138, 138f

Statistical evaluation of quantitative traits, 162–163
Steapsin, 332t
Steely wool and copper deficiency, 362
Steer (see Beef steer)
Sterilization, of male screwworm flies, 412
Steroid hormones, 199, 220f
Sterols, 316, 340
Stiff lamb disease, 342f
Stigma, 285
Stomach compartments of ruminants, 328f, 329f
Stomoxys calcitrans, 405
Strain 19, vaccine, 381
Stress:

effect of, on animal productivity, 299
measurement of, 299

Sucking stimulus, 276
Sucrase, 332t
Sucrose, 315t
Sulfur, 360

clinical deficiency symptoms of, 357t, 361f
functions of, 357t, 360
sources of, 357t, 360

Summit metabolism, 305
Sunburn, 307

in farm mammals, 307–308
Superovulation, 229
Surrogate mother, 234, 235f
Swayback disease in lambs, 362
Sweating:

nonthermal (cold), 308–309
thermal, 308

Sweeney of horses, 111
Sweet clover and dicoumarin, 393
Sweet clover disease, hemorrhagic, 343
Swine:

backfat of, 25f
breeds of, 21t, 24, 25f
domestication of, 2t
heat loss in, 306f 
historical perspective of, 41
improvement federation, 172–173

life cycle of, 41–43
number of in the United States, 41t
segregated early weaning of, 42
testing and genetic evaluation system (STAGES), 173
world number of, 7

Swine Improvement Federation, 173
Swine roundworm, life cycle of, 387f
Symbiotic relationships of animals and humans, 295
Synapse, 193
Synchronization:

of estrus, 201, 233
of ovulation, 201, 233

Syndactyly, 235
Synovial fluid, 184

T
Taeniasis, 388
Tapeworm, 400

of dogs, 389f
of humans, 388f

Taxonomist, 400
Taxonomy, 399t, 400
TDN (total digestible nutrients), 323
Teart, 361t, 366
Teat location of sows, functional at weaning, 426t
Teeth:

effect of fluorine on, 368f
of horses, 113f, 114f

Temperature:
effect of: on feed digestibility, 303–304, 333

on reproduction, 229
rectal, of selected animals, 299–300

Temperature-regulating mechanisms, body, 301–302
Temperature regulation, 301–302
Tenderizers, meat, 67
Termites, 410
Testes:

of avian male reproductive system, 285f
cross section of, 221f
hormones of, 198t

Testicle of a boar, 222f
Testicular development and semen output, 245
Testosterone, 198t, 200f, 201, 225

and animal behavior, 422
Test-tube babies, 234
Tetanus, 118, 391
Texas armadillo, 206n
Texas cattle fever, 407
Texas fever, 407
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Thalidomide, 152
Therm, 323
Thermal sweating, 308–309
Thermogenesis, 301
Thermolysis, 301
Thermoneutral zone, 305

of homeotherms, 299–300, 304f
of poikilotherms, 299–300

Thermoneutrality, 304f
Thiaminase, 346
Thiamine (B1), 345–346

clinical deficiency symptoms of, 339t, 346
common sources of, 339t, 346
functions of, 339t, 345–346
synthesis of, 346

Thiouracil, 325
Thoroughbreds, 98t, 99
Thoroughpin, 111
Three-breed cross, 24, 176–177
Thrush, 111
Thumps, 361
Thyroid gland, hormones of, 198t, 210–211
Thyroidectomy, effect of, on growth, 210, 267f
Thyroprotein, 324
Thyrotropin or thyroid-stimulating hormone (TSH), 198t, 362
Thyrotropin-releasing hormone (TRH), 198t
Thyroxine, 198t, 199f, 210–211

effect of: on growth, 210–211
on lactation, 264–265

and egg laying, 288
seasonal changes in secretion of, 265
and temperature changes, 304

Ticks, 386f, 400–401t, 407
life cycle of, 407
nonscutate, 407
scutate, 407
as vectors of disease, 370, 401t, 407

Tin, 367–368
Tissue culture, 375
Tocopherol, 341
α-Tocopherol deficiency, 342f
Total digestible nutrients (TDN), 323
Toxaphene, 410
Toxic plants, 391–393
Toxin-antitoxin, reaction, 374
Trace elements, 360–368
Trachea, 191, 192f
Traits:

economic, 162
qualitative, 162
quantitative, 162–163

Tranquilization of bulls in semen collection, 247
Translocation, 143
Trembles, 392
Trial and error, 418
Tribal colleges, 4
Trichinella spiralis, 387

life cycle of, 387f
Trichinosis, 67, 387
Triglycerides, 320f
Triiodothyronine, 198t
Trisaccharides, 315t
Trypansomiasis, 394
Trypsin, 332t
Trypsin-inhibiting factor, 333
Tsetse fly in transmission of African sleeping sickness, 

401t, 414
TSH (see Thyrotropin or thyroid-stimulating hormone)
Tsutsugamushi disease, 404t
Tuberculosis, 379–380

in mammals other than cattle, 380
methods of controlling infection from cattle to people,

379–380
Tularemia, 401t, 404t
Turkey meat:

cholesterol in, 52t
composition of, 50t
minerals of, 50t
vitamins of, 57

Turkeys:
breeds of, 28, 30f
domestication of, 2t
external parts of, 183f
life cycle of, 43–46
number of in the United States, 44t

Twinning and hormones, 201
Twins, relationships of, 170t
Typhoid fever, 404t
Typhus fever, 404t

U
Udder:

blood circulation in, 261–262
high-quality, 260
internal structure of, 260–261
pendulous, 264
supporting structures of, 260–261

Ultraviolet (UV) light, 401
Undulant fever, 381
United States, as an exporter and importer of food, 17
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United States Department of Agriculture (see USDA)
USDA (United States Department of Agriculture), 370,

394–395
Animal and Plant Health Inspection Service (APHIS), 

256, 394
biological control of insects facility, 412f
Food Safety and Inspection Service (FSIS), 394
meat inspection by, 393
Veterinary Services Division (VSD), 394–395

United States Department of Health and Human 
Services, 394

United States Food and Drug Administration (FDA), 393–394
USP (United States Pharmocopeia units), 355
United States Public Health Service (USPHS), 394
United States Recommended Dietary Allowances 

(USRDA), 56
Unsaturated fatty acids, 316
Urea, 194f, 318–319, 334, 360
Urease, 368
Urethra, 194, 194f, 222, 223f
Uric acid, 194f
Urinary system, 193–194

parts of, 194f
Urine, components of, 194
Uterine horns, hormones of, 198t, 223–224f

V
Vaccination, 373–374
Vaccine, 373
Vagina, 223f

artificial, 246f
Vanadium, 367
Vaporization, 308–309

of moisture, 300
Variation in animal breeding, 162–163
Variola, 378
Vas deferens, 221f
Vasectomy, 221–222, 255
Vasopressin, 197
Veins, 186–187
Venezuelan equine encephalitis, 377t
Ventral, defined, 179
Ventricular fibrillation, 300
Ventriculus, 332t
Venules, 187
Verdoflavin, 346
Vesicular stomatitis, 378–379
Vestibule, 224f
Veterinary Services Division (VSD) of USDA, 394–395

VFA (volatile fatty acids), 330, 333
production of, effect of temperature on, 310f, 311
as source of energy, 330

Vigor tolerance, 414
Villi, 333
Viral infections, 375–379

transmissible from animals to humans, 375–379
transmissible from humans to animals, 390–391

Viral vaccine, use of, in controlling cancer, 373
Visceral larval migrans, 406
Visual displays in animal communication, 420
Vitamin A, 337–339, 338t, 340f

clinical deficiency symptoms of, 338t
common sources of, 338t, 339
expressed quantitatively, 355
functions of, 338t
and ringworm, 340f
seasonal variation of, in milk, 278

Vitamin B2 (see Riboflavin)
Vitamin B12, and cobalt, 364

(See also Cyanocobalamin)
Vitamin C, 344–345

and absorption of iron, 345f
clinical deficiency symptoms of, 339t, 346
common sources of, 339t
functions of, 339t, 344–345

Vitamin D, 338t, 339–341, 355
in bone development, 340–341
clinical deficiency symptoms of, 338t
common sources of, 338t, 341
danger of excess, 62
effect of excess, 341
and egg size, 293
expressed quantitatively, 355
functions of, 338t, 340–341
and parathyroid hormone, 265–266
and parturient paresis, 265–266

Vitamin E, 341–343
clinical deficiency symptoms of, 338t, 342f, 343
common sources of, 338t, 343
functions of, 338t, 341
and reproduction, 341
and selenium, 341

Vitamin K, 338t, 343–344
clinical deficiency symptoms of, 

338t, 344
common sources of, 338t, 344
functions of, 338t, 343
role of, in blood clotting, 343f
and sex hormones, 343
synthesis of, 343
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Vitamins, 320f, 321, 337–355
of animal products, 57
assay techniques for, 354–355
classification of, 320f, 339t
defined, 377
fat-soluble, 320, 337–344, 338t
fortifying milk with, 62
for horses, 107, 115–117t
providing, for farm animals, 355
storage loss in milk, 69
term first introduced, 337
water-soluble, 320, 339t, 344–354

Voice box, 191
Volatile fatty acids (see VFA)
Vulva, 223f

W
Warble fly, 406
Warbles, 401t, 406
Warfarin, 343
Warm-blooded species, 299–300
Wasps, 411
Wassermann test, 293, 374
Water:

of animals, 314
for horses, 108
metabolic, 314
of plants, 314

Waxes, 316, 320f
Weaning weight:

effect of: dam’s age on, 214t
heterosis on, 176t

heritability estimate of, 166t
Weight effect on food conversion, 335
Well-being (see State of being)
Wernicke’s disease, 346
Western encephalitis, 377t

Wether, 220
Whey, 14
White blood cells (see Leukocytes)
White muscle disease, 342f
WHO (World Health Organization), 371
Wilson rule, 301
Witch’s milk, 263
Wool, 179, 183
World Health Organization (WHO), 371
World land resources, classification of, 8f
Worm infections, 387–389

X
Xerophthalmia, 338

Y
Yellow fever, 401t
Yolk of eggs (see Egg yolk)
Young horses, care and management of, 106

Z
Zearalenone, 393
Zebu cattle, 21f, 22, 302f, 306f, 309
Zeranol, 325
Zinc, 364–365

clinical deficiency symptoms of, 361t, 364–365, 366f, 367f
functions of, 361t, 364–365
and hatchability of eggs, 365
sources of, 361t

Zona pellucida, 230f
Zone cooling, effect of, on milk production, 309, 310f
Zoo animals, 396f
Zoonoses, 370
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