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To Herbert Ross’s many friends and colleagues who helped in so
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excitingly interesting to him.



Preface

Entomology is an ever-growing science that continues to expand in basic
knowledge and perspectives through the publication of a large amount of
research and ideas. In the 15 years since the third edition of this textbook
was published, entomology has taken enormous steps forward in its
understanding of the ecology, physiology, behavior, and interactions of
insects. These new developments will continue to lead to additional and
even more fundamental questions about insects, and new evidence will be
needed in order to reach new answers and to test new ideas. The results will
significantly change some of our current perceptions and ideas. and. in the
long term, will lead us to a much better understanding of our science.

This book serves as an introduction to entomology by presenting the
fundamental aspects of the field, and it is organized so that students will
acquire a general view of the whole field. This edition preserves the major
aims and balance of the earlier editions with emphasis on a knowledge of
basic relationships between different groups of insects and between insects
and their environment. The relationships between insects and their
environments are emphasized in chapters on life processes. behavior. past
history, ecology, beneficial insects, and harmful insects. Some chapters are
new or nearly completely rewritten to reflect the significant changes that
have taken place in entomological thought during recent years. Substantial
portions ot other chapters were rewritten, and the chapter on insect orders
was reorganized to represent more closely the probable evolutionary
relationships of the different groups.

As before, evolutionary relationships are stressed as a central theme.
Preliminary family trees are included for the common families in a number
of orders to visualize more readily their evolutionary relations. It is
increasingly evident that our information in such areas as comparative
biochemistry. behavior, and anatomy will not be fully understood until the
relevant facts are fitted into systems of evolutionary progression. The largely
rewritten chapter on the history of insects gives a geological perspective of
the dynamic history of insect evolution and the forces surrounding it.

The keys to the orders and families are designed to accommodate only
common members and hence are far from complete. They are intended to aid
beginning students in realizing the differences used in delimiting orders and
families and to give them practice in the usage of keys.

We wish to thank the many persons who have been of assistance in plan-
ning and writing the various editions of this textbook. In preparing this fourth
edition we particularly wish to thank all of those who have offered encour-
agement, suggestions, and criticisms. Drs. Donald Ashdown of Texas Tech.
University, Frank M. Carpenter of Harvard University, Robert W. Dicke
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of the University of Wisconsin, Jarmila Kukalova-Peck of Carleton Uni-
versity, Jack Lattin of Oregon State University, Fred A. Lawson of the
University of Wyoming, W. . McCafferty of Purdue University, Robert W\
Matthews and Janice R. Matthews of the University of Georgia, T. M. Peters
of the University of Massachusetts, and Robbin W. Thorp of the University of
California at Davis read all or parts of the manuscript for this edition and
made many valuable and thoughtful comments and suggestions. Special
thanks to Douglas A. Craig of the University of Alberta, Alfred Dietz of the
University of Georgia, K. G. A. Hamilton of Agriculture Canada. Preston
Hunter of the University of Georgia. Alden Lea of the University of Georgia,
and the publishers, John Wiley & Sons, for their help and thoughtful
consideration. Mrs. Jean A. Ross provided helpful background information
for this revision. We also thank the many organizations and persons who
gave permission to use their materials for illustrations in this book. They are
individually acknowledged under each illustration. Miss Patricia G;ombs.
Mrs. Chris Moreland. and Mrs. Joan Roley, Western Washington University.
also deserve our special gratitude for their care in typing various parts of the
manuscript.

Charles A. Ross
june R. P. Ross
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Index

(In a series of entries, important references are indicated by bold face type)

Abhott, J., 10
Abdomen, 33, 99-105
Abductor muscle of coxa, 121
Absorption in digestion, 147
Academy of Natural Sciences of Philadelphia,
11

Acalymma vittata, 399, 400
Acalyptratae, 442, 444, 464, 466
Acanthocephala, 360
Acanthoscelides, 382
Acarina, 40
Accessory glands, 123, 125
Acerentomon, 89
Acerentulus barberi, 281
Acetylcholine, 192
Acherontia atropos, 200
Achorutes armatus, 282, 283
Achroia, 482
Acidalia, 485
Acinus, 139
Acrididae, 305, 306
Acridium ornatum, 306
Acron, 63, 70
Activation hormone, 245, 261, 262
Aculeata, 412, 425
Acythosiphon pisum, 648
Adams, J.A., 285
Adephaga, Coleoptera, 374, 375, 385-386
Adipohemocytes, 163
Adult, 234, 236-238

see also Imago
Aedeagus, 104, 125
Acedes, 446, 458

aegypti, 86, 187, 457, 641
Aegeriidae, 481, 484, 490
Aceolothripidae, 334
Aeolothrips, 334
African driver ant, 215
African sleeping sickness, 641
Apgaontidae, 423
Agasicles hygrophilia, 621
Agassiz, L., 15, 20
Age structure of populations, 561
Agetochorista tillyardi, 528
Aggregation in presocial insects, 218
Agrell, LP.S,, 263
Agricultural ants, 430
Agriotes, 392
Agroecosystems, 661
Agromyza, 450
Agromyzidae, 442, 450, 453, 464, 465
Agrotis orthogonia, 578
Agulla, 365

Air movement, 575

Air receptors, 181

Air sacs, 114, 115, 153, 155

Air tubes, 160

Alaglossa, 75, 76, 84

Alary muscles, 121

Alcohols, 206

Aldehydes, 206

Alderflies, 366, 535, 610

Aldrin, 22

Aleiodes, 66

Aleochara bimaculata, 608, 609
curtala, 388, 389

Aleurodidae, 337, 338, 343, 348

Alexander, R.D., 105

Alfalfa, 648

Alfalfa caterpillar, 501, 645

Alfalfa root weevil, 562, 619

Aliform muscles, 165

Alimentary canal, 107-110

Alinotum, 90, 91

Alkali bees, 623

Allantoic acid, 150

Allantoin, 150

Allee, W.C., 601

Allelochemics, 202, 205-206

Alligator weed, 621

Allocapnia, speciation, 544

Allomones, 205

Allothrips, 334

Alternanthera philoxeroides, alligator weed,

621

Alternation of generations, 251, 252

Alula, 464

Alydus, 342

Amber, fossil, 506, 542
Baltic, 529, 532, 542

Amblycera, 325

Amblycerus, 382

Amblyplygida, 38, 40

Ambush bug, 591

American cockroach, 296, 298

Ametabolous, 235

Amino acids, 137, 169

Amitermes hastatus, 215

Amnion, 227, 230

Amphibolips confluens, 247

Amphicerus, 382

Anabolic phase, 168

Anabolism, 167

Anabrus simplex, 308

Anagasta kueniella, 206

Anal papillae, 153
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Anal syphon, 153
Anal veins, 95
Anamorphosis, 281
Ananthakrishnan, T.N., 335
Anuaphothrips, 334
Anasa tristis, 360, 361
Anaxyela gracilis, 530
Ancistrocerus, 411
Anderson, D.T., 56, 263
Anderson. N.H., 478
Anderson, R.M., 601
Andrena, 417
Andrenidae, 410, 415, 417
Andrewartha, H.G., 601
Andricus erinacei, 253
seminator, 247
Angiosperms, 537. 539
Angoumois grain moth, 490
Anisoptera, 291, 292~293
Anisota rubicunda, 496, 497
Anisozygoptera, 291
Anlage (pl. anlagen), 229
Annelida, 27
Annulipalpia. 473, 476
Anaobiidae, 376. 380, 385
Anopheles, 458, 641
maculipennis, 224
Anoplura, 327, 639
Antennae, 29, 65, 73, 229
Antennal flagellum, 71, 178
Antennal sclerite, 71
Antennal sockets, 87
Anterior arms, 66
Anterior body region, 62
Anthidium, 417
Anthocoridae, 337, 344, 345, 540, 610
Anthomyia, 449

Anthomyiidae, 442, 444, 449, 450, 451, 452, 466

Anthonomus grandis, 402, 403
Anthrax, 446
Anthrenus, 380
scrophulariae, 393, 394
Anthrophoridae, 410
Antibiosis, 649
Anticoagulin, 140
Antipodoeciidae, 476
Antireflective structure, 187
Antlions, 372, 610
Ants, 179, 213-215, 220, 408, 412. 420, 428-430,
531, 568, 594, 599, 610, 613
Anus, 100, 103, 107. 109, 229, 232
Aonidiella aurantii, 617
citrina, 618
Aorta, 66, 111, 112, 165
Aortic diverticulum, 112
Apanteles congregatus, 615, 616
glomeratus, 615
lucteicolor, 615
melanoscelus, 239, 422, 616
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solitarius, 615
Apex, body region, 63
Aphaenogaster, 213
Aphelinus mali, 618
Aphididae, 251, 339, 570
Aphidlions, 372
Aphidoidea, 337, 338, 343, 350
Aphids, 172, 224, 251, 339, 346, 348-352, 539,
564, 570, 606, 610, 612, 613, 633, 635, 636
Aphis, 339
gossypil, 350
pomi, 350
Aphodius fimetarius, 629
Aphrophora, 339
Aphytis chrysomphali, 617, 618
lingnamensis, 617
melinus, 617
Apidae, 410, 413, 416, 432
Apis mellifera, 178, 201, 202, 433, 596, 623
Aplopus mayeri, 303
Apocrita, 410, 411, 413, 420, 421, 530
Apodeme, 31, 62, 128, 129
Apoidea, 410, 412, 432, 531
Apolysis. 135
Apophysis, 31, 128, 129
Appendages: abdominal, 100, 101-105
ancestry of, 29
embryonic, 226
head, 70-85
intercalary, 64. 71, 72, 229
muscles of, 120
reproductive types, 101-105
Apple. ].L., 629
Apple aphid, 350
Apple canker, 637
Apple maggot, 465
Apple mirid, 224
Apple tree borer, 401
Apterobittacus apterus, 435
Apterygota, 52, 235, 266, 267, 284, 504. 514
Aptesis basizonia, 617
Aquatic environments, 580-584, 625-626
adaptation for, 159-161, 626
Arachnida, 37, 38, 39, 113
Aradidae, 337, 344, 345, 360, 361
Aradus acutus, 361
Araneae, 38, 40
Arhorization, 191, 192
Archicerebrum, 29
Archilestes californica, 224, 290, 291, 292
Archips, 482
Archoglossopterum shoricum, 521
Archostemata, 374, 375, 387, 527
Arctiidae, 481, 482, 485, 486, 499
Arctiid moths, 499
Arctocorixa, 358
Arctotypus sinuatus, 517
Arge. 411
Argentine ant, 430



Argidae, 409, 410, 411, 413
Argyrotaenia velutinana, 491
Arista, 185
Arixeniidae, 312
Armyworm, 498, 499, 576, 620, 634
Arnaud, P.H., Jr., 629
Arnett, RH,, Jr, 407
Arnold, | W_, 173
Arrhenotoky, 244
Arsenicals, 12
Arthaldeus pascuellus, 565
Arthroplea, 78
Arthropleona, 282
Arthropoda: ancestor of, 27-29
characteristics, of, 27-36
classes of, 37-58
Arthropod appendages, 70-76
Articulation, 60, 61
Ascalaphidae, 369
Aschiza, 442, 444, 462-464
Asclepias, 597
Ascogaster quadridentata carpocapsae, 615
Ascorbic acid, 649
Asilidae, 442, 443, 446, 447, 448, 460, 611
Asilomoidea, 442
Asilua, 446
Askew, R.R,, 263
Asparagus beetle, 399, 634
Aspidothorax triangularis, 516
Assassin bugs, 359, 591, 610, 611
Aster leafhoppers, 576
Aster yellow, 637
Atheas exiguus, 355
ATP, 167, 168
Attagenus, 380
megatona, 393
Atta texana, 430, 579
Attractants, insect, 657
Augomonoctenus, 413
Australian bulldog ant, 214
Australian cockroach, 298
Australian faunal realm, 273
Autecology, 557, 566
Autotrophs, 554
Axillary sclerites, 94
Axon, 191

Babesia bigemina, 642

Bacillus pestis, 640
popilliae, 590, 658

Backswimmers, 160, 359

Bacteria, 589

Bacterial disease, 637, 644

Bacterial rot of cotton, 636

Bagworms, 481, 487, 488, 489, 594

Baits, 657

Baker, EW., 57

Balch, R. E., 664

Bald-faced hornet, 408

Ball, ED., 310
Banks, N., 303
Bark beetles, 206, 403, 608, 609, 636, 646
Barnes, R.D., 57
Barrington, E.]JW., 173
Baryodma, 388
Basal sclerites, 94
Basipodite, 73
Batesian mimicry, 597
Bauman, R. W,, 318
Beak, 85
Bean weevils, 400
Beauveria globulifera, 589
Bed bugs, 355, 357, 610, 611, 639
Bedford, G. Q. 304
Bee flies, 611, 612
Bee louse, 181, 466, 590
Bees, 114, 140, 170, 172, 173, 178, 236, 271, 408,
412, 413, 417, 420, 430, 432-433, 530, 531,
594, 596, 597, 622
Bees wax, 169, 623
Beet leafhopper, 348, 637
Beetles, 139, 140, 150, 160, 171, 172, 196. 220,
236, 237, 373-407, 526, 535, 608, 636
Behavior, 175
learned, 206, 212-213
stereotyped, 206, 207-212
Beier, M., 304
Belidae, 547
Belostoma, 340
Belostomatidae, 337, 340, 343, 359
Bembix hinei, 613
pruinosa, 587
Benzene hexachloride (BHC), 22
Benzyl benzoate, 657
Beraceidae, 476
Berg, C.O., 472
Berner, L., 288
Berothidae, 369, 370
Beroza, M., 221, 664
Berytidae, 346
Bethune, C].S., 17
Bethylidae, 410, 412, 425
Bethyloidea, 410, 412, 425
Betten, C., 478
Bibio, 446, 451
Bibionidae, 442, 443, 446, 447, 451
Biological control, 23, 422, 604-621, 644
Bioluminescence, 196
Biome, 551-553
Biotype, 648
“Biotype E" greenbug, 649
Birch leaf miners, 418
Birch, M. C., 221
Biston betularia, 592-593
Biting sheep louse, 327
Bittacidae, 436, 528, 613
Black ant, 428
Black carpet beetle, 393
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Black death, the, 640 Brain, 117-119

Black flies, 68, 79, 80, 81, 443, 453-455, 639 Braula caeca, 181, 466, 590
Black lady beetle, 607 Braulidae, 442, 445, 466
Black locust sawfly, 584 Breakbone fever, 641
Black scale, 634 Brenthis, 483
Black scale pest, 618 Brevicoryne brassicae, 252
Bladderworts, 591 Breymeyer, A. L., 601
Blaesoxiphia, 469 Brine maggots, 464
Blastoderm, 225, 226 Bristletails, 220, 284
Blastophaga psenes, 424 Britton, E. B., 407
Blatchley, W. 5., 310, 363, 407 Britton, W. E., 363
Blatta orientalis, 102, 296. 298 Broad-headed wasps, 564, 565
Blattaria, 296, 523 Brock. J. P., 502
Blattella, 296-298 Brood care, 218-219
germanrnica, 296, 297, 298 Brooks, A.F., 363
Blattopteriforma, 295 Brown rot of peach, 636
Blattopteroidea, 295 Brown-tail moth, 497, 615, 636
Blephariceridae, 547 Bruchidae, 375, 381, 382, 383, 400, 638
Blissus, 342 Bruchophagus platyptera, 423
leucopterus, 361, 648 Bruchus, 382
Blister beetle, 240, 395-398, 595, 608, 634 pisorum, 400
Blood, 111, 162~167 Brues, C. T, 272
function of, 164 Bubonic plague, 21, 438, 640
properties, 162 Budworm, 613, 636
Blood cells, 111, 163 Buffalo gnats, 453
Biood pressure, 164-166 Buffalo treehopper, 646
Blood sugar, 167 Bugs, 171, 172, 182, 236, 270, 335-363
Blowfly, 150, 469 Bulb mites, 40
Blue alfalfa aphid, 649 Bumblebee, 173, 413, 432
Bluebottles, 469 Buprestidae, 375, 376, 384, 392, 537
Blum, M. S., 664 Buprestid beetle, 182, 392, 538
Body louse, 329, 330, 641, 642 Burks, B. D., 288
Body regions, 28, 62-105 Bursa copulatrix, 260
Body wall, 128-137 Bushcrickets, 183
Bohart, G. E., 629 Butterflies, 151, 170, 196, 197, 220, 479, 482,
Boll weevil, 402, 403 499-502, 527, 531, 539, 559, 596, 599
Bollworm pest, 490, 633, 658, 662 Byers, G. W., 436
Bombardier beetle, 206
Bombus, 432 Cabbage aphid, 252, 634
Bombyliidae, 442, 446, 448, 611 Cabbage butterfly, 173, 634
Bombylius major, 612 Cabbage fly, 608
Bombyx, 245 Cabbage looper, 498, 634
mori, 480 Cabbage maggot, 466
Booklice, 321-323 Cabbageworm, 501, 615
Borboridae, 442, 453, 464, 465 Cactoblastis cactorum, 620
Boreidae, 435, 436 Caddisflies, 89, 104, 105, 160, 240, 271, 473-479.
Boreus, 435, 436 527, 532, 535, 539, 545, 594, 627
Boring beetle, 627 Cadelle, 638
Borror, D ]., 272, 294 Calamoceratidae, 476
Bostrichidae, 375, 376, 382, 385 California black tiger beetle, 609
Bostrichoids, 375, 376, 393-394 California ladybird beetle, 606
Botflies, 467, 468, 639 California red scale, 634
Brachycentridae, 476 Caliroa cerasi, 244
Brachycera, 442, 443, 444, 459-473, 530 Callibaetis flunctuans, 287
Brachypanorpa, 436 Calliphoridae, 442, 451, 466, 469
Bracon cephi, 616 Callosamia promethea, 495, 496
Braconid, 599, 616 Calocidae, 476
Braconidae, 77, 209, 233, 410, 416, 422, 590, 615 Caloneurodea, 504, 517, 518, 519, 523, 534
Bradley, J. C., 407 Calosoma sycophanta, 606, 607, 608

I-4 INDEX



Calypters, 464
Calyptratae, 442, 444, 464, 466
Calyx, 123
Cambarus, 358
Camel crickets, 307
Camnula pellucida, 306
Camouflage mimicry, 594
Campaniform sensilla, 178
Campodea folsomi, 280
Campodeidae, 279
Campylenchia latipes, 346
Cankerworms, 495
Cannabalism, 600
Cantharidae, 375, 376, 378, 384, 608, 609
Cantharidin, 624
Canthon, 389

pilularis, 629
Canthris, 608
Cantrell, 1., 312
Cap cell, 179
Capillary tubes, 113
Capitate antennae, 71
Capnia lacrusta, 317
Capniidae, 318
Carabidae, 374, 375, 382, 384, 385, 591, 607
Carbamates, 12, 656
Carbohydrates, 168
Cardenolides, 597
Cardia, 110, 144, 145
Cardines, 75
Cardo, 74, 75, 76
Carnivores, predation, 558
Carotenoids, 133
Carpenter, F.M., 365, 372, 436
Carpenter ants, 639
Carpet beetles, 393, 394, 638
Carrion beetles, 376, 386
Carrot rust fly, 634
Carrying capacity, 563-566, 664
Carson, R., 23
Carter, W., 664
Casemaking clothes moth, 488
Castes, 215, 301
Caswell, R. L., 664
Catabolism, 167
Catacola moths, 592, 593
Catana clausensi, 607
Catesby, M., 10
Cattle grub, 469, 470
Cattle tick, 642
Cave crickets, 307
Cecidomyia poculum, 247
Cecidomyiidae, 255, 441, 442, 444, 447, 453
Cecropia moth, 245
Celerio lineata, 185
Cell body, 191
Cement layer, 130, 132
Centipedes, 47, 69, 591
Cephalic fan, 80

Cephalothorax, 33, 37
Cephidae, 409411, 414
Cephus cinctus, 616
Cerambycidae, 196, 375, 381, 382, 383, 400, 575
Cerambycid beetles, 575
Ceratitis captitata, 465
Ceratomerinae, 547
Ceratophyllidae, 438
Ceratopogonidae, 444, 447, 451
Cerci, 100, 101, 102, 103, 104, 229
Cercopidae, 337, 339, 343, 347, 539, 564
Ceresa bubalis, 346
Ceropales, 417
Cervical sclerites, 86
Cervix, 86
Ceuthophilus, 308
maculatus, 307
Chalcididae, 411, 415, 588
Chalcideidea, 410, 412, 414, 423, 530
Chalcid wasps, 233, 423, 599, 617, 618
Chalcis, 411
Chamberlin, J.C.. 57
Chaoboridae, 442, 445
Chaoborus astictopus, 659
Chapman, P ], 323
Chapman, R.F., 105, 125, 173, 221, 263, 629
Chauliognathus pennsylvanicus, 378, 609
Checkered beetle, 608
Chelicerata, 32, 33, 36-42
Chelifer, 38
Chelymorpha, 381
Chemical control, 651-658
Chemoreceptors, 176, 181-182
Chemosterilants, 654
Chemotaxis, 209, 210
Cherrett, |.M., 664
Cherry fruit fly, 465
Chewing lice, 325, 327
Chiang, H.C., 664
Chicken body louse, 326, 327
Chicken head louse, 326, 327
Chiggers, 639, 642
Chigoe, 438, 439
Chilopoda, 43, 46, 48, 88, 113
China, W.E., 363
Chinch bugs, 235, 361, 571, 585, 590, 643, 644,
648, 650
Chironomidae, 184, 442, 443, 446, 447, 457, 458,
459
Chironomus, 117, 163, 446, 451
ferrugineorittatus, 459
tentans, 459
Chitin, 130, 168
Chlorinated hydrocarbons, 22, 607, 655
Chloropidae, 442, 453, 464, 465-466
Choerocampinae, 184
Cholesterol, 138
Chordotonal organs, 178-180
Chorion, 224, 225
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Choristoneura fumiferana, 613, 619
Christiansen, K., 283

Chrysanthemum midge, 634, 635
Chrysididae, 410, 411, 412, 416, 425, 430
Chrysis, 411

Chrysobothris femorata, 392
Chrysolina gamellata, 621

Chrysomelidae, 375, 376, 381, 382, 383, 387, 399

Chrysopa, 368, 370

californica, 610

oculuta, 224
Chrysopidae, 206, 224, 368, 369, 370, 371, 372
Cibarium, 141
Cicada, 141, 146, 200, 346-348, 592, 613, 632
Cicada killer, 431, 613
Cicadellidae, 337, 339, 342, 346-348, 539, 564.

565, 566, 609

Cicadidae, 197, 198, 337. 339, 346-348
Cicindela, 382
Cicindelidae, 375, 382, 384, 385, 608
Cigarette beetle, 571
Cimbex americana, 418, 419
Cimbicidae, 409, 410, 413, 414
Cimex, 259

lectularius, 357
Cimcidae, 337, 344, 357, 410
Cimicomorpha. 337, 341. 355
Circulatory system, 110-113, 162, 165
Circulifer tenellus, 348
Circumesophageal connective nerves, 118
Citheronia, 485
Citheroniidae, 481, 485, 486, 497
Citrus blackfly, 607
Citrus black scale, 607
Citrus cottony-cushion scale, 606
Citrus fruit insects, 634
Citrus mealybug, 607
Citrus yellow scale, 618
Claassen, P.W., 318
Claduis, 413
Clark, L.R.. 601
Clasper, 104
Clausen, C.P., 263, 407
Clavate antennae, 71
Clay, T., 330
Clean cultivation, 646
Clearwings, 481, 490
Cleavage, 224-226

holoblastic, 226

superficial, 225
Clements, F. E., 601
Cleridae, 608
Clerid beetle, 609
Click beetles, 196, 376, 391-392
Climacia, 370
Climate, 555-556
Climatic changes, 540

moisture bands, 574
Clogon, 287
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Clothes moths, 638
Cloudsley-Thompson, J. L., 25, 57
Cloverseed chalcid, 423
Clypeus, 67, 69. 141
Coarctate form, 396
Cobben, R. H.. 363
Coccidae, 149, 351, 606
Coccinella californica, 605
Coccinellidae, 375, 376, 385, 387, 394-395,
605-607
Coccinellid beetle, 607
Coccoidea, 270, 337, 338, 343, 350-352
Cochincal, 623
Cockroaches, 74, 109, 112, 121, 139, 142, 143,
151, 159, 177, 236, 269, 295-298, 523, 535,
595, 638, 659
Codling moth, 564, 615, 635
Coelopidae, 442, 452, 464
Coevolution, insects and flowering plants,
537-539
Cold hardiness. 570-572
Cole, F. R, 472
Coleoptera, 52, 131, 138, 150, 172, 196, 198, 243.
266, 271, 275, 364, 373-407, 504, 526, 527,
535, 540, 545, 588, 605, 611, 615, 617
tarsi, 381
Colias eurytheme, 501
Collateral branch of axon, 192
Collembola, 52, 69, 92, 100, 108, 151, 196, 224,
226, 279, 282-283, 504, 533, 534. 576, 626
Colleterial glands, 123
Colletes, 417
Colletidae, 410, 416, 417
Colonization of terrestrial habits, 432
Color, 133-135
pigment, 133-135
protection, 595
receptors, 190
Colorado potato beetle, 151, 399, 588
Common, LLF.B., 502
Common booklouse, 323
Communal societies, 216
Communication, 196-206
Community, 5561-554
Comperiella bifasciata, 618
Competition, 562, 566, 599-601
Complete metamorphosis, 236, 479
Compound eyes, 66-69, 133, 184-191
Comstock, J.H,, 16, 18, 19, 20, 57
Cone-headed grasshopper, 307
Confused flour beetle, 398, 399, 570, 600. 638
Coniopterygidae, 369, 370
Conocephalus strictus, 307
Conopidac, 442. 448, 460
Conotrachelus nenuphar, 403
Consumers, 555-558
Continental drift, 508
Control methods, 642-663
Cook, A.]., 20



Cook, ). R, 57
Coope, G. R, 547
Coordination, nervous system, 193
Cootie, 329, 330, 642
Copeognatha, 321
Copepoda, 44, 45
Coprid beetles, 627
Copris minutus, 373
Copulatory organ, 102, 104
Coquillet, D. W., 18
Corbet, P. S_, 204, 295
Coreidae, 337, 340, 345, 360
Corimelaena, 339
Corium, 335
Corixa, 340
Corixidae, 160, 337, 340, 341, 358-359
Corn, insects on, 633
Corn aphids, 588
Cornea, 186-189, 191
Corneagenous cells, 186, 191
Corn earworm, 498, 620
Corn rootworm, 633
Corpora allata, 119, 125, 194, 195, 261
Corpora cardiaca, 119, 166, 194
Corporotentorium, 66, 67, 70
Corpotendon, 66
Corpus luteum, 194, 195
Corrodentia, 321
Corydalidae, 367
Corydalus, 367
Corythuca floridanus, 355
Costa, 95
Costal crossveins, 96
Cotton, insects on, 633
Cotton aphid, 633
Cotton boll weevil, 22, 613, 633, 648, 659
Cotton bollworm, 498
Cotton fleahopper, 356
Cotton leafworm, 633
Cottony cushion scale, 18, 644
Counce, S. J., 263
Cox, C. B,, 548
Cox,G. W., 664
Coxa, 88, 92, 93, 122
Coxal process, 91
Coxopodite, 70, 71, 72, 73, 88, 101, 104
Crab louse, 329
Crampton, G. C., 472
Crane flies, 145, 441, 443, 453, 456
Cresson, E. T., 13, 18
Crichton, M. I.,478
Crickets, 100, 183, 197, 198, 269, 547
Cricatopus trifasciatus, 459
Crioceris uasparagi, 399
Crop, 108, 109, 110
damage to, 398, 399, 631-638
rotation of, 646
Crossveins, 94, 96
Crown borers, 636

Crowson, R.A., 407

Crozetia crozetensis, 80

Crozier, R.H., 433

Crustacea, 34, 35, 43, 44-46, 76, 113

Cryptic camouflage, 592

Cryptocercus purictulatus, 298

Cryptochaetum iceryne, 60

Cryptolaemus montrouzieri, 606, 607

Cryptoseruphus pinorus, 530

Crystalline cone, 186-191

Ctenocephalides canis, 224, 438
felis, 438

Cubital plate, 94

Cubitus, 95

Cuckoo wasps, 412, 425, 430

Cuclotogaster heteragraphus, 326, 327

Cucujidae, 375, 385

Cucujoids, 375, 376, 394-404

Cucumber beetles, 637

Cucurbit wilt disease, 637

Culex quinquefasciatus, 546, 571

Culicidae, 184, 442, 443, 445, 446, 456-458, 611

Cultural control of insects, 645

Cuneus, 356

Cupedidae, 375, 387

Curculionidae, 375, 376, 377, 379, 380, 402-403

Curly top of sugar beets, 637

Curran, C. H., 472

Currant worm, 418, 419

Cursoria, 295

Cutaneous respiration, 160-161

Cuticle, 128-130

Cuticulin, 130

Cuticulum layer, 132

Cut worms, 633, 634

Cuvier, 14

Cyclorrhapha, 442, 444, 462

Cydia pomonella, 564, 615

Cydninae, 344, 363

Cylindrachetidae, 547

Cynaeus angustus, 586, 587

Cynipidae, 253, 415, 424

Cynipoidea, 410, 412, 416, 424

Cyrnellus marginalis, 477

Cystocytes, 163

Cytoplasm, 225

Dactylopius coccus, 623
Dahlbominus fuscipennis, 617
Daily rhythm of insects, 575
Daly,H. V.. 629
Damage, relation to mouthparts, 76-85
Damsel bugs, 610
Damselflies, 161, 170, 224, 268, 289-282, 591
Danaine butterflies, 597
Danaus gilippus, 1966, 597
plexippus, 597
Dance flies, 547, 612
Dance of the honey bee, 201-202, 203
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Darkling beetles, 376, 398, 597
Darwin, C., 14
Dasyleptus, 514
brongniarti, 514
Dasymutilla bioculata, 426, 586, 587
Davis, C., 315
Day, W. C., 288
DDT, 12, 22, 604, 607, 615, 617, 653, 655
Dean, G. A, 20
Deathwatch beetle, 197
Debach, P., 629, 664
Deciduous fruit insects, 632, 634-636
Decker, G.C., 25
Decomposers, 555, 558, 626
DeCoursey, R. M., 363
Deerflies, 461
Defoliation: coniferous forests, 420, 637
by insects, 631-637
DeGeer, 8, 10
Delany, M. ]., 285
de la Torre-Bueno, ]. R., 273, 364
DeLong, D. M., 363
Delopterum incertum, 519
Demerec, M., 472
Demodicidae, 40
Dendrites, 191
Dendroctonus, 380, 609
Dengue, 21, 641
Denning, D.G., 478
Dermacentor ticks, 642
Dermal glands, 128, 132
Dermal light receptors, 184
Dermaptera, 52, 144, 266, 269, 275, 277,
310-312, 504, 523, 537
Dermestes, 393
lardarius, 393
Dermestidae, 376, 380, 385, 393-394
Desert, adaptation to, 545
Desert locust, 564
Deutocerebrum, 118
Deutonymph, 281
Development: physiology of, 223-240
temperature effect, 574-575
Developmental changes, 223-246
De Wilde, }., 263
Diabrotica, 646, 659
virgifera, 579
Diachasma tryoni, 224
Diapause, 244-246
Diaphanopterodea, 504, 516
Diapheromera femorata, 303
Diarrhea, 640
Diaspididae, 351
Diastraea grandiosella, 492
Diastrophus nebulosus, 247
Diathronomyia hypogaea, 635
Dictyoptera, 52, 266, 269, 275, 276, 278,
295-300, 504, 523, 610
Didea fasciate, 463

I-8 INDEX

Dieldrin, 22
Diffusion, in respiration, 155, 156
Digestion, 139-148
extraintestinal, 140
Digestive enzymes, 140, 143
Digestive system, 107, 146, 152, 232
Digger wasps, 430
Dilaridae, 369, 370
Dillon, E. S., 407
Dillon, L. S., 548
Dineutes, 380
Diploglossata, 312
Diplopoda, 44. 46. 48, 113
Diplura, 52, 69, 266, 267, 277, 279, 280, 504, 627
Diprion hercyniae, 420, 617
Diprionidae, 409, 410, 413, 414, 420
Dipseudopsidae, 476
Dipsocoridae, 337
Dipsocoromaorpha, 337, 338
Diptera, 52, 102, 119, 138, 139, 144. 146, 150,
171, 172, 238, 266, 275, 278, 440-472, 504,
527, 528, 530, 536, 537, 547, 564, 565, 579,
588, 591, 604, 606, 609, 611, 612, 615, 617,
619
Disease: distribution by housefly, 467
insect carriers, 458, 566, 636-642
of insects, 588-590, 644-645
Dispersal: past geographical, 507, 543-547
periodic, 576
Distal nerve fiber, 177
Diversification of terrestrial colonies, 536
Diversity patterns, 556, 558
Diving air stores, 160, 581
Diving beetles, adult, 160, 581
Dixon, A. F. G., 263, 363
Dobsonflies, 237, 366, 610
Dog fleas, 224
Dolichopodidae, 442, 451, 452, 460, 591
Dolichopsyllidae, 438
Dolichopus, 451
Dome receptor, 177
Domestic animals, insects affecting, 639-642
Dominick, R.B., 502
Donacia, 383
Doodlebug, 372
Dorilaidae, 464
Dormant oils, 655
Dorsal diaphragm, 112, 165
Dorsal sinus, 112
Dorsal vessel, 110, 111
Dorsum, 62
Douglas-fir tussock moth, 658
Downes, . A., 472
Draeculacephala mollipes, 348
Dragonflies, 161, 170, 173, 234, 236, 268,
289-294, 522, 535, 539, 581, 591, 610
Drainage., in soil, 579
Driver, E. C., 57
Drone bee, 596



Drone fly, 596 Elton, C., 601

Drosera, sundews, 591 Elytra, 198, 373, 519
Drosophila, 179, 182, 441, 574, 624 Elytroleptus apicalis, 598
melanogaster, 82, 465, 466 ignitus, 598
Drosophilidae, 442, 444, 453, 465 Embaphion muricatum, 398
Dryinidae, 410, 564, 565 Emerson, A. E., 303
Dryopidae, 375, 385, 392 Emerson, K. C., 330
Dryopoid beetles, 392 Embiids, 313, 523
Dunbaria fasciipennis, 536 Embioptera, 52, 218, 266, 269, 313-315, 504,
Dung beetles, 627, 628-629 523, 524, 542
Dung flies, 464, 465, 629 Embryo, 226-233
Dunnet, G. M., 439 Embryology, 64, 223-233
Dupuis, C., 25 Empididae, 442, 443, 448, 449, 452, 460,
Durden, C. ]., 548 547, 611
Dutch elm disease, 636 Empis, 117, 449
Dynastes tityus, 389, 390 Empoasca fabae, 576
Dysentery, 640 Empusal vein, 95, 96
Dytiscidae, 160, 374, 375, 382, 383, 385 Empus muscae, 589
Dytiscus, 382 Encyrtidae, 619
Endelomyia aethiops, 244, 418
Earwigs, 209, 269, 310-312, 537 Endites, 70, 71, 72, 73, 74
Earworm, 619 Endocrine system, 175, 193-195, 260-263
Ebling, W., 303, 664 Endocuticle, 129, 130, 135
Ecdysis, 135-137, 234 Endoderm, 107, 229
Ecdysone, 195, 245, 262 Endoparasites, 588, 615-619
Echidnophaga gallinacea, 438, 439 Enemies of insects, 562-566, 588-592, 603-619
Echinophthiriidae, 327 fungi, bacteria, viruses, 589-590
Eclosion, 232 other animals, 588-589
Eclosion hormone, 194 other insects, 588, 603-619
Ecological tolerance, 566 Energy flow, 552, 554-559
Ecology, 551-602 Engelmann, F., 263
Economic-injury level, 661 Enicocephalidae, 337
Economic threshold, 661 Enicocephalomorpha, 337
Ecosystem, 551, 552, 554-559, 663 Enoclerus sphegeus, 608, 609
balance of, 563 Entognatha, 44, 50, 52, 72, 226, 265-267,
modification of, 566 279-284, 504
Ecotones, 554 Entomobryidae, 283
Ectoderm, 107, 229 Entomology: history of, 4-24
Ectoparasites, 563-566, 590, 615-619 literature of, 24-25
Edmondson, W.T., 57 relations to humans, 1-4
Edmunds, G. F., Jr., 105, 288 Entotrophi, 279
Edwards, H., 18 Environment: effect of mortality, 570-572
Edwards, |. G., 407 effects on development, 568-570
Edwards, Milne, 14 humidity and evaporation, 552, 572
Efferia interrupta, 612 light, 567
Egg, 223-233 precipitation, 552, 572
Egg burster, 233 stability of, 563
Egg-laying, 241 temperature, 552, 567, 573
see also Oviposition Environmental factors, 552, 567-584
Eggplant leaf miner, 490 Enzymes, 140, 143, 167
Ehrlich, P. R., 502 Epargyreus tityrus, 500
Eisner, T., 174, 221 Ephemera, 286
Ejaculatory duct, 124 Ephemerella grandis, 287
Elateridae, 188, 196, 375, 380, 384, 391, 608 Ephemerida, 286
Electrocrania immensipala, 532 Ephemeridae, 288
Elephantiasis, 641 Ephemeroptera, 52, 76, 96, 234, 236, 266, 268,
Eleodes, 398, 597 275, 286-288, 504, 522
Elm leaf beetle, 636 Ephestia elutella, 492
Elmidae, 375, 384 Ephydridae, 442, 453, 464, 465
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