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These fumigants are dangerous to humans, and fumigation jobs must 
be handled with care during the application and ventilated properly 
when the treatment is completed. Hydrocyanic acid is deadly to hu
mans and especially dangerous because it is nearly odorless. Chloro
piOJin, even in minute quantities, is distressing and virtually incapacitating 
to human~ ,because of its penetrating odor and irritating properties. 

REPELLENTS are used to keep insects away from something and 
are not necessarily toxic. Naphthalene and camphor have been used 
for decades in homes for keeping insects out of stored clothing. Creosote 
is used to keep termites out of wood. 

Of many compounds that have been tested as repellents of mosquitoes, 
other biting flies, and chiggers, the most effective are dimethyl phthalate, 
Indalone, and an organic compound known as Rutgers 612. Each of 
these compounds is effective against only a certain number of species, 
but a mixture of the three applied to clothing and skin gives fair pro
tection to the user for a short period. Dimethyl phthalate and other 
repellents act primarily as a killing agent on mites rather than as true 
repellents. Benzyl benzoate is proving especially effective for giving 
protection against mites. 

INJURY. Insecticides must be used with caution, because they may 
damage the host as well as the insects or leave a residue that is toxic to 
man or domestic animals. For instance, lead arsenate sprays that are 
safe to use on many crops will burn peach and cotton foliage; on these 
calcium arsenate or a milder compound must be used. Apples sprayed 
with arsenicals must be washed or cleaned before being eaten, because 
the arsenical residue on the apple is toxic to humans. Oil sprays cause 
burning of foliage if applied in too concentrated form, and some in
secticidal preparations may cause blistering and dermatitis on animals. 

RESIDUAL ACTION. An important characteristic of insecticides is the 
length of time they remain toxic after being applied. Most stomach 
poisons remain toxic for long periods and are spoken of as having a high 
residual action. Nicotine alkaloid and pyrethrum have practically no 
residual action, losing their potency almost immediately after they are 
applied, owing to chemical deterioration. Some of the synthetic contact 
poisons, such as DDT, have a high residual action. The length of 
residual action governs to a large extent the frequency with which the 
insecticide must be reapplied. 

PLANT CONDITIONING. We have mentioned that certain sprays such as 
Bordeaux mixture induce a poisoning of plant sap that is toxic to insects. 
There are other cases of somewhat similar results that are thought to 
be due to induced physiological change of the plant, such as plant acid-
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ity or alkalinity. An example is the reaction of certain arsenicals on 
cotton. After being treated with acid calcium arsenate, cotton is unus
ually susceptible to the cotton aphid, which multiplies in great numbers. 
On the other hand, cotton treated with basic copper arsenate normally 
suffers no more than ordinary attack by the cotton aphid. The nature 
of this plant conditioning is not fully understood, but it promises to be 
an interesting and profitable field for investigation. 

ApPLICATION. Putting or getting an insecticide where it will do the 
most good presents problems of many kinds. First, the insecticide must 
be applied at the correct season and in some cases (as with mosquito 
larvae) within a period of only a few days. In the second place, weather 
conditions must be considered, because sprays and dusts cannot be ap
plied during rains or in high winds, and some crops are more susceptible 
to insecticide burning during periods of high temperature and humidity. 

A specialized set of machinery is available for applying sprays, dusts, 
and aerosols, for dipping cattle, or administering fumigation materials. 
A careful choice of these must be made for each control project, the area 
and local condition being taken into consideration, such as topography, 
height and spacing of the crop, and labor conditions. 

CONTROL PROBLEMS 

In reviewing the question of insect control there are some pertinent \" 
general considerations that must be borne in mind. 

COST. We have already mentioned that biological-control programs 
are carried on and financed by state or Federal agencies. There are 
other control projects of such great magnitude and such significance 
nationally that they are planned and financed by these same agencies. 
For example, about 1929 the Mediterranean fruit fly became established,· 
in Florida and was recognized as a pest that might ruin the American 
citrus fruit industry. Immediately a Government project was initiated 
to attempt the eradication of the pest. Quarantines were set up, cleanup 
measures enforced, thousands of tons of suspected fruit destroyed, and 
exhaustive surveys made. The fly colony apparently was completely 
extirpated, and the Nation bore the cost. Periodic grasshopper out
breaks threaten to consume all growing crops in entire states; here the 
Federal Government assists the farmers by supplying materials and 
machinery to fight a menace national in scope. 

But to the householder with moths in the closet, the farmer with his 
usual array of insect enemies, the mill operator with bugs in his prod-



Control Considerations 497 

ucts, in short, to everyone faced with the necessity of controlling insects 
by his own efforts, cost is a paramount consideration. The control cost 
must be low enough to allow the control application to be profitable. 
If, for instance, an insect threatened to reduce the yield of corn 10 
bushels per acre, and a control program would avert 80 per cent of this 
loss, control cost per acre would have to be less than the price of 8 
bushels of corn. Otherwise control would not be attempted, because, 
if it were, either the farmer would break even on the deal and be out 
the extra work involved, or he would lose money. The same principle 
holds with all control done by private means. 

In devising control methods, therefore, the entomologist must always 
strive for practical ones from the cost standpoint. With low-priced 
crops such as field crops, which seldom have a value of more than $300 
per acre, the premium is definitely on low-cost control even at a sacrifice 
of some efficiency in control obtained. In the case of greenhouse crops, 
the cash value of the product may be $10,000 or more per acre of glass, 
and the market price may drop disastrously with only a small insect in
festation. Here the demand is for perfect control even at a high price. 

THE WEAKEST LINK. In order to achieve most in both efficiency and 
economy, it is necessary to apply control measures at that point in the 
life history when the insect is most vulnerable or control is most practical. 
In the life history of many insects there is a point at which the insect 
may be reached easily by control applications. The cabbageworm, for 
example, is vulnerable at any time during its larval stage to poisons 
applied to its host. In the codling moth this vulnerable period is much 
shorter, being the interval of larval life between hatching and entrance 
of the young larva into an apple. Here the control is applied. An 
insecticide with a high residual action, such as lead arsenate or DDT, 
is applied that will cover the late blossoms or fruit. The young larvae 
will be caught in their attempt to enter an apple, either by eating a little 
arsenate as they bite through the apple skin, or by contact with the DDT. 

During chinch bug outbreaks, it is impractical, because of expense, 
to apply an insecticide to all the acreage of grass or grain that harbors 
the bugs. When, however, the bugs migrate from these crops to corn, 
it is practical to put a repellent barrier or a strip of insecticidal material 
along a line that the bugs must cross to reach a new food supply. In 
this way a small strip of applied insecticide is an effective control of 
millions of bugs on the march. 

COMMUNITY PROJECTS. In the case of some insects it does one person 
little good to effect control on his premises if the neighbors for some dis
tance around fail to do the same. The ox-warble or cattle grub is easily 
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controlled by squeezing the full-grown larvae out of the pockets they 
make beneath the hide of the cow and killing them, even though this 
method of control does little for the immediate season, since the damage 
is already done. But, if the neighbors don't do it, warble flies from their 
cattle will fly over and reinfest those of a person who has attempted 
control. If done thoroughly over a large section of country, the destruc
tion of this year's warbles will prevent their recurrence next year. The 
same is true of the control of many species of pest mosquitoes; coordinated 
control over a large area is usually necessary for relief. In this case, 
however, the control need is annual. 

DISPERSAL OF INFORMATION: EXTENSION. To be successful, insect control 
must be based on a detailed knowledge of the insects, local conditions, 
and possible control methods; and anyone of these can change in many 
details from year to year. Most of the control, moreover, must be done 
by individuals who are not specially trained in the work and who do 
not have this information readily available. To put the known infor
mation into the hands of these people is the field of extension. The 
information must be timely and simply but plainly stated and must 
reflect up-to-date advances in combating pests. 

It is being recognized more and more that extension is a vital phase 
of insect control. A good control practice not put to use does no good. 
Extension methods now embrace practically every known way of getting 
pertinent information to those who need or want it. State and Federal 
agencies, private research centers, and industrial concerns aid in carrying 
on the work. Bulletins, circulars, and newsletters are employed more 
than anything else, supplemented by television and radio talks, maga
zine and newspaper releases, lectures, and field demonstrations. By 
these efforts it is hoped ultimately that in the United States everyone 
with an insect-control problem will be able to find the best known way 
to handle it. 
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(In a series of entries, important references are indicated by boldface type) 

Abbott, John, 11 
Abdomen, 82 
Academy of Natural Sciences of Phila-

delphia, II 
Acalymma vittata, 338 
Acalyptrata, 392, 393 
Acanthocephala, 278 
Acarina, 35, 37 
Accessory glands, 106, 149 
Achorutes armatus, 216 
Acinus, 116 
Adaptability, 47 
Adaptive features, 46 
Adephaga, 317, 325 
Adult, 174, 175 
Adulthood, 163, 174 
Aedeagus, 106 
Aedes, 386 
Aegeriidae, 357, 361 
Aeolothripidae, 264 
Aeration, 441 
Agassiz, Louis, 16,21 
Agricultural ants, 312 
Agricultural crop pests, 478 
Agrioles, 329 
Agromyzidae, 382, 393 
Aguila, 294 
Air movement, 435 
Air sacs, 97, 130 
Air tubes, 132 
Alaglossa, 64 
Alary muscles, 95 
Alderflies, 288 
Aldrin, 493 
Aleochara, 328 
Aleurodidae, 271, 283 
Alfalfa caterpillar, 373 

Alimentary canal, 90 
Alinotum, 74 
Allocapnia,442 

vivipara, 247 
Alternation of generations, 187 
Amber, 406 
Amblycera, 256 
American Revolution, 7 
American roach, 230 
Amnion, 170 
Amphibians, 413 
Ampulicidae, 312 
Amylase, 116 
Anabolism, 139, 143 
Anabrus simplex, 240, 463 
Anaerobic tolerance, 141 
Anal veins, 80 
Anamorphosis, 215 
Anasa Iristis, 278 
Andrenidae, 298 
Andricus erinacei, 189 
Angiosperms, 417 
Angoumois grain moth, 361 
Anisoptera, 222, 226 
Anisota rubicunda, 367 
Anlagen, 170, 176 
Annelida, 26 
Anobiidae, 325 
Anopheles, 386 
Anoplura, 254, 255, 257 
Anosia plexippus, 457 
Antennae, 55, 56 

second, 61 
Antennal sc1erite, 57 
Anterior, 53 
Anterior intestine, 93 
Anthocoridae, 267, 269 
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Anthomyiidae, 382, 395 
Anthonomus grandis, 341 
Anthrenus scrophulariae, 331 
Anticoagulin, 116 
Antlions, 292 
Ants, 198, 294, 302, 310 
Anus, 90, 93 
Aorta, 94, 137 
Apanteles melanoscelus, 305 
Apex, 53 
Aphididae, 187, 284, 430 
Aphidlions, 292 
Aphidoidea, 271, 283, 284 
Aphids, 187, 283 
Aphis gossypii, 284 
Apidae, 200, 298, 299, 314 
Apis mellifera, 314 
Aplopus mayeri, 231 
Apocrita, 295, 302 
Apodeme, pleural, 74 
Apodemes, 59 
Apoidea, 298, 314 
Appendages, abdominal, 83 

embryonic, 166 :1 

muscles of, 103 
reproductive types, 83 

Apple canker, 476 
Apple maggot, 394 
Application of insecticides, 496 
Applied entomology, 3 
Apterygota, 174, 203, 213 
Aquatic life, 132 
Aquatic medium, 441 
Aquatic vegetation, 443 
Arachnida, 33, 61 
Arachnoidea, 33 
Aradidae, 267, 269, 278 
Araneae,35 
Arborizations, 154 
Archeozoic, 409 
Arctiid moths, 369 
Arctiidae, 357, 369 
Argentine ant, 312 
Argidae, 295 

" 

Argyrotaenia velutinana, 36:l 
Arixeniidae, 237 
Armyworm, 368, 436 
Arthropleona, 216 
Arthropoda, 26, 409 

, Arthropod appendage, g~alized, 61 
Artifical control, 483 
Ascalaphidae, 290 
Aschiza, 392 
Asilidae, 377, 379, 391 
Asparagus beetle, 338 
Aspidiotus pernzdosus, 285 

Assassin bugs, 274 
Assimilation, 123 
Association neurones, 154-
Aster yellows, 476 
Alta texana, 439 
A ttagenus piceus, 331 
Australian cockroach, 230 
Autecology, 426 
Axillary sclerites, 77 
Axon, 154 

Babesia bigemina, 477 
Bacillus pestis, 477 

popilliae, 450 
Backswimmers, 272 
Bacteria, 449 
Bacterial diseases, 450 
Bacterial rot of cotton, 476 
Bagworms, 359 
Baits, 492 
Bald-faced hornet, 308 
Bark beetles, 341 
Barnacles, 40 
Baryodma, 328 
Basal metabolism, 140 
Basalar sclerites, 77 
Base, 53 
Basilarchia archippus, 455 
Bean weevils, 340 
Beauveria globulifera, 449 
Bed bugs, 275 
Bees, 294, 302, 306, 314 
Beet leafuopper, 282 
Beetles, 315 
Behavior, 150, 160 
Belostomatidae, 267, 273 
Benzene hexachloride, 493 
Benzyl benzoate, 495 
Berothidae, 291 
Bethune, Rev, C, J. So, 18 
BHC,493 
Bibionidae, 377 
Bichat, 16 
Biological clock, 161 L 
Biological control, 485 \ \ 
Birds, 452 
Bisexual, 145 
Biting sheep louse, 257 
Bittacidae, 347 
Black carpet beetle, 331 
Black death, the, 477 
Black flies, 386 
Black-locust sawfly, 445 
Bladderworts, 452 
Blastophaga psenes, 306 
Blatta on'entalis, 230 
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Blattaria, 228 
Blattella, 124 

germanica, 230 
Blattidae, 228 
Blissus leucopterus, 277 
Blister beetles, 333 
Blood, 93,129,134-,137 
Blood cells, 94, 135 
Blood corpuscles, 94, 135 
Blood pressure, 1 14-
Body louse, 259 
Body regions, 43 k 
Body wall, 50, 109 "r 
Boll weevil, 23, 341 
Bombidae, 200 
Bombus, 200, 314-
Bombyliidae, 377, 379 
Bombyx, 144-

morz', 353 
Booklice, 251 
Borboridae, 382, 393 
Bordeaux mixture, 493 
Boreidae, 34- 7 
Boreus, 34-7 
Bostrichidae, 325 
Bot flies, 395 
Bottom, aquatic medium, 443 
Bound water, 141 
Brachycera, 375,388 
Braconidae, 299, 305 
Brain, 98, 99, 145 ". 
Braula caeca, 399 
Braulidae, 376, 399 
Breakbone fever, 4-77 
Brevicoryne brassicae, 187 
Bristletails, 217 
Brown rot of peach, 4-76 
Brown-tail moth, 367 
Bruchidae, 321, 340 
Bruchophagus gibbus, 305 
Bruchus pisorum, 34-0 
Bubonic plague, 2, 402, 477 
Bugs, 264-, 271 
Bulb mites, 37 
Buprestidae, 324, 329, 415 
Bureau of Agriculture, 14 
Bursa copulatrix, 149 
Butterflies, 352, 369, 371 

Cabbage aphid, 187 
Cabbage looper, 369 
Cabbage maggot, 396 
Cabbage worms, 371 
Caddisflies, 34-7 
Calcium arsenate, 4-92 
Caliroa cerasi, 179 

Callibaetis, 221 
Calliphoridae, 381 
Callitroga hominivorax, 488 
Callosamia promethea, 367 
Caloneurodea, 4-13 
Calyptrata, 392, 394 
Calyx, 105 
Cambarus, 272 
Cambrian, 4-09 
Camel crickets, 24-0 
Camnula pelluclda, 240 
Campaniform sensilla, 151 
Camphor, 495 
Campodeidae, 213 
Campodeids, 213 
Canada, 18 
Cankerworms, 365 
Cantharidae, 323 
Canthon, 337 
Capitate, 57 
Capniidae, 24-9 
Carabidae, 323, 325 
Carboniferous, 4-10 
Cardia, 121 
Cardiac caeca, 123 
Cardiac valve, 91 
Cardo,63 
Carotin, 110, 112 
Carotinoids, 14-2 
Carpet beetles, 331 
Casemaking clothes moth, 359 
Castes, 194 
Catabolism, 139, 142 
Catesby, Mark, 11 
Cattle tick, 477 
Cave crickets, 240 
Cecidomyiidae, 376, 377, 387 
Cellulase, 120 
Cenozoic, 4-06, 418 
Centipedes, 4-0 
Central nervous system, 154-
Cephalothorax, 33 
Cephidae, 295 
Cerambycidae, 321, 322,339 
Ceratitis capitata, 394-
Ceratophyllidae, 402 
Ceratopogonidae, 377 
Cerci, 83 
Cercopidae, 271, 280 
Cervix, 70 
Chalcid flies, 305 
Chalcidoidea, 297, 305 
Chelicerae, 61 
Chelifer, 35 
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Chemical conditions of medium, 436 
Chemical composition of soil, 440 
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Chemical control, 492 
Chemotropism, 461 
Cherry fruit fiy, 394 
Chewing lice, 254, 255 
Chicken lice, 256 
Chicken-head louse, 256 
Chiggers, 37 
Chigoe, 402 
Chilopoda, 30, 40 
China, 23 
Chinch bugs, 277 
Chironomidae, 377, 383 I 

Chironomus, 137 
Chitin, 110, 120 
Chlordane, 493 
Chloropicrin, 493 
Chloropidae, 382, 393 
Chordotonal organs, 151 
Chorion, 146, 164 
Chrysididae, 300, 312 
Chrysobothris jemorata, 330 
Chrysomelidae, 321, 322, 323,338 
Chrysopidae, 290, 291 
Cibarium, 117 
Cicada killer, 3 13 
Cicadas, 281, 313 \. . 
Cicadellidae, 271, 282 
Cicadidae, 269, 281 
Cicindelidae, 323, 325 
Cimbex americana, 301 
Cimbicidae, 295 
Cimex, 148 

lectularius, 275 
Cim~ida~ 267, 275 
Circulation, 134, 137 
Circulatory system, 93 
Circulifer tenellus, 282 
Citheroniidae, 357, 367 
Citrus-fruit insects, 479 
Civil War, 11, 15, 17 
Clavate, 57 
Clear-wings, 36J 
Cleavage, early, 165 
Click beetles, 329 
Climate, 427 

tempering of, 438 
Cloeon" 221 

\ Clothes moths, 359 
\ Clover-seed chalcid, 305 

Clypeus,59 
Coccidae, 284 
Coccinellidae, 325, 331 
Coccoidea, 27 J, 283, 28 
Cockroaches, 81, 227 
Coelopidae, 381 
Cold hardiness, 141 

Coleoptera, 206, 209, 315, 413 
Colias philodice eurytheme, 373 
Collateral branch, 154 
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Collembola, 82, 203, 213,216,409 
Colleterial glands, 106 
Colletidae, 298 
Color, 112 
Colorado corn rootworm, 439 
Colorado potato beetle, 338 
Color-pigment metabolism, 141 
Common booklouse, 253 
Community development, 193 
Community projects, 497 
Competition, 457 
Complete metamorphosis, 47, 175 
Compound eyes, 55, 56, 153 
Comstock, J. H., 1 B, 20, 21 
Concretions, 406 
Conductivity, 149, 154 
Cone-headed grasshoppers, 240 
Confused flour beetle, 337, 431 
Coniopterygidae, 289 
Conopidae, 379, 393 
Conotrachelus nenuphar, 341 
Contact, response to, 460 
Contact poisons, 492 
Contractility, 149, 156 
Control methods, 4B4 
Control problems, 496 
Cook, A. J., 21 
Coordination, 155 
Cootie, 259 
Copeognatha, 251 
Copepoda, 38 
Coquillet, D. W., 19 
Coreid bugs, 27B 
Coreidae, 269, 278 
Corium, 264 
Corixidae, 132,263,272 
Corn, insects on, 478 
Corn earworm, 369 
Cornea, 152 
Corneagenous cells, 152 
Cornell University, 16 
Corpora allata, 106, 107, 143 
Corporotentorium, 59 
Cor rodentia, 206, 211, 213, 251, 413 
Cortical layer, 165 
Corydalidae, 288 
Cost of control, 496 
Costa, 79 
Cotton, insects on, 478 
Cotton boll weevil, 23, 341 
Cotton bollworm, 369 
Cotton fleahopper, 277 
Cottony cushion scale, 19, 105 
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Coxa, 72, 75 
Coxopodite, 61 
Crab louse, 259 
Crane flies, 382 
Crayfish, 38, 272 
Creosote, 495 
Cresson, E. T., 15, 19,20 
Cretaceous, 406, 417 
Crickets, 238, 240 
Crioceris asparagi, 322, 338 
Crop, 91 
Crossveins, 77, 80 
Crustacea, 30, 38, 61, 65, 409 

mandibles, 62 
Cryptocercus punctulatus, 194, 229 
Cryptoserphus succinalis, 408 
Ctenocephalides canis, 402 

felis, 402 
Cubital furrow, 80 
Cubitus, 80 
Cuckoo wasps, 312 
Cuclotogaster heterographus, 256 
Cucujidae, 325 
Cucurbit wilt, 476 
Culex quinquefasciatus, 432 
Culicidae, 376, 384 
Cultural control, 488 
Cuneus, 275 
Curculionidae, 317, 321, 340 
Curly top of sugar beets, 476 
Cursoria, 205, 209, 210, 212, 227, 413, 

414 
Cutaneous respiration, 133 
Cuticle, 110, II B 
Cuticulin, 110 
Cuvier, 16 
Cyclorrhapha, 375, 391 
Cydninae, 267, 280 
CyUene robiniae, 340 
Cynaeus angustus, 448 
Cynipoidea, 300, 306 
Cytochrome system, 134 
Cytoplasm, 165 
Cytoplasmic filaments, 111 

Daddy longlegs, 35 
Daily rhythm, 435 
Damage, 468 

feeding-chewing type, 469 
feeding-sucking type, 472 

Damselflies, 221, 225 
Darkling beetles, 336 
Darwin, 16 
Dasymutilla bioculata, 447 
DDT, 24,493 
Dean, G. A., 22 

Deciduous fruit inseCJtl; 480 
Deer flies, 389 
DeGeer, 7 
Demodicidae, 37 
Dengue, 386, 477 
Depth, ~42 
Dermacentor, 477 
Dermal glands, 111 
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Dermaptera, 205, 209, 212, 236, 415 
Dermestes lardarius, 331 
Dermestidae, 325, 331 
Derris, 493 
Deutocerebrum, 99 
Deutonymph,215 
Development, 163 

physiology of, 142 
temperature and, 428 

Devonian, 409 
Diabrotica virgifera, 439 
Diapause, 144 
Diarrhea, 476 
Diaspididae, 284 
Diatraea grandiosella, 363 
Dieldrin, 493 
Diffusion, 129 
Digestion, 115 
Digestive system, 90 

formation of, 170 
Digestive tract, 142 

larval adaptations, 123 
Digger wasps, 306 
Dilaridae, 291 
Dimethyl phthalate, 495 
Dioecious, 103 
Diploglossata, 237 
Diplopoda, 40, 42 
Diplura, 203, 211, 212, 213 
Diprion hercyniae, 148, 302 
Diprionidae, 296, 302 
Diptera, 207, 209, 212, 373 
Diseases of insects, 449 
Diseases of man, 477 
Dispersal, periodic, 436 
Distal, 54 
Diving air stores, 132 
Dixippus, 160 
Dobsonflies, 288 
Dog fleas, 402 
Dolichopodidae, 381, 391 
Dolichopsyllidae, 402 
Domestic animals, insects affecting, 480 
Donada, 322 
Doodlebug, 292 
Dorsal diaphragm, 95 
Dorsal sinus, 95 
Dorsum, 53 
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Dragonflies, 81, 221, 2:26, 413 
Drainage, 439 
Drosera, 452 
Drosophila, 433 

melanogaster, 394 
Drosophilidae, 382, 394 
Dryopl{} beet)es, ':):,\) 
Dryopidae, 325, 330 
Dynastes tityus, 337 
Dysentery, 476 
Dytiscidae, 132, 323, ,,25 

Earwigs, 236 
Ecdysial sutures, 58 
Ecdysis, 112, 173 
Echidnophaga gallinacea, 402 
Echinophthiriidae, 257 
Ectoderm, 91, 109, 168 
Edwards, Henry, 19, 20 
Edwards, Milne, 16 
Egg, 146, 164 
Egg burster, 172 
Egypt, 2 
Ejaculatory duct, 106 \. 
Elasticity, 52 
Elateridae, 324, 329 
Eleodes, 336 
Elephantiasis, 477 
Elmidae, 325 
Elytra, 315 
Embaphion muricatum, 3% 
£;t{).\)\\u<;" 11,') 

Embioptera, 193, 205, ~45 
Embryology, 164 
Embryonic coverings, 170 
Embryonic developmeJlt, 164 
Empididae, 379, 381 
Empoasca jabae, 436 
Empusa muscae, 449 
Endelomyia aethiops, 179, 302 
Endites, 61 
Endocuticle, 110 
Endoderm, 91, I 70 
Endrin,493 
Enemies, 448 
Enocytes, 106, 107 
Entomobryidae, 216, 41 
Entomology, Division 0 

Entomophagous fungi, 't't'1 

Environmental factors, 427 
Enzymes, 119 

"Eocene, 419 
Epargyreus tityrus, 370 
Ephemera, 220 
Ephemerida, 219 

r· , 

Index 

Ephemeroptera, 65, 205, 209, 210, 219, 
411,414 

Ephestia elutella, 364 
Ephydridae, 382, 393 
Epicauta, 334 

pennsylvanica, 334 
vil1ala, :,c/& 

Epicranial arms, 58 
Epicranial suture, 57 
Epicuticle, 110 
Epidermis, 110, 142 
Epilachna varivestis, 333 
Epilimnion,443 
Epimeron, 74-
Epipharynx, 57 
Episternum, 74 
Epitrix, 338 

hirtipennis, 339 
Eriococcidae, 285 
Eriocraniidae, 358 
Eriophyidae, 37 
Eristalis, 393 
Euplexoptera, 236 
European corn borer, 2, 23, 363 
European earwig, 237 
European spruce sawfly, 302 
Eurypauropodidae, 43 
Eurypterida, 33, 409 
Eusternum, 75 
Euura, 302 

hoppingi, 183 
salicisnodus, 183 

~~~~,~~~~,\~~,\~\,"'~~ 
Excretion, 125 
Exites,61 
Exocuticle, 110 
Exoskeleton, 50 
Extension, 498 
External parasites, 451 
Extraintestinal digestion, 1 J6 
Exuviae, 173 
Eyes, 152 

Fabricius, 10 
Face, 55 
Facet, 153 
Fall armyworm, 369 
False wireworm, 336 
Fanniidae, 382, 395 
Fat body, 106, 107, 124, 125, 170 
Fecundity, 48 
Felt, E. P., 19 
Femur, 75 
Fernald, C. H., 21 
fertility con.trol, 488 
Fertilization, 147 
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Fibril, receptor, 154 
Fibrillae, 156 
Field-crop insects, 478 
Fig chalcid, 306 
Figs, 306 
Filaria, 449, 477 
Filariasis, 386, 477 
Filiform, 57 
Filter chamber, 122 
Fire blight, 476 
Firebrats, 218 
Fireflies, 328 . '. 
Fitch, Asa, 14, 17 I 
Flat bugs, 278 /' 
Flatheaded apple tree biOiier, 330 
Flatheaded wood borers, 329 
Flea beetles, 338 
Fleas, 400 
Fletcher, James, 18 
Flexibility, 52 
Flies, 373 
Flight, 157 
Flower flies, 392 
Flower thrips, 263 
Fluorine compounds, 492 
Follicle mites, 37 
Food,444 

habits, 181 
storage, 124 

Forbes, S. A, 17, 22 
Fore-intestine, 118 
Forest insects, 483 
F orficula auricularia, 237 
Formicidae, 198,296,310 
Fossils, 405 
Frankliniella tritici, 263 
Frenatae, 355, 358 
French Revolution, 7 
Frons, 59 
Front, 59 
Frontoclypeal suture, 59 
Fruit flies, 394 
Fruit insects, 479 
Fulgoridae, 270, 271, 281 
Fumigants, 493 
Fungi,449 
Furca,75 
Furcula, 216 

Galea, 63 
Gall gnats, 387 
Gall makers, 182 
Gall wasps, 306 
Galleria mellonella, 363 
Ganglia, 98, 154 
Garden fleahopper, 277 

Garden insects, 479 
Garden webworms, 363 
Gaster, 304 
Gasterophilidae, 381, 395 
Gasterophilus, 395 

intestinalis, 395 
Gastric caeca, 92, 123 
Gastrjc mW, 9J 
Gastrulation, 168 
Gelastocoridae, 265 
Gelechiidae, 360 
Gena, 59 
Genal suture, 59 
General purpose compounds, 493 
Genitalia, female, 84 

male, 84 
Geologic eras, 409 
Geologic timetable, 406 
Geometers, 365 
Geometridae, 354, 357, 365 
Geotropism, 460 
Germ band, 166 
Germ cells, 109 
Germ layers, 168 
German cockroach, 230 
Germarium, 146 
Gerridae, 267, 274 
Gesner, 5 
Giant water bugs, 273 
Gigantostraca, 33 
Gill respiration, 133 
Gills, rectal, 134 

segmental, 83, 133 
Glandular reaction, 156, 160 
Glandular secretions, 127 
Glossae, 64 
Glossina, 181, 421 
Glycogen, 124 
Glypta rufiscutellaris, 304 
Gnathal segments, 30 
Gnathochilarium,42 
Gnorimoschema, 360 
Gonads, 170 
Gradual metamorphosis, 174 
Granary weevil, 341 
Grape berry moth, 363 
Graphohtha molesta, 363 
Grasshoppers, 205, 238 
Gravity, reaction to, 460 
Green peach aphid, 284 
Greenhouse insects, 479 
Greenhouse leaf tier, 363 
Greenhouse thrips, 264 
Green-striped maple-worm, 367 
Grote, A R., 15, 19 
Ground beetles, 325 
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Growth, 109 
control of, 197 

Gryllidae, 238, 240 
Grylloblatta, 243, 430 
Grylloblattidae, 243 
Grylloblattids, 243 
Grvlloblattodea, 238, 243 

Gryllotalpa, 192 
Gryllotalpidae, 238, 241 
Guinea pig lice, 256 
Gypsy moth, 23, 367, 446 
Gyrinidae, 317,326 
Gyropidae, 256 

Haematomyzus, 254 
elephantis, 255 

Haematopinidae, 258 
Haematopinus asini, 258 
Hagen, Hermann A., 21 
Halictidae, 298 
Haliplidae, 323, 325 
Halteres, 373 
Haltica, 339 
Haltieus braeteatus, 277 
Harlequin bug, 280 
Harmolita grandis, 305 

tritiei, 305 
Harris, T. W., 13 
Harvard, 21 

Museum of Comparative Zoology, II 
Harvestmen, 35 
Hatch Act, 19 

Hatching, 164, 172 
Hawk moths, 365 
Head,54 
Head capsule, 55 
Heart, 94,137,142,170 
Hectopsyllidae, 40 I 
Heidemann, 0., 19, 
Helicopsyche, 349 " 

\ Heliothis zea, 369 
Heliothrips haemorrhoidalis, 21';4 
Hellebore, 492 
Helomyzidae, 382, 393, 394 
Hemerobiidae, 290, 291 
Hemerocampa leucostigma, 36) 
Hemimeridae, 237 
Hemimetabolous developm(!nt, 175 
Hemiptera, 206, 209, 21(),'213, 264, 

413 . 
Itemipteroid orders, 206 
Hemocoel, 93 
Hemocytes, 135 
Hemoglobin, 135, 137 
Hemolymph, 93 

Henous, 334 
confertus, 336 

Hepialidae, 354, 358 
Heptachlor, 493 
Hermaphroditic insects, 103 
Hesperiidae, 355, 370 
Hessj;m ~~ 3BB 
Heterarthras nemorata, 302 
Heteroceridae, 325 
Heterogony, 199 
Heteromera, 334 
Heteroptera, 265, 271 
Heterothripidae, 264 
Hexagenia, 220 
Hexageniidae, 221 
Hexapoda, 43 
Hind intestine, 121 
Hippoboscidae, 376, 399 
Hippodamia convergens, 333 
Histeridae, 323 
Histoblasts, 176 
Histogenesis, 142 
Histolysis, 142 
Holoblastic cleavage, 165 
Holocrine secretion, 119 
Holometabola, 287 

Index 

Holometabolous development," ~75 
Homoptera, 265, 280 ._. 
Honey bee, 3, 200, 314,428 
Horistonotus, 329 
Hormones, 143, 144 
Horn, G. H" 19,20 
Hornets, 308 

Horntails, 300, 302 
Hornworms, 365 
Horse bot fly, 395 
Horse flies, 389 _ 
Horse sucking louse, 258 .' 
Horseshoe crab, 33 
Host crossover, 445 
House fly, 395 
Howard, L. 0., 19 
Human flea, 402 
Human habitations, pests of, 48'2 
Humeral crossvein, 80 
Humidity, 432, 434 
Hydrachnidae, 37 
Hydraulic function, 137 
Hydraulic pressure, 157 
Hydrocyanic acid, 493 
Hydrometridae, 267 
Hydrophilidae, 132, 320 
Hydropsychidae, 351 
Hygrotropism, 462 
Hylemya antiqua, 396 

. brassieae, 396 
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Index 

Hymenoptera, 206, 211, 212, 294,415 
Hypermetamorphosis, 178, 352 
Hyphantria, 193 
Hypoderma bovis, 397 
Hypognathous, 55 
Hypolimnion, 443 
Hypopharynx, 56, 65, 117 
Hystrichopsyllidae, 402 

Ice Age, 421 
Icerya purchasi, 105 
Ichneumon flies, 304 
Ichneumonidae, 299, 304 
Illinois, 15, 17 
Imago, 174 
Imported cabbageworm, 371 
Imported currantworm, 302 
Indalone, 495 
India, 23 
Indian-meal moth, 363 
Ingestion, 116 
Injury, insecticidal, 495 
Inocellz'a, 294 
Inocelliidae, 294 
Insect losses, 2 
Insect orders, outline of, 45 
Insect parasites and predators, 485 
Insecta, 26, 30, 43 
Insect-pollination, 417 
Insects, 43 
Instar, 173 
Integument, 109 

structure of, 110 
Intercalary segment, 54 
Internal parasites, 449 

respiration of, 134 
Internal skeleton, 75 
International Commission of Zoological 

Nomenclature, 20 
International Rules of Zoological Nomen-

. clature, 20 
I~ternational Zoological Congress, 20 
Intima, 127 
Invertase, 116 
Iowa State College of Ag;iculture, 21 
Iridom}'rmex humilis, 312 
Irritability, 149 
Isaria, 450 
Ischnocera, 256 
Ischnopsyllidae, 402 
Isopoda, 38, 39 
Isoptera, 194, 205, 2HJ, 213, 232 
Itch mites, 37 
'ltonididae, 387 
Ixodidae, 37 

Japanese beetle, 2, 308, 337, 429 
Japygidae, 106, 213 
Japygids, 213 
Jefferson, Thomas, 11 
Johns Hopkins University, 16 
Jugal furrow, 80 
Jugal veins, 80 
Jugatae, 354, 358 
Jumping plant lice, 283 
June beetles, 337 
Jurassic, 414 
Juvenile hormone, 143 
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Kansas State Agricultural College, 21 
Katydids, 240 

Labia minor, 237 
Labial glands, 93, 116 
Labial palpi, 64 
Labium, 56, 63 
Laboulbenaceae, 450 
Labrum, 55, 57, 59 
Lace bugs, 278 
Lacewings, 289, 291 
Lacinia,63 
Ladybird beetles, 331 
Laemobothriidae, 256 
Lamarck, 16 
Lamellate, 57 
Lamellicorn beetles, 337 
Lampyridae, 323, 328 
Languriidae, 322 
Lantern fly, 281 
Lanternaria phosphorea, 281 
Lapftygma Jrugiperda, 369 
Larch sawfly, 302 
Larder beetle, 331 
Larva, 175 
Larvaevoridae, 397 
Lasiocampidae, 357, 364 
Lateral, 53 
Lauxaniidae, 382, 393 
Lead arsenate, 492 
Leaf beetles, 338 
Leaf rollers, 362 
Leaf-cutting ant, 439/ 
Leafhoppers, 282 V' 
LeBaron, Wm" 17 
LeConte,J, L., 19,20 
Leeuwenhoek, 5 
Leg joint, 51 
Legs, 71, 75 
Lens, 152 
Lepidoptera, 207, 210,212,352 
Lepidosaphes ulmi,. 285 
Lepisma saccharina, 218 



510 

Lepismatidae, 218 
Leptinotarsa, 144 • 

decemlineata, 338-
Lethocerus americanus, 273 
Leuctridae, 249 
Life cycle, 163 
Light, 427 

reaction to, 460 
Ligula, 64 
Limonius species, 439 
Limulus, 33 
Linguatulids, 29 
Linnaeus,8 
Liparidae, 354, 357, 367 
Liposcelis divinatorius, 253 
Liquid diet, 121 
Litholleura mirifica, 407 
Litomastix truncateUus, 173 
Locust borer, 340 
Locustidae, 238, 239 
Locy,5 
Longevity, 181 
Longhorn beetles, 339 
Long-horned bugs, 273 
Long-horned grasshoppers, 240 
Loxostege similalis, 363 -
Lycaenidae, 357 
Lygaeid bugs, 277 
Lygaeidae, 267, 269, 277 
Lygus lineolaris, 277 
Lymph, mammalian, 134 
Lyonet, 7 

Machilidae, 217 
Macracanthorhynchus hirudinaceus, 449 
Macrocentrus gifuensis, 172 
Macrofrenatae, 364 
Macropsis trimaculalus, 282 
"Ma<:xos," 364 
Macrosteles fascifrons, 436 
Magicicada septendecim, 282 
Maine State College, 21 
Maintenance, 109 
Malacosoma, 192,364 
Malaria, 386, 477 
Malathion, 493 
Mallophaga, 254, 255 
Malpighi,5 
Malpighian tubules, 93, 125 
Man, diseases of, 477 

insects affecting, 480 
Management control, 488 
Mandibles, 56, 61 
Manson, Patrick, 23 
Mantidae, 227, 230 
Mantids, 227, 230 

Mantis religiosa, 230 
Mantispidae, 289, 291 
Mantispids, 289 
Mantodea, 227, 230 
Margaropus anlluialus, 477 
Masarinae, 308 
Massachusetts, State of, 13 
Alastigoproctus, 35 
Maternal care, 192 
Mating, 148, 179 
Maturity, 163, 179 
Maxillae, 56, 62 
Maxillipeds, 38 
Mayatrichia, 352 
Mayflies, 81,219 

Index 

Meadow grasshoppers, 240 
Mealworms, 337 
Mealybugs, 283 
Measuring worms, 365 / \ 
Mecoptera, 207, 209, 210,211; 212, 846', 

413 h_ 

Mecopteran line, 207 
Medfly, 394 
Media, 80 
Medical entomology, 23 
Mediterranean fruit fly, 394 
Medium, conditions of, 436 
Megachilidae, 299 
Megaloptera, 206, 211, 288, 413 
Megalothorax, 216 
Megaphasma dentricus, 232 
Megaxyela aviingrata, 454 
Melanin, 110, 112, 142 
Melanoplus biuittatus, 239 

differential is, 239 
femur-rubrum, 239 
mexicanus, 239,463 
spretus, 239 j 

Melanotus, 329 
Melittia cucurbitae, 362 
Melittidae, 298 
Meloe angusticollis, 336 
Meloidae, 185,320,333 
Melon aphid, 284 
Melophagus ovinus, 399 
Melsheimer, F. V., II 
Membracidae, 270, 281 (Y<o 

Membrane, 264 
Membranous, 51, III 
Menacanthus stramineus, 256 
Mengeidae, 343 
Menopon gallinac, 256 
Menoponidae, 256 
Mentum, 64 
Meroblastic cleavage, 165 
Merocrine secretion, I 19 
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Meron,75 ,,; 
Merope tuber, 347 
Meropeidae, 347 
Merostomata, 33 
Mesenteron, 91,92,119,122,170 
Mesoderm, 168 
Mesomachilis, 218 
Meson, 53 
Mesothorax, 72 
Mesozoic, 406, 414 
Metabolic rate, 140 
Metabolic water, 124 
Metabolism, 139 
Metallic wood borers, 329 
Metamorphosis, 136, 142, 164, 173, 174 
Metathorax, 72 
Methoxychlor, 493 
Methyl bromide, 493 
Mexican bean beetle, 333 
Miastor, 179, 190 
Michigan Agricultural College, 21 -
Microcoryphia, 87, 205, 212, 217 
Microfrenatae, 359 
Microlepidoptera, 359 
Micromalthus debil£s, 179, 189 
Micropterygidae, 358 
Micropyle, 146, 164 
Microthorax, 70 
Midges, 383 
Mid-intestine, 119, 124 
Milkweed bug, 277 
Milkweed butterfly, 457 
Milky disease, 450 
Miller moths, 368 
Millipedes, 42 
Mimicry, 455 
Miocene, 421 
Miridae, 267, 269, 275 
Miscible oils, 493 
Mississippian, 409 
Missouri, 17 
Mites, 37 
Mitochondria, 134 
Moisture, 439 
Mole crickets, 241 
Molting, 112 
Molting glands, 125 
Moniliform, 57 
Monocrepidius, 329 
Monomorium pharaonis, 312 
Mordellidae, 320 
Mormon cricket, 240, 463 
Morpho, 112 
Morrill Act, 16 
Mortality, 430 ;,_ 
Mosquitoes, 51, 384 

Moths, 352 
~otor neurones, 154· 
Mouth, 90 

,/ 

Mouthparts, 60 
Mouthparts, types of, 67 

chewing, 67 
chewing-lapping, 68 
cutting-sponging, 67 
piercing-sucking, 68 
siphoning-tube, 69 
sponging, 67 

Mud daubers, 313 
Mudge, B. F., 21 
Milller, 16 
Murgantia histrionica, 280 
Muscidae, 381, 395 
Muscle reaction, 156 
Muscular system, 170 
Museums, 5 
Musical organs, 87 
Mutillidae, 297, 300, 307 
Mycetophilidae,377 
Mydaidae, 377, 391 
Mydas clavatus, 391 
Mydas flies, 391 
Myriapod group, 40 
Myriapoda, 30, 409 
Myrientomata, 215 
Myrmeleontidae, 290 
Myzus persicae, 284 

Nabidae, 267, 269 
Naphthalene, 495 
Nasutes, 195,234 
Natural control, 483 
Neck,70 
Needle-horned series, 280 
Neididae, 269 
Nematocera, 374, 382 
Nematus ribesh, 302 

tibial£s, 445 
Nemobius, 240 
Nemouridae, 249 
Neodiprion lecontei, 302 
Neoptera, 80, 205, 411 
Nepidae, 267 
Nerve cells, 154 
Nervous system, 98, 142, 170 
Neurocyte, 154 
Neurones, 154 
Neuroptera, 206, 210, 211,289,413 
Neuropteroid orders, 206, 287 
New York, State of, 14, 17 
Nezara,94 
Nicoletiidae,218 
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Nicotine, 493 
alkaloid, 492 

Nidi, 119 
Nitidulidae, 325 
Noctuidae, 368 
Northern cattle grub, 397 
Norton, Edward, 19, 20 
Nosopsyllus jasciatus, 402 
Natodantidae, 337 
Notonectidae, 132, 265, 272 
Notum, 71, 74 
Noxious secretions, 454 
Nucleus, 165 
Number of species, 46 
Nurse cells, 146 
Nutrition, 124 
Nygmia phaeorrhoea, 367 
Nymph, 174 
;'\Iymphalidae, 355 

Obtect, 358 
Occipital condyle, 59 
Occipital foramen, 56 
Occipital suture, 59 
Occiput, 59 
Ocelli, 55, 56, 153 
Ochrotrichia, 352 
Ocular sclerite, 56 
Ocularium, 56 
Odonata, 205, 210, 221 
Odorous house ant, 312 
Odors, response to, 461 
Oecanthus,241 
Oecetis,351 
Oedipodinae,,239 
Oesophagus, 91 
Oestridae, 381, 396 
Oestrus ovis, 397 
Oil emulsions, 493 
Oils, 493 
Ol£garces, 179 

paradoxus, 189 
Oligocene, 419 
Oligoentoma,216 
Oligotoma sp., 247 
Ommatidia, 153 
Oncopeltus jasciatus, 27~ 
Oncopoda, 28 
Onion maggot, 396 
Onion thrips, 264 
Ontario Entomological Society, 18 
Onychophora, 28 
Oocytes, 146 
Ootheca, 229 
Opius, 457 
Orange sulphur, 373 

Ordovician, 409 
Oriental cockroach, 230 
Oriental fruit moth, 363 
Orientation, 53 
Ortalidae, 393 

Index 

Orthoptera, 205,209,210,212,213,238, 
415 

Orthopteroid orders, 413 
Orussidae, 300 
Osborn, Herbert, 21 
Oscinidae, 393 
Osmeterium,371 
Ostia, 94, 137 
Otitidae, 382, 393 
Outbreaks, 464 
Ovarioles, 105, 146 
Ovary, 105 
Oviduct, 105 
Oviparous, 180 
Oviposition, 180 

injury by, 474 
Ovipositor, 105 
Ovum, 164 
Owen, 16 
Owlet moths, 368 
Oxygen requirements, 140 
Oysters hell scale, 285 

Packard, A. S.,Jr., 17, 19,21 
Paedogenesis, 179, 189 
Pale western cutworm, 438 
Paleocene, 419 
Paleodictyoptera, 411 
Paleoptera, 80, 205, 411 
Paleozoic, 32, 406, 409, 410 
Palpigrada, 34, 35 
Palpognaths, 40 
Palpus,63 
Panoistic ovarioles, 148 
Panorpidae, 346, 347 
Papilionidae, 355, 371 

, 
I 

Paradichlorbenzene, 493 
Paraglossae, 64 
Parasites, 184, 449, 451 
Parasitic insects, 3, 449 

-'-

Paratenodera sinensis, 230 
Parathion, 493 
Paratn'o;:;a cockerelli, 436 
Paris green, 19, 492 
Parthenogenesis, 179 
Parthenogenetic species, 148 
Parthenogenetic vi vi parous generations, 

187 
Partial metamorphosis, 174 
Pathogenic organisms, 487 
Paurometabolous development, 174 
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Pauropoda, 30, 40, 43 
Pea weevils, 340 
Peach tree borer, 362 
Peanut bug, 281 
Pear thrips, 264 
Peck, W. D., 11 
Pectinate, 57 
Pectinophora gossypiella, 361 
Pediculidae, 258 
Pediculus humanus, 259 
Pedipalpi, 34, 35 
Pelecinidae, 300 
Pelecinus polyturator, 300 
Pemphigus, 188 
Pem phredoninae, 313 
Penis, 106 
Pennsylvanian, 406, 410 
Pentastomida, 28, 29 
Pentatomidae, 267, 279 
Pentatominae, 267, 279 
Periodic cicada, 281 
Peripatus, 28 
Periplaneta americana, 230 

australasiae, 230 
Peri trophic membrane, 120 
Permian, 413 
Pest insects, 478 
Phagocytic "tissue," 136 
Phagocytosis, 136 
Phalaenidae, 357, 368 
Phalangida, 35 
Pharaoh ant, 312 
Pharyngeal pump, 117 
Pharynx, 91, 11 7 
Phasmida, 228, 231 
Phasmidae, 228, 231 
Pheidole, 199 
Philopotamidae, 351 
Philopteridae, 256 
Phlaeothripidae, 263 
Phoridae, 377, 392 
Photoperiodism, 144 
Photoreceptive cells, 152 
Phototropism, 460 
Photurus pennsylvanicus, 328 
Phragma, 74 
Phthiraptera, 206, 213, 254 
Ftthiriidae, 258 
Phthirius pubis, 259 
Phyllophaga, 337 
Phyllotreta, 338 
Phylloxeridae, 189 
Phymatidae, 267 
Physical conditions, 436 
Physiography, 440 
Physopoda, 260 

Phytophaga destructor, 388 
Phytophagous, 182 
Pieridae, 357, 371 
Pieris, 160 

protodice, 371 
rapae, 371 

Piesmidae, 269 
Pigment cells, 153 
Pigments, 112, 127 
Pillbugs, 38 
Pine shoot moths, 363 
Pink bollworm, 360 
Pitcher plants, 452 
Plant bugs, 275 
Plant conditioning, 495 
Plant diseases, 475 
Plant lice, 284 
Plasma, 93 
Plasmodium, 449, 477 
Platygaster hiemalis, 172 
Platysamia cecropia, 144 
Plecoptera, 205, 210, 211, 247, 413 
Plectoptera, 219 
Pleistocene, 421 
Pleura, 72 
Pleural region, 71 
Pleural suture, 74 
Pleurodema, 74 
Pleuron, 72, 74 
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Pliocene, 421 
Plodia interpunctella, 364 
Plum curculio, 341 
Plum leafhopper, 282 
Poduridae, 216,418 
Pogonomyrmex, 3 12 
Poison claws, 41 
Poisons, 111, 454 
PoNstes, 199, 308 
Pollination, 3, 417 
Polychrosis, 144 

viteana, 363 
Polyctenidae, 271, 41 9 
Polyembryony, 172 
Polyphaga, 317, 327, 343 
Polystoechotidae, 291 
Polytrophic ovarioles, 148 
Pompilidae, 300, 312 
Popillia japonica, 337 
Population dynamics, 462 
Pore canals, III 
Porosagrotis orthogonia, 438 
Porthetria dispar, 367, 446 
PostembqlOnic development, 164, 173 
Posterior, 53 
Posterior intestine, 93 
Postgena, 59 
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PostJabium, 64 
Postnotum, 74 
Postoccipital suture, 59 
Postocciput, 59 
Postoral segments, 54 
Potato insects, 478 
Potato leafhopper, 436 
Potato psyl'lia, 435 
Poultry insects, 481 
Praying mantids, 227, 230 
Precipitation, 432 
Precocious hatching, 181 
Predaceous plants, 452 
Predators, 291, 451 
Prelabium, 64 
Prementum, 64 
Preoral cavity, 90 
Pretarsus, 75 
Primary germ cells, 146 
Pristiphora erichsonii, 302 
~,~~~~~,~~\~~~~\,~L 

internal, 53 
Proctodeal valve, 91 
Proctodeum, 91, 93,121,170 
Proctotrupoidea, 297 
Procuticle, 110 
Prognathous, 55 
Promethea moth, 367 
Pronuclei, 148 
Pronymphal membrane, 172 
Propupa, 262 -
Prostomium, 54 
Protection against enemies, 452 
Protecti.ve reremblauce, 453 
Proteinase, 120 
Protelytroptera, 413 
Protentomobryidae, 418 
Proteolytic enzymes, 116, 120 
Proterozoic, 409 
Prothoracic glands, 143, 145 
Pro thorax, 72 
Protocerebrum, 99 
Protocoleoptera, 413 
Protodonata, 411, 413, 414 : 
Protonymph, 215 
Protoparce quinquemaculata, 365 

sexta, 365 
Protorthoptera, 205, 413 
Protura, 82, 203, 213, 214 
Provancher, L., 20 . 
Proventriculus, 91, 118 
Proximal, 54 
Psallus seriatus, 277 
Psammocharidae, 312 
Psephenidae, 323 
Pseudaletia unipuncta, 368, 436 

Pseudodineura par1!ula, 445 
Pseudoscorpionida, 34, 35 
Pseudo scorpions, 35 
Psocids, 251 
Psocoptera, 251 
Psychidae, 354, :;59 
Psychodidae, 376 
'hychomyiidae, 351 
Psyllidae, 271, 21}3 
Pterodactyls, 415 
Pterygota, 174, 219 
Pulex irritans, 402 
Pulicidae, 40 I, 402 
Pulsatile organs, 138 
Pulsating organs, 95 
Pupa, 175, 206, ~62 
Pupipara, 181, IB6, 392,398 
Pycnogonida, 33, 38 
Pygmy mole crid{ets, 243 
Pyloric valve, 91 
l''j'ralidae, 3:i7, 363 
Pyrausta nubllahs, 363 
Pyrethrum, 492 
Pyrrhocoridae, 269 

Quarantine, 484 
Quiescent period, 144 

Radial sector, 79 
Radius, 79 
Ramphocon·xa, 272 
Raphidiidae, 294-
Raphidiodea, 206, 210, 293, .f13 
Rat-tailed maggots, 393 
Ray, 5, 8 
Reaumur,7 
Reception, 150 
Rectal chamber, 134 
Rectum, 93, 121, 126, 133 
Red spiders, 37 
Red-banded leaf roller, 362 
Red-headed pine sawfly, 302 
Redi,5 
Reduction division, 148 
Reduviidae, 269,274 
Reed, "Valter, 23 
Reflex actions, 161 
Regions, body, 53 
Renaissance, 4 
Repellents, 495 
Repetitious generations, 186 
Reproduction, 145 
Reproductive caste, 234 
Reproductive openings, 42, 43 
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Reproductive system, 103, 142 
female, 105 
male, 106 

Residual action, 495 
Respiration, 95, 127 

blood, 129 
external, 127 
internal, 134 

Respiration control, 131 
Respiratory movements, 131 
Respiratory quotient, 140 
Response, 150 
Retina, 152 
Rhabdom, 152 
Rhagionidae, 378 
Rhagoletis cingulata, 394 

pomonella, 394 
Rhinoceros beetle, 337 
Rhopalocera, 355, 369 
Rhyadonia, 363 
Rhyacophila, 351 
Rhyncophthirina, 255 
Rice weevil, 341 
Ricinidae, 256 
Rickettsia, 477 
Riley, C. V., 14, 17 
Robber flies, 391 
Rocky Mountain grasshopper, 239, 463 
Rocky Mountain spotted fever, 477 
Rodolia cardinalis, 333 
Roesel,7 
Rome, 2 
Rootworms, 338 
Rose-slug, 302 
Ross, Ronald, 23 
Roundheaded apple tree borer, 340 
Roundheaded borers, 339 
Rove beetles, 327 

Sacken, Osten, 19 
Saldidae, 269 
Saliva, 116 
Salivary glands, 93 
Salivation, 116 

. Saltatoria, 238 
San Jose scale, 23, 285 
Sanninoidea exitiosa, 362 
Saperda candida, 340 
Sapromyzidae, 393 
Saprophagous, 182 
Sarcophagidae, 381 
Sarcoplasm, 156 
Sarcoptidae, 37 
Sarcosomes, 134 
Sarracenia, 452 
Satin moth, 445 

Saturniidae, 357, 365 
Saunders, Wm., 18 
Say, Thomas, 12 
Sawflies, 294, 300 
Scale insects, 283 
Scarabeidae, 320, 337 
Scarabs, 337 
Sceliphron, 313 
Schistocerca gregaria, 463 
Schleiden, 16 
Schradan,493 
Schultze, 16 
Schwann, 16 
Sciomyzidae, 382, 393 
Scleri tes, 51, 52 
Sclerotized, III 
Scolia dubia, 306 
Scoliid wasps, 306 
Scoliidae, 300, 306 
Scolopendrella, 42 
Scolopophorous sensilla, 151 
Scolops, 281 
Scolytidae, 321, 341, 415 
Scopeumatidae, 382, 394 
Scorpionflies, 346 
Scorpionida, 34, 35 
Scorpions, 35, 409 
Screw-worm, 488 
Scrub typhus, 477 
Scudder, S. H., 19 
Scutellerinae, 267, 280 
Seasonal coordination, 430 
Seasonal cycles, 186 
Seasonal succession, 442 
Sedentary predators, 291 
Segment, generalized, 71 
Segmentation, 166 
Seminal vesicle, 106 
Sense organs, 150 
Sense receptors, 150 
Sensitivity, 149, 150 
Sensory neurones, 154 
Sepsidae, 381, 393 
Septa, 138 
Serosa, 170 
Serrate, 57 
Semceous, 57 
Setae, 111, 150 
Seventeen-year locust, 282 
Sexual maturity, 179 
Shade tree insects, 483 
Sheep bot fly, 397 
Sheeptick, 399 
Short-horned bugs, 272 
Shrew, 337 
Shrimp, 40 
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Sialidae, 288 
Silkworm, 353 
Silkworm moth, 365 
Silphidae, 320, 323 
Silurian, 409 
Silverfish, 218 
Silver-spotted skipper, 370 
Simple metamorphosis, 174 
Simuliidae, 377, 386 
Siphonaptera, 207, 212,400 
Siricidae, 296, 302 
Sisyridae, 289, 291 
Sitophilus granarius, 341 

oryza,341 
Sitotroga cerealella, 361 
Six-spot leafhopper, 436 
Skippers, 369, 370 
Sleeping sickness, 477 
Slingerland, M. Y., 22 
Small fruits, insects of, 480 
Small grains, insects of, 478 
Sminthuridae, 216 
Smith,John B., 19 
Smith, Theobald, 23 
Snakeflies, 293 
Snow cover, 432 
Social bees, 200, 314 
Social insects, 191 
Social larvae, 192 
Social life cycles, 20 I 
Social wasps, 199,306 
Sodium fluoride, 492 
Sodium fluosilicate, 492 
Soil properties, 438 
Soil texture, 438 
Soldier caste, 194, 232 
Solenopsis molesta, 312 
Solitary wasps, 312 
Solpugida, 35 
Soma, 109 
Sound receptors, 151 
Southern cabbageworm, 371 
Southern house mosquito, 432 
Southwestern corn borer, 363 
Sowbugs,38 
Speed, flight, 158 
Sperm tubes, 106 
Spermatheca, 106 
Spermathecal duct, 147 
Spermatophore, 149 
Spermatozoa, 145 
Sphecidae, 297, 312 
Sphecinae, 313 
Sphecius speciosus, 313 
Sphecoidea, 297, 312 
Sphingidae, 357, 365 

" 

Sphinx moths, 365 
Spiders, 35 
Spina, 75 
Spina sternum, 75 
Spiracle control, 131 
Spiracles, 72, 96, 97 
Spittle bug, 28 I 
Spoilage, 474 
Sponge feeders, 291 
S pongeflies, 291 
Sporotrichum globulifera, 449 
Springtails, 216 
Spurious vein, 392 
Squash blister beetle, 336 
Squash bugs, 278 
Squash vine borer, 362 
Stable fly, 395 
Stadium, 173 
Staphylinidae, 320, 327 
Sterile workers, 198 
Sternum, 71, 75, 82 
Sticktight flea, 402 
Stzlpnotia salz'cis, 445 
Stings, 454 
Stink bugs, 279 
Stipes, 63 
Stipulae, 64 
Stomach,92 
Stomach poisons, 492 
Stomach reaction, 123 
Stomodeal valve, 91 
Stomodeum, 90, 91, 118, 170 
Stomoxys calcitrans, 395 
Stored-food-products pests, 482 
Stratiomyidae, 377, 378 
Streblidae, 376 
Strepsiptera, 178,317,343,345 
Stress receptors, 151 
Striated muscles, 156 
Structural colors, 112 
Styli, 83 
Stylopidae, 185, 343, 345 
Subalar sclerites, 77 
Subcosta, 79 

I Subcoxa, 72 
Subcoxal sclerites, 83 
Subimago, 174, 219 
Submentum, 64 
Substitute reproductive caSt", 1 " .. 

Subterranean medium, 437 
Sucking lice, 254, 257 
Sulphurs, 371 
Sundews, 452 
Superlinguae, 65 

Index 

Supraoesophageal ganglion, 99, 145 
Suspended activity, 144 
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Swallowtailed butterflies 371 
Swammerdam, 5 ' 
Swifts, 358 
Symbiotic digestion, 121 
Symbiotic protozoan fauna 194 196 
Symphyla, 40, 42 " 
Symphypleona,216 
Symphyta, 295, 300 
Synapse, 155 
Synecology, 426 
Syrphid flies, 392 
Syrphidae, 379,392 
Systema Naturae, 8, 20 
Systemic poisons, 493 
Systox, 493 

Tabanidae, 377, 389 
Tachina flies, 397 
Tachinidae, 185, 381, 397 
Tactile stimuli, 151 
Taenidia, 127 
Taeniopterygidae, 249 
T aeniothrips inconsequens, 264 
Tanytarsus, 179 
T apinoma sessile, 312 
Tarantula, 35 
Tardigrada, 28 
Tarnished plant bug, 277 
Tarsus, 75 
Teleotrophic ovarioles, 148 
Telopodite, 61 
Temperature, 428, 434 

aquatic, 441 
Temperature control, 139 
Temperature receptors, 152 
Temperature resistance 141 
Tenaculum, 216 ' 
Tendipedidae,383 
Tenebrio, 337 
Tenebrionidae, 320, 336 
Tent caterpillars, 364 
Tenthredinidae, 296, 302 
Tentorial pits, 59 
Tentorium, 56, 59 
Tents, 494 
Tephritidae, 382, 394 
Terebrantia, 263 
Tergum, 71, 82 
Termites, 194, 232 
Terrestrial medium, 436 
Testes, 106, 145 
Tetranychidae, 37 
Tetrastichus, 457 
Tetrigidae, 238, 240 
Tettigoniidae, 238, 240 
Texas fever of cattle, 23, 477 

Therevidae, 379 
Thermobia domestica, 218 
Thermocline, 443 
Thermoreceptors, 152 
Thermotropism, 462 
Thief ant, 312 
Thigmotropism, 460 
Thomas, Cyrus, 17 
Thorax, 72 
Thread-horned series, 283 
Three striped blister beetle, 336 
Thripidae, 264 
Thrips, 82, 260 
Thrips tabaci, 264 
Thyreocorinae, 267, 280 

517 

Thyridopteryx ephemeraeformis, 360 
Thysanoptera, 206, 210, 213, 260,413 
Thysanura, 65, 205, 212, 218 
Tibia, 75 
Tibicen linnei, 313 
Tibiotarsus, 76 
Ticks, 37 
Tiger beetles, 325 
Tinea pellionella, 359 
Tineidae, 359 
Tineola bisselliella, 3 S9 
Tingidae, 268, 278 
Tlphia, 308 
Tiphiidae, 300, 308 
Tipulidae, 376, 382 
Tissue determination, 168 
Tobacco flea beetle, 339 
Tobacco hornworm, 365 
Tobacco insects, 478 
Tobacco thrips, 264 
Tomato hornworm, 365 
Tormogen cell, 112 
Tortricidae, 357, 362 
Totoglossa, 64 
Toxaphene, 493 
Toxins, 474 
Tracheae, 95, 127 
Tracheal system, 95, 142, 170 
Tracheal trunks, 96, 97 
Tracheole liquor, 128 
Tracheoles, 97, 127 
Transmission, of animal diseases, 476 

of plant diseases, 475 
Tree crickets, 241 
Treehoppers, 281 
Tremex columba, 302 
Triassic, 414 
Tribolium, 337 

co rifusum, 33 7 
Trichodectes, 256 

ovis, 257 
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Trichodectidae, 256 
Trichogen cell, 111 
Tr£choplus£a n£, 369 ' 
Trichoptera, 207, 211, 347, .15' 
Tridactylidae, 238, 241, 243 
Trigonalidae, 185 
Trilobita, 29,31,409 
Trilobite leg, 51 
Tritocerebrum, 99 
Tritonymph, 215 
Triungulin, 334 
Triungulinid, 345 
Trochanter, 75 
Trog£um pulsaton'um, 253 
Trombiculidae, 37 
Trophallaxis, 196, 199 
Tropisms, coordinated, 4-62 
Truck crop insects, 479 
Trupaneidae, 394 
Trypanosoma, 449, 477 
Trypetidae, 394 
Trypoxylinae, 313 
Tubulifera, 263 
Tunga penetrans, 402 
Tungidae, 401, 402 
Turbidity, 443 
Tussock moth, white-_rked, 367 
Tympanum, 151 
Typhoid fever, 476 
Typhus, 477 
Tyroglyphidae, 37 

Udea rubigalis, 363 
UH~"" P. R., \<:\ 
United States Entomological Commis-

. sion, 17 
Uric acid, 125 
Urogomphi, 326 
Uterine development, 161 
Utricularia, 452 

Vagina, 105 
Vas deferens, 106, 146 
Vas efferens, 146 
Vedalia, 19, 333 
Veins, 77 
Veliidae, 267 
Velvet ants, 308 

\ Venation, 77 
Venter, 53 
Ventilation, 129 
Ventral plate, 166 
Ventriculus, 92 
Vertex, 57 
Vesalius,5 
Vespa, 199 

Vespidae, 300, 308 
Vespoid wasps, 312 
Vespula maculata, 308 
Viceroy, 455 
Vinegar gnats, 394 
Virus diseases, 450 
Vitamins, 124 
'V\te)ime membrane, 154 
Viviparity, 180 
Von Baer, 16 

Walkingsticks, 227, 231 
Wallace, 16 
Walsh, B. D., 14, 17 
Warble flies, 396 
Wasp nests, 291 
Wasps, 294, 302, 308 
Water absorption, 121 
Water bears, 28 
Water boatmen, 272 
Water bug, 230 
Water requirements, 124 
Water striders, 274 
Wax, 111 
Wax moth, 363 
Weakest link, 497 
Weather, 427 
Web spinners, 245 
Webbing clothes moth, 359 
Weevils, 315, 340 
Wheat, 478 
Wheat jointworm, 305 
Wheat straw-worm, 305 
~'u:"'»\D.:"'~ '\,,,,,,,»:.,.,,~'\,, :,'S 
Whirligig beetles, 326 
White ants, 232 
White grubs, 337 
Whiteflies, 283 
Whites, 371 
Williston, S. W., 19,20 
Wing design, evolution or;so 
Wing development, 176 
Wing muscles, heart, 95 
Winged segment, 74 
Wings, 47, 76, 142 

origin of, 77 
Wireworms, 329, 439 
Wood roach, 229 
Worker caste, 194, 232 
Wotton,S 

Xenopsylla cheopis, 402 
Xiphosura, 33 
Xyelidae, 295 

Yellow fever, 386, 477 
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Yellow jackets, 308 
Yolk, 165 

Zoogeographic regions, 207 
Zoophagous, 182 

Zoraptera, 206, 211, 249 
Zorapterans, 249 
Zorotypidae, 251 
;C:protypus, 251 
Zygoptera, 222, 225 
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