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2, 4-D, 4, 29

Acacia longifolia, 252, 273

Acacia saligna, Port Jackson willow, 286

acacias, 59

acaricide, 89

acclimitization societies, 19–20

Achilles heel, 25, 259

Acridotheres tristis, mynah bird, 137

activation–inhibition hypothesis, 257

Aculus fockeui, peach silver mite, 6

Acyrthosiphon pisum, pea aphid, 99, 125, 132, 155,

181

Adalia bipunctata, two-spotted lady beetle, 144

additive strategy, 96

Adoxophyes honmai, 222

Aedes aegypti, 384

Aedes vexans, 209

Africa, 55, 64, 68, 157, 237, 369

Ageratum conyzoides, 105

Agrilus planipennis, emerald ash borer, 377

Agrobacterium radiobacter, 299

Agrobacterium tumefaciens, 298

agrocin, 299

Agrypon flaveolatum, 119

airplane, 80

alders, 282

alfalfa, 97, 101, 125, 155, 379

alfalfa caterpillar, Colias eurytheme, 207

alfalfa weevil, Hypera postica, 52, 101

Algarobius prosopis, 64

allee effects, 125

Alliaria petiolata, garlic mustard, 20

amber disease, 213

Amblyseius swirskii, 70

ambushers, nematodes, 193

American chestnut, Castanea dentata, 309

Americas, 19

Ampelomyces quisqualis, 300, 319

amphibian, 16

Amsinckia intermedia, fiddleneck, 255

Amyelois transitella, navel orangeworm, 199

Amylostereum areolatum, 196

Anagrus epos, 103

Anagyrus kamali, 60

Anagyrus sp. near kivuensis, 50

Andrés, L. A., 31

Anguina amsinckiae, 255

Anisoplia austriaca, wheat grain beetle, 31

Anoplophora chinensis, citrus longhorned beetle,

239

ant lions (Myrmeleontidae), 141

Anticarsia gemmatalis, velvetbean caterpillar, 101,

221

ants (Formicidae), 34, 36, 93, 140, 141, 151, 154

ants, tending Hemiptera, 179, 267

Aonidiella aurantii, California red scale, 6, 7, 113

aphid flies (Chamaemyiidae), 148

Aphidius ervi, 125

aphids (Aphididae), 6, 18, 47, 62, 67, 79, 94, 100,

101, 124, 143, 305, 330, 343

Aphis glycines, soybean aphid, 382

Aphis gossypii, cotton aphid, 87, 92, 131, 153, 157,

379

Aphis nerii, oleander aphid, 141

Aphthona lacertosa, 273

Aphthona nigriscutis, 273

Aphytis chrysomphali, 113

Aphytis lingnanensis, 113

Aphytis melinus, 113

Apis mellifera, honey bee, 12, 329

Apoanagyrus lopezi, 183

apple orchards, 7, 88, 104, 221, 380

apples, 98, 222, 302

aquatic weeds, 13, 246, 249

Argentine stem weevil, Listronotus bonariensis, 380

Arizona, 380

Armillaria mellea, 294

armyworm, Spodoptera exigua, 379

arsenic, 4

Arthrobotrys, 324

Arthrobotrys anchonia, 301

Arthrobotrys dactyloides, 301

Ascension Island, 246

Asclepias spp., milkweed, 256, 381

Ascomycota, 231–233, 311

ash, Fraxinus spp., 377

Asia, 64, 330
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Asian corn borer, Ostrinia furnacalis, 82–83

Asian gypsy moth, Lymantria dispar asiatica, 28

aspens, 282

Aspergillus flavus, 311

Atkinsson, P. L., 360

Atlantic Canada, 259

attract and reward, 100

augmentation biological control, 66–83, 379

comparing inundative vs. inoculative, 71–72

definitions, 66–69

greenhouses, 69–71

host specificity, 73

inoculation, 68–69

inundation, 66–67

macroorganisms, 77

microorganisms, 77–79

needing a market, 72–73

Australia, 19, 20, 30, 43, 50, 51, 59, 64, 96, 137,

197, 224, 252, 267, 340, 342, 347

autumnal moth, Epirrita autumnata, 119

Azadirachta indica, 368

Bacillaceae, 204

Bacillus subtilis, 306

Bacillus thuringiensis, 23, 28, 67, 72, 78, 83,

204–212

safety, 328–329

Bacillus thuringiensis israelensis, 209, 384

bacteria, entomopathogenic, 203–214

Bt resistance, 211–212

toxins, 23, 203

bacteria, symbiotic, 190

Baculoviridae, 215

Bailey, V. A., 116

balance of nature, 24

balanced mortality hypothesis, 174

banker plants, 70, 94, 105, 186

Basidiomycota, 284

basking, 238

Bassi, Agostino, 29

Bathyplectes curculionis, 52

beans, 71, 92

Beauveria bassiana, 29, 83, 236

Beauveria brongniartii, 71, 239

beekeepers, 347

beetle banks, 93

Bemisia tabaci, 50, 373

Bessa remota, 334

big-eyed bug, Geocoris pallens, 138

BioControl, 29

Biocontrol Science and Technology, 30

biodiversity, 16, 329, 338, 353, 378

bioherbicides, 67, 279

biointensive IPM, 362

biological control

agents (BCAs), 292

arthropod pests, history, 30–31

definition, 22–24

diversity, 25–28

history, 30

host density, 28

market, 371

plant pathogens and plant parasitic nematodes,

32–33

strategies, 25

weeds, history, 31–32

Biological Control:Theory and Application in Pest

Management, 30

biological pollution, 20

biopesticides, 67, 379

biopiracy, 386

bioprotectants, 313

bioresidual control, 374

biotrophy, 278, 291

biotypes, 51, 279

birch trees, 119

bird cherry-oat aphid, Rhopalosiphum padi, 154

black crust of rubber, 320

blackberry, Rubus spp., 276

blackberry leafhopper, Dikrella californica, 103

blind releases, 70, 186

Blossey, B., 274

bodyguards, 156, 190, 233

Boettner, G. H., 338

Bombyx mori, silkworm, 29, 329

Bordeaux mix, 4

Boreioglycaspis melaleucae, 253

botanical pesticides, 367

Botrytis, 319

Botrytis cinerea, 294

bottom-up forces, 256

Braconidae, 162

Brazil, 20, 32, 221

British Columbia, 28, 259, 367

British House of Lords, 15

British Isles, 20

brown marmorated stink bug, Halyomorpha halys,

88

brown planthopper, Nilaparvata lugens, 374

browntail moth, Euproctis chrysorrhoea, 344

bruchids (Bruchidae), 63

Bt-cotton, 373

Buchnera, 203

buckwheat, 95, 100

bumble bees, 16

bunds, 104

Bupalus piniarius, pine looper moth, 177

Burdon, J. J., 246

Burkholderia cepacia, 324

Burma, 28

Bushland, R. C., 367

Butler, L., 328
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cabbage, 99

cabbage looper, Trichoplusia ni, 173, 211

cacao, 104

Cactoblastis cactorum, 252, 262, 266, 342

calicivirus, 227

California, 18, 30, 43, 82, 95, 97, 113, 279

California red scale, Aonidiella aurantii, 6, 7, 113

Callosamia promethea, 338

Canada, 28, 69, 174, 272, 282, 385

Candida oleophila, 312

cane toad, Rhinella marina, 137, 339

cannibalism, 75, 76, 241, 268

Carabidae (ground beetles), 149–151

carbamates, 16, 89

carbon dioxide, 379

cardenolide steroids, 141

cardiac glycosides, 256

Cardiochiles nigriceps, 176

Carduus nutans, musk thistle, 249, 252

Caribbean, 343

Carson, Rachel, 13–16, 332

cassava, 157, 183

cassava green mite, Mononychellus tanajoa, 55,

157

cassava mealybug, Phenacoccus manihoti, 55, 64,

183

Castanea, 377

Castanea dentata, American chestnut, 309

Cecidomyiidae (gall and wood midges), 148

cecropia moth, Hyalophora cecropia, 338

Centaurea diffusa, diffuse knapweed, 248

Centaurea spp., knapweed, 260

Central America, 92

centrifugal phylogenetic method, 345

Ceratitis capitata, Mediterranean fruit fly, 353

cereal aphids, 34

cereal cyst nematode, Heterodera avenae, 295, 323

cereal leaf beetle, Oulema melanopus, 90

cereals, 94

Chalcidoidea, 162

Chamaemyiidae (aphid flies), 148

Charudattan, R., 280

Chateaurenard region, 321

chemical pesticides, 5, 6–12, 22

side effects, 15–17

chestnut, 377

chestnut blight, 309

China, 4, 5, 28, 82, 92, 96, 104, 105, 236, 265

chitin, 322

chlamydospores, 314, 321

Chloris gayana, Rhodes grass, 96

Chondrostereum purpureum, 282

Chontrol, 282

Choristoneura fumiferana, spruce budworm, 209

Chromobacterium subtsugae, 23

Chrysolina quadrigemina, 261

Chrysopidae (green lacewings), 131

cinnabar moth, Tyria jacobaeae, 255, 257

citrus, 7, 18, 28, 30, 96, 105, 113, 276, 281

citrus black scale, Saissetia oleae, 53

citrus longhorned beetle, Anoplophora chinensis,

239

citrus red mite, Panonychus citri, 96, 105

Citrus sinensis, sweet orange, 305

citrus tristeza, 305

classical biological control, 41–65, 386

definition, 41

economics, 64–65

foreign exploration, 51–52

main uses, 45–48

methods, 55

new associations, 49

success, 55–64

climate change, 378–379

climate modeling, 51

Coccinella novemnotata, nine-spotted lady beetle,

343

Coccinella septempunctata, seven-spotted lady

beetle, 154, 155, 157, 343

Coccinellidae (lady beetles), 143–144, 156, 330,

343, 379

cochineal, 31, 267

Cochliomyia hominivorax, screwworm fly, 366

coconut, 220

coconut moth, Levuana iridescens, 333

coconut palms, 220, 334

coconut rhinoceros beetle, Oryctes rhinoceros, 64,

220

Code of Best Practices, 352

Code of Conduct, 352

codling moth, Cydia pomonella, 222, 367, 380

Coelomomyces, 233

coevolution, 226, 350

coevolutionary arms race, 181

coffee, 5, 49

coffee mealybug, Planococcus kenyae, 49

Coleoptera, 271

Coleotichus blackburniae, green koa bug, 341

Colias eurytheme, alfalfa caterpillar, 207

collards, 91, 130, 153

Collego, Colletotrichum gloeosporioides f. sp.

aeschynomene, 281

Colletotrichum gloeosporioides f. sp.

aeschynomene, 280

Colletotrichum salsolae, 279

Colombia, 5

Colorado potato beetle, Leptinotarsa decemlineata,

4, 19, 209

community ecology, 129–135

apparent competition, 131

competitive interactions, 131

exploitative (or resource) competition, 130
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food webs, 129

interference competition, 131

intraguild predation, 131

companion plants, 102

competitive displacement, 113

compost, 322

Compsilura concinnata, 337, 344

Congo, 183

conservation biological control, 85–105

biodiversity, 85–86

conserving natural enemies, 87–90

definition, 85

enhancement, 90–105

predatory mites (Acari), 88–89

Convention on Biological Diversity, 386

convergent lady beetle, Hippodamia convergens,

159

copepod, 233

Copidosoma floridanum, 173

Copidosomopsis tanytmenus, 172

copper sulfate, 4

corn, 4, 82, 92, 140, 210, 381

corn borers, 236

corn leafhopper, Dalbulus maidis, 93

corn rootworm, Diabrotica spp., 93

cost:benefit analysis, 64, 251, 386

Costelytra zealandica, grass grub, 213

Cotesia flavipes, 237

Cotesia marginiventris, 135

Cotesia sesamiae, 375

cotton, 92, 97, 101, 153, 210, 306, 373, 378, 380

cotton aphid, Aphis gossypii, 87, 92, 131, 153, 157,

379

cotton bollworm or tomato fruitworm, Helicoverpa

zea, 176, 360

cottony cushion scale, Icerya purchasi, 30, 43

CpGV, 380

crab spiders (Thomisidae), 152

crop rotation, 320, 322

cross protection, 305

crown gall, 298

crucifers, 269

cruisers, nematodes, 193

Cryphonectria parasitica, 309

Cryptochaetum iceryae, 30, 44

Cryptolaemus montrouzieri, mealybug destroyer, 59

Ctenopharyngodon idella, grass carp or white amur,

276, 277

cucumbers, 97

Culex pipiens, 209

Culex quinquefasciatus, southern house mosquito,

212

cultural controls, 4

Cydia pomonella, codling moth, 222, 367, 380

Cylindrosporium concentricum, 320

Cyperus esculentus, yellow nutsedge, 268

Cyrtobagous salviniae, 250

cyst nematodes, 324

cytoplasmic polyhedroviruses, 216

Dactylopius ceylonicus, 32, 273

Dactylopius opuntiae, 276

Dactylopius spp., 267

dairy, 362

Dalbulus maidis, corn leafhopper, 93

damping off, 316, 317

Danaus plexippus, monarch butterfly, 256, 381

dates, 28

DBCP, 16

DDT, 4, 6, 7, 9, 16, 29

DeBach, P., 23

Deladenus siricidicola, 197

delayed density dependence, 118, 120

delta-endotoxins, 206

deltamethrin, 11

Dendrolimus spp., pine caterpillars, 236

dengue, 384

Denno, R. F., 155

density dependence, 118, 267

density independence, 118

density vague, 118

density-dependent control, 68

Dermolepida albohirtum, greyback cane beetle,

340

Desmodium, 375

Deuteromycota, 232

DeVine, Phytophthora palmivora, 281

Diabrotica spp., corn rootworms, 93

Diabrotica virgifera virgifera, western corn

rootworm, 135, 190

Diachasmimorpha tryoni, 353

Diadegma semiclausum, 95

Dialectica scalariella, 347

diamondback moth, Plutella xylostella, 99,

211

Diatraea saccharalis, sugarcane borer, 237

Dicyma pulvinata, 320

dieldrin, 15

Dietrick, E. J., 97

diffuse knapweed, Centaurea diffusa, 248

Dikrella californica, blackberry leafhopper, 103

Dipel, 67

Dixon, B., 329

domatia, 98

drift, 332, 378

earwigs (Dermaptera), 104

eastern subterranean termite, Reticulotermes

flavipes, 364

Echium plantagineum, 347

ecological host range, 348

economic injury level, 26–27, 360
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ecosystem services, 25, 85, 329, 348

ecotypes, 51

ectoparasitoids, 168

education, 71

Edwardsiana prunicola, prune leafhopper, 103

Egypt, 4

Elatobium abietinum, 379

Elkinton, J. S., 338

emerald ash borer, Agrilus planipennis, 377

emerging diseases, 384

encapsulation, 181

Encarsia formosa, 31, 70, 76, 97, 185

endoparasitoids, 168

endophytes, 232

endospores, 314

enemies hypothesis, 91

enemy release hypothesis, 41, 126–127

England, 31

enhancement, conservation biological control

artificial food, 101–102

cover crops, 96–97

crop management, 97–98

crop residue management, 97

physical environment, 101

plant characteristics, 97–99

plant messaging, 100

polyculture in use, 93

providing alternate food, 96

providing refuges, 93–94

providing shelter, 104

soil, 100–101

surrounding areas, 104

vegetational diversity, 91–92

Entomophaga aulicae, 53

Entomophaga maimaiga, 53, 128, 348

Entomophthorales, 231

environmental safety

changes to support, 356–357

environmental weed, 265

Eotetranychus sexmaculatus, six-spotted mite,

120

Ephestia kuehniella, Mediterranean flour moth, 172,

207

Epilachna varivestis, Mexican bean beetle, 71

Epirrita autumnata, autumnal moth, 119

epizootics, 101, 127, 233, 329

eradication, 28

Eretmocerus hayati, 51

Erwinia amylovora, 319

Erynnis ello, 224

Erythroneura elegantula, grape leafhopper, 103

Eucalyptus, 96

Euglandina rosea, 333, 340

Euphorbia, 102

Euphorbia esula, leafy spurge, 51, 272

Euproctis chrysorrhoea, browntail moth, 344

Europe, 4, 31, 69, 330

European corn borer, Ostrinia nubilalis, 74, 177,

381

European rabbit, Oryctolagus cuniculus, 336

European spruce sawfly, Gilpinia hercyniae, 220

European Union, 12, 17, 211, 361

Eutreta xanthochaeta, 353

Everglades, 253

evolution of increased competitive ability, 265

experimental methods

caging, 34–35

direct observation, 36

natural enemy activity, 36–37

prey enrichment, 36

removal, 35

sampling, 33–34

extirpation, 333

Fagopyrum esculentum, buckwheat, 95

fall armyworm, Spodoptera frugiperda, 93

farmer field schools, 374

fenitrothion, 11

Fennoscandia, 119

fermentation, 78

fertilization, 275

fertilizer, 249

fiddleneck, Amsinckia intermedia, 255

Fiji, 334

fire ants, Solenopsis spp., 179, 361

fire blight, 319

fish, 276

flea beetles (Chrysomelidae), 273

fleas (Siphonaptera), 225

Fleming, Alexander, 311

Florida, 195, 253, 276, 281, 343

flowers, 94, 102

fluvalinate, 6

Follett, P. A., 341

Food and Agriculture Organization, 17, 54, 352,

374

food webs, 129–135

bottom-up, 129, 132

consumer–resource interactions, 130

guild, 130

top-down, 129, 132

tritrophic interactions, 132

trophic cascade, 129

forest, 24, 344

Formica, 151

Formica animosa, 28

formulation, 78

France, 4, 321

Fraxinus spp., ash, 377

frenchi cane beetle, Lepidiota frenchi,

340

fruit borers, 6

fruit flies (Tephritidae), 260

functional redundancy, 86
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functional responses, 112

fundamental host range, 348

fungi, entomopathogenic, 229–241

augmentation biological control, 235–239

classical biological control, 233–235

dispersal, 230

persistence, 231

Fungi Imperfecti, 232

fungicides, 359

Fusarium oxysporum, 321

Fusarium oxysporum f. sp. melonis, 321

Gaeumannomyces graminis var. tritici, 322

Galendromus occidentalis, 120

gall, 245

gall midge (Cecidomyiidae), 253

Galleria mellonella, wax moth, 36

Gambusia affinis, 139

Gambusia holbrooki, 139

Gambusia, mosquito fish, 139, 384

garlic mustard, Alliaria petiolata, 20

Gause, G. F., 292

geese, 276

genetic bottleneck, 350

genetic engineering, 210–211

genetically engineered microbial agents, 78

genetically modified crops, 5, 23

Geocoris pallens, big-eyed bug, 138

Germany, 151, 209

giant African snail, Lissachatina fulica, 333, 340

GiheNPV, 220

Gilpinia hercyniae, European spruce sawfly, 220

Gliocladium virens, 300

global change, 376

global homogenization, 377

globalization, 377

Glossina austeni, tsetse fly, 367

glucosides, 269

glyphosate, 381

Glyptapanteles liparidis, 352

goats, 245, 276

Goeden, R. D., 31

granulovirus, 216, 222, 223

augmentation, inoculative, 222

grape leafhopper, Erythroneura elegantula,

103

grapes, 4

grass carp, Ctenopharyngodon idella, 276–277

grass grub, Costelytra zealandica, 213

grasshoppers, 68, 237

green fluorescent protein, 296

green koa bug, Coleotichus blackburniae, 341

green lacewings (Chrysopidae), 75, 76, 97, 101,

131, 158

Green Muscle, Metarhizium acridum, 238

green peach aphid, Myzus persicae, 360

green rice leafhopper, Nephotettix cincticeps, 36

greenhouse whitefly, Trialeurodes vaporariorum,

31, 70, 98, 185

greenhouses, 69–71, 185, 211, 371, 372, 380

gregarious parasitoids, 170

greyback cane beetle, Dermolepida albohirtum,

340

ground beetles (Carabidae), 93, 140, 149–151

Gryllus integer, western trilling cricket, 177

gypsy moth nucleopolyhedrovirus, 355

gypsy moth, Lymantria dispar, 35, 36, 132, 133,

209, 233, 328, 337, 344, 348, 352, 367

habitat depletion, 341, 343

habitat displacement, 329

Hagen, K. S., 101

Halloween lady beetle, Harmonia axyridis, 329

Halyomorpha halys, brown marmorated stink bug,

88

Hamiltonella, 181, 203

harlequin ladybird, Harmonia axyridis, 18, 329, 343

Harmonia axyridis, multicolored Asian lady beetle,

18, 329, 344

Harpalus pensylvanicus, 155

Harpobittacus nigriceps, 259

Harris, P., 248, 260

Hawaii, 19, 63, 332, 340

Helicoverpa zea, cotton bollworm or tomato

fruitworm, 176, 360

Heliothis virescens, tobacco budworm, 176

Hemileuca maia maia, 338

Hemimetabola, 138

Hemiptera, 58, 131, 145–146, 151, 267

herbivore-induced plant volatiles, 100, 132

Herpestes javanicus, small Indian mongoose, 137

Heterobasidion annosum, 32, 303

Heterodera avenae, cereal cyst nematode, 295, 323

Heteropan dolens, 334

Heterorhabditidae, 190

Heterorhabditis, 190–194

Heterorhabditis megidis, 135

Hindu, 4

Hippodamia convergens, convergent lady beetle,

159

Hirsutella rhossiliensis, 323

Holling, C. S., 111

Holometabola, 138, 263

Homer, 4

Homona magnanima, 222

honey bee, Apis mellifera, 12, 330

honey bee colonies, 16

honeydew, 98, 151, 267

hops, 100

host feeding, 173, 183, 184

host-induced plant volatiles, 138

host range, 53

native, 344–345

potential for changes, 351
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host-range testing, 53, 344–345

parasitoids and predators, 347–348

phytophages, 345–347

host specificity, 58, 332

host switching, 333

house fly, Musca domestica, 9, 362

hoverflies (Syrphidae), 95, 148

Howarth, F. G., 31, 351

Huffaker, C. B., 120

Hunt-Joshi, T. R., 274

Hyalophora cecropia, cecropia moth, 338

hybridization, 351

Hypera postica, alfalfa weevil, 52, 101

Hypericum perforatum, Klamath weed, 261

hyperparasitism, plant pathogens, 300

hyperparasitoids, 53, 171

hyphal interference, 304

Hypoaspis miles, 148

Hypocreales, 232

hypovirulence, 305, 310

Icerya purchasi, cottony cushion scale, 30, 43

Ichneumonidae, 162

idiobionts, 168

India, 20, 32, 59, 97

Indian meal moth, Plodia interpunctella, 211

Indonesia, 374

induced resistance, plant, 304

induced systemic resistance, 305, 316

infective juvenile, 189

inoculative augmentation, 275

insect growth regulators, 367

insecticidal check method, 35

insecticide resistance, 362

insidious flower bug, Orius insidiosus, 76

integrated pest management, 31, 375

autocidal controls, 366–367

bio-rational chemicals, 367–368

definition, 360

ecologically based, 368–369

host plant resistance, 365–366

mechanical, physical, cultural controls, 365

synthetic chemical pesticides, 368

integrated vector management, 385

intercropping, 92

international cooperation, 386–387

International Federation of Organic Agriculture

Movements, 18

International Organization for Biological Control,

30, 75, 371

intraguild predation, 153

invasive plants, 382

invasive species, 13, 334, 341, 342, 344, 377–378,

387

invasive species treadmill, 262

inverse density dependence, 125

islands, 340

Ixodes, 384

Jacobaea vulgaris, tansy ragwort, 255, 257, 276

Japan, 6, 222, 239

Japanese beetle, Popillia japonica, 15, 212

jumping spiders (Salticidae), 140, 152

Karner blue butterfly, Plebejus melissa samuelis,

355

Kennedy, J. F., 15

Kentucky, 101

Kenya, 49, 375

Klamath weed, Hypericum perforatum, 261

knapweed, Centaurea spp., 260

Knipling, E. F., 367

koa, 341

Koebele, Albert, 43

koinobionts, 168

K-selected species, 109, 294

kudzu, 12

lace bugs (Tingidae), 247

lacewings (Neuroptera), 146–147

lady beetles (Coccinellidae), 67, 143–144, 156, 276,

329, 343, 379

ladybird (lady beetle) fantasy, 30

Lagenidium giganteum, 233

Lagerlöf, Selma, 24

landscape design, 380

landscape scale, 104

landscape simplification, 104, 380

Lantana camara, 246, 275, 350, 353

large blue butterfly, Maculinea arion, 336

late blight, Phytophthora infestans, 359

leaf beetles (Chrysomelidae), 264

leaf wax, 99

leafy spurge, Euphorbia esula, 51, 272

Lecanicillium lecanii, 101

Lepidiota frenchi, frenchi cane beetle, 340

Lepidoptera, 58

Leptinotarsa decemlineata, Colorado potato beetle,

4, 19

Letourneau, D. K., 86

lettuce, 95

lettuce aphid, Nasonovia ribisnigri, 95

Levuana iridescens, coconut moth, 333

life tables, 33

Linnaeus, 29

Lissachatina fulica, giant African snail, 333, 340

Listronotus bonariensis, Argentine stem weevil, 380

livestock, 64, 366, 375

Lixophaga sphenophori, 102

Lobularia maritima, sweet alyssum, 95

locusts, 237, 369

Longitarsus aeneus, 347
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Longitarsus echii, 347

Longitarsus jacobaeae, 258

Lophodiplosis trifida, 253

Losey, J. E., 155

lucerne. See alfalfa

Luckmann, W. H., 18

Lygus hesperus, western tarnished plant bug, 97,

373

Lymantria dispar, gypsy moth, 35, 36, 132, 133,

209, 233, 328, 337, 344, 348, 352, 367

Lymantria dispar asiatica, Asian gypsy moth, 28

Lymantria monacha, nun moth, 24, 218

lynx, 228

Lysinibacillus sphaericus, 212

Maconellicoccus hirsutus, pink hibiscus mealybug,

59

macro-beneficials, 74

Macrolophus, 145

Macrolophus pygmaeus, 156

macroorganisms, 74

macroorganisms, augmentation

mass production, 75

quality control, 75

releasing, 76

species/strain, 74–75

storage and transport, 76

Maculinea arion, large blue butterfly, 336

Mahanarva fimbriolata, 236

maize. See corn

malathion, 11

Malaysia, 104

Marshall, D. R., 246

Massachusetts, 14

mathematical models, 33, 111, 115

mating disruption, 367

Mauritius, 137

maximal host range, 348

McEvoy, P. B., 259

McFadyen, R. E. C., 63

mealybug destroyer, Cryptolaemus montrouzieri, 59

mealybugs (Pseudococcidae), 47, 59

Mediterranean flour moth, Ephestia kuehniella, 172,

207

Mediterranean fruit fly, Ceratitis capitata, 353

Megamelus scutellaris, 276

Megarhyssa, 179

Melaleuca quinquenervia, paperbark tea tree, 253

Melanoplus femurrubrum, red-legged grasshopper,

153

Meligethes aeneus, rape pollen beetle, 92, 101

Melinis minutiflora, molasses grass, 375

Meloidogyne spp., root-knot nematodes, 324

melons, 321

Mermithidae, 194

mesquite trees, Prosopis spp., 63

meta-analysis, 86

metapopulations, 118–121

Metarhizium, 380

Metarhizium acridum, 68, 237, 369

Metarhizium anisopliae, 31

Metarhizium rileyi, 101

Metcalf, R. L., 18

Metchnikoff, Elie, 31

Meteorus autographae, 102

methyl bromide, 12

Mexican bean beetle, Epilachna varivestis, 71

Mexico, 59, 92

mice, 36

microbial pesticides, 67

microclimate, 35, 101

microorganisms, augmentation

formulation, 79

mass production, 78–79

quality control, 79

releasing, 79

species/strain, 77–78

storage and transport, 79

microsporidia, 239

microtype eggs, 165

mile-a-minute weed, Persicaria perfoliata, 265

milkweed, Asclepias spp., 256, 381

milky disease, 212

Mills, N. J., 58

Miridae (plant bugs), 156

mites (Acari), 143

molasses grass, Melinis minutiflora, 375

mole crickets, Scapteriscus spp., 195

monarch butterfly, Danaus plexippus, 256, 381

monocultures, 18, 29, 66, 86, 91, 101, 322, 368

Mononychellus tanajoa, cassava green mite, 55,

157

monophagy, 331

Moorea, 333

Morrenia odorata, stranglervine, 281

mosquito fish, Gambusia, 139, 384

mosquitoes, 16, 194, 209, 225, 233, 384

multicolored Asian lady beetle, Harmonia axyridis,

18, 329, 344

multiple parasitism, 170

multiple stress hypothesis, 61, 249

Murdoch, W. W., 123

Musca domestica, house fly, 9, 362

Muscidifurax raptor, 362

musk thistle, Carduus nutans, 249, 252

mycoherbicides, 67, 279

mycoparasitism, 300

mycorrhizae, 306

mycorrhizal fungi, 323

Myers, J. H., 62, 248, 260

Myrmica sabulei, 336

myxoma virus, 225
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myxomatosis, 225

Myzus persicae, green peach aphid, 360

Nasonovia ribisnigri, lettuce aphid, 95

natural balance, 41

natural control, 22, 24, 25, 132

natural enemies, 22

against invertebrates, 111

lying in wait, 126

search and destroy, 125

navel orangeworm, Amyelois transitella, 199

necrotrophy, 278, 291

neem, 368

nemaposition, 189

nematodes, parasitic, 189–200

augmentation biological control, 195–200

classical biological control, 195

ecological requirements, 190

entomopathogenic nematodes, 190–194

finding hosts, 192–193

nematode-suppressive soils, 323

nematode-trapping fungi, 323, 324

Nematophthora gynophila, 295

neoclassical biological control, 331

Neodiprion swainei, Swaine jack pine sawfly, 174

neonicotinoids, 12, 88

Neoseiulus cucumeris, 67, 70

Neozygites fresenii, 87

Nephotettix cincticeps, green rice leafhopper, 36

Netherlands, 186, 369, 380

new associations, 274, 331, 349

New York State, 7, 360, 362

New Zealand, 19, 28, 63, 204, 213, 377, 380

Nezara viridula, southern green stink bug, 341

Nicaragua, 17, 93

niche, 294

niche markets, 80, 355

Nicholson, A. J., 116

Nicotiana attenuata, tobacco, 138

nicotine, 179

Nilaparvata lugens, brown planthopper, 374

nine-spotted lady beetle, Coccinella novemnotata,

343

Nixon, R. M., 15

Nobel Prize in Medicine, 311

Nomadacris septemfasciata, red locust, 137

nonconsumptive effect, 153

nonoccluded invertebrate virus, 220

nonoccluded virus, 64

nontarget controversy

extinction, 333–335

history, 332–337

indirect effects, 336

population reduction, 333–335

nontarget effects, 327–329

indirect, 343–344

prevention, 351–357

nontarget impacts, causes for

changing priorities, 337–339

dispersal, 342

fragile environments, 340–341

insufficient information, 339–340

nopales, 343

North America, 233, 329, 343, 377, 382

northern jointvetch, Aeschynomene virginica, 281

Nosema locustae, 240

NPV, 220

nucleopolyhedrovirus, 216

nuisance, 18, 330, 361, 362

numerical response, 112

nun moth, Lymantria monacha, 24, 218

oak trees, Quercus spp., 133, 248

occlusion body, 216

Oceania, 64

Oecophylla smaragdina, weaver ant, 28

oil palms, 220

oilseed rape, 92, 101

old associations, 331

oleander aphid, Aphis nerii, 141

oligophagy, 331

one fungus – one name, 311

Oomycota, 233, 306, 312

Opuntia, 343

Opuntia corallicola, semaphore cactus, 343

Opuntia spp., prickly pear cacti, 252, 262, 267

orb weavers (Araneidae), 152

orchard, 239

organic amendments, 322

organic growers, 96

organic lettuce, 95

organophosphates, 11, 16

Orgyia thyellina, white-spotted tussock moth, 28

Orius insidiosus, insidious flower bug, 76

Orius spp., 140

Ormia ochracea, 177

ornamentals, 372

OrNV, 220

Orthotydeus caudatus, 99

Oryctes rhinoceros, coconut rhinoceros beetle, 64,

220

Oryctolagus cuniculus, European rabbit, 336

Ostrinia furnacalis, Asian corn borer, 82–83

Ostrinia nubilalis, European corn borer, 74, 177,

381

Oulema melanopus, cereal leaf beetle, 90

outbreaks, 24, 28, 123, 134

cyclic, 119

outreach, 386

Oxyops vitiosa, 253

Paenibacillus popilliae, 212

Paine, R. T., 129

painted apple moth, Teia anartoides, 28
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Palmartona catoxantha, 334

Pandora neoaphidis, 99, 203

Panonychus citri, citrus red mite, 96, 105

paperbark tea tree, Melaleuca quinquenervia,

253

Papua New Guinea, 249

paradox of biological control, 123

paradox of enrichment, 123

parasite, definition, 161

parasitic beetles, 165

parasitic wasps, 162–163

parasitoids, 154, 161–186

augmentation biological control, 186

chemical ecology, 177

classical biological control, 183–184

definition, 161

host defense, 178–179

life history strategies, 168–174

offense, 179–181

polydnavirus, 181

symbiont, host, 181

Paris green, 4

parsnip, Pastinaca sativa, 256

Partula, 333

Pasteuria penetrans, 295, 323

Pastinaca sativa, parsnip, 256

pastures, 226, 274, 283, 380

Paterson’s curse, 347

pathogens

chronic infections, 128

cycles of infection, 128

definition, 202–203

epizootics, 127

fatal disease, 128

propagules, 127

reservoirs, 128

pathotypes, 279

PCR-based methods, 37

pea aphid, Acyrthosiphon pisum, 99, 125, 132, 155,

181

peach orchards, 96

peach silver mite, Aculus fockeui, 6

peach trees, 6

pears, 222, 302

peas, 99

Pectinophora gossypiella, pink bollworm, 373

Pediobius foveolatus, 71

Pemberton, R. W., 350

penicillin, 311

Penicillium, 29, 294

Penicillium notatum, 311

Penicillium oxalicum, 298

Pennsylvania, 14, 88

Pentatomidae (stink bugs), 341

Perillus bioculatus, 145

Peromyscus leucopus, white-footed mouse, 133

Persicaria perfoliata, mile-a-minute weed, 265

pest complex, 359

pesticide treadmill, 6–11

pesticide resistance, 8–11

secondary pest outbreaks, 6–9

target pest resurgence, 6–7

pesticides, 4–6

drift, 380

mindset, 376

phytotoxicity, 73

resistance, 11, 157

sublethal effects, 370

pests, 3, 18–19

invertebrates, 110

Phasmarhabditis hermaphrodita, 200

Phenacoccus manihoti, cassava mealybug, 55, 64,

183

pheromones, 367

Phlebiopsis gigantea, 32, 304

Photorhabdus, 190

Phyllachora huberi, 320

physiological host range, 348

Phytoecia coerulescens, 347

phytophagous mites (Acari), 36, 96,

98

Phytophthora, 317

Phytophthora cinnamomi, 306

Phytophthora infestans, late blight, 359

Phytophthora palmivora, 283

Phytoseiidae, 98

Phytoseiulus persimilis, 70, 82, 148

Picea sitchensis, Sitka spruce, 379

Pieris, 176

pine caterpillars, Dendrolimus spp., 236

pine looper moth, Bupalus piniarius, 177

pine trees, Pinus spp., 248, 306

pink bollworm, Pectinophora gossypiella, 373

pink hibiscus mealybug, Maconellicoccus hirsutus,

59

Pinus spp., pine trees, 248, 306

pistachios, 199

Pisuarina mira, 153

Planococcus kenyae, coffee mealybug, 49

plant bodyguards, 100, 132

plant growth-promoting fungi (PGPF), 305

plant growth-promoting rhizobacteria (PGPR), 305

plant parasitic nematodes, biological control,

323–324

plant pathogens, biological control

antagonists, definition, 292

antagonists, finding, 308–311

antibiosis, 300

bacterial antagonists, 312

bioprotectants, 69

classical biological control, 319–320

competition, 301–304

foliage, 319

fungal antagonists, 311–312
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plant pathogens, biological control (cont.)

indirect effects, 304–306

oomycete antagonists, 312

parasitism, 302

postharvest fruit, 318–319

seeds and roots, 317–318

stems and crowns, 318

use in control, 313–315

plant stress, 249

Plebejus melissa samuelis, Karner blue butterfly,

355

Pliny, 4

Plodia interpunctella, Indian meal moth, 211

Plutella xylostella, diamondback moth, 99, 211

Pochonia chlamydosporia, 78, 295, 300, 323

Poecilia spp., 139

Poecilostictus cothurnatus, 177

polar filament, 239

pollen, 101

polyculture, 92

polyembryonic, 170

polyphagy, 332

Popillia japonica, Japanese beetle, 212

population regulation, 115

Port Jackson willow, Acacia saligna, 286

post-release monitoring, 355

potatoes, 18, 359

Potter, M. C., 29

powdery mildews, 98, 300, 319

Poxviridae, 216

praying mantids (Mantodea), 141, 149, 153, 158

predators

diet breadth, 152–153

gut content analysis, 37

interactions with natural enemies, 153

nonconsumptive effects, 153–155

predators, invertebrate, 156

active hunting, 140

ambush, 141

augmentation biological control, 138–159

classical biological control, 156–157

prey defense, 141

sit and pursue, 141

sit and wait, 141

zoophytophagy, 154–156

predators, vertebrate, 139

domestic cats, 137

mosquitofish, Gambusia, 137

mynah bird, Acridotheres tristis, 137

predatory ants (Formicidae), 104

predatory flies, 148–149

predatory midges (in Cecidomyiidae), 148

predatory mites (Acari), 101, 147–148

predatory true bugs, 131, 145–146

preventive releases, 70, 71

prickly pear cacti, Opuntia spp., 252, 262, 267

prickly pear cactus, Opuntia vulgaris, 32

primary parasitoids, 171

Proctotrupoidea, 162

propoxur, 11

Propylaea japonica, 379

Prosopis spp., mesquite trees, 63

Protista, 239

prune leafhopper, Edwardsiana prunicola, 103

Pseudacteon, 177, 179

Pseudomonas, 321, 322

Pseudomonas fluorescens, 295, 312

Pseudomyza flocculosa, 319

Psyllidae, 253

public health, 344

Pueraria, 12

Purpureocillium lilacinus, 323

push-pull, 375

pyralids (Pyralidae), 267

pyrethrins, 367

pyrethroids, 6, 11, 89

Pyrilla perpusilla, sugarcane leafhopper, 97

pyrrolizidine alkaloids, 347

Pythium, 317

Pythium oligandrum, 312

quality control, 75, 373

Quaylea whittieri, 53

Quercus spp., oak trees, 133, 248

rabbit hemorrhagic disease virus, 227

rabbits, 224

radioactive isotopes, 37

rangeland, 13, 63, 240, 272, 283

rape pollen beetle, Meligethes aeneus, 92, 101

rats, 137

realized host range, 348

red imported fire ant, Solenopsis invicta, 151, 153

red locust, Nomadacris septemfasciata, 137

red-legged grasshopper, Melanoplus femurrubrum,

153

refuges, 122–123

refugia, 212

Regiella, 203

registration, 77, 355

Reoviridae, 216

replacement strategy, 96

reproductive parasites, 162

resistance, 223, 226, 279

resource concentration hypothesis, 91

Reticulotermes flavipes, eastern subterranean

termite, 364

reverse-order method, 346

Rhabdoscelis obscurus, sugarcane weevil, 102

Rhinella marina, cane toad, 137, 339

Rhinocyllus conicus, 252, 351

Rhinoncomimus latipes, 265
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rhizobacteria, 323

Rhizoctonia, 317

rhizosphere, 296, 297, 301, 323

competence, 302, 318

microbiome, 321

Rhodes grass, Chloris gayana, 96

Rhopalosiphum padi, bird-cherry oat aphid, 154

Rhyssa persuasoria, 180

Rhyssomatus marginatus, 248

rice, 104, 281, 374

Riley, Charles V., 43

risk, quantification, 353–355

Risley, C., 248

r–K selection, 110

Roberts, W., 29

rodents, 4

Rodolia cardinalis, vedalia beetle, 30, 43, 59,

64

romaine lettuce, 95

Romanomermis culicivorax, 194, 200

Romanomermis iyengari, 200

Root, R. B., 91

root and butt rot of conifers, 303

root-knot nematodes, Meloidogyne spp., 324

rove beetles (Staphylinidae), 151

r-selected species, 109, 246, 294

rubber, 320

Rubus spp., blackberry, 276

Russia, 31, 139

Russian thistle, Salsola tragus, 279

rust fungi (Pucciniales), 284

Rutz, D. A., 362

sabadilla, Schoenocaulon officinale, 367

safeguard considerations, 348

Saissetia oleae, citrus black scale, 53

Salsola tragus, Russian thistle, 279

Salvation Jane, 347

Salvinia molesta, 246, 249

sampling, 27, 360

Saturniidae (silk moths), 338

scale insects (Coccoidea), 18, 31, 47, 62, 144, 260,

267

Scapteriscus spp., mole crickets, 195

Schlinger, E. I., 97

Schoenocaulon officinale, sabadilla, 367

Sclerotinia sclerotiorum, 298

scouting, 360

screwworm fly, Cochliomyia hominivorax, 366

Scutelleridae (shield bugs), 341

seasonal inoculative releases, 69, 70, 71, 185

secondary cycling of infection, 68

secondary pests, 88

secondary plant compounds, 269

seed bank, 62

selective pesticides, 88

semaphore cactus, Opuntia corallicola, 343

Serratia entomophila, 204, 213

sesame, 104, 350

Sesbania punicea, 248, 276

seven-spotted lady beetle, Coccinella

septempunctata, 154, 155, 157, 343

sex pheromones, 360

sheep, 245, 276

shellfish, 322

siderophores, 304

Silent Spring, 13–15

silkmoths (Saturniidae), 338

silkworm, Bombyx mori, 29, 330

silverleaf whitefly, Bemisia tabaci, 50

Sirex noctilio, 195

Sitka spruce, Picea sitchensis, 379

six-spotted mite, Eotetranychus sexmaculatus, 120

Skeeter Doom, 200

slugs, 200

small Indian mongoose, Herpestes javanicus, 137

Smith, H. S., 29

Smith, R. F., 360

snails, 200

soap, 4

Society Islands, 333

soil fumigation, 323

Solanum viarum, tropical soda apple, 283

Solenopsis invicta, red imported fire ant, 151,

153

Solenopsis spp., fire ants, 179, 361

Solidago, 153

solitary parasitoids, 170

SolviNix, 283

sorghum, 375

Sorghum vulgare sudanense, Sudan grass, 375

South Africa, 20, 63, 248, 252, 273, 276, 286, 382

South America, 305

South Pacific, 220

Southeast Asia, 220

southern green stink bug, Nezara viridula, 341

southern house mosquito, Culex quinquefasciatus,

212

soybean aphid, Aphis glycines, 382

soybeans, 4, 101, 221, 281

Spain, 105

spider mites (Tetranychidae), 6, 70, 100, 148, 185

spiders (Araneae), 36, 93, 104, 138, 143, 152, 153

spillover, 269, 327, 350

spittlebugs (Cercopoidea), 236

Spodoptera exigua, armyworm, 379

Spodoptera frugiperda, fall armyworm, 93

Spodoptera littoralis, 135, 140

spruce, 24

spruce budworm, Choristoneura fumiferana, 209

squash, 92

Sri Lanka, 251
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stable equilibrium, 117, 123

stable fly, Stomoxys calcitrans, 362

stable habitats, 57

stand-alone strategy, 359

Staphylinidae (rove beetles), 151

Steinernema, 190–194

Steinernema carpocapsae, 76, 199

Steinernematidae, 190

Steinhaus, E. A., 207

sterile insect technique, 366

Stethorus punctum, 88

stimulo-deterrent diversion, 375

Stockholm Convention on Persistent Organic

Pollutants, 17

Stomoxys calcitrans, stable fly, 362

stone fruit, 299

stranglervine, Morrenia odorata, 281

strawberries, 82

Streptomyces griseoviridis, 312

Striga spp., witchweed, 375

subsistence farmers, 48, 359

succession, plant pathogens, 295

Sudan grass, Sorghum vulgare sudanense, 375

sugarcane, 137, 236, 340, 380

sugarcane borer, Diatraea saccharalis, 237

sugarcane weevil, Rhabdoscelis obscurus, 102

suicidal germination, 375

summit disease, 218

superorganisms, 321

superparasitism, 170

suppressive soils, 32, 100, 295, 321–322

sustainability, 368, 379–383

Swaine jack pine sawfly, Neodiprion swainei, 174

Sweden, 24

sweet alyssum, Lobularia maritima, 95

sweet orange, Citrus sinensis, 305

sweetpotato whitefly, Bemisia tabaci, 50

symbionts, 203

symbiosis, 190, 196, 306

synergism, 154

Syrphidae (hoverflies), 95, 148

system stability, 123

systemic acquired resistance, 316

Tachinidae, 164, 334, 337

take-all, 322

tansy ragwort, Jacobaea vulgaris, 255, 257,

276

Taphrocerus schaefferi, 268

taxonomy, 50

tea, 222

teak, 59

Teia anartoides, painted apple moth, 28

Teleonemia scrupulosa, 247, 350

Tennessee, 15

Tephritidae (fruit flies), 260, 353

Tetranychus urticae, two-spotted spider mite, 82,

156

The Sea Around Us, 14

The Wonderful Adventure of Nils Holgersson, 24

thistles, 351

Thomas, M. B., 384

thrips (Thysanoptera), 67, 70

ticks (Ixodida), 384

Tingidae (lace bugs), 350

tobacco, 4

tobacco, Nicotiana attenuata, 138

tobacco budworm, Heliothis virescens, 176

tobacco mild green mosaic tobamovirus, 283

tomato, 105, 156

tomato fruitworm or cotton bollworm, Helicoverpa

zea, 176

tomato pinworm, Tuta absoluta, 105

top-down theory, 256

total system approach, 368

toxins, 190, 196, 205, 212

transgenic crops, 366

Trialeurodes vaporariorum, greenhouse whitefly,

31, 70, 98, 185

Trichapion lativentre, 248, 276

Trichilogaster acaciaelongifoliae, 252, 273

Trichoderma, 311, 316–317

Trichoderma asperellum, 306

Trichoderma atroviride, 306

Trichogramma, 31, 74, 75, 77, 83, 166, 176, 185,

381

Trichogramma dendrolimi, 83

Trichogramma galloi, 237

Trichogramma nubilale, 177

Trichogramma ostriniae, 74, 83

trichomes, 98

Trichoplusia ni, cabbage looper, 173, 211

Trichopoda pilipes, 341

Trichosirocalus horridus, 252

Trinidad, 137

Trissolcus basalis, 341

triungulins, 165

tropical soda apple, Solanum viarum, 283

tsetse fly, Glossina austeni, 367

Tuta absoluta, tomato pinworm, 105

two-spotted lady beetle, Adalia bipunctata, 144

two-spotted spider mite, Tetranychus urticae, 82,

156

Tydeidae, 98

Typhlodromalus aripo, 157

Typhlodromus pyri, 88, 148

Tyria jacobaeae, cinnabar moth, 255, 257

Uganda, 50, 350
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