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acclimation

effect on glycerol accumulation, 131

Acyrthosiphon pisum

costs of overwintering, 161
effect of scotophase on, 28

Adalia bipunctata
colour variation in, 173-5

effects of photoperiod on, 30, 46, 58

Adalia decempunctata
colour variation in, 173
Adelges piceae

predicting outbreaks of, 199

Aedes atropalpus

diapause development in, 48

Aedes impiges
thermotaxis in, 22
Aedes nigripes
thermotaxis in, 22
Aedes vexans

diapause termination in, 56

Aelis acuminata

diapause termination in, 52

re-entry to diapause, 60
Aeshna mixta

diapause regulation in, 53
aestivation

in Drepanosiphum platanoidis, 56—7,

176
aggregation

in Hippodamia convergens, 14

Aglais urticae
effect of contact moisture

on supercooling ability, 119

lipid content of, 170
Agonum assimile

phototaxis in, 20

re-entry to diapause, 60
Agriotes fusicolis

overwintering depth in, 167

240

Agromyza frontella
diapause development in, 48
temperature effects on, 48
Agrotis ipsilon
effects of thermoperiod on, 37
Agrotis orthogonia
effect of feeding on supercooling, 114
Agrotis segetum
prediction of outbreaks in, 198
air mass stagnation, 8
alanine, 102
Alaskozetes antarcticus
acclimation effects in, 131
dehydration rates in, 122-3
glycerol accumulation in, 131
glycerol production in, 133
polyols in, 104
Aleurochiton complanatus
effect of host quality on diapause
induction, 41
Allonemobius fasciatus
water absorption by eggs, 38
altitude
effect on diapause induction, 68-9
Amblyseius potentillae
diapause induction in, 41
second diapause in, 59
amino acids in Rhagium inquisitor, 102
Anasa tristis
effect of photoperiod on, 43-4
anholocyclic overwintering in
Aulacorthum solani, 15
Pemphigus bursarius, 35-6
Macrosiphum euphorbiae, 15
Myzus persicae, 15
Rhopalosiphum padi, 159
Sitobion avenae, 16
Anomala testaceipes
overwintering depth, 167
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Anthocoris nemorum
dessication in, 170
Anthonomus grandis
prediction of outbreaks in, 199
survival overwinter, 163
antifreeze proteins, 94
critical temperature for induction
of, 136
in Dendroides canadensis, 134-5
in Eleodes blanchardi, 113
in Iphthimus laevissimus, 113
In Meracantha contracta, 134-5
purtfication of, 111
Anurida maritima
response to temperature of, 54
Aphidoletes aphidimyza
effect of photoperiod on, 58-9
Aphidius nigripes
diapause induction in, 65
aphids, see under specific names
Aphis citricola
predicting outbreaks of, 199
Aphis fabae
costs of overwintering, 161
eggs, 2
failure to lay, 72
mortality of, 155
predicting outbreaks, 178-9
supercooling
effect of feeding on, 117
Aphis farinosa, 1
Aphis pomi
costs of overwintering, 161
Apis melifera
thermoregulation in, 17, 66
preparation for winter in, 66
Archisotoma brucei
dehydration rates in, 122-3
Ascia monuste
response to photoperiod in, 61
Aulacorthum solani
anholocyclic overwintering in, 15
suction trap catches of, 184
Austroicetes cruciata
egg hatch responses in, 54

Banchus flavescens

life cycle synchronisation, 73
Barbara colfuxiana

diapause in, 41-2
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basking behaviour

in Diabrotica undecimpunctata, 157
behavioural adaptations

in Boreus brumalis, 1578
Belgica antarctica

optimal cooling rate in, 139-40
Bibio rufiventris

depth of overwintering site, 1667
Boettcherisca spp.

evolution of pupal diapause in, 70
Bolitiophagus reticulatus

ice nucleators in, 101

supercooling point of, 101-2
Bombus spp., 22
Bombyx mori

eggs of, 106

glycerol in, 103
Boreus brumalis

behavioural adaptations in, 157-8
Boreus hyemalis

supercooling in, 157
Boreus westwoodi

supercooling in, 157
Brachycaudus helichrysi

egg laying sites of, 158
Brachycolus asparagi

control by cultivation of, 202—4
Bracon cephi

haemolymph osmolality, 121

metabolic costs in, 167

supercooling in, 121
Bupalus piniaria

colour of pupae in, 175-6

predicting outbreaks of, 2, 187-8

Cataloacus aeneoviridis
effect of host’s diapause on, 65
Cephus cinctus
dehydration in, 120
exposure to low temperatures in,
125-6
Ceratitis capitata
sexual differences in survival of,
62
Chaoborus americanus
prey availability in, 57
Chaetosiphon fragaefolii
prediction of outbreaks in, 194-5
Chartophila brassicae
pupal diapause in, 35
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Chesias legatella
diapause regulation in, 53
Chilicorus bipustulatus
re-entry into diapause in, 60
Chiona araneoides
supercooling point of, 157
Choristoneura fumiferana
possible control of, 201
Choristoneura rosaceana
diapause in, 73
Chortohippus bornhalmi
effects of photoperiod on, 31
Chymomyza costata
responses to crowding, 40
responses to photoperiod, 33
responses to temperature, 33
Chrysopa spp.
responses to photoperiod, 45
Chrysoperla carnea
colour variation in, 174
diapause
development in, 48
re-entry into, 59
termination in, 57
prey availability in, 57
Chrysoperla plorabunda
colour variation tn, 174
Cletus punctiger
diapause termination in, 53
hiding behaviour in, 58
climate, regional, 5-6
Cloeon dipterum
thermotaxis in, 23-4
Coccinella septempunctata
second pertod of diapause in, 59
cold acclimation, 75
definition of, 77
in Rhynchaenus fagi, 131
cold-hardiness
definition of, 76
of eggs, 98
ecophysiological approach to,
143-7
environmental triggers for,
129-37
geographic variation in, 171-2
cold shock
in Eurosta solidaginis, 140
cold tolerance
in Macrosiphum albifrons, 15
Coleomegilla fusilabris
phototaxis in, 20

Coleomeyilla maculatus
hygrotaxis in, 22
thigmotaxis in, 22

Coleotechnites starki
and air mass stagnation, 8

colour
and predation, 175-6
of eggs of

Pieris brassicae, 174
of pupae of
Bupalus piniaria, 175-6
Panolis flammea, 174
variation in
Adalia bipunctata, 173-5
Adalia decempunctata, 173
Chrysoperla carnea, 174
Chrysoperla plorabunda, 174
Macrosiphum rosae, 174
Sitobion avenae, 173-5
contact moisture
effect on supercooling ability
in
Aglais urticae, 119
Myzus persicae, 119

Contarinia sorghicola
diapause termination in, 56

Contarinia tritici
diapause in, 56

control of
Choristoneura fumiferana, 20,

201
Operophtera brumata, 200—1
Panolis flammea, 201
Rhopalosiphum padi, 2001
by cultural practice
Brachycolus asparagi, 202-4
Mamestra configurata, 202-3
Ostrinia nubilalis, 202
Schizaphis graminum, 204

cooling methods, 96-97

cooling rate
in Belgica antarctica, 13940

costs of overwintering in
Acyrthosiphon pisum, 161
Aphis fabae, 161
Aphis pomi, 161
Rhopalosiphum padi, 161
Schizolachnus piniradiate, 161
costs of overwintering
metabolic, 166—70
physical, 165-6
reproductive, 172-3
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Cotesia koebelei
effect on diapause of Euphydryas
editha, 64
Cotesia rubecula
effect of photoperiod on, 29
crickets, nymphal development in, 73
critical cell volume, 80
crowding
effects on
Chymomyza costata, 40
effects on diapause in
Diprion pini, 39-40
Drepanosiphum platanoidis, 56-7
Ephestia cautella, 39
Plodia interpunctella, 39, 56
Trogoderma variabile, 57
cryoprotectants
in freezing intolerant insects, 103—4
multicomponent systems, 104
synthesis in
aphids, 131
Eurosta solidaginis, 132-3
Pieris brassicae, 106
Cryptopygus antarcticus
dehydration rates in, 122-4
overlapping generations in, 164
supercooling
effects of feeding on, 115
seasonal changes in, 127
effect of temperature on, 132
survival overwinter of, 128
Cucujus clavipes
cold-hardiness strategies in, 137-8
Cydia pomonella
diapause termination in, 53
effects of latitude on critical
photoperiod, 68
prediction of outbreaks of, 199
reproductive costs in, 172
weight on entering diapause, 42

Danaus plexippus
metabolic costs in, 168-9
thigmotaxis in, 21
daylength, see photoperiod
dehydration in
Alaskozetes antarcticus, 122
Archisotoma brucei, 122-3
Cephus cinctus, 120
Diplolepis radicum, 120
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Cryptopygus antarcticus, 122-4

Halozetes spp., 122

Melanoplus bivittatus, 120

Parisotoma octooculata, 121

Pytho spp., 121

Synchroa punctata, 120

X ylophagus spp., 121
Delia antiqua

pupae, 12
Delia coarctata

prediction of outbreaks of, 192
Delia radicum

supercooling points in, 99, 160
Dendroides canadensis

antifreeze proteins in, 134

critical temperature for induction
of, 135-7

cold-hardiness strategies in, 137-8

length of life cycle in, 138

supercooling points in, 138
dessication

in Anthocoris nemorum, 170

in Danaus plexippus, 171

in Panolis flammea, 171
developmental stage

in British moths, 1512

familial constraints, 150-2

in Finnish macrolepidoptera, 150

in Isotoma klovstadi, 163

in relation to life style, 1524

in North American insect pests, 154

in Pararge aegeria, 149-51

in Parisotoma octooculata, 164

in Pterostichus brevicornis, 163

in Scolytus multistriatus, 99

in Vespula germanica, 163

in winter inactive insects, 149-56
Diabrotica longicornis

egg mortality of, 204

survival in soil, 12
Diabrotica undecimpunctata

basking behaviour of, 157

behavioural thermoregulation in, 17
Diabrotica virgifera

egg mortality of, 204

survival in soil, 12
diapause

in Barbara colfaxiana, 41-2

in Chartophila brassicae, 35

in Choristoneura rosaceana, 73

in Megastigmus spermotrophus, 53

in Orchesella cincta, 29, 52
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diapause (cont.)
in Pegomya geniculata, 59
effect of crowding on in
Diprion pini, 39-40
Drepanosiphum platanoidis, 56-7
Ephestia cautella, 39
Plodia interpunctella, 39, 56
Tomocerus minor, 29, 52
Trogoderma variabile, 57
development in
Aedes atropalpus, 48
Agrimyza frontella, 48
Chrysoperla carnea, 48
Melanoplus bivittatus, 48
Plantia stali, 52
Teleogryllus spp., 48
effect of drought on
in Tettigonia caudata, 56
evolution
in Boettcherisca spp., 70
effect of geographic origin on
in Drosophila auraria, 70
in Drosophila subauraria, 70
in Drosophila triauraria, 70
in Zygaena trifolii, 68-70
induction
in Aleurochiton complanatus, 41
effect of altitude on, 68
in Amblyseius potentillae, 41
in Aphidius nigripes, 65
effect of host quality on, 41
in Leptinotarus decemlineata, 41
in Sphecophaga burra, 64
in Wyeomia smithi, 68-9
in Zygaena trifolii, 68-70
inheritance of ability, 61
intensity of
in Drosophila biauraria, 70
in Drosophila funebris, 61
length in
Aphidoletis aphidomyza, 58-9
maintenance of in
Leptinotarsus decemlineata, 52
effect of moisture on
in Contarinia tritici, 56
in Sitodiplosis mosellana, 56
effect of nutrition on
induction, 64
regulation, 64
termination, 56
effect of parasitism on in
Euphydryas editha, 64

Index

effect of photoperiod on in
Mesocomys pulchriceps, 65
in Queen ants, 66
re-entry to in
Aelis acuminata, 60
Agonum assimile, 60
Amblyseius potentillae, 41
Chilocorus bipustulatus, 60
Chrysoperla carnea, 59
Coccinella septempunctata, 59
Leptinotarsus decemlineata, 59
Oedipoda miniata, 60
regulation in
Aeshna mixta, 53
Chesias legatella, 53
Lestes sponsa, 53
Lymantria dispar, 53
Melittobia chalybii, 64
parasitoids, 62-3
sexual differences in strength of
diapause, 61
effect of temperature on in
Ostrinia nubilalis, 33-5
Pyrrhocoris apterus, 52-3
termination in
Aedes vexans, 56
Aelis acuminata, 52
Chrysoperla carnea, 57
Cletus punctiger, 53
Contarinia sorghicola, 56
Cydia pomonella, 53
Dolycoris baccarum, 52
Euxoa sibirica, 56
Holcothorax testaceipes, 49-51
Leptinotarsus decemlineata, 56, 70
Musca autumnalis, 48-9, 51
M yrmeleon formicarius, 57
Ostrinia nubilalis, 56
Phyllonorycter blancardella, 49
Plagiodera versicolora, 51
Plodia interpunctella, 58
Psila rosae, 50-1
Rhagoletis indifferens, 51
Tettigonia caudata, 56
weight on entering in Cydia
pomonella, 42
X-chromosome control of in
Drosophila spp., 62
Diatraea grandiosella
response to photoperiod in, 31-2, 60
response to temperature in, 60
response thresholds, 60
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Diplolepis radicum
dehydration in, 120
Diprion pini
effect of crowding on diapause,
39-40
Diprion similis
effect of snow depth on survival, 18
Dolycoris baccarum, 52
Drepanosiphum platanoidis
aestivation in, 176
effect of crowding on summer
diapause, 56-7
egg mortality in, 155, 161
Drosophila auraria
effect of geographic origin on
diapause, 70
Drosophila biauraria
intensity of diapause in, 70
Drosophila funebris
genetic difference in intensity of
diapause in, 61
Drosophila littoralis
X-chromosome control of diapause
in, 62
Drosophila lummei
X-chromosome control of diapause
in, 62
Drosophila subauraria
effect of geographic origin on
diapause, 70
Drosophila transversa
effects of photoperiodic and
temperature interactions on
diapause in, 53
Drosophila triauraria
effect of geographic origin on
diapause, 70
sexual differences in strength of
diapause, 61
drought and diapause termination, 56
Dysaphis devecta
sexual morph production, 40

ecdysterone, 63
ecophysiological approaches, 143-7
eggs
of aphids, 2, 4

colour, 174

failure to lay, 72

mortality in, 155, 161-2

prolongation of laying in, 72-3
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cold-hardiness of, 98
of Bombyx mori, 106
of Diabrotica longicornis, 204
of Diabrotica virgifera, 204
of Entomoscelis americana, 74
hatching of, 54
of Lymantria dispar, 16, 149, 162
of Malacosoma disstria, 149
of Melanoplus bivittatus, 120
mortality of in
Lymantria dispar, 162
Mantis religiosa, 162
Neodiprion sertifer, 162
oviposition sites of, 158
of Panolis flammea, 174
of Petrobia harti, 42
of Simulium pictipes, 16
supercooling of in Locusta
migratoria, 98-9
water absorption by, 38
Ephestia cautella
effect of crowding on diapause, 39
Elatobium abietinum
prediction of outbreaks of, 1967
electrolyte imbalance theory, 80
Eleodes blanchardi
antifreeze proteins i, 113
haemolymph ice nucleators in,
81-2, 134
embryogenesis in
Entomoscelis americana, 74
Leptophyes punctatissima, 37
Endothenia daeckeana, 18
Entomobrya multifasciata
avoidance of low temperatures by,
58
Entomoscelis americana
eggs of, 74
embryogenesis in, 74
environmental variability, 59
Ephestia cautella
effects of crowding on diapause, 39
Ephestia kuhniella
effect of feeding on supercooling
ability, 114
Epiblema scudderiana
glycogen reserves in, 168-9
supercooling ability of, 126
Epilachna admirabilis
depth of overwintering site of,
167
Epirrita autumnata, 7-8
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Euceraphis punctipennis

egg laying in, 72-3

egg mortality in, 155, 161
Euphydryas editha

effect of parasitism on diapause in,

64

Eurema hecabe

diapause morph of, 61

response to photoperiod in, 61
Eurosta solidaginis

cold shock in, 140

cryoprotectants

multicomponent system of, 104
synthesis of, 132-3
freezing survival in, 120
long term effects of cold exposure,
142-3

supercooling in, §2

vitrification in, 94
Euxoa sibirica

diapause termination in, 56
evolution of pupal diapause, 70
extracellular freezing, 81

familial constraints in use of
overwintering stages, 150-2
feeding
effects on supercooling in
Agrotis orthogonia, 114
Alaskozetes antarcticus, 115
Aphis fabae, 117
Cryptopygus antarcticus, 115
Ephestia kuhniella, 114
Hypogastrura spp., 115-17
Rhynchaenus fagi, 115
Tetracanthella wahlgreni, 115
food
effect of reduction on hiding
behaviour, 58
effect on photoperiodic response, 40
effect of quality on diapause
termination, 58
freeze avoidance
definition of, 77
by supercooling, 95-129
freezing
ability to survive when frozen, 120
death by, 79
extracellular, 81
inoculative, 118-20

Index

intolerance
definition of, 76-7
designation of species as, 138-41
site of, 79
tolerance
cryoprotectants involved in, 85
definition of, 76
designation of species as, 138—41
frost susceptible, 75
also see freezing intolerance

Galleria melonella
ecdysteroid levels in, 63
Gastrophysa atrocyanae
overwintering depth of, 166-7
genetic differences
effect on diapause intensity, 61,
62
geographic origin
effect on diapause, 70
effect on response to latitude, 67
geographic variation
in cold-hardiness of
Metopolophium dirhodum, 172
Neodiprion sertifer, 171-2
Rhopalosiphum padi, 172
Gerris spp.
wing length in, 173
Gillettellia cooleyi
overwintering mortality in, 155-6
glycerol
in Bombyx mori, 103
in Pytho americanus, 90
in Pytho deplanatus, 84
in Phyllodecta laticollis, 88
in Pterostichus brevicornis, 867,
129-31
in Sarcophaga crassipalpis, 140-1
in Vespula maculata, 134
in Xylophagus spp., 90
accumulation, 96
in Alaskozetes antarcticus, 131
in Bombyx mori, 103
in Hyalophora cecropia, 103
in Tetracanthella wahlgreni, 131
depression of supercooling point by,
107-8
as an energy source, 108
production in Alaskozetes
antarcticus, 133
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glycogen

exhaustion of reserves in Epiblema

scudderiana, 168-9

Gynaephora groenlandica

multiple stage overwintering in, 164
grasshoppers

predicting outbreaks of, 189-91
gut evacuation, 117-18

in Cryptopygus antarcticus, 127

and non-feeding, 154
gynoparae of Rhopalosiphum padi, 71

haemolymph
ice nucleators, 825
in Eleodes blanchardi, 81-2, 134
in Parasystates elongatus, 83
in Phyllodecta laticollis, 83, 87-8
in Vespula maculata, 83—4, 134
osmolality in
Bracon cephi, 121
Rhabdophaga strobiloides, 121
structure of, 83—-4
Hagenomyia migans
critical photoperiod in, 47
Halozetes spp.
dehydration in, 122
hibernation sites
of Ips acuminatus, 159
hiding behaviour in Cletus punctiger,
58
hiemalis, 36
Hippodamia convergens
aggregations in, 74
hygrotaxis in, 22
phototaxis in, 21
Hippodamia quinquesignata
phototaxis in, 21
Holcothorax testaceipes
diapause termination in, 49-51
host plant manipulation, 20
host quality
effect on diapause induction
in Aleurochiton complanatus, 41
in Leptinotarsa decemlineata, 41
effect on sexual morph production
in Dysaphis devecta, 40
and ovary maturatton in Pissodes
strobi, 57
and winter morph production in
Psylla pyri, 42

247

humidity
as cue for diapause induction, 64
as cue for diapause termination,
64
effect on glycerol production,
133
Hyalophora cecropia
glycerol levels in, 103
production of polyols in, 106
hydroxy! equivalents, 108
hygrotaxis
in Coleomegilla maculatus, 22
in Hippodamia convergens, 22
in Hypera postica, 22
Hypera postica
hygrotaxis in, 22
thermotaxis in, 23
Hypogastrura socialis
effect of feeding on supercooling in,
115-17
low temperature avoidance by, 158

ice
crystals in glycerol solutions, 85
nucleating agents, 8-85, 101-3, 113,
133-7
nucleators in
Bolitophagus reticulatus, 101
Eleodes blanchardi, 81-2, 134
Parasystates elongatus, 83
Pterostichus brevicornis, 88
Rhagium inquisitor, 84, 102
Seneciobius kenyanus, 83
surface, 12
Inachis io
lipid content of, 170
supercooling ability, 119
inheritance of diapause ability, 61
inoculative freezing, 118-20
inversion effects, 7
Iphthimus laevissimus
antifreeze proteins in, 13
Ips acuminatus
cold-hardiness in, 159
hibernation sites of, 159
Isotoma hiemalis
avoidance of low temperatures,
158
Isotoma klovstadi
overwintering stages of, 163
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larvae
overwintering in Scolytus
multistriatus, 99
larval development in Psila rosae, 54
Lasioglossum duplex
overwintering depth of, 167
Lasioglossum problematicus
overwintering depth of, 167
Laspeyresia strobilella
supercooling points, 105
latitude, 6-7
effect on critical photoperiod,
67-8
Leguminivora glycinovorella
overwintering depth of, 167
Leptinotarsus decemlineata
dispause
maintenance, 52
re-entry into, 59
seasonal progression of, 70
termination of, 56
effect of host quality on diapause
induction in, 41
Leptophyes punctatissima
embryogenesis in, 37
Lestes sponsa
diapause regulation in, 53
Limentes archippus
accumulation of polyols in, 106
Limothrips cerealium
thigmotaxis in, 22
lipid content of
Aglais urticae, 170
Inachis io, 170
Lissorhoptrus oryzophilus, 13
Locusta migratoria
supercooling of eggs of, 98-9
lower lethal limit in
Phyllodecta laticollis, 88, 93
Pytho depressus, 93
Xestia c-nigrum, 166
low temperature avoidance by
Entomobrya multifasciata, 58
Hypogastrura socialis, 158
Isotoma hiemalis, 158
Strophosomus melanogrammus, 159
LTy,
in Mamestra persicaria, 125
in Myzus persicae, 128, 132, 142
Lucilia sericata
effect of parasitism on diapause,
63—4

Index

Lymantria dispar
diapause regulation in, 53
eggs
mortality of, 162
oviposition sites, 16
supercooling points, 149
prediction of outbreaks of, 197-8

Macrosiphum albifrons
cold-tolerance in, 15
Macrosiphum euphorbiae, 65
anholocyclic overwintering, 15
date of first capture in suction
traps, 184
Macrosiphum rosae
colour variation in, 174
Malacosoma disstria
overwintering eggs, 149
prediction of outbreaks, 199
Mamestra brassicae
overwintering depth of, 167
Mamestra configurata
control by cultural practice, 202-3
effect of latitude, 67-68
low temperature effects, 127-8, 143
parasitism by Banchus flavescens, 73
prediction of outbreaks of, 195
response to photoperiod, 32, 67
snow cover effects, 13
survival of larvae and pupae, 13, 128
response to temperature, 34, 67
Mamestra persicaria
seasonal changes in LTs,, 125
Manduca sexta, 65
effect of photoperiod on, 58
Mantis religiosa
egg mortality of, 162
Megastigmus spermotrophus
diapause and temperature
responses, 53
Melanoplus bivittatus, 10
dehydration of eggs of, 120
diapause development in, 48
Melittobia chalybii
effect of host on diapause
regulation in, 64
Meracantha contracta
overwintering site of, 135
thermal hysteresis proteins in,
109-10, 134-5
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Mesocomys pulchriceps
effect of photoperiod on diapause
in, 65
metabolic costs in
Bracon cephi, 167
Danaus plexippus, 168-9
Meteorus trachynotus
adaptation to life cycle of host by,
73
Metopolophium dirhodum
geographic variation in
cold-hardiness of, 172
prediction of outbreaks of, 193
Microlophium carnosum
effect of cold exposure on survival
in, 142
moisture, 38-9
effects on diapause, 55-6
effects on freezing, 118-20
moths
developmental stage and
overwintering success, 151-2
Musca autumnalis
diapause termination in, 48-9,
51
Musca domestica, 11
overwintering sites of, 159
Muscidifurax zaraptor, 11
M yremeleon formicarius
prey availability and diapause
termination in, 57
M yrmica rubra
induction of overwintering state,
65-6
Myzus persicae
anholocyclic overwintering, 15
effect of contact moisture on
supercooling ability, 119
long term effects of cold on
survival, 142
LT, in, 128, 132, 142
decline in overwintering
populations, 145
predicting outbreaks of, 182 6

Nasonia vitripennis
responsce thresholds in, 35 6
cffect of thermoperiod on, 37
Nemapogon personellus
alaninc concentration in, 102

249

Neodiprion sertifer

cold-hardiness, 171-2

egg mortality in, 162

prediction of outbreaks of, 196
nucleating agents, see ice nucleators
Nuculaspis californica

as pest of Pseudotsuga mencziesii, 8—9
nutrition

effects on diapause induction, 64

effects on diapause regulation, 64

effects on diapause termination, 56
nymphal development in crickets, 73
Nymphalis vau-album

negative phototaxis in, 21

Oedipoda miniata
re-entry into diapause by, 60
oligopause, 3
Operophtera brumata
control of, 2001
Orchesella cincta
reproductive diapause in, 29, 52
Orgyia pseudotsugata
prediction of outbreaks of, 188-9
Ostrinia nubilalis
control by cultural practice, 202
diapause termination in, 56
ecdysterone levels in, 63
photoperiod, critical, 70
effects of predation on, 19
effect of temperature on diapause
in, 33-5
Oulema melanoplus
predicting outbreaks of, 198-9
outbreaks
prediction of in
Adelges piceae, 199
Agrotis segetum, 198
Anthonomus grandis, 199
Aphis citricola, 199
Aphis fabae, 178-9
Bupalus piniaria, 2, 187-8
Chaetosiphon fragaefolii, 1945
Cydia pomonella, 199
Delia coarctata, 192
Elatobium abictinum, 196 7
grasshoppers, 189 91
Lymantria dispar, 197 §
Mualucosoma disstria, 199
Mamestra configurata, 195
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outbreaks (cont.)

prediction of in (cont.)
Metopolophium dirhodum, 193
Neodiprion sertifer, 196
Myzus persicae, 182—6
Orgyia pseudotsugata, 188-9
Oulema melanoplus, 198-9
Rhyacionia buoliana, 199
Rhopalosiphum insertum, 193
Rhopalosiphum padi, 2, 179-83,

193-5

Sitobion avenae, 193
Sitobion fragariae, 193

Tipulids, 191-2
ovary maturation in Pissodes strobi,
57

overwintering
advantages of, 3
disadvantages of, 3
overwintering sites of
Meracantha contracta, 135
Musca domestica, 159
selection by Panolis flammea, 1,
165-6
Stomoxys calcitrans, 159
Xestia c-nigrum, 167

Panolis flammea
control of, 201
dehydration in, 171
egg colour of, 174
overwintering mortality of, 155,
165, 171
phototaxis in, 20
pupae of, 2, 165, 171, 175-6
selection of overwintering site by, 1,
165-6
parasitism
effect on diapause, 64
Panonychus ulmi
effect of variable photoperiod on,
30
Papillo glaucus
sexual differences in response to
photoperiod by, 62
Pararge aegeria
mixed overwintering strategy,
149-51
parasitoid—host interactions, 62-5
Parasystates elongatus
haemolymph ice nucleators in, 83

Index

Parisotoma octooculata
dehydration in, 122
mixed strategy overwintering in, 164
Pegomya geniculata
prolonged diapause in, 59
Pemphigus bursarius
anholocyclic overwintering in, 35-6
hiemalis of, 36
Periplaneta americana
supercooling points in, 113
Petrobia harti
eggs of, 42
photoperiod
critical length
Hagenomyia migans, 47
Ostrinia nubilalis, 70
effect of latitude on, 67-8
effect on
Adalia bipunctata, 30, 46, 58
Anasa tristis, 43—4
Aphidoletes aphidomyza, 58-9
Chortohippus bornhalmi, 31
Chrysopa spp., 45
Chrysoperla carnea, 31, 45, 58, 59
Chymomyza costata, 33
Cotesia rubecula, 29
diapause, 27-32, 43-7, 49
diapause length, 58—9
Diatraea grandiosella, 31-2, 60
Drosophila transversa, 53
Eurema hecabe, 61
Mamestra configurata, 32, 67
Manduca sexta, 58
Mesocomys pulchriceps, 65
Panonychus ulmi, 30
Polygonia c-album, 31
Pteromemobius nitidis, 46
Pyrrhocoris apterus, 45
Rhopalosiphum padi, 28
Sarcophaga bullata, 45
Tetrastichu julis, 45
Tipula spp., 45
Wyeomia smithi, 40, 45-6
interactions with temperature, 52-3
modification by food availability, 40
sexual differences in response to,
61-2
phototaxis in
Agonum assimile, 20
Coleomeyilla fusilabris, 20
Hippodamia convergens, 21
Hippodamia quinquesignata, 21
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Nymphalis vau-album, 21
Panolis flammea, 20
Pyrella serena, 20
Scoliopteryx libatrix, 21
Triphosa dubitata, 21
Phyllodecta laticollis
glycerol levels in, 88
haemolymph ice nucleators in, 83,
87-8
lower lethal limit of, 88, 93
supercooling point of, 87-8
Phyllonorycter blancardella
diapause termination in, 49
Pieris brassicae
cryoprotectants synthesis of, 106
egg colour of, 174
response threshold, 35
Pissodes strobi
host quality and ovary maturation
in, 57
Plagiodera versicolora
diapause termination in, 51
Plantia stali
diapause development in, 52
Plodia interpunctella
effects of crowding on diapause, 39,
56
effects of food quality on diapause
termination, 58
Plutella xylostella
reproductive costs in, 172
Polygonia c-album
response to photoperiod by, 31
polyols (also see glycerol)
in Alaskozetes antarcticus, 104
in Hyalophora cecropia, 106
in Limentis archippus, 106
loss of in Retinia resinella, 107
role as antifreezes, 92
seasonal changes in concentration,
105
synthesis in Scolytus ratzebergi,
106
Popillia japonica
overwintering strategy in, 1667
postdiapause development in
Rhagoletis indifferens, 47
potato leaf roll virus, 2
predation
and colour, 175-6
on Ostrinia nubilalis, 19
predicting outbreaks, see outbreaks

251

prey availability
in Chrysoperla carnea, 57
and diapause termination, 57
in Myremeleon formicarius, 57
Prionus laticollis, 11
protein catabolic mechanism, 102
Pseudoperichaeta nigrolineata
effect of ecdysterone on
development, 63
Pseudotsuga menziesii, 8-9
Psila rosae
diapause termination in, 50-1
larval development of, 54
response to temperature, 54
Psylla pyri
winter morph production in, 42
Pteromemobius nitidis
response to photoperiod in, 46
Prerostichus brevicornis
developmental stage in, 163
glycerol, 8§6-7
seasonal variation in, 129-31
ice nucleators in, 88
spreading the risk in, 163
survival at low temperatures in, 142
supercooling points in, 87
winter feeding in, 157
pupae, 2
colour of, 175-6
mortality of, 165, 171
pupal diapause evolution, 70
Pyrella serena
phototaxis in, 20
Pyrrhocoris apterus
response to photoperiod by, 45
effects of temperature on diapause
in, 52-3
Pytho americanus
dehydratton in, 121
glycerol levels in, 90
supercooling points in, 84-5
water content in, 91-2
Pytho deplanatus
dehydration in, 121
glycerol levels in, 84, 90
supercooling points in, 85, 89-90
water content in, 91-2
Pytho depressus
lower lethal limit, 93

quiescence, 3
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recrystallisation, 80, 92, 94
reproductive costs in
Cydia pomonella, 172
Plutella xylostella, 172
Rhopalosiphum padi, 172-3
reproductive diapause in
Anasa tristi, 29
Orchesella cincta, 29, 52
Tomocerus minor, 29, 52
response thresholds in
Diatraea grandiosella, 35
Nasonia vitripennis, 35-6
Pieris brassicae, 35
Retinia resinella
loss of polyols by, 107
seasonal changes in polyol
concentrations, 105
Rhabdophaga strobiloides
haemolymph osmolality in, 99
supercooling point in, 99
Rhagium inquisitor
amino acids in, 102
nucleating agents in, 84, 102
seasonal changes in supercooling
ability in, 100
supercooling in adults, 99
thermal hysteresis in, 111-13
Rhagoletis pomonella
postdiapause development in, 47
diapause development in, 51
Rheumaptera hastata
effect of snow depth on survival, 18
Rhopalosiphum insertum
predicting arrival of, 193
Rhopalosiphum padi
anholocyclic overwintering by, 159
capture of first male, 174
control of, 2001
costs of overwintering, 161
eggs, 2, 4
colour, 174
mortality of, 4, 155, 162
geographic variation in
cold-hardiness, 172
gynoparae of, 71
life cycle synchronisation in, 71-2
mixed strategy overwintering in,
163-4
predicting outbreaks of, 2, 17983,
193-5
response to photoperiod, 28
reproductive costs, 172-3

Index

Rhyacionia buoliana
predicting outbreaks of, 199
effect of winter severity on survival,
165, 199
Rhynchaenus fagi
effect of cold acclimation on, 131
sexual differences in response to
diapause, 60-1
supercooling
in adults, 99-100, 144
effect of contact moisture, 119
seasonal changes, 100

Sarcophaga bullata
response to photoperiod by, 45
Sarcophaga crassipalpis
cold shock in, 140-1
role of glycerol in, 141
Schizaphis graminum
control by cultural practice, 204
Schizolachnus piniradiate
costs of overwintering, 161
Scoliopteryx libatrix
phototaxis in, 21
Scolytus multistriatus
overwintering larvae of, 99
supercooling points in, 99
Scolytus ratzeburgi
sugars in, 104
temperature dependent polyol
synthesis in, 106
Scolytus scolytus, 59
seasonal changes in
cryoprotectant levels, 105
glycerol (see glycerol)
LTs, of Mamestra persicaria, 125
supercooling points (see
supercooling)
selection pressure
in aphids, 172
in Neodiprion sertifer, 171-2
Senecio vulgaris
as overwintering host of Myzus
persicae, 15
Seneciobius kenyanus
haemolymph ice nucleators in, 83
sex and response to overwintering
cues, 60-1
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sexual differences
in diapause strength, 61
in photoperiodic responses, 60-2
sexual morph production
in Dysaphis devecta, 40
Simulium pictipes
eggs of, 16
Sitobion avenae
anholocyclic overwintering, 16
decline of winter populations of,
145-6
colour vartation in, 173-5
geographic variation in
cold-hardiness of, 172
Sitobion fragariae, 16
Sitodiplosis mosellana
effects of moisture on diapause in,
56
snow
insulating properties of, 17-18
temperature effects, 12—13
snow depth
and survival in Diprion similis, 18
and survival in Mamestra
configurata, 13
and survival in Rheumaptera
hastata, 18
social insects, 65-6
soil
depth, 10-11
moisture, 12
and snow cover, 12—-13
type, 11-12
temperatures, 11-12
Spalangia cameroni, 11
Sphecophaga burra
effect of nutrition on diapause, 64
Stilbosis quadricustatella
pupal mortality in, 165
Stomoxys calcitrans, 11
overwintering sites of, 159
storm fronts, 9
Strophosomus melanogrammus
behavioural avoidance of low
temperatures, 159
suction traps
date of capture in of
Macrosiphum euphorbiae, 184
Rhopalosiphum padi, 174
sugars in Scolytus ratzebergi, 104
supercooling, 75, 82-3, 95-147
capacity of a system, 107

253

effect of contact moisture on
in Aglais urticae, 119
in Inachis io, 119
in Rhynchaenus fagi, 119
definition of, 77
effect of dehydration on
in Cephus cinctus, 120
in eggs of Melanoplus bivittatus, 20
in X ylophagus spp., 121
effect of feeding on in
Agrotis orthogonia, 114
Aphis fabae, 117
Cryptopygus antarcticus, 115
Ephestia kuhniella, 114
Rhynchaenus fagi, 114, 154
Tetracanthella wahlgreni, 115
measurement of, 96-7
points in
Bolitophagus reticulatus, 101-2
Boreus spp., 157
Bracon cephi, 121
Chiona araneoides, 157
Delia radicum, 160
Dendroides canadensis, 138
Epiblema scudderiana, 126
Eurosta solidaginis, 82
Locusta migratoria eggs, 98-9
Periplaneta americana, 113
Phyllodecta laticollis, 87-8
Pytho americanus, 845
Pytho deplanatus, 84-5, 89-90
Rhabdophaga strobiloides, 99
Rhagium inquisitor, 99
Rhynchaenus fagi, 99-100, 144
Scolytus multistriatus, 99
seasonal changes in
Cryptopygus antarcticus, 127
Laspeyresia strobillela, 105
Rhagium inquisitor, 100
Rhynchaenus fagi, 100
Yponomeuta evonymellus, 105

survival overwinter of

Cryptopygus antarcticus, 128
Diabrotica longicornis, 12
Diabrotica virgifera, 12
Diprion similis, 18

Gillettellia cooleyi, 155-6
Mamestra configurata, 13, 128
Panolis flammea, 155, 165
Rhyacionia buoliana, 199

Synchroa punctata

dehydration in, 120
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synchronisation of overwintering stage Rhagium inquisitor, 111-13
with season, 71-4 Tenebrio molitor, 109, 113
Uloma impressa, 110-11
thermoregulation in
Apis mellifera, 17, 66

tar oils, 200 Diabrotica undecimpunctata, 17, 157
Teleoyryllus spp. thermotaxis
and diapause development, 48 in Aedes impiges, 22
temperature in Aedes nigripes, 22
and aphid suction trap catches, 185 in Cloeon dipterum, 23—4
effects on in Hypera postica, 23
Agriotes frontella, 48 thermoperiod
Agrmoyza frontella, 48 effects of
Anurida maritima, 54 on Agrotis ipsilon, 37
Chymomy:za costata, 33 on Chymomyza costata, 33
Cryptopygus antarcticus, 132 on Nasonia vitripennis, 37
diapause, 32--8, 48-54 thermoregulation in
Diatraea grandiosella, 60 Apis mellifera, 17
Drosophila transversa, 53 Diabrotica undecimpunctata, 17
Mamestra configurata, 34, 67 thermotaxis in
Megastigmus spermotrophus, 53 Aedes impiges, 22
Ostrinia nubilalis, 33-5 Aedes nigripes, 22
polyol synthesis, 106 Cloeon dipterum, 23
Psila rosae, 54 Hypera postica, 23
Pyrrhocoris apterus, 52-3 thigmotaxis
Scolytus ratzebergi, 106 in Coleomegilla maculata, 22
interactions with photoperiod, 52-3 in Danaus plexippus, 21
postdiapause responses to, 55 in Limothrips cerealium, 22
sexual differences in response to, 61 Tingis ampliata
variation in, 145 changes in body composition in, 168
vertical stratification of, 14 Tipula pagana
Tenebrio molitor response to photoperiod in, 45
thermal hysteresis proteins in, 109, Tipula paludosa
113 prediction of outbreaks of, 191-2
Tetracanthella wahlgreni Tipula subnudicornis
effect of feeding on supercooling in, response to photoperiod by, 45
115 Tomocerus minor
glycerol accumulation in, 131 reproductive diapause in, 29, 52
Tetranychus urticae topography, 7
inheritance of diapause ability in, 61 Trichiocampus populi
Tetrastichu julis freeze tolerance in, 83
response to photoperiod by, 45 Triphosa dubitata
Tettigonia caudata negative phototaxis in, 21
drought and diapause termination, Trogoderma variabile
56 effects of crowding on diapause, 57
thermal hysteresis, 101 Tuberolachnus annulatus
as antifreeze phenomenon, 109-14 egg mortality in, 155, 161

definttton of, 72
measurement of, 111
proteins in
Meracantha contracta, 109-10, Uloma impressa
134-5 antifreeze proteins in, 110
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glycerol levels in, 110
thermal hysteresis proteins in,
110-11
Urtica urens
as host of Aulacorthum solani, 15
Urolepis rufipes, 11

vegetation, microclimatic effects, 19
Vespula germanica

developmental stage in, 163
Vespula maculata

glycerol content of, 134

haemolymph ice nucleators in,

83-4, 134

Vitamin A and diapause induction, 41
vitrification

definition of, 76

in Eurosta solidaginis, 94

water content in
Pytho americanus, 91-2
Pytho deplanatus, 91-2
X ylophagus spp., 91-2
wind, 6
wing length in Gerris spp., 173
winter
avoidance, 158-60
severity, 15
winter feeding in Pterostichus
brevicornis, 157

255

winter inactive insects developmental
stage in, 149-56
winter morph production in Psylla
pyri, 42
Wyeomia smithii
altitude effects, 7, 68-9
diapause in, 68-9
food availability effect on
photoperiodic response, 40
response to photoperiod, 45-6

Xestia c-nigrum
depth of overwintering site, 167
lower lethal temperature of, 166
X ylophagus spp.
dehydration in, 121
glycerol content of, 90
water content of, 91-2

Yponomeuta evonymellus
seasonal changes in supercooling
ability of, 105

Zygaena trifolii
effect of geographic origin on
diapause induction, 68-70
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