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Locators in bold refer to figures and tables.

Species appear under their Latin names with cross-references from common names when these are used in the
text. Broader phylogenetic groupings are also gathered together under common names where these come from
different or unspecified genera (e.g., frogs).

Acanthodactylus erythrurus (spiny footed lizard)
231

Acanthodactylus (lizard) spp. 139, 231
Acanthoplus speiseri (armored ground cricket)

180, 183
Accipiter gentilis (goshawk) 269
Accipiter nisus (sparrowhawk) 96, 98, 399
accuracy vs. speed, escape responses 202, 203
Achroia grisella (wax moth) 231, 244
Acinonyx jubatus (cheetah) 71, 72, 277, 279
Acomys cahirinus (spiny mouse) 65
Actinia equina (sea anemone) 390
Acyrthosiphon pisum (pea aphid) 181, 362, 369
AD. see alert distance
adaptations

heritability 369–370
predator–prey interactions as drivers 3
see also morphological adaptations

adrenocorticotropin hormone (ACTH) 345
advertisement signals. see perception advertisement

signals; quality advertisement
African elephants. see Loxodonta africana
Agalychnis callidryas (tree frog) 165
Agama (lizard) spp. 295, 388, 389, 398
age, lizards 121–123
Agelenopsis aperta (desert grass spider)

362, 369
Agkistrodon (snake) spp. 143
alarm calling 57, 265, 272, 274, 281

about threat type 272–273, 273
false alarms 273–274
mass flight 274–275
models 47–50
pursuit-deterrent signaling 219

Alauda arvensis (skylark) 217–218
Alces alces (moose) 66, 73–74
alert behavior, sensory systems 335–336

alert distance (AD)
birds 88–89
definition 9
fish and amphibians 155
heritability 362
mammals 66–69, 68
models 32, 34–41, 35, 36, 37
reindeer 77, 77–78
statistical analysis of data 413–414
study of 409–411

Alligator spp. 145
allostatic load 344
alpine swifts. see Apus melba
Amatitlania nigrofasciata (convict cichlid) 392
Amblyrhynchus cristatus (marine iguana)

122, 134
Ambystoma barbouri (salamander) 362, 370, 390
American bullfrog. see Lithobates spp.
American crow. see Corvus brachyrhynchos
American pika. see Ochotona princeps
American robin. see Turdus migratorius
amphibians. see fish and amphibians; tadpoles
amygdala 345
Anas platyrhynchos (mallard) 212, 334
androgens 375–376. see also testosterone
angelfish. see Pterophyllum spp.
angle of approach. see approach angle
angle of flight. see escape angle
“Animal camouflage” (Stevens & Merilaita) 4
animal personalities. see personality differences
Anolis (lizard) spp. 114, 121

arboreal habitats 305, 306
autotomy 301–302
body size and shape 295
environmental factors 291–292
escape strategies 139
habitat and environmental factors 308
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Anolis (lizard) spp. (cont.)
locomotor performance 291–292
morphological adaptations 287–288, 298, 299

anthropogenic disturbance. see human disturbance
and hunting

Antilocapra americana (pronghorn antelope) 66
“Antipredator defenses in birds and mammals”

(Caro) 4
antipredator tactics. see defenses
anxiety-like behaviors. see fear-like behaviors
appearance time 245
approach angle

and cognition in birds 104–105
definition 12
study of 412

approach distance. see flight initiation distance
approach elevation. see gradient effects
approach, repeated. see repeated approach
approach speed. see speed of approach
Apus melba (alpine swift) 362, 368
aquatic habitats

sensory perception 153
speed of escape 159
turbidity 162

arboreal habitats, lizards 305–306
Argiope florida (Orb weaver spider) 182–185, 183
Argopecten colbecki (scallop) 191, 362, 364–365,

365
armor. see body armor
armored ground cricket. see Acanthoplus speiseri
arthropod vision 185, 186. see also invertebrates
artificial selection

heritability studies 366–368, 369
locomotor performance in lizards 287

Aspidoscelis (lizard) spp. 21, 132
escape strategies 138
heritability 362, 370
locomotor performance 309

assassin bugs. see Triatoma infestans
assessment time 32

definition 11
mammals 67–68

Athene cunicularia (burrowing owl) 93, 388, 389
attack angle, definition 12
attention, prey species 266, 424–425

fish and amphibians 160
hermit crab 189
lizards 293
sensory systems 333
see also vigilance

autotomy (shedding of body parts) 27–28
invertebrates 178, 182
lizards 123–124, 124, 237, 301–302

“Avoiding attack: the evolutionary ecology of
crypsis, warning signals and mimicry” (Ruxton
et al.) 4

away responses 200–202, 201. see also directionality

backswimmer. see Notonecta maculata
Baetis tricaudatus (mayfly) 231
Balanus glandula (barnacle) 189, 191, 231,

238–239, 242
Balearic lizard. see Podarcis lilfordi
banded killifish. see Fundulus diaphranus
barn swallow. see Hirundo rustica
barnacle. see Balanus glandula
basal metabolic rate (BMR), birds 102
Basiliscus (basilisk lizard) spp. 287–288, 295, 305
Bassiana duperreyi (eastern three-lined skink)

362
bean beetle. see Callosobruchus chinensis
Be’er Sheva fringe-fingered lizard. see

Acanthodactylus beershebensis
behavioral syndromes. see personality differences
benzodiazepines (BZPs) 350, 351, 352
best practice, study of escape behavior 407–417
birds 88–90, 90

assumptions/limitations of study 100–105
body size 94
costs and benefits of escape 105–106
diet 98
dispersal 99
disturbance by humans 97, 104–106,
effect sizes 99–100
escape trajectory 211
flight initiation distance 90, 90–92, 91
future research needs 106–107
habitat 99
heritability 92–94, 93, 96, 362
hiding time 231, 242
hormonal status 97
individual variation 92
life history 95
models of starting distance 33–34
parasitism 98–99
population size 99, 101
predators 98
pursuit-deterrent signaling 217–218
sensory systems 337
social effects 98
song 96–97
three-dimensionality of escape 92
urbanization 95–96
see also specific species by name

Bitis schneideri (dwarf adder) 144
black swan. see Cygnus atratus
black widow spider. see Latrodectus spp.
blackbird. see Turdus merula
Blepsias cirrhosus (silver-spotted sculpin) 160
blesbok. see Damaliscus dorcas
blue crab. see Callinestes sapidus
blue jay. see Cyanocitta cristata
blue tit. see Cyanistes cyaneus
bluehead wrasse. see Thallosoma bifasciatum
BMR (basal metabolic rate), birds 102
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body armor
fish and amphibians 166, 371
lizards 371

body size
birds 94
costs and benefits of escape 159
fish and amphibians 163, 163–164
hiding time 238–239
invertebrates 191
lizards 121–123, 293–298, 295, 297
mammals 64

body temperature
directionality 202–203
egg incubation regimes 377–378
invertebrates 191
lizards 118–119, 119, 290–292
opportunity costs 244–246
snakes 144

Bokermannohyla alvarengai (frog) 166
boldness. see personality differences
Bostrychia hagedash (hadeda ibis) 104
Brachydanio rerio (zebra danios) 162
brains/cognition

birds 103–105
fish and amphibians 153–154, 160–162
physiology 344–349, 348
sensory systems 333

broad-headed skink. see Plestiodon laticeps
broad-headed snake. see Hoplocephalus bungaroides
brook stickleback. see Culea incostans
brook trout. see Salvelinus fontinalis
brown bear. see Ursus arctos
brown-headed cowbird. see Molothrus ater
buffer distance, definition 10
Bufo bufo (common toad) 159
bullhead. see Cottus gobio
burrowing owl. see Athene cunicularia
butterflies (various)

hiding time 231
pursuit-deterrent signaling 218

Cacatua roseicapilla (galah) 104
caddis fly. see Halesus radiatus
Calidris canutus (red knot) 399
California towhee. see Melozone crissalis
Callinestes sapidus (blue crab) 209, 212
Callisaurus draconoides (zebra-tailed lizard) 50,

115, 125
environmental factors 291–292
locomotor performance 297
pursuit-deterrent signaling 125
sandy habitats 304

Callosobruchus chinensis (bean beetle) 180
camouflage. see crypsis
Canis latrans (coyote) 66
Canis lupus (gray wolf) 65, 69
Canis lupus familiaris (domestic dog) 71

Canis mesomelas (jackal) 71, 72
Cardinalis cardinalis (northern cardinal) 93
Caribbean hermit crab. see Coenobita clypeatus
caribou 64. see also Rangifer tarandus
carotenoids, maternal provisioning 377
cars. see vehicles
catfish (various) 166
Catharacta (skua) spp. 394, 395
caudal autonomy. see autotomy
Cephenemyia trompe (nose bot fly) 69–70, 70
Cervus canadensis (elk) 66
Cervus elaphus (red deer) 63, 65
chaffinch. see Fringilla coelebs
chameleon (various) 287–288
changing flight patterns. see protean behavior
Charadrius (plover) spp. 98
cheating, in signaling 48, 276–277
checkered whiptail lizard. see Aspidoscelis spp.
cheetah. see Acinonyx jubatus
chemical defenses

fish and amphibians 166
pursuit-deterrent signaling 218–219

chinook salmon. see Oncorhynchus spp.
chinstrap penguin. see Pygoscelis antarctica
Chlorocebus pygerythrus (vervet monkey) 272–273,

273
Chrysopa carnea (green lacewing) 181
chuckwalla lizard. see Sauromalus spp.
citations, escape behavior studies 5, 6
clam. see Corbicula fluminea
climate change 169
Clupea harengus (Atlantic herring) 162, 202, 203
Cnemaspis (gecko) spp. 297
Cnemidophorus (whiptail lizard) spp. 136, 295
Coccinella septempunctata (ladybird) 181
cockroach. see Periplaneta americana
Coenobita clypeatus (Caribbean hermit crab)

182–185, 183, 189, 389
cognition. see brains/cognition
Colisa lalia (dwarf gourami) 231, 246
collared lizard. see Crotaphytus collaris
collective vigilance 269–271
colonial spiders. see Metepeira incrassata
color patterns

fish and amphibians 160
invertebrates 187
snakes 143–144

Coluber (racer snake) spp. 143
Columba palumbus (wood pigeon) 269
Columbian black-tailed deer. see Odocoileus

hemionus
common basilisk lizard. see Basiliscus spp.
common frog. see Rana spp.
common fruit fly. see Drosophila melanogaster
common lizard. see Zootoca vivipara
common toad. see Bufo bufo
comparative studies of escape behavior 416, 421
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compound eye 185, 186. see also sensory systems;
vision

computational simulations of escape behavior
415–416

Condylactis gigantea (sea anemone) 390
confusion effect 216, 274–275
conservation and management 424

fish and amphibians 169, 170
mammals 79
marine reserves 161, 161, 169, 170

conspecific effects. see group living group size
convict cichlid. see Amatitlania nigrofasciata
copying vigilance 269–271
Corbicula fluminea (Asian clam) 231, 246
Cordylus melanotus (highveld crag lizard) 123
Coronella austriaca (smooth snake) 246
corticosterone/cortisol (glucocorticoids) 345, 346

birds 97
lizards 422
maternal effects 375–376

corticotropin-releasing factor (CRF) 345
Corvus brachyrhynchos (American crow) 104
costs and benefits

birds 105–106
fish and amphibians 159, 162
fitness 17, 18
hiding time 248–249, 250
life history trade-offs hypothesis 398
lizards 135–138, 136, 137
nearest approach distance 52–56
pursuit-deterrent signaling 275–276
starting distance 34, 35–39, 37, 39
see also models of escape behavior; opportunity
costs

Cottus gobio (bullhead) 239
covariate analysis of study data 413–414
cowtail stingray. see Pastinachus sephen
coyote. see Canis latrans
crabs 179, 211. see also hermit crabs; Uca spp.
Crangon crangon (crayfish) 207
Craugastor (frog) spp. 166
crayfish (various)

escape trajectory 207
food handling 190

Crenicichla alta (pike cichlid) 156
crickets 191. see also Gryllus; Teleogryllus

oceanicus
crimson rosella. see Platycercus elegans
crocodilian spp. 145
Crocuta crocuta (hyena) 71, 72
Crotaphytus collaris (collared lizard) 289, 296
crustaceans, hiding time 231. see also crabs
crypsis 4

fish and amphibians 160, 163, 165–166
game theory model 43–45, 44
invertebrates 179, 187

lizards 125, 126
snakes 140

Cryptophis nigrescens (small-eyed snake) 144
Ctenophorus pictus (painted dragon) 362, 376
Ctenosaura similis (black iguana) 134–135
Cuban tree frog. see Osteopilus septentrionalis
Culea incostans (brook stickleback) 167
Culex (mosquito) spp. 185–187, 212, 231
cultural transmission, escape behavior 361
curlew. see Numenius arquata
Cyanistes cyaneus (blue tit) 331
Cyanocitta cristata (blue jay) 333
Cycnia tenera (dogbane tiger moth) 182
Cygnus atratus (black swan) 96
Cylas formicarius (sweet potato beetle) 180

Damaliscus dorcas (blesbok) 73
damselfish. see Pomacentrus amboinensis
damselfly. see Ischnura elegans
dark-eyed junco. see Junco hyemalis
darters. see Etheostoma spp.
data analysis/collection 413–416
data files, electronic 13
decision making, prey 4

and locomotor performance in lizards
290–292

hiding time 250–254, 251, 253
monitoring effects 34–35, 35, 36

defenses against predation 3–4, 360–361
fear and anxiety-like behaviors 344
fish and amphibians 164–166
morphological adaptations 247–248
physiology of 343–344, 344
snakes 140, 143–144
vs. escape 371
see also alarm calling; chemical defenses; physical
defenses; physiology of escape; pursuit-
deterrent signaling

definitions, escape behavior terminology 8–13
motivation 292
performance 292
refuges 227
vigilance 267

degus. see Octodon degus
Dendrobates auratus (poison dart frog) 166
desert grass spider. see Agelenopsis aperta
desert iguana. see Dipsosaurus dorsalis
detection, sensory systems 327–333, 328,

330, 332
detection distance, definition 9
detection latency, definition 10
detection signals, to predators 275–276
DF. see distance fled
diet, birds 98
Diplodus (sea bream) spp. 161
Dipsosaurus dorsalis (desert iguana) 303
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direct approach
definition 12
effect on hiding time 235, 236
lizard predators 126, 127–129

directionality 200–205
away and toward responses 200–202, 201
definition 13
environmental factors 202–203
models 41–43, 42
study of 412
terminology 11–13
to refuge, lizards 117
toward responses as mistakes 203–205, 204
see also protean behavior; reversals

dispersal, birds 99
Dissosteira carolina (grasshopper) 182–187, 183,

188
distance fled (DF)

definition 10
fish and amphibians 157
heritability 362, 366
invertebrates 185–187
lizards 117–118, 119, 120, 126–127, 128–129
reindeer 77–78

distance to refuge
fish 162
lizards 114–117, 115
mammals 69–70

distance variables, terminology 9–10
distraction. see attention, prey species
distress calls 219
disturbance. see human hunting and disturbance
dogbane tiger moth. see Cycnia tenera
dogs, domestic. see Canis lupus familiaris
Dolichonyx oryzivorus (bobolink) 93
domestication

birds 88
mammals 74, 75–78

dottyback. see Pseudochromis fuscus
Draco taeniopterus (Thai flying dragon) 289
dropping behavior 181–182, 362
Drosophila melanogaster (fruit fly) 362, 369
dumpling squid. see Euprymna tasmanica
dwarf adder. see Bitis schneideri

early warning hypothesis
fish and amphibians 167
invertebrates 190

eastern gray kangaroo. see Macropus giganteus
eastern gray squirrel. see Sciurus carolinensis
economic escape model (EEM) 5, 18–19, 162

defenses 164–166
fish and amphibians 152, 156–162
group size effects 167–168
locomotor performance in lizards 290–292
monitoring effects 34–35, 35, 36
predictions 157

sensory perspective 338
starting distance 31–32
utility, range, and testability 422–424
see also costs and benefits; models of escape
behavior

Egernia cunninghami (Cunningham’s skink) 114
egg size/quality, maternal provisioning 376–377
eider duck. see Somateria mollissima
electronic data files 13
elephant, African. see Loxodonta africana
elevated T-maze (ETM), physiology of escape

350–351
elevation. see gradient effects
elk. see Cervus canadensis
emergence time. see hiding time
empirical studies, escape behavior 5, 7
endocrine mechanisms 421–422

birds 97
maternal effects 375–376
physiology of escape 344–346

environmental factors 8
birds 99
directionality 202–203
distraction. see attention, prey species
lizards 114–119, 115, 116, 119, 291–292
locomotor performance in lizards 291, 292, 299,
303–308, 308

mammals 69–70, 70
maternal effects 378
see also epigenetics; genetic × environmental
interactions

Ephemerella subvaria (mayfly) 231
epigenetics

escape behavior 375–376
stress response 346
see also maternal effects

Erithacus rubecula (European robin) 105
Erpeton tentaculatum (tentacled snake) 204
escape ability, lizards 293, 294. see also locomotor

performance
escape angle 205, 206

definition 13
invertebrates 187, 188
see also escape trajectory

escape distance. see flight initiation distance
escape latency

definition 10
models 50–52, 51

escape strategies
lizards 138–139
snakes 143–144

escape trajectory 205, 206, 212–213, 219–220
birds 105
definition 12–13
group-living species 215–217
intermediate strategies 212
methodological challenges 205–207
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escape trajectory (cont.)
preferred trajectories 209–211, 210
protean behavior 213–215
pursuit-deterrent signaling 217–219
random trajectories 211–212
single/optimal trajectory 207–209, 208, 209
toward a refuge 212

Etheostoma (darter) spp. 165
ETM (elevated T-maze), physiology of escape

350–351
Eudorcas thomsonii (Thomson’s gazelle) 64,

71–72, 72
predator inspection behavior 278–280
pursuit-deterrent signaling 277
stotting 277, 277

Eulamprus (water skink) spp. 122, 231, 244
Euprymna tasmanica (dumpling squids) 393
European minnow. see Phoxinus phoxinus
European robin. see Erithacus rubecula
European starling. see Sturnus vulgaris
euros. see Macropus robustus erubescens
evolution

body size and shape in lizards 294, 296
personality differences 393–394
predator–prey interactions as drivers 3
pursuit-deterrent signaling 217–218, 278
see also heritability; natural selection

exercise. see locomotor performance in lizards
exposure, lizard habitats 117–118
eye, arthropod 185, 186. see also sensory systems;

vision

facial exposure, lizard predators 134–135
Falco columbarius (merlin) 217–218
fall crickets. see Gryllus spp.
falling silent, invertebrates 180
false alarms 273–274
familial effects 362, 368. see also maternal

effects
fast burst escape responses 153, 154, 154–155
fathead minnow. see Pimephales promelas
FEAR. see flush early and avoid the rush
fear-like behaviors, physiology of escape 344, 350
fear screams 219
Ficedula (flycatcher) spp. 93, 362, 376
FID. see flight initiation distance
fiddler crabs. see Uca spp.
field cricket. see Gryllus; Teleogryllus oceanicus
field studies 8, 407–417. see also specific

phylogenetic groups (e.g., mammals)
fight or flight response

physiology of escape 344, 345
temperature effects in lizards 290

fish and amphibians 152–153, 169
body size 163, 163–164, 238–239
costs and benefits of escape 162
defenses 164–166

directionality 202–203
economic escape model 157
environmental factors 162
fast burst escape responses 155
group size effects 167–168
heritability 362
hiding time 231
Mauthner cells 154, 201
methodological challenges 153–156, 156
opportunity costs 242
predator inspection behavior 278–280
prey characteristics 156–162, 161
risk of capture 156–162
see also tadpoles and see specific species by name

fishing by humans 161, 169. see also human
disturbance and hunting

fitness 3–4, 17, 18
and hiding time 46–47, 242
vigilance/alarm-calling/signaling 48–50, 49
see also costs and benefits; models of escape
behavior; opportunity costs

fixed refuges, direction of approach 41–43, 42
fleeing distance. see flight initiation distance
flight angle. see escape trajectory
flight initiation distance (FID)

birds 90, 90–92, 91
cryptic prey 43–45, 44
definition 9–10
direction of approach 42
fish and amphibians 157
heritability 362
human disturbance in mammals 70–71
invertebrates 182–185, 183
locomotor performance in lizards 290–292
mammals 63, 66–69, 67, 68, 72–73
personality differences 386–387, 387
physiology of 343
reindeer 77, 77–78
statistical analysis of data 413–416
study of 411
Thomson’s Gazelle 72
vigilance/alarm-calling/signaling 47–50
see also lizards; models of escape behavior

flocking. see group living; group size effects
Florida scrub lizard. see Sceloporus spp.
flush distance. see flight initiation distance
flush early and avoid the rush (FEAR) 338,

424–425
flush early hypothesis 31, 34
flycatchers. see Ficedula spp.
food handling, invertebrates 190
foraging, opportunity costs 135, 136, 239–242, 241
forest habitats, lizards 305–306
freezing behavior 343–344, 344, 347, 348
freshwater clam. see Corbicula fluminea
freshwater pearl mussels. see Margaritifera

margaritifera
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fringe-toed lizard. see Uma spp.
Fringilla coelebs (chaffinch) 392
frogs (various) 166, 167

costs and benefits of escape 165
crypsis 166
hiding time 231, 235
predators 218
see also Rana spp.

fruit fly. see Drosophila melanogaster
Fundulus diaphanus (banded killifish) 167,

231

GABA (gamma aminobutyric acid) 352
Gadus morhua (Atlantic cod) 162
galah. see Cacatua roseicapilla
game theory

models 43–46, 44
vigilance/alarm-calling/signaling 48–50, 49, 50

garter snakes. see Thamnophis spp.
Gasterosteus aculeatus (three-spined stickleback)

155
heritability 362
hiding time 231
maternal effects 378
personality differences 392
predator inspection behavior 279–280

gaze direction, lizard predators 134–135
gecko (various)

autotomy 301
locomotor performance 296, 297
morphological adaptations 287–288
multiple predators 246–247
sandy habitats 304
saxicolous (rock-dwelling) 307

Gekko gecko (tokay gecko) 289
genetic × environmental interactions (G×E)

361, 380. see also heritability of escape
behavior

genome-wide association (GWA) studies 380
geometric models, escape trajectory

207–209
Gerris remigis (water strider) 183, 190, 231
gila monster. see Heloderma suspectum
Giraffa camelopardalis (giraffe) 63
Gloydius blomhoffii (mamushi snake) 362,

368
Gloydius shedaoensis (viper) 143
glucocorticoids. see corticosterone/cortisol
glutamate receptors, physiology of escape 352
golden dwarf cichlids. see Nannacara anomala
goshawk. see Accipiter gentilis
gourami. see Colisa lalia
gradient effects

escape behavior in lizards 305
lizard predators 130
mammals 69

graphical escape models 423
flight initiation distance 17–23, 18, 20, 21,
57–58

hiding time 22–24, 23, 24
vs. optimality models 28–31, 30

grasshoppers (various)
angle of flight 187, 188
color patterns 187
distance fled 185–187
flight initiation distance 182–185, 183
pursuit-deterrent signaling 218–219

gray wolf. see Canis lupus
great tit. see Parus major
green frog. see Rana spp.
green iguanas. see iguanian lizards
green lacewing. see Chrysopa carnea
grey partridge. see Perdix perdix
group living

escape trajectory 215–217
fish 155, 203
invertebrates 190
mammals 66
pursuit-deterrent signaling 219

group size effects
birds 98
fish and amphibians 167–168
mammals 72–73
study of 409
vigilance 268–269

Gryllus (cricket) spp.
distance fled 185–187
heritability 362, 369
hiding time 231, 238, 254
maternal effects 378
personality differences 388
retreating/hiding 188

gulls. see Larus spp.
guppy. see Poecilia reticulata

habitat. see environmental factors
habituation

and vigilance 266
lizards 120–121, 121
mammals 70–71
personality differences 390–391, 391
reindeer 75–78, 77

hadeda ibis. see Bostrychia hagedash
haematophagous bug. see Triatoma infestans
Halesus radiatus (caddis fly) 231, 239
Halobates robustus (ocean skater) 187, 190
harbor seal. see Phoca vitulina
head positioning 267–268, 323–327,

325, 326
health differences 394–398. see also quality

advertisements
height. see gradient effects
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Heloderma suspectum (gila monster) 289
Helogenes marmoratus (catfish) 166
Hemidactylus garnotii (gecko) 296
herds. see group living; group size effects
heritability, escape behavior 8, 360–364, 362, 371,

379–380
artificial selection studies 366–368, 369
birds 92–94, 93, 96
familial effects 368
garter snakes 366, 367
population-level comparisons 369–370
reindeer 75–78
scallops 364–365, 365
species-level comparisons 370–371
stress response 346

hermit crabs (various)
food handling 190
morphological adaptations 247, 248
opportunity costs 241
personality differences 389, 390
retreating/hiding 188–189,
see also Pagurus spp.

herring. see Clupea harengus
Heteromurus nitidus (springtail) 212
hiding time (HT) 227, 423

across different taxa 231
costs and benefits 248–249, 250
definition 11
effects of risk factors on refuge use 236
experimental data 228–230, 230
future research needs 255
game theory 45–46
heritability 362
models 22–24, 23, 24
monitoring behavior 253–254
morphological adaptations 247–248, 248
opportunity costs 239–247, 240, 241, 243
optimal 28, 227–228, 229, 250–251
predator behavior 235–237
predator–prey waiting games 239
previous capture 237
prey characteristics 238–239
pursuit-deterrent signaling 275
repeated attacks 250–254, 251, 253
stochastic dynamic modeling 46–47
temporal variables 254

Himantura uarnak (whipray) 167, 168
Hirundo rustica (barn swallow) 93, 100
Hogna carolinensis (wolf spider) 183
Holbrookia propinqua (keeled earless lizard) 123,

130
Hoplocephalus bungaroides (broad-headed snake)

144
hormonal status. see endocrine mechanisms
horned lizards. see Phrynosoma spp.
house sparrow. see Passer domesticus
HT. see hiding time

human disturbance and hunting
birds 97, 104–106
fishing 161, 169
mammals 70–72, 72, 75–78
reindeer 75–78, 77

hyena. see Crocuta crocuta
Hyla arborea (European tree frog) 159
hypocretins, physiology of escape 352
hypothalamic–pituitary–adrenal (HPA) axis

345–346

Iberian frog. see Rana spp.
Iberian wall lizard. see Podarcis spp.
Iberolacerta (rock lizard) spp.

hiding time 228–230, 230, 231, 235, 238, 249,
250–251, 251

monitoring behavior 253–254
opportunity costs 240–241, 241, 242–243, 243,
244, 245

repeated attacks 253, 252–253
state dependence in personality 395–397, 396
temporal variables in hiding time 254

iguanian lizards 295, 301, 303. see also
Amblyrhynchus cristatus; Anolis spp.

inclines. see gradient effects
incubation regimes, eggs 377–378
individual variation

birds 92
study of 420–421
see also personality differences

induced vigilance 267. see also vigilance
insects

escape trajectory 211
mammal harassment 69–70, 70
opportunity costs 242
signaling, pursuit-deterrent 218–219
vision 185, 186
see also invertebrates and see specific
phylogenetic groups (e.g., crickets)

intergenerational transmission, escape behavior 361
interspecific/intraspecific studies 421
invertebrates 177–178, 179, 181–189, 188, 192

angle of flight 187, 188
body size 191
cessation of movement 179–180
distance fled 185–187
falling silent 180
flight initiation distance 182–185, 183
food handling 190
group living 190
hiding time 231
locusts 178
methodological challenges 177
monitoring behavior 179
positioning behavior 180–181
retreating/hiding 187–189
temperature 191
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vision 185, 186
see also crustaceans; insects; spiders and see
specific species by name

Ischnura elegans (damselfly) 180

jackal. see Canis mesomelas
Japanese mamushi snake. see Gloydius blomhoffii
jumping abilities, lizards 301–302
jumping spider. see Servaea incana
Junco hyemalis (dark-eyed junco) 94, 267, 268

keelback snake. see Tropidonophis mairii
kin selection, alarm calling 48
kinematics, locomotor performance in lizards

291–292
knifefish. see Steatogenys duidae

Lacayon pictus (African wild dog) 71, 72,
277, 277

Lacerta (lizard) spp. 289
approach elevation 130
autotomy 301
hiding time 231
maternal effects 375
opportunity costs 245
see also Iberolacerta spp.

ladybird. see Coccinella septempunctata
Larus (gull) spp. 270
latency to flee 57–58

and nearest approach distance 53
definition 11
escape latency model 50–52, 51
heritability 362
lizards 129, 139, 140

lateralization (side preferences) 130, 202
Laticauda colubrina (laticaudine seasnake)

143
latitudinal differences, birds 99
Latrodectus (black widow spider) spp. 29
lava lizard. see Tropidurus spp.
Leiocephalus carinatus (northern curly-tailed lizard)

114, 212
leopard. see Panthera pardus
Lepomis gibbosus (pumpkinseed sunfish) 393
Liasis fuscus (water python) 362, 377
life history, birds 95. see also reproductive condition
life history trade-offs hypothesis 398
limb morphology, lizards 298–301, 300
Liolaemus (lizard) spp. 118, 139, 306–307
lion. see Panthera leo
Lithobates (frog) spp. 163–164, 218, 231, 235
lizards 122

autotomy 27–28
corticosterone 422
costs and benefits 135–138, 136, 137
egg incubation regimes 378
environmental factors 291, 292

escape behavior 289
escape decision making 290–292
escape strategies 138–139
escape trajectory 209, 212
habitat and environmental factors 114–119, 115,
116, 119

heritability 362, 371
hiding time 231, 235, 250
latency to flee 139, 140
models of starting distance 31, 33, 36–38
morphological adaptations 287–288
opportunity costs 242, 243
predator approach factors 126, 126–135, 130, 131,
132, 133, 134

prey traits 120–125, 121, 122, 124, 125, 126
temperature effects 290–292
see also below and see specific groups by name

locomotor performance in lizards 7–8, 287–289, 288
and escape decision making 290–292
autotomy 301–302
body size and shape 293–298, 295, 297
environmental factors 291–292, 299, 303–308,
308

escape ability 293, 294
flight initiation distance 290–292
future research needs 308–309
limb and muscle morphology 298–301, 300
motivation 292–293
muscle physiology 302–303
temperature effects 290–292

Locusta migratoria (locust) 178, 181, 185
log skink. see Pseudemoia spp.
Lophognathus temporalis (striped water dragon) 119
Loxodonta africana (African elephant) 66

Macropus eugenii (tammar wallaby) 73
Macropus giganteus (eastern gray kangaroo)

272
Macropus robustus erubescens (common wallaroo)

69, 74
Macropus rufus (red kangaroos) 69, 74
magpie. see Pica pica
mallard. see Anas platyrhynchos
mammals 63–64, 80

conservation and management planning 79
disturbance type 71–72, 72
domestication 74
environmental factors/distance to refuge
69–70, 70

future research needs 79–80
group size effects 72–73
hiding time 231
human disturbance 70–71
local extinction of predators 73
neonate predation 65–66
predators and escape options 64–66
reindeer and caribou 74–79
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mammals (cont.)
scanning for predators/risk assessment 66–69,
67, 68

social and reproductive effects 73–74
see also specific species by name

mamushi snake. see Gloydius blomhoffii
management planning. see conservation and

management
maneuverability in predators, escape trajectory

213–215
maneuverability in prey, heritability 362
mantis (preying mantis) spp. 29
Margaritifera margaritifera (freshwater pearl

mussel) 231, 238–239
margin of safety (MOS), definitions 10, 11
marine iguana. see Amblyrhynchus cristatus
marine reserves 161, 161, 169, 170
Marlangius merlangus (whiting) 208
Marmota (marmot) spp. 32, 42, 46–47, 65, 69,

74, 231
alarm calling 273–274
hiding time 228, 235, 238–239
opportunity costs 242
personality differences 388, 397, 397

mass flight, alarm calling 274–275
Masticophis spp. (whipsnake) 143
maternal effects, escape behavior 361, 362, 368, 372,

378–379, 379
endocrine mechanisms 375–376
environment and maternal condition 378
incubation regimes 377–378
provisioning effects 376–377
side-blotched lizards 372–375, 373

Mauremys (turtle) spp. 145, 231, 248, 249
Mauthner cells, fish 154, 201
mayflies (various)

body size 191
flight initiation distance 183
hiding time 231
multiple predators 246–247

MBD. see minimum bypass distance
MDTB (mouse defense test battery) 350
mealworm beetles. see Tenebrio molitor
Melospiza melodia (song sparrow) 93, 101
Melozone crissalis (California towhee) 327
Mephitis mephitis (striped skunk) 66
merlin. see Falco columbarius
Meroles (sand lizard) spp. 289
meta-analyses, study of escape behavior

416, 421
Metepeira incrassata (colonial spider) 181,

183, 190
methodological challenges. see study of escape

behavior
microhabitats, lizards 117
Micropterus salmoides (largemouth bass) 156
Mictyris longicarpus (soldier crab) 211

mimicry, pursuit-deterrent signaling 218
minimum approach distance. see flight initiation

distance
minimum bypass distance (MBD)

definition 9
lizard predators 126, 127–129
models 56

Mimosa pudica (plant) 231, 242
minnows (various) 162

hiding time 231
opportunity costs 240
predator inspection behavior 279

mobbing by prey species 275
models of escape behavior 5–7, 17, 57–58

assumptions/limitations 24–25
direction of approach 41–43, 42
escape latency model 50–52, 51
escape variables 55–57, 56
flight initiation distance 17–23, 18, 20, 21,
57–58

game theory 43–46, 44
graphical vs. optimality models 28–31, 30
hiding time 22–24, 23, 24
nearest approach distance 52–56, 53, 56
optimality models 25–28, 26, 27, 28, 57
starting distance 31–41, 35, 36, 37, 39
stochastic dynamic modeling 46–47
utility, range, and testability 422–424
vigilance/signaling 47–50, 49, 50, 57
see also economic escape model

mollusks, hiding time 231
Molothrus ater (brown-headed cowbird)

335
monitoring behavior 4

escape decision making 34–35, 35, 36
hiding time 253–254
opportunity costs 33–34, 35–39

moose. see Alces alces
morphological adaptations

birds 102
hiding time 247–248
lizards 120, 287–288, 293–301, 297, 307. see also
muscle morphology

MOS (margin of safety), definitions 10, 11
mosquito. see Culex spp.
moths (various) 181, 182, 231, 244
motion. see movement
motivation

definition 292
locomotor performance in, lizards 292–293
risk assessment 335

mountain lion. see Puma concolor
mourning dove. see Zenaida macroura
mouse defense test battery (MDTB) 350
movement

relative to predator 56
sensory systems 331–332

436 Index

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-06054-8 - Escaping From Predators: An Integrative View of Escape Decisions
Edited by William E. Cooper and Daniel T. Blumstein
Index
More information

http://www.cambridge.org/9781107060548
http://www.cambridge.org
http://www.cambridge.org


speed. see speed of approach; speed of escape
thanatosis, invertebrates 179–180

mule deer. see Odocoileus hemionus
multidisciplinary approaches, personality differences

399
multiple predators, hiding time 246–247
muscle morphology/physiology, lizards 298–301,

300, 302–303
musk oxen. see Ovibos moschatus

Namibian rock agama. see Agama spp.
Nannacara anomala (golden dwarf cichlid) 160
Nannoscincus maccoyi (McCoy’s skink) 362
natural selection 360–361

birds 92–94, 93, 96
locomotor performance in lizards 287
personality differences 398
see also evolution

nearest approach distance 52–56, 53, 56, 57
definition 10

negative frequency-dependent selection, personality
differences 398

Nemobius sylvestris (wood cricket) 191
Nerodia sipedon (northern water snake) 140, 141,

142–143,
neural control of escape behavior. see brains/

cognition
neuroanatomy 346–349, 348
neuroendocrine mechanisms. see endocrine

mechanisms
neurotransmitter mechanisms 350–353
NMDA (n-methyl-d-aspartic acid) 352
northern garter snake. see Thamnophis spp.
northern leopard frog. see Lithobates spp.
nose bot fly. see Cephenemyia trompe
Notonecta (aquatic bug) spp. 231, 237, 238–239, 244
null models, statistical analysis of data 415–416
Numenius arquata (curlew) 93, 93, 95

observation, single observer studies 408
ocean skater. see Halobates robustus
Ochotona princeps (American pika) 69
Octodon degus (degus) 69, 73
Odocoileus (deer) spp. 22, 65, 66, 67–69, 68
Oedipoda caerulescens (grasshopper) 187, 188
Oedura lesueurii (gecko) 246–247, 287–288
olfaction, mammals 69. see also sensory systems
Oncorhynchus (salmon) spp. 160, 161
Oophaga pumilio (poison dart frog) 166
openness, lizard habitats 117–118
opioides, effect on escape 353
opportunity costs 18, 23, 24, 24–25, 34, 44, 45

and alert distance 36–38
escape latency model 50–52, 51
fish and amphibians 157, 164
hiding time 227, 231, 239–247, 240, 241, 243
invertebrates 182, 185

mammals 66, 67
monitoring behavior 33–34, 35–39
nearest approach distance 52–56, 53
reptiles 113, 122, 139
vigilance 265
see also costs and benefits; fitness

optimality models 25–31, 26, 27, 28, 28, 30, 423
hiding time 228, 229, 242, 250–251
sensory perspective 338

Orb weaver spider. see Argiope florida
orexins, physiology of escape 352
Orgyia leucostigma (white-marked tussock moth)

181
Ormia ochracea (parasitic fly) 181
Osteopilus septentrionalis (Cuban tree frog) 168
Ourebia ourebi (oribis) 63
Ovibos moschatus (muskoxen) 66
oxidative stress, maternal provisioning 377
oxygen levels

directionality 202–203
fish and amphibians 159
invertebrates 185
opportunity costs 246

Pagurus (hermit crab) spp. 389
food handling 190
hiding time 231, 241
morphological adaptations 247, 248
personality differences 390
retreating/hiding 188–189

painted dragon. see Ctenophorus pictus
PAL (prey approach latency) 56
Panthera leo (lion) 71, 72, 270
Panthera pardus (leopard) 272, 273
parasitism 98–99, 159
Paroxya atlantica (grasshopper) 181, 182–185, 183,

187
parrotfish (various), body size 163, 163–164
partners, predator inspection behavior 280
Parus major (great tit) 392
Passer domesticus (house sparrow) 93, 330
passive behavior, physiology of escape 349
Pastinachus sephen (cowtail stingray) 167, 168
Pavo cristatus (peafowl) 333
pea aphid. see Acyrthosiphon pisum
penguin. see Pygoscelis antarctica
perception. see sensory systems
perception advertisement signals, prey species

275–276
perceptual limits hypothesis 338, 385, 392. see also

personality differences
perch height, lizards 115–116, 116
Perdix perdix (grey partridge) 362, 377
performance, definition 292. see also locomotor

performance in lizards
Periplaneta americana (cockroach) 187, 206, 207,

209, 211
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personality differences 8, 385–387, 387
Columbian black-tailed deer 67–68, 68
consistency/repeatability of 388–390, 389
correlations with other behavioral traits 391–393
evolution 393–394
future research needs 399
hiding time 238
life history trade-offs hypothesis 398
locomotor performance in lizards 293
negative frequency-dependent selection 398
plasticity and habituation 390–391, 391, 399
state dependence 394–398, 395, 396, 397
yellow-bellied marmot 242
see also sex differences

Phoca vitulina (harbor seal) 71
Phoxinus phoxinus (European minnow) 231,

279
Phrynosoma (lizard) spp. 45, 125, 137

locomotor ability 289, 297, 297, 303
phylogenetic relationships 144
physical defenses, pursuit-deterrent signaling

218–219
physiological costs

hiding time 244–246
monitoring effects 35

physiology of escape 8, 343, 353, 421–422
anatomy/neurochemistry 346–349, 348
defensive behavior 343–344, 344
effect of systemic drugs 350–353
endocrine system 344–346
muscle physiology, lizards 302–303

Pica pica (magpie) 104
pied flycatcher. see Ficedula spp.
pike cichlid. see Crenicichla alta
Pimephales promelas (fathead minnow)

162
planning, conservation. see conservation and

management
plant species. see Mimosa pudica
plasticity 390–391, 399. see also personality

differences
Platycercus elegans (crimson rosella) 98, 101
Platysaurus intermedius (common flat lizard)

122
playing dead, invertebrates 179–180
Plestiodon laticeps (broad-headed skink) 137, 139,

231, 235
plover. see Charadrius spp. 98
plumed basilisk. see Basiliscus spp.
Podarcis (lizard) spp. 120, 132, 132

hiding time 231, 235, 236, 244, 249, 254
latency to flee 140
locomotor performance 292–293
multiple predators 246, 253
personality differences 390, 391
predation pressure 133

Poecile montanus (willow tit) 231
Poecilia reticulata (guppy) 156, 160

heritability 362, 368
hiding time 254
opportunity costs 164
predator inspection behavior 279, 279

poison. see chemical defenses
poison dart frogs (various) 166
polar bear. see Ursus maritimus
pollution, effect on fish and amphibians 159,

169
polychaete worm. see Serpula vermicularis
Pomacentrus amboinensis (damselfish) 159
population level comparisons, heritability 362,

369–370
population size, birds 99, 101. see also group living
positioning behavior, invertebrates 180–181
predation, defenses against. see defenses against

predation
predation pressure, lizards 133, 134
predation risk. see risk of capture
predator approach factors, lizards 126, 126–135, 130,

131, 132, 133, 134
predator inspection behavior 266, 278, 281

fish 161–162
partners for inspection 280
reasons for 278–280, 279

predator–prey interactions 4
birds 98
evolution 3
hiding time 235–237
lizards 134
mammals 64–66
models of starting distance 33–34
monitoring. see monitoring behavior
predator detection signals 275–276
reindeer 78–79
relative movement 55–57, 56
sensory perspective 336–338. see also sensory
systems

waiting games 239
pre-detection distance, definition 9
previous experience of capture

fish and amphibians 160–162, 161
hiding time 237
lizards 130–131
see also repeated approach

prey approach latency (PAL) 56
preying mantis (various) 29
Procambarus clarkii (crayfish) 190
pronghorn antelope. see Antilocapra

americana
proportions 9–10

that emerge 10
that enter refuge 10
that flee 9, 155
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protean behavior 201, 203
escape trajectory 211–212, 213–215
invertebrates 187
see also reversals; zigzagging

provisioning effects, maternal 376–377
Psammodromus algirus (lizard) 207
Pseudochromis fuscus (dottyback) 159
Pseudemoia (skink) spp. 231, 247, 378
Pseudonaja textilis (eastern brown snake) 140, 141,

142, 143, 144
Psinidia fenestralis (grasshopper) 182–185, 183,

187, 188
Pterophyllum (angelfish) spp. 207
publications, escape behavior 5, 6
Puma concolor (mountain lion) 65
pumpkinseed sunfish. see Lepomis gibbosus
pursuit-deterrent signaling 32, 57, 217, 266, 275, 281

and physical or chemical defenses 218–219
evolution 278
game theory 47–50, 49, 50
lizards 125
perception advertisement signals 275–276
to conspecifics 219
vigor 217–218
see also predator inspection behavior; quality
advertisements

Pygoscelis antarctica (chinstrap penguin) 98–99,
395

quality advertisements 217–218, 276–277, 277,
279–280

quantitative-trait loci (QTL) 380

racer snakes. see Coluber spp. 143
rail (bird family), pursuit-deterrent signaling

278
rainbow trout. see Oncorhynchus spp.
Rana (frog) spp. 163–164, 167, 169

heritability 362
speed of escape 159

Ranatra (water scorpion) spp. 191
random trajectories. see protean behavior
Rangifer tarandus (reindeer and caribou) 65,

74–75
environmental factors 69–70, 70
group size effects 72–73
habituation 75–78, 77
predators 78–79
social and reproductive effects 73–74

reaction distance. see flight initiation distance
red deer. see Cervus elaphus
red drum fish. see Sciaenops ocellatus
red kangaroo. see Macropus rufus
red knot. see Calidris canutus
refuges

definition 227
direction of approach 41–43, 42

effects of risk factors 236
selection and entry, snakes 143
type, and hiding time 247–248, 248

Regina septemvitta (queen snake) 140, 141, 144
regression models, statistical analysis of data 414
reindeer. see Rangifer tarandus
relative movement 56
repeated approach

hiding time 250–254, 251, 253
lizard predators 130–131, 131, 236–237
see also previous experience of capture

reproductive condition
birds 95
lizards 124, 296
mammals 73–74
opportunity costs 242–244, 243
residual reproductive value 3
snakes 142
see also state dependence in personality

reptiles 113–114
crocodilians, sphenodontidans, and turtles
145

future research needs 145
see also lizards; snakes and see specific species
by name

residual reproductive value 3
response latency, fish 155
retinal configurations 323–327, 325, 327. see also

sensory systems
reversals during escape

heritability 362, 366, 367
maternal effects 373, 374, 375, 378

Rhoptropus afer (day Gecko) 297
risk assessment

and vigilance 271
mammals 66–69, 79–80
repeated attacks 251–253, 252–253
sensory systems 333–335, 337

risk of capture
birds 100–102
fish and amphibians 157
predictions of economic escape model 156–162,
157

risk taking. see personality differences
robins. see Erithacus rubecula; Turdus migratorius
rock-dwelling lizards 306–307. see also Iberolacerta

spp.
round-tailed horned lizard. see Phrynosoma spp.
routine vigilance 267. see also vigilance

safe-habitat hypothesis, birds 96, 98
salamander. see Ambystoma barbouri
salmon. see Onchorhyncus spp.
Salvelinus fontinalis (brook trout) 164
sand lizard. see Meroles spp.
sandfish, see Scincus scincus
sandy habitats, lizards 304–305
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Sauromalus (chuckwalla lizard) spp. 289
saxicolous (rock-dwelling) lizards 306–307
scallop. see Argopecten colbecki
scanning for predators. see vigilance
Sceloporus (lizard) spp. 117, 124, 124, 126, 137

body size and shape 296
distance to refuge 115
endocrine system 346
habitat and environmental factors 307, 308
hiding time 237, 238, 244, 249
locomotor performance 292–293, 298, 302–303,
309

opportunity costs 241
personality differences 388
repeated predator approaches 131
sensory systems 334
shadows 133

Schistocerca alutacea (grasshopper) 182–187, 183,
188

schools of fish 155, 203. see also group living
Schreiber’s green lizard. see Lacerta (lizard) spp.
Sciaenops ocellatus (red drum fish) 362, 376
Scincus scincus (sandfish) 297, 304
Sciurus carolinensis (eastern gray squirrel) 69
SD. see starting distance
sea anemones (various), personality differences 390
sea bream. see Diplodus spp.
selection. see artificial selection; natural selection
selfish herd hypothesis 215–216, 274–275
Semotilus atromaculatus (minnow) 231, 240
sensory systems 8, 322–323, 422

alert behavior 335–336
and predator–prey interactions 336–338
birds 102–103
detection/spatial maps 327–333, 328, 329, 330,
332

fish and amphibians 153
head positioning 326
locusts 178
retinal configuration 325, 327
risk assessment 333–335, 337
sequence of events to avoid predation 324
vigilance behavior 323–327, 325
see also vision

serotonin (5-HT) 351–352. see also SSRIs
Serpula vermicularis (polychaete worm) 189, 231,

239, 240
Servaea incana (jumping spider) 191
set-back zones 424
sex differences

lizards 121–123, 296
mammals 74

shadows, effect on lizards 132–133, 133
short burst escape responses 153, 154, 154–155
shyness. see personality differences
side preferences. see lateralization
side-blotched lizards. see Uta stansburiana

signaling, by prey species. see perception
advertisement signals; pursuit-deterrent
signaling; quality advertisements

silence, invertebrate strategy 180
silver-spotted sculpin. see Blepsias cirrhosus
single observer studies 408
size. see body size
skinks (various) 66, 114, 117, 122

approach elevation 130
autotomy 301
heritability 362
hiding time 231, 235
maternal effects 378
multiple predators 247
opportunity costs 244
state dependence in personality 397

skua. see Catharacta spp.
skylark. see Alauda arvensis
slider. see Trachemys scripta
smooth snake. see Coronella austriaca
snakes (various) 140–143, 141, 246

escape strategies 143–144
refuge selection and entry 143

social effects
birds 98
costs and benefits 135–137, 136, 137
fish 161, 161
mammals 73–74

soldier crab. see Mictyris longicarpus
Somateria mollissima (eider) 93, 95, 395
song in birds 96–97
song sparrow. see Melospiza melodia
southern Leopard frog. see Lithobates spp.
Spanish terrapin. see Mauremys spp.
sparrowhawk. see Accipiter nisus
spatial detection maps 327–333, 329, 330
species-level comparisons, heritability 362
speed of approach

escape trajectory 213–215
fish predators 162
lizard predators 126, 127, 132
study of 412

speed of escape
fish and amphibians 156–160, 157
heritability 362, 366
locomotor performance in lizards 292–293,
294

vs. accuracy 202, 203
spiders (various) 29

body size 191
flight initiation distance 182–185, 183
group living 190
heritability 362, 369
personality differences 392
retreating/hiding 188

spiny footed lizard. see Acanthodactylus erythrurus
spiny mouse. see Acomys cahirinus
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spontaneous behaviors
starting distance 31–32, 33–34, 38–40
statistical analysis of data 415
study of 410

springtail. see Heteromurus nitidus
squirreling, positioning behavior 180–181
SSRIs (selective serotonin reuptake inhibitors) 351,

353
standing distance, definition 9
starting distance (SD)

birds 88–89
definition 9
lizards 131–132, 132
mammals 66–69, 67, 68
models 31–41, 35, 36, 37, 39
sensory systems 335
statistical analysis of data 413–414, 415
study of 409–411

state dependence, personality differences
394–398, 395, 396, 397. see also reproductive
condition

statistical analysis of data 413–416
stealth, mammal predators 64–65
Steatogenys duidae (knifefish) 166
Stellio stellio (lizard) 295
stickleback. see Culea incostans; Gasterosteus

aculeatus
stimulation (stimulus) angle, definition 12
stochastic dynamic models of escape behavior

46–47
stotting, Thomson’s gazelle 277, 277. see also

pursuit-deterrent signaling
stress response

endocrine system 346
maternal effects 375–376

striped plateau lizards. see Sceloporus spp.
striped skunk. see Mephitis mephitis
study of escape behavior 424–425

baseline study conditions 407–408, 415–416
best practice 407–417
citations 5, 6
escape trajectory 205–207
field studies 8, 407–417
fish and amphibians 153–156, 156
invertebrates 177
personality differences 399
see also specific phylogenetic groups (e.g., birds)

Sturnus vulgaris (European starling) 330
submissive behavior 349
suboptimal scanning hypothesis, mammals

66–69, 67
substrate characteristics, effect on lizards 291,

299
surgeonfish family 161
sweet potato beetle. see Cylas formicarius
swift. see Apus melba

tadpoles (larval amphibians) 152–153
body size 163–164
costs and benefits of escape 165, 165
crypsis 166
fast burst escape responses 155
group size effects 168
speed of escape 159

tail shedding. see autotomy
tammar wallaby. see Macropus eugenii
tangential approach, definition 12
Teleogryllus oceanicus (field cricket) 231, 238
temperature. see body temperature
temporal variables

hiding time 254
terminology 10–11
vigilance 269–271, 270

Tenebrio molitor (mealworm beetle) 390
tentacled snake. see Erpeton tentaculatum
terminology, escape behavior 8–13. see also

definitions
territoriality, male lizards 135–137, 136
testosterone

birds 97
maternal effects 375–376
personality differences 392

Tetranematichthys quadrifilis (catfish) 166
Thallosoma bifasciatum (bluehead wrasse) 163–164
Thamnophis (garter snake) spp. 141, 142–143, 144

body temperature 144
heritability 362, 366, 367, 368
maternal effects 375
refuge selection and entry 143

thanatosis (playing dead) 179–180
Thomson’s gazelle. see Eudorcas thomsonii
threat-sensitivity hypothesis 249
three-spined stickleback. see Gasterosteus aculeatus
time to contact, risk assessment 334
toad, common. see Bufo bufo
tokay gecko. see Gekko gecko
tourism, human disturbance of reindeer 75–78
toward responses 200–202, 203–205, 204. see also

directionality
Trachemys scripta (slider) 231, 248
trade-offs, life history 398
trajectory, risk assessment 334–335
treefrog. see Agalychnis callidryas
tree lizards. see Lacerta; Urosaurus ornatus
Triatoma infestans (assassin bugs) 187, 208, 209
Tropidonophis mairii (keelback snake) 141, 142,

362, 378
Tropidurus (lizard) spp. 231, 244, 292–293, 303
trout. see Salvelinus fontinalis
tuatara reptiles 145
tubeworm. see Serpula vermicularis
turbidity, water 162
Turdus merula (blackbird) 95–96, 97, 105
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Turdus migratorius (American robin) 104
turn angle, definition 13
turn direction, lizard predators 129, 130
turtles (various) 145

hiding time 231
morphological adaptations 248
personality differences 392

Uca (fiddler crab) spp. 179
escape trajectory 215–216
flight initiation distance 182–185, 183
hiding time 231, 235
opportunity costs 241, 243
retreating/hiding 187–189

Uma (fringe-toed lizard) spp. 289, 291–292
ungulates, neonate predation 65–66. see also

mammals
unpredictability. see protean behavior
urbanization, birds 95–96. see also human

disturbance
Urosaurus ornatus (tree lizard) 136, 136
Ursus arctos (brown bear) 69
Ursus maritimus (polar bear) 71, 75, 78–79
Uta stansburiana (side-blotched lizard)

escape strategies 139,
escape trajectory 209, 212
heritability 362
maternal effects 372–375, 373, 376

Varanus (lizard) spp. 291–292, 300
vehicles, adaptations to

birds 104
mammals 71–72

vertical escape behaviors 92, 362
vervet monkeys. see Chlorocebus pygerythrus
vigilance, antipredator 57, 265–267, 280–281

copying 269–271
definition 267
group size effects 268–269
head positioning 326
individual differences. see personality differences
mammals 66–69, 67
models 47–50
other factors affecting 271–272
reindeer 77, 77–78
sensory systems 323–327, 325
temporal variables 269–271, 270
while engaging in other activities 267–268, 268

vigor. see health differences; quality advertisements
viper. see Gloydius shedaoensis

vision
arthropods 185, 186
lizard predators 134–135
retinal configurations 323–327, 325, 327
see also sensory systems

waiting games, predator–prey 239
waiting time 245
wall lizards. see Podarcis spp.
wallaby. see Macropus eugenii
warble fly. see Hypoderma tarandi
watchful babbler game 48–50, 49, 50
water. see aquatic habitats
water python. see Liasis fuscus
water scorpion. see Ranatra spp.
water skink. see Eulamprus spp.
water strider. see Gerris remigis
whipray. see Himantura uarnak
whipsnake. see Masticophis
whiptail lizards (various)

body size 295
costs and benefits 136
heritability 370

white-crowned sparrow. see Zonotrichia
leucophrys

white-tailed deer. see Odocoileus spp.
whiting. see Marlangius merlangus
wild dogs. see Lacayon pictus
wind speed, lizard habitats 119
wolf. see Canis lupus
wolf spider. see Hogna carolinensis
wood cricket. see Nemobius sylvestris
wood pigeon. see Columba palumbus
woodchuck. see Marmota spp.

Xanthodius sternberghii (crab) 179

yellow-bellied marmots. see Marmota spp.

zebra danios. see Brachydanio rerio
zebra-tailed lizard. see Callisaurus draconoides
Zenaida macroura (mourning dove) 335
zigzagging 213

escape trajectory 213
maternal effects 373, 374
see also protean behavior

zone of awareness, mammals 66–68, 67, 68
Zonotrichia leucophrys (white-crowned sparrow)

327
Zootoca vivipara (common lizard) 362
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