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diurnal, 108
environmental and physiological triggers, 101,

103–104, 103f
evolution of, 91–93
genetic bases of, 93–97
mass, 99–101, 102f
of Mormon crickets, 99–100
of moths, 104, 105f
orientation and navigation

methods, 104–117
physiological and neural preparations for,

97–99
of salmon, 97–98, 99, 106
of sea turtles, 115, 116f
traits involved in, 89

Migratory restlessness, 93, 98, 109f. See also
Zugunruhe

Mole rats, 208, 210
Monogamy, 183–185
Mormon crickets

migration, 99–100
nuptial gift, 167
resources in sperm package, 162, 162f

Mormyrids, 40, 40f, 44
Morton, Eugene, 134
Moths, migration of, 104, 105f
Motor control, 41–47, 43f, 45f
Mouritsen, Henrik, 15
Müllerian duct system, 125, 126f
Muscle reflexes, 41–42, 42f
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Mutation, 18, 18f, 19
Mutualisms, 23

N

Nagel, Thomas, 14
Natural selection

described, 18, 18f, 19
sexual selection and, 19–20

Navigation, 104–117
compass

calibration of, 114
earth’s magnetic field, 112–114, 113f
sensing polarized light as,

108–112, 110f
sun and star, 108, 109f

magnetic sensing, 112–117, 113f, 115f
mass, 114–117, 115f
neural basis of, 117
olfactory imprinting, 105–108, 107f
subtle orientation, 104–105, 105f

Nerve growth factor-inducible protein A (NGFI-A),
11–12, 12f

Nervous system, organization of, 36
Nesting, territorial behavior during, 217
Nest parasites, 191
Neural control of behavior

mate recognition, 146–151, 148f, 150f
motor control, 41–47, 42f, 43f, 45f
sensory processing, 37–41, 38f, 40f
variation in, 47–51

modulation, 47–79
plasticity, 49–51

Neural plasticity, 49–51
Neurogenesis, 50
Neuromodulators, 47–49
Neurons

electrical synapses, 37
electrosensory, 39
motor, 41–42, 42f, 43f
neurotransmitters, 36–37, 39
omega, 151
pacemaker, 42
sensory, 41–42, 42f, 43f

Neuropeptide F (NPF), 61
Neuropeptide Y (NPY), regulation of hunger by,

61–62
Neurotransmitter, 36–37, 39, 47
Newts (Taricha), 76, 77f
NGFI-A (nerve growth factor-inducible protein A),

11–12, 12f
Norepinephrine, 37, 48
Nowicki, Steve, 170
NPF (neuropeptide F), 61

NPY (neuropeptide Y), regulation of hunger by,
61–62

Nuptial gifts, 167, 173

O

Observational learning
learned taste aversions overcome

by, 75
in social aggression, 223–224, 224f

Occam’s razor, 26
Octopamine, 37, 49
Olfaction

in kin recognition, 204
in parental behavior, 193–194

Olfactory imprinting, 105–108, 107f
Oliveria, Rui, 223
Ommatidia, 110f, 111
On the Origin of Species (Darwin), 18, 19
Ontogeny, 35
Opponency system, color, 8, 9f, 10
Optic tectum, 68, 68f, 71, 72f
Optimal foraging, 79–87, 82f, 84f–86f

assumptions about evolution, 85–87
assumptions about learning, 83–85
basic model, 80–81
testing the model, 81–83, 82f

Orchids, deceptive, 167, 168f, 173
Orientation. See also Navigation

of bacteria along magnetic fields, 113
of indigo buntings during migratory restlessness,

109f
subtle, 104–105, 105f
testing with Emlen funnel, 93, 95

Orr, H. Allen, 143
Owens, Ian P.F., 188
Owls, auditory hunting by, 69–71, 70f, 72f
Oxytocin

activational effects of, 51
cooperative behavior and, 201–203
as neuromodulator, 48, 51
parental behavior and, 193, 194

P

Parasites, behaviors induced by, 77–79, 78f
Parental behavior, 189–197

auditory cues, 194–195, 195f
behavioral experience, influence of, 196–197
courtship versus parental care, trade-off in,

195–196
neural and hormonal changes, 189–195

in birds, 190–191, 191f
in mammals, 191–195, 192f, 195f
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Parental behavior (Continued)
olfactory signals, 193–194
parental bonding and parental care

distinguished, 189
somatosensory signals, 194

Parsimony, 26, 30
Partridge, Linda, 162
Passenger pigeon, 99
Passerculus sandwichensis (Savannah sparrows),

calibration of navigation compass in,
114

Passerina cyanea (indigo bunting), navigation by,
108, 109f

Passerine birds, hyperphagia of premigratory, 98
Peacocks, 169–170, 170f
Peptide hormones, activational effects of, 51
Perceptual world, 37–41
Period gene, 53, 176
Petrie, Marion, 176
P gene, in swordtails, 177
Pheidole gilvescens, 220
Pheidole tucsonica, 220
Phelps, Steven M., 32
Pheromone, honeybee, 211
Photoperiod, reproductive seasonality and, 131–133
Photopigments, 109, 110f, 111, 135,

172–173
Phylogenetically independent contrasts, 30
Phylogenetics, 26–30, 29f
Phylogenetic tree, 26, 27
Pianka, Eric R., 80
Pigeons

homing, 114, 115–116
magnetic orientation in, 14–15

Pipefish, 161f, 162
Pit organs, 71, 73–74, 73f
Pit vipers, infrared prey sensing by, 71, 73–74, 73f
Plasticity, neural, 49–51
Platyfish, 6, 7f
Play fighting, in hamsters, 225–226, 226f
Podos, Jeffrey, 5
Polarized light, as navigation compass, 108–112,

110f
Pollack, Gerald S., 149
Pollination, 167
Polyandry, 185–188
Polygyny, 185–188

in red deer, 217
territorial aggression and, 217

Polymorphus paradoxus, 79
Potts, Wayne, 171
Predation risk, effect on female mate choice, 175
Predators

avoidance behavior in toads, 66
foraging, effect on, 61

Pretectum, 68, 68f, 69
Prey

optimal foraging, 79–87, 82f, 84f–86f
tetrodotoxin as predatory defense, 76–77, 77f

Prey capture
auditory hunting in owls, 69–71, 70f, 72f
common patterns in sensory basis of, 74
infrared prey sensing in snakes, 71, 73–74, 73f
visual in toads, 66–69, 67f, 68f

Primary sexual characteristics, 52, 163
Primates

dominance hierarchies in, 223
infanticide, 235, 236

Profitability, in optimal foraging model, 80–83, 82f
Progesterone

aggression inhibition by, 231
maternal behavior and, 190, 192

Prolactin
in birds, 158, 190, 191f
in mammals, 191f, 193

Promiscuity, 183–185, 185f, 236
Pseudoacris spp., mating calls of, 145–146, 145f
Pufferfish, 76, 77
Pulido, Francisco, 93
Pundamilia spp., 155, 155f
Pupfish (Cyprinodon variegatus), dear enemy effect

in, 221, 222f

Q

Queen mandibular protein, 211
Queller, David, 205, 206

R

Rana catesbeiana, call recognition in, 146–147,
148f, 151

Rand, A. Stanley, 173
Rats

masculinization of embryos
in, 127, 127f

parental behavior in, 11–13, 12f, 191–192,
192f, 193, 194–195, 195f

taste aversion learning, 75
Reciprocal altruism, 23
Red deer (Cervus elaphus), territoriality in,

216–217, 216f
Red Queen effect, 21
Reflex circuits, 41–42, 42f
Regan, C. Tate, 187
Releasing factors/hormones, 52
Reproduction

associated and disassociated patterns,
129–130, 130f

infanticide and, 235–236
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insurance hypothesis and overproduction of
young, 237–238

seasonality in, 130–133
short-day and long-day breeders, 31

Reproductive character displacement, 144–146
Reproductive synchronization, 156–160
Reptiles, sex determination in, 124
Resource management, migration as mechanism

of, 101
Retinal mapping, 68–69
Rice, William, 162
Ringdove, reproductive synchronization in,

157–158, 157f
Ritualized displays, territoriality

and, 217–218
Ritz, Thorsten, 15
Robinson, Gene, 49
Rodents. See also specific species

hoarding in, 62
parental behavior in, 191–192, 192f, 193,

194–195, 195f
Rolshausen, Gregor, 96
Rosenthal, Gil, 6, 177
Rowe, Locke, 162
Runaway sexual selection, 21, 172
Ryan, Michael J., 30, 173, 177, 207

S

Sabourin, Patrick, 149
Sage grouse, 219, 219f
Sailfin mollies, mate-choice copying in, 56
Sakaluk, Scott, 173
Salmon

migration of, 97–98, 99, 106
olfactory imprinting in, 106–107, 107f

Savannah sparrows (Passerculus sandwichensis),
calibration of navigation compass
in, 114

Schartl, Manfred, 177
Schizocosa uetzi (wolf spider), 156
Scholz, Allan T., 107
Searching activities, appetitive

behaviors as, 60
Sea slug Aplysia, 124
Seasonality, 130–133

environmental triggers, 131–133
hormonal mediation of, 133

Sea turtle migration, 115, 116f
Secondary sexual characteristics, 52, 163
Seehausen, Ole, 135
Segregation distortion, 24, 25f
Selection. See also Sexual selection

agent of, 20, 21
direct, 20, 21, 167

indirect, 21
kin, 22–24
sexual, 19–21
target of, 20, 21

Selfish genes, 24
The Selfish Gene (Dawkins), 24, 205
Sensitization, aggression learning and, 232
Sensory exploitation, 172
Sensory processing, 37–41

electroreception, 39–41, 40f
hearing in mammals, 38–39, 38f

Serotonin
aggression and, 227, 229–230, 230f
as neuromodulator, 47, 48–49
as neurotransmitter, 37, 47
in parasite infections of crustaceans, 79

Sessile organisms, 89
Sex, evolution of, 122
Sex chromosomes, 123, 124
Sex determination, 123–124

environmental, 123, 124
genetic, 123
haplodiploid system, 123, 209–210,

209f, 211
temperature-dependent, 124, 128

Sex differences, 121–130
activational role of hormones,

128–130, 130f
organizational role of hormones, 125–128,

126f
sex determination, 123–124

Sex hormones. See Gonadal steroid hormones
Sex role reversal, 162
Sexual communication

mate recognition, 144–156
reproductive synchronization, 156–160

Sexual conflict, 162
Sexual differences in mating strategies,

160–163
Sexual dimorphism

abundance of, 163
examples of, 166f
in polygyny and polyandry, 187–188
territoriality and, 217–218

Sexual fidelity, 188–189
Sexual reproduction, genetic variation generated

by, 122
Sexual selection

behaviors generating, 163–168
described, 19–21
evolution of weapons, 163, 164f–165f
runaway, 21, 172
sensory exploitation, 173
sexual differences in mating strategies,

160–163
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Sexual selection (Continued)
sexual dimorphism examples, 166f
signal complexity, favoring

of, 173–174
Seyfarth, Robert, 139
Sheep, mother–infant bonding in, 194
Sherman, Paul W., 23
Sherrington, Charles Scott, 60
Siamese fighting fish (Betta splendens), 223, 224f
Siblings

cooperation among, 199
siblicide, 235, 236–238

Signal reliability, 169–172
Sign-stimulus-evoked fixed action

patterns, 66
Silent mutations, 53
Slime mold, 205–206, 206f
Smith, John Maynard, 122
Snakes

aquatic garter snakes (Thamnophis sirtalis),
76–77, 77f

infrared prey sensing by, 71, 73–74, 73f
Social aggression, 215–222

conditioned defeat behavior, 225, 225f
dear enemy phenomenon, 219–222,

221f, 222f
dominance hierarchies, 222–223
experience as determinants of winners and

losers, 224–227, 225f, 226f
female, 230–231
juvenile experiences, importance of, 226–227,

226f
leks and display sites, 219, 219f
male, 227–230, 228f, 230f
mate guarding, 218
neural and hormonal mechanisms of,

227–231
in females, 230–231
in males, 227–230, 228f, 230f
testosterone surge after winning, 231

reproduction, link to, 215, 227, 238
territoriality, 216–218

Social bonding
cooperation, 197–204
eusociality, 208–211, 209f
kin recognition, 204–207
male–female, 183–189
parent–offspring, 189–197
sexual fidelity versus, 188–189
species recognition, 207–208, 208f

Sokolowski, Maria, 86–87
Soltis, Joseph, 236
Somatosensory signals, parental behavior

and, 194
Songbirds, song learning in, 151–154, 152f

Sound
localization in barn owls, 69–71, 70f, 72f
perception of, 38–39, 38f

Spalding, Douglas Alexander, 106
Spatial learning/memory, 62–65, 63f
Speciation

behavioral contributions to, 144
sympatric, 95–96

Species, definition of, 143
Species recognition, 144, 207–208, 208f
Spencer, Herbert, 19
Spermatophore, 218
Sperm competition, 218
Spotted hyenas, siblicide in, 238
SRY gene, 123, 125, 126, 126f
Starling (Sturnus vulgaris), migration of, 108
Star patterns, as compass, 108
Stein, V.W., 96
Steroid hormones. See Gonadal steroid

hormones
Strassmann, Joan, 205
Stress

cross-generational transmission by maternal
behavior, 11–13, 12f

developmental stress effect on birdsong,
170–171

Stretch reflex, 41–42, 42f
Sturnus vulgaris (starling), migration of, 108
Submissive behavior, 223–226, 225f
Subordinates, 222–226, 225f
Sun, as compass, 108
Sunk-costs fallacy, 83
Superb fairy-wren (Malurus cyaneus), 196
Supergenes, 205
Surfperches, 173
Survivorship, 18, 19
Survivorship costs of traits, 169–170
Swordtails

genetics of body size in, 176–179, 178f
mate choice in, 6–7, 7f, 173

Sylvia atricapilla (blackcap), 93–96, 94f
Sympatric speciation, 95–96
Synapse, 36–37
Syrian hamsters (Mesocricetus auratus), aggression

in, 225–227, 225f, 226f
Syrinx, morphology of songbird, 2f, 3

T

Tadpoles, kin recognition in, 204
Taeniopygia guttata. See Zebra finch
Taste aversion learning, 75–76
T5 cells, 68
TDF (testes-determining factor), 125
Teleogryllus spp., 149, 218
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Temeles, Ethan J., 220
Ten Cate, Carel, 155
Territoriality

dear enemy phenomenon, 219–222, 221f,
222f

marking, 218
in polygynous systems, 217
in red deer, 216–217, 216f
ritualized displays, 217–218
in Syrian hamsters, 225

Testes-determining factor (TDF), 125
Testosterone

aggression facilitation by, 227–230, 228f, 230f
bird eggs supplemented with, 160
conversion to estrogen, 125, 126, 227–228, 230
elevation in response to conspecific calls in

frogs, 159
in females, 230
paternal behavior and, 190, 192–193
reproductive synchronization and, 158
seasonality in levels of, 133
sexual differentiation, role in, 125–127, 126f,

127f
surge after winning, 231
as transcription factor, 53

Tetrodotoxin, 76–77, 77f
Thamnophis sirtalis (aquatic garter snake), 76–77, 77f
Threat displays

in dominant–subordinate relationships, 223
territoriality and, 217–218

Thryothorus ludovicianus (Carolina wren), dear
enemy effect in, 221

Thuman, Katharine A., 188
Thyroxine

influence on migration, 103, 104
role in olfactory imprinting, 106–107

Tinbergen, Niko
four questions of, 1–3, 2f
one question of, 4

Toads (Bufo)
predator avoidance behavior, 66
tadpole siblings in schools, 199
visual prey capture, 66–69, 67f, 68f

Tolerance, neural basis of, 201–204
Torus semicircularis, 147, 149
Touch sensors, in bat wings, 13–14
Tramontin, Anthony D., 50
Transcription factors, 53, 55
Trematode (Dicrocoelim dendriticum), 78–79, 78f
Trigeminal temperature nerve endings, 71, 73
Tritonia, swimming in, 43–44, 43f, 48–49
Trophic hormones, 52
Trust, neural basis of, 201–204
Trust game, 203–204
Túngara frogs

call recognition in, 30, 31f, 32, 149, 151, 173
mating calls of, 30, 31f, 32, 137–138, 207–208,

208f
reproductive synchronization, 159
signal complexity, 174
species recognition, 30, 31f, 32

Turkeys, cooperation among sibling, 199
Turtles, loggerhead sea (Caretta caretta), navigation

by, 115, 116f
Tyto alba (barn owl), auditory hunting by, 69–71,

70f, 72f

U

Ultrasound. See Echolocation
Umwelt, 37–38, 39, 41

V

Van Valen, Leigh, 21
V1a receptor, 184–185, 185f, 186f, 228–229
Vasopressin

aggression and, 227–230, 230f
cooperative behavior and, 201–203
in monogamous prairie voles, 184–185, 185f,

186f
as neuromodulator, 48
parental behavior and, 193

Vertebrates
motor control in, 41
pattern of sex steroid levels in, 129, 129f
polarized light sensed by, 111–112

Vervet monkeys, referential signals in, 139
Verzijden, Machteld, 155
Vision

in aphids, 8–10, 9f
visual prey capture in toads, 66–69, 67f, 68f

Voles
monogamy and promiscuity in, 184–185, 185f,

186f
vasopressin effect on social attachment, 229

von Frisch, Karl, 1
von Uexküll, Jakob, 37, 41

W

Waldman, Bruce, 204
Walum, Hasse, 185
Weapons, evolution of in animals, 163, 164f–165f
Weevils, winged-wingless dimorphism in,

96–97, 97f
Weiss, Samuel, 50
Whiptail lizards (Cnemidophoris uniparens), 124, 159
White-crowned sparrows

long learning in, 152
response to song variation, 159–160
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Wilczynski, Walter, 173
Williams, George C., 26
Wiltschko, Roswitha, 116
Wiltschko, Wolfgang, 116
Winged–wingless dimorphism, in insects,

96–97, 97f
Wingfield, John, 159
Wolffian duct system, 125, 126
Wolf spider (Schizocosa uetzi), 156
Wommack, Joel C., 226

X

X chromosomes, 123
Xenopus laevis, 204
Xiphophorus helleri, mate choice in,

6–7, 7f
Xiphophorus maculatus, 6, 7f

Xiphophorus multilineatus, 176
Xiphophorus nigrensis, 176–179, 178f

Y

Yang, Eun-Jin, 232
Y chromosomes, 123, 125–127
Young, Larry, 184

Z

Zahavi, Amotz, 169
Zebra finch (Taeniopygia guttata)

aggregation preferences, 201–202, 202f
optimal foraging theory study in, 86, 86f
response to song, 174
song learning in, 153f, 154

Zook, John, 13
Zugunruhe, 93, 98, 101, 103f, 108
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