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aboutness. See intentionality
acoustic communication. See auditory/
acoustic communication
actor-receiver interactions. See cooperative
behaviours
adaptive responses
in animal communication, 6
in knowledge/ignorance situations, 238-239
to belief situations, 239-240
to mental states, 232, 241-246
to witnessed and unwittnessed events, 239
affiliative behaviours/interactions
copying behaviour and, 539
dog-human tactile contact, 92
for captive animal welfare, 462
for reconciliation, 259
in elephants, 366, 371
in Norway rats, 345
updating relationship information by, 258
affordance learning, 450, 537
African forest elephant (Loxodonta cyclotis),
362-364
African grey parrots (Psittacus erithacus),
693-702
African savanna elephant (Loxodonta
africana), 362
alarm signals, 8
in cooperative relationships, 9
intentionality in use of, 252
phermone effects on discrimination in ants,
49
representational interpretation of, 250-251
threat learning in, 507
alliances, 257
allomothering in elephants, 366
alternate gender roles, 279
altruistic interactions, 274
American crows (Corvus brachyrhynchos),
mobbing behaviour in, 507
amodal completion, 58, 60
amygdala, face detection, 306
Analogue Magnitude System (AMS), 562-563,
569, 571

angelfish (Pterophyllum scalare)
numerosity judgments in, 561, 564
quantity discrimination in, 582-584
animacy perception
detection of, 295-310
dynamic cues for, 300-304
face and eye-like patterns in, 296-300
fur as cue for, 299
neural bases of detection, 304-310
static cues, 295-300
static cues for, 296-300
animal communication
definition, 38
evolutionary causes in, 6-12
innovation in research, 640
linguistic model of, 100
animal culture
birdsong as example of, 516-517
factors in, 544-547
in chimpanzees, 543-547
animal motion detection, 300
animal personality traits, 713
animals in captivity, studies on, 701-702
Anna’s hummingbirds (Calypte anna),
19
anomalies in choice patterns, 771
ant queen pheromone, 47
antennal boxing, 45
anticipation effect
false-belief situations, 240
for animate beings, 237
anti-predator responses/strategies
call-referent relations in blackbirds, 107
context-specific signal production, 102
cooperation in, 275
in fish, 158-159, 494-496, 584
learning and retention of, 148
motion cues and, 309
response to eye-like patterns, 297
shoal discimination in fish, 581
social learning in, 507, 519-520
to face-like stimuli, 297
warning signals, 8
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ants
acoustic communication in, 42
alarm phermone effects in, 49
begging behaviour in, 44
chemical communication, 46-50
cuticular hydrocarbons in, 48-49
foraging phermones in, 49
heterospecific adoption in, 42
inter-specific differences in, 37
morphological differences in, 37
navigation in, 40
olfactory communication, 46
olfactory learning in, 47
queen phermone in, 47
recruiting and teaching in, 45
recruitment in, 42
ritualized agonistic behaviours, 45
societal living of, 36
stridulation in, 42
tactile communication in, 4346
tandem running in, 45
teaching in, 451
visual cue use in, 40
worker-laid egg regulation, 47

ants (Atta sexdens), 42

ants (Camponotus), 37, 49

ants (Camponotus senex), 41

ants (Cardiocondyla), 42

ants (Cataglyphis), 40

ants (Crematogaster scutellaris), 40

ants (Dinoponera gigantea), 37

ants (Formica fusca), 47

ants (Gigantiops destructor)
visual cue use in, 40

ants (Gnamptogenys stritula), 44

ants (Lasius niger), 47

ants (Mesoponera caffraria), 44

ants (Messor), 38

ants (Monomorium pharaonis), 37

ants (Myrmica rubra), 42, 44

ants (Mystrium camillae), 37

ants (Neoponera apicalis), 41

ants (Neoponera goeldii), 42, 45

ants (Odontomachus), 37

ants (Temnothorax), 45

anurans. See frogs

apes. See also primates
attention getting behaviours in, 235
empty gaze habituation in, 234
eye contact and mutual gaze orientation in,

235
gestural communication in, 252
intended meanings of gestures, 254
intraspecific and interspecific gesture use,
253

recall memory in, 215-216

aposematism. See warning coloration

arginine vasotocin, 284
Asian elephant (Elephas maximus), 362
Asian elephant (Elephas maximus), social
structure in, 364
asocial learning, 454, 456
Atlantic cod (Gadus morhua), 141
Atlantic salmon (Salmo salar), memory
retention in, 147
Atlantic spotted dolphins (Stenella frontalis),
387
attitudinal reciprocity, 355
auditory/acoustic communication, 370
acoustic cues in elephants, 370
auditory communication in wolves and
dogs, 74-76
begging, 43
cues in threat and predator detection,
370-371
in ants, 42
mimicry in Maculinea butterfly larvae, 42
wild-superb fairy-wens, 11
autonoetic consciousnes. See also
phenomenological experience
autonoetic consciousness/awareness
evidence for, 128
in episodic memory, 119, 128
in what-where-when paradigm, 119
memory recollection, 118
recollective experiences and, 118
re-experience of past efents, 117
AVPRIA gene, self-recognition ability, 428
axis alignment of movement, 300

baboons
fission-fusion dynamics in, 325
metacognitive abilities in, 762
mirror-image stimulation in, 417
third party reconciliation in, 259

Back-headed caiques (Pionites

melanocephalus), 696

basic-level categories, 622, 628

bees, social learning in, 454

begging behaviour, 43

behaviour reading, 241, 244-245
embodied cognition and, 247
Gestalt-like perception in, 246
intentionality in, 249
prediction from behavioural cues, 241

behavioural criteria, 460-461
for episodic memory in animals, 119
in comparative psychology and human

studies, 132

behavioural ecology, 174

behavioural silence, 159

behavioural traditions
maintenance of, 457
network based diffusion analysis of, 457
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behavioural traditions (cont.)
role of innovation in, 460
social network spread of, 506
belief situations, adaptations to, 239-240, 248
beluga whales (Delphinapterus leucas)
creativity and play in, 711
social learning in, 548
Bengalese finches (Lonchura striata), vocal
learning in, 22
biases in choices, biological vs. economic
currency, 779
binding hypothesis, 194
binding of episodes, 194
biological currency maximization in animals,
779
biological fitness, 772
biological inheritance hypothesis, 20
biological motion detection
biological motion detect and, 309
in humans, 308
in monkeys, 308
triggering of antipredator and fear
responses, 309
biologically rational behaviours, 779
birds, 504-521
anti-predator responses/strategies, 507
breeding decisions and social learning,
507
brood parasitism defense for nestlings, 510
conspecific alarm calls and fear response in,
507
cue-based learning biases, 515
framing effects in, 776
imitation in social learning, 508-509
inferences from population to sample, 69-70
learned foraging behaviours in, 506
learned mobbing behaviour in, 507
learned repetoires in, 505
migrations pathways and social learning,
508
mimicry of heterospecifics in birds, 505
mobbing behaviour in, 507
observational learning/conditioning in, 506
social learning and migratory tendencies,
508
sympatric species alarm calls and flight, 507
teaching in, 511
black iguanas (Ctenosaura similis), eye-like
patterns effects in, 297
blackbirds (Turdus merula)
learned mobbing behaviour in, 507
blind cavefish (Astyanax fasciatus)
comparative studies, 159
blind cavefish (Phreatichthys andruzzii)
numerosity disctimination in, 589
blue crab (Callinectes sapidus)
eye and eye-like pattern effects in, 298

blue tits (Cyanistes caeruleus)
breeding decisions with cross fostering, 508
foraging preferences with cross-fostering, 506
blue-fronted Amazon parrot (4mazona
aestival), 701
bluestreak cleaner wrasse (Labroides
dimidiatus)
cooperation and punishment, 282
bonobos
framing effects in, 777
future thinking in, 126
metacognition in, 760
mirror-use in, 422-423
risk-averse behaviour in, 776
timing in gestural communication, 23
bonobos (Pan paniscus)
gestural sequences in, 16
logical inferences by, 779
bottlenose dolphin (Tursiops truncatus). See
also dolphins
cooperative hunting in, 275
creativity and social learning in, 711
jointly coordinated cooperative behaviour,
392-393
pointing and gazing cue compremehsion,
398-399
social awareness and joint attention, 393-396
social cognition, 384-385
social learning, 548
bowerbirds (Family Ptilonorhynchidae),
667-670
bowerbirds (Family Ptilonorhynchidae),
problem solving tasks in, 677-680
brain development
areas linked to SDM network, 284
eye placement and cerebral lateralization,
608
for perceptual completion, 59
group size in social relationships, 255
in parrots, 58
morphology in learning and memory, 140
neural mechanisms in imprinting, 305
propensity for innovation and, 641-642
self-recognition ability and, 428
social intelligence and size, 230
spatial representation in, 203-204
subcortical visual pathway, 310
breeding aggregations, 274
brood parasitism
incubation calling and, 511
parental cost reduction by, 11
social learning and, 507
brook trout (Salvelinus fontinalis), spatial
learning in, 157
brown thrashers (Toxostoma rufum), learned
repetoires in, 505
bullet ants (Paraponera clavata), 36
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caching behaviour, 233
calculated reciprocity, 354-355
callitrichid monkeys, social learning in, 457
Campbell’s monkey (Cercopithecus campbelli),
combining calls, 23
canids
barking in, 83-84
discrimination in canids, 568-574
intraspecific communication in wolves and
dogs, 74-93
numerical judgments in, 561
olfactory communication in wolves and
dogs, 78
risk-averse behaviour in, 776
sensitivity to gaze, 235
sensitivity to quantity in, 568
sexual responses in, 78
tactile signaling in, 81
visual signals in wolves and dogs, 77-78
vocal signaling in, 75-76
vomeronasal organ in, 78
capuchin monkeys
adaptation to intentions, 236
dyadic rituals of, 727
endowment effects in, 778
evolutionary history of, 726-727
framing effects in, 777
gracile (Cebus spp), 722
information seeking in, 758
innovation and diffusion of novel
behaviours in wild, 728-729
innovation in captivity, 722-723
innovation in wild populations, 723
metacognitive behaviour in, 762
mirror self-recognition and mark testing of,
427
mirror self-recognition in, 425
mirror-image stimulation in, 420
risk-seeking behaviours in, 776
robust species, 722
social learning in, 456
species of, 722
stimulus enhancement vs imitation of
behaviours in, 728
superior colliculus lesions in, 307
tool use, 727
tool use and behavioural traditions in,
724-726
tradition and innovation in tool use in, 727
visual illusion in, 593
capuchin monkeys (Cebus capucinus). See also
primates
capuchin monkeys (Cebus capucinus), dyadic
rituals of, 727
capuchin monkeys (Sapajus libidinosus), 726
logical inferences by, 779
tool use, 727

Carib grackles (Quiscalus lugubris), 507
Caribbean bicolour damselfish (Stegastes
partitus), 152
carrion crows (Corvus corone corone), fission-
fusion dynamics in, 325
Cartesian mentalism
conceptual problems with, 246-247
methodological challenges of, 242-247
categorization
experimental approaches in pigeons,
622-624
factors controlling, in pigeons, 626628
hierarchically constructed categories, 628
operationalized of, 621-622
subordinate categories, 628
through functional equivalences, 628
causation in animal communication, 6
cell adhesion molecule (CAM), 151
cerebral lateralization
ordinal bias and, 608
side bias and, 606
certainty-uncertainty awareness, 755
Cetaceans
creativity and play in, 711
social learning in, 548
chalk bass species (Serranus spp.), egg trading
in, 279
cheating, 282
chemical communication in ants, 46-50
chimpanzees. See primates
endowment effects in, 778
framing effects in, 777
goal emulation in, 536
metacognition in, 755, 760
risk-seeking behaviour in, 776
self-recognition ability in, 428
timing in gestural communication, 23
chimpanzees (Pan troglodytes)
adaptation to intentions, 236
adaptation to knowledge vs ignorance
situations, 238
anticipation effect in, 237
attention to competitor’s behaviour, 238
behavioural variation as culture in, 452
cooperative hunting strategies in, 275
cues from visual attention, 234
fission/fusion societies, 258
free recall experiments, 125
future thinking in, 126
gestrual sequences in, 16
gestural communication in, 16
indicate-preferred-outcome studies in, 68
intentionality in use of alarm vocalizations,
252
lateralizin in ordinal processing, 608—609
logical inferences by, 779
long-term memory in planning, 128
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chimpanzees (Pan troglodytes) (cont.)
mirror self-recognition in, 416
mirror self-recognition stability in, 425
planning in, 126
recall memory in, 213
self-recognition in, 418, 420
social learning in, 456, 534-550
social learning of tool use, 459
strategic forward planning, 258
visual perception in competitive situation,
235
visual prediction of goals, 237
Chinese crucian carps (Carassius auratus), 583
chronosthesia, 117
cichlid fish
anti-predator behavioiurs in, 277
breeding system in, 281
colonial nesting in, 275
cooperative groups in, 282
hunting alliances in, 275
kin-based mating in, 278
kin-based predator inspection in, 279
negotiation and appeasement in, 278
obligate cooperative breeding in, 281
predator inspection in, 283
transitive inference in rank assessment, 497
visual communication in, 39
cichlid fish (Astatotilapia burtoni), 497
cichlid fish (Neolamprologus obscurus),
cooperative groups in, 282
cichlid fish (Neolamprologus pulcher)
negotiation and appeasement in, 278
obligate cooperative breeding in, 281
cichlid fish (Neolamprologus savoryi), breeding
system in, 281
cichlid fish (Pelvicachromis taeniatus)
anti-predator behavioiurs in, 278
kin-based mating in, 278
kin-based predator inspection in, 279
predator inspection in, 283
cichlid fishes. See also fish
cleaner wrasses (Labroides dimidiatus)
episodic-like memory in, 150
facilitating by enforcement/punishment,
282
memory consolidation in, 152
coalitions, 257
cockatoos (Cacatuoidea), innovation in, 693
cognitive ecologists, 174, 186
cognitive-enhancing treatment, 156
cohesion, social intellect in maintaining, 228
coho salmon (Oncorhynchus kisutch),
epigenetic variation in, 155
coincidental memories, 216
collective navigation in fish, 494
common marmoset (Callithrix jacchus), vocal
variability in, 22

common mynas (Acridotheres tristis), fear
response in, 507
communication systems
acoustic, 40-43
acquisition and development in, 24
computational metaphor use in description,
12-15
covert, 253
deception in, 11
dog-human communication, 84
evolutionary causes for, 6
handicap principle in, 11
in social adaptation, 250
new directions and open questions in, 22-28
one for all, 25
overview of, 5
signals and cues in, 8
ultrasonic calls for, 351
communications and language. See
communication systems
communicative intentions and reference,
250-255
comparative social cognitionton topics, 226
competitive food paradigm, 238
competitive relationships
Machiavellian intelligence, 230
signals in, 9
social intellect in, 228
compositionality and multimodality, 22,
103-105
comprehension learning, 21
conciliatory behaviours, risk of conflict and, 259
conditioning learning paradigms
acquisition of meaning by, 107
for study of oflactory abilities, 46
conflict
anticipatory representation of, 258
social intellect in resolution, 228
conflict of interest
in egg-trading hermaphrodites, 279
in social life, 229
CONLERN, 305
conscious recollection. See episodic-like
memory
consolation. See post-conflict bystander
affiliation
CONSPEC, 305
conspecifics
individual discrimination of, 305
recognition in fish, 153
subsistence behaviours and presence of, 233
witnessed and unwittnessed events and, 239
contextual cues
in alarm call analysis, 251
in signal interpretation, 15
contextual imitation, 449
conversational turn-taking, 23
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cooperation. See reciprocity
cooperative behaviours
actor-receiver interactions in, 274
breeding, 280
development of, 283
facilitating by enforcement/punishment, 282
flexibility in, 364
immediate benefits of, 274
importance of, 272
in elephants, 365-366
in fishes, 272-286
Machiavellian intelligence, 230
mechanism underlying, 283-284
neuroendocrine mechanisms of, 284
reciprocal cooperation, 344
signals in, 9
social intellect in, 228
teaching as, 510-511
cooperative breeding
in fishes, 280-282
obligate, 281
pay-to-stay hypothesis in, 281
species showing, 280
system, 282
cooperative hunting
cooperation in fishes for, 275
heterospecific alliances in, 275
corkwing wrasse (Symphodus melops), memory
in, 158
corvids, 238
behaviour prediction in, 238
caching behaviour in presence of others, 233
evolution of enhanced innovative capacities,
645
fission-fusion dynamics in, 325
food caching behaviour in, 330-332
intentional non-existence relations in, 249
mobbing behaviour in, 507
neurons responsive to specific numbers, 616
observational spatial memory in, 331
perspective taking, 330-332
raven social cognition and behaviour, 322-332
social learning and threat level, 507
what-where-when-which memory in, 132
cotton-top tamarins (Saguinus oedipus)
risk choices, 776
risk-averse behaviour in, 776
visual attention in, 237
covert communication, 253
coyote (Canis latrans)
barking in, 83
numerical discrimination in, 569
quantity discrimination in, 571-572
crab (Chasmagnathus granulatus)
in crab, 310
neuronal response to looming stimulus, 310
crab-walking, 300

creativity and play
beluga whales, 711
cetaceans, 711
dolphins, 711
marine mammals, 711
occurrence in animals, 710-716
personality in assessment of, 712
crimson-spotted rainbowfish (Melanotaenia
duboulayi), memory retention in, 147
cross-modal core system
for numerical informatin processing, 566
C-start reaction, 300
cuckoo (Cuculus canorus), deception in, 11
cues, 8
animacy perception, 296-300
animacy perciption, dynamic, 300-304
anti-predator responses, 309
fear responses, 309
in social information, 8
Cultural Intelligence Hypothesis, 461
cultural learning hypothesis, 20
Cultural Primatology, 723
cultural traditions
attempts to investigate, 451-452
behavioural variants in, 516-518
in animals, 451
innovation and, 647
role in speciation, 518
cumulative cultural evolution (CCE)
definition, 452-453
in ants, 477-479
in birds, 517

deception
deception in fireflies, 11
in communication systems, 11
in food caching behaviour, 331
manipulation with, 229

decision-making process
biases in animals, 778
biological models for, 772
context effects in, 772
endowment effect in, 777
endowment effects in, 777-778
frameworks (models) for, 770, 781-783
framing effects in, 776-777
in animals, 773
in elephants, 372
in foraging ants, 479
in humans, 770-783
inter-temporal choices in, 773-775
irrationalities in, 771
maximizing expected utility, 771
normative models for, 771
reference-dependent choices, 777
risk sensitivity theory, 772
risky choices in, 775-776
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deer mice (Peromyscus maniculatus)
learning from familiar individuals, 512
depletion paradigm
human and scrub-jay studies, 131
desert ant (Cataglyphis)
navigation in, 40
direct reciprocity, 343
directed social learning, 330
direction of attention. See gaze following
dogs (Canis familiaris). See also canids
facial expressions in, 88
human communication modalities, 86—92
olfactory modality, 84
risk-averse behaviour in, 776
selective breeding effects, 82
visual modality in, 83-84
vocalizations in, 83
wild to domestic transition, 81
dolphins
brain development, 406
creativity and play in, 711
false belief task, 405-406

gestural communication understanding, 390

inferential reasoning, 405
joint attention, 396-398
long-term memory, 386
memory and recall, 385-387
motor imitation in, 389-391
motor imitation in dolphins, 389-391
object permanence, 404405
personality in, 712
pointing and gazing cues, 398-399
problem solving ability in, 392
social cognition, 406408
social short-term memory, 386
sound communication in, 391-392
theory of mind (ToM), 404405
uncertain response in, 756
vocal imitation, 387-389
vocal imitation in, 387-389
vocal imitation in dolphins, 387-389
domain specificity, 226, 230-231
domestic chicks (Gallus gallus)
arcopallium response to conspecifics,
306
face detection in, 296
number-space association in, 604-615
number-space associations in, 612-614
response to moving conspecific in, 309
side bias in, 606608
dominance relations, transitive inference in,
260
dopamine, 285
DREADDs (Designer Receptor Exclusively
Activated by Designer Drug), 202
dynamic-sustained pointing and gazing cues,
399400

eavesdropping
benefits of, 10
fitness consequences of, 11
mating interactions in fish, 497
ecological adaptations, evolution of intellect,
228
eggs-trading in hermaphrodites, 279
Egyptian fruit bat (Rousettus aegyptiacus),
vocal versatility in, 22
elasmobranchs
evolutionary drivers of cognition and,
140-147
memory abilities of, 147
memory retention in, 141-149, 161
synaptic plasticity genes in, 153
turn taking in foraging, 279
electric fish (Gymmnotus), spatial learning in,
159
elephants
acoustic cues in, 370
affiliative behaviours/interactions, 366, 371
allomothering, 366
cooperative behaviours, 365-366
decision-making processes, 372
fission/fusion societies, 363
information acquisition in, 367-368
living species of, 362
olfactory communication, 369-370
social cognition, 364-366
social minds of, 362
social structure, 364
tactile communication in, 371-372
visual communication, 368-369
embodied cognition, 247
emotional bookkeeping, 355
empty gaze habituation, 234
emulation
copying behaviour, 450
forms of, 536
in foraging behaviour, 457
social diffusion and, 699
encoded information, generalization and
updating of, 120
endowment effects, 777
enforcement, 282
environmental change/variability
cultural adaptation to, 519
effects on retention of information, 148
prescription drugs in wastewater, 157
role in social learning, 454
stressor effects on memory in fish, 156-157
ependymin, 151
epigenetic regulation
hatchery raised coho salmon, 155
of memory formation, 154
episodic foresight (planning), 126
episodic memory, 118
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behavioural and subjective components of,
118
binding of, 194-195
central hypothesis of, 191
confounding of familiarity cues, 199
dissociation of familiarity in, 196
encoding in humans, 122
features in humans, 124-125
for future thinking, 126
for single event, 191
human vs. nonhuman animals, 190
in fish, 149
in humans, 122
in Norway rats, 190-204
model in Norway rats, 191
non-language based tasks for, 131
phenomenological experience and, 128
replay of, in Norway rats, 199-204
specific event memory, 190
temporal component in, 132
temporal content of, 130
episodic-like memory, 119, 149
food-depletion paradigm for study of, 119
in humans, 130-132
in hummingbirds, 184
structural criterion for, 121
escape reaction/response
detection of eyes, 233
neuronal correlates in crab, 310
ethology
animal communication studies, 5-7
focus of, 12
numerical and quantity discrimination
studies, 562
Eurasian jays (Garrius glandarius)
inference of food preferences of mates, 332
reaction to desires, 237
European minnows (Phoxinus phoxinus), 158
European starlings (Sturnus vulgaris)
framing effects in, 776-777
turn-taking in, 24
event memory. See episodic memory
evolution
cognitive ecology factors in, 185
communicatiove systems in, 250
detection of animacy, 295-304
gene-culture effects on, 518
heterospecific communication in, 85-86
mutualistic interactions, 274
of intelligence, 228
predator-prey coevolution, 159
reliance on social learning in natural
selection, 453
exchange task, 126
experimenter-generated event
as source memory, 192
explicit cognition model, 261

explicit reconciliation patterns, 259
eye contact
avoidance of, 298
functional significance in primates, 235
in intentional communications, 253
eye tracking techniques, 237
eye-avoidance, 298-299
eyes and eye-like pattern perception
animacy perception, 296-300
anti-predator responses to, 297
in black iguanas, 297
in crabs, 298
in house mice, 297
in lizards, 297
in snakes, 298
perception in primates, 297
predator animacy perception, 297
predator deterrentce by, 297

face detection system
evolutionary history of, 296
in honeybees, 297
in motion detection, 300
face pareidolia, 295
face-learning abilities, 297
face-like stimuli, 295
face-processing, 305-306
factual knowledge, 190, See semantic memory
fairy-wrens
brood parasitism defense for nestlings, 510
mobbing behaviour in, 507
sympatric species alarm calls and flight,
507
fairy-wrens (Malurus cyaneus), 507
false-belief situations
anticipation effect in, 240
ontogenic development of, 240
familiarity
as non-episodic memory alternative, 191
cues for, 217
differentiating from recollection, 121
episodic memory confounding, 199
recognition based on, 122
familiarity response, 217
familiarity-based recognition, 122
fast and dirty responses, 304
fear responses, motion cues for, 309
“feeling tones,” 118
female social relations, 260
feral dogs
group size discrimination, 570
quantity discrimination in, 569570
fifteen-spined sticklebacks (Spinachia
spinachia), 148
filial imprinting, 304
fireflies (Robopus and Photins), deception in,
11
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fish, 272
anti-predator behaviour in, 158
biological motion perception, 302
cerebrospinal fluid in, 151
circadian rhythm and memory, 161
communication networks in, 496-498
conspecifics recognition in, 153
cooperative interaction model, 272-286
elevated temperature exposure effects, 157
environmental stressor effects on, 156157
heterospecific cooperative hunting in, 275
individual recognition, 159
long-term memory retention in, 141-149
memory research in, 157-161
memory retention in, 147, 159, 161
neuropeptides in, 284
number-space association in, 614
numerical competence in, 594
numerical performance in, 589
numerosity judgments in, 563-565
perception of animacy, 300
route learning, 493
social learning in, 454, 486487
social learning in sticklebacks, 454
spontaneous behaviour observation, 581
training procedures for numerosity studies,
586-594
what-where-when-which memory in, 132
fission/fusion societies, 258
hamadryas baboons (Papio hamadryas),
325
in African elephants, 363
mental modeling in dolphins, 406
flexibility and memory, 24, 120
flexibility assessment, 715
flexibility criterion, 120
fluency assessment, 715
food-depletion paradigm, 119
food-quantity discrimination, 585-586
food-reward behaviour
in meory testing, 123
in training fish, 589-594
food-storing behaviours
competitor presence and, 233
false caching, 249
hippocampal size and, 176
memory role in, 174
foraging
creativity occurrence in, 710
diffusion of social information in groups,
491-494
fittness and risk-seeking in, 772
memory role in, 174
phermone enhancement of, 49
social learning in birds, 506
turn taking in, 279
turn-taking in, 279

forced-choice tasks, categorization studies, 623
framing effects
birds, 776-777
bonobos, 777
in animals, 776
in capuchin monkeys, 777
in chimpanzees, 777
in decision making, 773
in primates, 777
frogs
numerical discrimination in, 567-568
numerosity judgments in, 566-567
prey and predator detection in, 308
warning coloration in, 9
functional equivalence categories, 629-631

Garnett’s greater bushbabies, mirror-image
stimulation results in, 424
garter snakes (Thamnophis sirtalis), eye-like
pattern effects in, 298
gaze checking, 234
gaze following, 232
combination with alarm calls, 251
geometrical, 234
levels of, 234-236
occurrence in animals, 234
gender roles, alternate, 279
gene expression
memory acquisition and consolidation,
155
social enrichment and, 285
general intelligence (g)
challenges in assessment, 661
human studies of, 653-655
in mice, 653
individual differences in, 663
nonhuman g, 655-661
General Intelligence Hypothesis, 461
generalised reciprocity, 343
genetic mechanisms in menory, 154-155
geometrical gaze following, 234
Gestalt-like perception
in behavioural reading, 246
in numerosity estimation, 593
gestural communication
dolphins understanding of, 390
in apes, 252
intentional communication, 254
intentionality in, 252
ordering in, 17
phylogenetic ritualization in great apes, 20
signals in primates, 17-18
timing in, 23
gestural learning, hypotheses for, 20
giant moray eels (Gymnothorax javanicus),
cooperative hunting in, 275
gibbons, mirror self-recognition in, 425-426
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glucocorticoid receptors, stress susceptibility,
285
go/mo-go tasks in categorization studies, 622
goal emulation, affordance learning
differentiation, 537
goal-directed actions/behaviours
chimpanzee sensitivity to, 237
dolphin imitation of, 408
in alarm call production by monkeys, 252
in criteria for intentionality, 253
neuronal activity with, 455
prompted recall and, 217
goggles test, 244
golden shiners (Notemigonus crysoleucas),
social information spread, 494
goldfish (Carassius auratus), cognition
investigations in, 150
gorillas (Gorilla gorilla)
endowment effects in, 778
group relationships in, 229
logical inferences by, 779
metacognition in, 760
mirror self-recognition in, 417, 423, 426
mirror-guided self-exploration in, 418
recall memory in, 214
spatial-number association in, 614
who-did-what memory in, 125
great apes
complexity and flexibility in their behaviour,
760
gestural learning in, 20
gestural repertoire of, 21
innovation processes in, 746748
memory and planning in, 127
mirror-elicited behaviour in, 428
planning in, 126
spontaneous recall in, 125
symbolic representation in, 57-58
great bustards (Otis tarda), social learning and
migration, 508
great tits (Parus major)
breeding decisions in, 508
foracing preferences with cross-fostering,
506
predatory animacy cues for, 297
greater honeyguides (Indicator indicator)), 10
green monkeys, mirror responses in, 427
grey bamboo sharks (Chiloscyllium griseum),
memory retention in, 141
grey catbirds (Dumetella carolinensis), vocal
repetoires in, 505
grey mouse lemur (Microcebus murinus), eye-
like pattern perception in, 297
Grey parrot (Psittacus erithacus)
symbolic communication in, 56-70
symbolic representation, 57
Gricean intentions, 253-254

group size
brain size relation to, 230, 255
changes in size and composition in birds,
325
discrimination in toads, 566
group size discrimination in, 568-574
groupers (Plectopromus pessuliferus)
cooperative hunting in, 275
Guinea baboons
metacognitive abilities in, 762
guppies (Poecilia reticulata)
communication networks in, 497
environmental stress effects on, 157
group size discrimination, 581
numerosity estimation in, 589
ordinal information use in, 593
predator inspection in, 279
social network in, 489

habituation-dishabituation responses, 251
hacking (decoding) signals, 42, 104
hamadryas baboons (Papio hamadryas),
fission-fusion dynamics in, 325
handicap principle, 11-12
Hawaiian crow, innovative capacities of, 645
helping behaviors. See cooperative behaviours
hierarchically constructed categories, 628
hippocampus
in episodic memory replay, 130
in odor recognition in Norway rats, 121
in replay of episodic memories, 202
in unexpected question paradigm, 123
interspecies differences in, 176
replay in memory, 203
spatial memory in avian species, 176
hognose snakes (Heterodon platirhinos), eye-
like patterns effects in, 298
honest signals, 12
honeybee (Apis mellifera)
dancing communication in, 19
facial discrimination in, 297
olfactory system of, 46
social learning in, 549
tactile communication in, 44
hooded crows (Corvus corone cornix),
fission-fusion dynamics in, 325
house mice (Mus musculus), eye-like stimuli
and escape in, 297
human behaviour
anticipation effect in, 237
endowment effects in decision making,
777
eye contact function in, 236
framing effects in choices, 776
in true and false belief situations, 239
memory and planning in preschool children,
127
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human behaviour (cont.)
mentalistic attribution in, 244
visual prediction of goals in, 237
what-where-whick tasks in adults, 131
where-when recall in, 131
human Five Factor model, 712
human studies
amygdala response to dynamic facial
expressions, 307
animal coparisons of TTCT factors in
children, 715
general intelligence in, 653-655
humans, 640
innovation, 648
interaction sequences in, 17
number-space association in, 610-611
snake and spider detection in children,
299
visual pathways for faces in neonates, 308
hummingbirds
episodic-like memory, 184
“interval timing,” 182
location vs. colour learning, 177-178
memory and recall of location, 178
spatial memory, 178-182
time memory, 182-184
time-place association, 182
what-where-when memory, 184-185
humpback whales (Megaptera noveangeliae)
social learning in, 457, 548
transmission of novel behaviours in, 712
hypothalamus, 285
hypothalamus-pituitary-interrenal (HPI) axis,
285

illusory shapes, 58
imitation, 508
contextual, 449
mechanism of social learning in birds,
508-509
motor imitation, 389-391
motor imitation in, 389-391
observational learning and, 449
of novel human behaviors, 391
of referenced model’s motor behaviors, 390
production, 449
types of, 449-450
Immediate Early Genes (IEG)
perception of animate objects, 309
plasticcity and expression of, 153
implicit interpretation, 247
implicit knowledge
as genuine knowledge, 263
of relationships, 261
understanding and, 262-263
imprinting in social learning, 509
inadvertent social information. See cues

incidental encoding, 127
indicate-preferred-outcome studies, 67
indigobirds (Vidua chalybeata), song learning
in, 518
indirect reciprocity, 343
individual differences
in general intelligence, 663
in metacognition, 763
information acquisition
for social information, 8
personal and social information, 8
information perspective, 12, 15
manipulation perspective vs., 14
model of communication, 12-13
signal honesty critique, 13
information perspective on communication,
12-15
information seeking
in parrots, 695
in primates, 758
metacognitive, 764
metacognitive-like, in primates, 760
informative value, 18
innovation
benefits of, 643
benefits vs. costs of, 644-645
cost of, 644
defining, 721-722
ecological implications of, 645-646
effects on fitness, 673677, 679-683
evolution abilities for, 647
evolution of capacity for, 646
evolutionary implications of, 648
external environment role in, 645
human vs. animal, 648-649
in bowerbirds, 670-673
in capuchin monkeys, 721-730
in marine mammals, 710-716
interaction with environment, 696-698
measuring, 714-716
novel enounters for, 694-696
novel learned behaviours as, 639-640
parrots, 690—702
parrots as technical innovators,
690-702
problem-solving experiments and,
642-643
research on animals, 640-641
social diffusion of, 699-700
social learning and culture in, 647-648
teaching of, 714
innovation and problem-solving
in bowerbirds, 667-683
in orangutans, 733-750
propensity variations in, 641
intellect, social functions of, 228-230
intelligent cognition, 226
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intentional communication, 250
eye contact in, 253
gestural communication in apes, 254
intentional encoding, 127
intentional relation
adaptations to knowledge/ignorance
situations, 248
gaze as, 248
non-existence, 248
intentionality
ability to react to, 249
behaviour reading in, 249
criteria for, 252
gaze following and, 247-248
in gestural communication, 252
in theory of mind, 247-250
ostensive intent in, 253
property of mental states, 247
second-order, in monkeys, 252
intentions to remember. See prospective
memories
intermediate medial mesopallium (IMM), 305
interspecies communication
evolutionary considerations for, 85
response to alarm calls, 107
symbiotic nature of signals, 10
interspecific cooperation
neuroendocrine mchanisms in, 284
“interval timing,” 182
intraspecific communication
barking in canids, 83-84
in dogs, 83-93
wolves and dogs, 74-76
isotocin, 284
item-in-context events, 199
item-place-context, 191

jackdaws (Corvus monedula)
affiliative relationships in, 326
social learning and threat level, 507
Japanese great tit (Parus minor), combining
calls, 23
Japanese macaques
false belief situations in, 240
mirror responses in, 424
Japanese quail (Coturnix japonica), social
learning and mate choice, 507
jewelfish (Hemichromis bimaculatus), eye
perception in, 298
joint attention, 400401

Kanizsa figures. See modal completion

Kea (Nestor notabilis), 693

Kea (Nestor notabilis), innovation strategy,
696697

killer whales (Orcinus orca), motor imitation
in, 390

kin selection

in cooperative behaviours, 276

in elephant behaviours, 367
kin-biased cooperation, 278
kinesthetic-visual matching in great apes, 423
know/remember paradigm, 121
knowing/knowledge

implicit vs explicit in social cognition, 262

in animal relations, 261

semantic recall and, 121
knowledge/ignorance situations, 240

adaptations to, 238-239

intentional relation in, 248

social relations in, 255

language evolution
alarm call analogues to human, 251
learning types in vocal communication,
21-22
learned/acquired equivalence, 629
learning biases
age- and dominance-based, 548
cue-based, 515
individual-based, 513
ranked-based biase in social learning, 548
species-based, 513
lemurs
eyes and eye-like pattern perception in, 297
mirror-image stimulation in, 424
risk-averse behaviour in, 776
lemurs (Eulemur mongoz), risk-averse
behaviour in, 776
lemurs (Lemur catta), risk-averse behaviour in,
776
lemurs (Varecia rubra), risk-averse behaviour
in, 776
lexical semantics, 100
linguistic model of animal communication, 100
lion-tailed macaques
information seeking in, 758
metacognitive abilities in, 762
lizards (Anolis carolinensis), eye-like pattern
effects in, 297
local enhancement. See stimulus/local
enhancement
locusts (Schistocerca americana), looming
stimuli in, 310
logic-based reasoning/inference
humans vs. animals, 778779
using probablilty information for, 779
long-term memory
genetic links to, 153
of reciprocal acts, 353-354
looming stimulus response
in crab, 310
in fruit flies, 310
in locusts, 310
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looming stimulus response (cont.)
in mice, 309
in pigeon, 310

macaque monkeys (longtailed)
mirror responses in, 424
mirror-image stimulation in, 417
macaque monkeys (Macaca fuscata)
fluffy vs non-fluffy preferences, 299
snake and spider detection in, 299
macaque monkeys (pigtailed/stumptailed)
mirror recognition and mirror use in, 429
mirror-image stimulation in, 419-420
Machiavellian Intelligence hypothesis,
229-230
Maculinea butterflies, sound mimicing in, 42
magnitude-processing tasks, 609
mandarin fish (Siniperca chuatsi), 155
manipulation perspective
information perspective vs., 14
recipients’ benefits of, 14-15
mark test of self-recognition, 415, 418
meaning, ontogeny of, 107-108
meerkats (Suricata suricatta), turn-taking in, 24
melatonin, 160
memory and recall
environmental stressors in fish, 156
episodic recollection, 118
episodic/semantic distinction in, 129-130
for location in hummingbirds, 178
formation in fish, 160
molecular basis of regulation in fish,
152-153
natural behaviours and, 174-177
overview, 117-133
recall in fish and sharks, 140-161
regulation in fish, 150
reinforcement parameter effects on, 146-148
relationship to planning, 127
replay of, 199
types in animals, 210
memory consolidation and retention
environmental drivers of, 157158
growth rate and retention relationship, 159
IEG expression and, 153
in goldfish, 151
memory replay, 199
memory trace strengths, 191
mental representation
behavioural correlation with, 247
behavioural representation of, 247
of own behaviours in dolphins, 386
mental time travel, 118
mentalism. See theory of mind (ToM)
mentalistic attribution, 240
mesolimbic reward system, 284-285
metacognition

as “all-or-nothing” process, 765
behavioural markers for, 764-765
definition of, 755-756
in primates, 755-756
in social learning strategies, 512
information seeking approach for study of,
758
information-seeking behaviours, 764
methodological approaches to assessment,
756-762
uncertain response paradigm in, 756
uncertain vs information-seeking paradigms
in, 759
variability within species, 763
methylene blue, 156
Mexican violet-eared hummingbird (Colibri
thalassinus), 177-178
mice
eye-like stimuli and escape in, 297
general intelligence in, 653
learning from familiar individuals, 512
looming/escape stimuli, 309
neuronal responses in superior colliculus,
309
sweeping/freeze stimuli, 309
migratory cardinalfish (Apogon notatus),
memory retention in, 147
migratory flycatchers, personal vs social
information use in, 511
mildly electric fish (Apteronotus
leptorhynchus), individual recognition,
159
mimic octopus (7Thaumoctopus mimicus),
camouflage choice in, 299
mimicry, 299
butterfly larvae, 42
vocal learning of heterospecifics in birds, 505
mindreading. See also theory of mind (ToM)
in social relationships, 257-258
reactions to mental states, 241
mirror self-recognition (MSR), 416
in great apes, 416417
in monkeys, 429
in non-primate species, 430
in orangutans, 418
theory of mind and, 419
mirror-elicited behaviour
in environmental enrichment, 428
in great apes, 428
reactions to image in primates, 415-416
reflection as strange conspecific in monkeys,
424
self-exploration, 417
social facilitation of drinking, 424
mirror-guided self-exploration, 417
mirror-image stimulation (MIS), 415
attempts to facilitation, 425
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in prosimian primates, 424

promotion of self-recognition, 419-422
modal completion, 58, 60
mongooses, contextual imitation in, 457
monkeys

biological motion detection in, 308

empty gaze habituation in, 234

memory for location of objects, 212

mirror responses in, 424

mirror self-recognition in, 426-427

reactions to mirrors, 417

social learning in, 454
monkeys (Macaca fuscata)

face pareidolia in, 295

neuronal response to face-like stimuli, 308
mosquitofish, numerosity discrimination in,

587-589
motor imitation, 389
multimodal communication, 15
multimodal communication/signaling, 15
multiple basic-level categories, 622
mutualistic interactions, 274, See cooperative
behaviours

NBDA (Network-Based Diffusion Analysis),
728
network-based diffusion analysis (NBDA),
457, 491
neural substrates
animacy perception, 308-310
detection of prey and predators, 308
face detection, 306
for unlearnt preferences, 304
in imitation, 455
in number-space associations, 615
in social learning, 455-456
knowledge about animacy, 304
looming stimulus response in crab, 310
looming stimulus response in pigeon, 310
neuronal response to looming stimuli in fruit
flies, 310
neuronal response to looming stimuli in
locusts, 310
number-responsive neurons in crows, 616
of non-symbolic numerical cognition, 616
of social behaviour in fish, 285
perception of animate objects, 309
unexpected question paradigm, 123
unlearnt knowledge about animacy,
304-310
neuroendocrine mechanisms
early social enrichment effects, 285
in social behaviour, 284
interspecific cooperation, 284
neurotransmitters
in learning and memory processes in fish,
152

memory and recall regulation, 152-153
New Caledonian crows (Corvus
moneduloides)
evolution of enhanced innovative capacities,
645
social learning and tool use in, 548
win-stay, lose-shift strategy in, 697
New World primates
metacognition in, 760
response to mirrors, 420
social traditions and innovation in, 723-724
species of, 722
New Zealand parrots (Strigopoida), 693
nidopallium caudolaterale, 616
Nile tilapia (Oreochromis niloticus), 148
Nile tilapia (Oreochromis niloticus), predator
avoidance in, 158
noetic consciousness, 118
nonapeptides, 284
non-human animals
logical inferences in, 779
metacognitive ability investigation in, 756
true and false blief situations in, 239
nonhuman general intelligence, 655-659
nonhuman primates. See primates
non-symbolic numerical cognition, 603-604,
615
Norway rat (Rattus norvegicus)
reciprocal cooperation in, 345-346
nucleus rotundus thalami
dynamic visual cues, 307
looming stimulus response in pigeon, 310
number-space association
in non-human animals, 604-616
lateralization in chicks, 609—-610
magnitude-processing tasks, 609
methodological requirements for
demonstration, 611-612
numerical competence. See numerosity
judgments
numerical/quantitative abilities
overview, 561-563
species studied, 561
numerosity judgments, 580
analogue magnitude system use in, 562
avian species, 565
humans, 595
in canids, 561
in fish, 563-566, 580-586
in nonhuman primates, 574
methodological approaches for study of,
594
strategies used for, 591-592

Object File System (OFS), 562
object individuation, 227
Object Movement Re-enactment, 450
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object movement reenactment (OMR),
537-538
object permanence
development during ontogeny, 331
testing paradigms for, 227
obligate cooperative breeding, 281
observational learning/conditioning, 450
behaviour and outcome relationship in, 448
new foraging behaviours in birds, 506
predator recognition in birds, 510
observational perseverance, 457
observational spatial memory in corvide, 331
occluded shapes, 58
olfactory communication
heterospecific mimicry in ants, 42
in ants, 46
in elephants, 369-370
role in mirror-image stimulation, 424
types, in wolves and dogs, 79-80
wolves and dogs, 78-80
olive baboons, mirror-image stimulation in,
417
ontogenetic adaptation
effects on retention, 148
relationship to phylogenetic adaptations, 7
ontogenetic ritualization hypothesis, 20
ontogeny
false beliefe scenario development, 240
in animal communications, 6
opportunist-generalist lifestyles, innovation in,
645
optic tectum, 307
optical illusions, 58-59
orangutans
cognition and innovation in, 746-748
endowment effects in, 778
future thinking in, 126
information seeking in, 758
innovation and problem solving in, 733-734
innovation studies in, 734-736
innovations in wild, 736
innovative processes in, 740-743
logical inferences by, 779
long-term memory and planning in, 128
metacognition in, 760
mirror self-recognition in, 416
problem-solving in innovation, 744-746
response to novelty in, 748-749
self-recognition in, 420
spatial-number associations in, 614
orangutans (Pongo pygmaeus), 779
ordinal competence in birds and primates,
604-609
ordinal information use, 592
oriental fire-bellied frogs (Bombina orientalis),
numerical discrimination in, 567-568
originality assessment, 715

ostensive intent, 253-254

other-mind problem, 100

other-reporting signals, 8

overt cognitive, 261

owl butterfly (Caligo martia), 297

ownership understanding. See endowment
effects

Pacific salmons (Oncorhynchus sp.), memory
retention in, 147
paedomorphism, 81
panpipes, 449
paper wasps (Polistes fuscatus), face-learning
in, 297
paravalbumin-positive excitatory projection
neurons, 309
parrots
classification and behaviour of, 693-694
information seeking in, 695
innovation in, 693-702
repetition and testing in innovation,
698-699
tool use by, 700-701
passage of time estimate in recall memory,
214
pay-to-stay hypothesis, in cooperative
breeding, 281
peacock spiders (Maratus volans), mating
display of, 19
perceptual abilities
escape reactions and, 233
perceptual categorization
in pigeons, 621-631
perceptual completion, 58
perceptual spectrum
biological motion perception, 302
modalities for signal transmission, 9
perception of animacy, 300
personal information, 8
acquisition of, 8
perspective taking, 330-332
pharaoh ants (Monomorium pharaonis), 37
phenomenological experience
in memory retrieal, 119
past event memory in, 128-129
re-experience of past episode, 117
pheromones
behavioural effects in ants, 49
in foraging efficiency, 49
vomeronasal organ sensitivity in canids, 78
phylogenetic adaptation, 7
phylogenetic ritualization, 19
evolution of signals, 19-20
gestural communication in great apes, 20
phylogeny of behaviours, 7
Piagetian probabilistic reasoning, 63-70, See
probabilistic reasoning
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Pied babblers (Turdoides bicolor)
conditioning response to calls, 510
teaching in, 458

pigeon (Columba livia)
looming stimulus response in, 310
social route learning in, 549

pine snakes (Pituophis melanoleucus)
eye-like pattern effects in, 298

place cells
in hippocampus, 203
replay of past experiences, 203

place fields
self-location representation, 203

planning
relationship to memory, 127

planning, future thinking and, 126-127

play, functions of, 710-711

plesiomorphic tetrapod character
of tectal responsiveness to stimuli, 308

pointing/gazing cues, 401-403

poison frogs (Dendrobatidae), 9

Port Jackson sharks (Heterodontus

portusjacksoni)
memory retention in, 141

post-conflict bystander affiliation, 325
in non-breeding ravens, 325

post-conflict reconciliation. See reconciliation

behaviours

pragmatics, 105-106

prairie dogs (Cynomys spp.)
vocal control and vocal learning, 13

predator animacy perception
eye-like patterns in perception of, 297

predator avoidance
in European minnows, 158
in Nile tilapia, 158

predators
detection in plovers, 233
inspection in fish, 279
kin-based predator inspection, 279
reciprocal inspection of, 278-279
reognition in fish, 158
representation in mind, 251
social learning of avoidance, 507

preoptic area
mediator of social behaviours in fishes,

285
involvement in motion animacy perception,
309

prey animacy, 301

prey-selective neurons, 308

primates, 240, 253
compositional semantics in, 103-105
endowment effects in, 778
endowment effects on food exchange, 778
eye contact significance in, 235
eyes and eye-like pattern perception in, 297

framing effects in, 777
functionally referential vocalization, 13
gaze following in, 234
gestural signals in, 17-18
information seeking in, 758
lexical semantics, 102
metacognition, 755
mirror-image stimulation in, 417
numerical judgments in, 575
production of vocalizations by, 16-17
prospective memories in, 217
recall memory in, 210-218
seeing or not seeing in, 244
semantic communication in, 100
sense of signal effectiveness, 17
sensitivity to purposeful behavioiur, 236-238
signal flexibility in, 16-18
social learning biases in, 548
social traditions and innovation in, 723-724
strategic use of affiliative behaviours, 258
what-where-when-which memory in, 132
probabilistic reasoning, 63-66
problem solving
and innovation, 639
cooperative, in ravens, 328
cumulative, 452
ecological implications of, 646
in captive animals, 701
in dogs, 87
in group life, 257
in orangutans, 733-750
in social behaviour, 228
in urban animals, 643
play in social learning and, 711
tasks to measure innovation, 673
process-based conception of rationality, 779
Production Imitation, 449
prospect theory (decision making), 771
prospective memories, 216
proximate explanations
causation, 6
ontogeny, 6
psychological realism, 772
pulvinar, 307
neuron sensitivity in, 307
punishment, 282
punishment and cooperation, 282
putty nosed monkey (Cercopithecus nictitans)
combining calls, 23
pygmy marmosets
response to mirrors, 420

qingbos (Spinibarbus sinensis), 583
quantification skills
in Grey parrots, 60
quantity and numerosity information
processing, 616
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rabbit fish (Siganus spp.)
turn taking in foraging, 279
rainbow trout (Oncorhynchus mykiss)
memory retention in, 147, 159
Rational Imitatation, 449
ravens (Corvus corax). See also semantic
memory, See also corvids
coalition and alliances in non-breeding, 325
deception and inference in, 331-332
empty gaze habituation in, 234
features of, 322-323
food-associated calls in, 323-324
information transmission from affiliates, 330
response to affiliates, 327
sensitivity to potential observation, 238
social knowledge use in, 328-330
social life of, 323
third-party relationships in, 327
tool use and tokeen-exchange in, 127
recall memory, 210-211
receiver
in cooperative interactions, 274
receiver operating characteristics (ROC)
functions of recognition, 121
receiver operating characteristics (ROC)
procedure
odor recognition in Norway rats, 121
reciprocal cooperation. See also cooperative
behaviours
cognitive challenges of, 344-345
commodities other than food in, 352-353
decision rules in, 344
food donation in Norway rats, 347
food exchange paradigm for, 346-347
reciprocal predator inspection, 274-278
reciprocity
cognitive mechanisms of, 354-355
decision rules for, 344-345
generalized, 343
long-term memory of reciprocal acts,
353-354
types of, 343
recognition memory, 210
recollective experience
differentiating from familiarity, 121
feeling tones of, 118
in animals, 118-126
reconciliation behaviours
behavioural and cognitive mechanisms in,
259-260
third party individuals and, 259
recruiting in ants, 44
Red-and-green macaws (Ara chloroptera), 697
Red-shouldered macaws (Diopsittaca nobilis),
696
reed warblers (Acrocephalus scirpaceus)
brood parasitism and social learning, 507

referential communication, 250
referential specificity, 18
remembering
episodic recall and, 121
replenishment-nonreplenishment experiments,
192
representations and goals
in social relations, 259
reproductive communication, 79
reptiles
susceptible to eye-like patterns, 297
response facilitation
conspecific behaviour response effects on,
448
response-reinforcer R-S learning facilitation,
448
rhesus macaques (Macaca mulatta)
false belief scenarios in, 240
familiarity and recollection in, 122
illusory face perception in inanimate objects,
295
information seeking in, 758
lateralization in ordinal information
processing, 608
metacognition abilities in, 762
mirror-recognition in, 429
others’ exposure to past events, 239
positive mark test in, 429
responses for faces in amygdala, 306
responses for faces in superior colliculus, 307
risk-seeking behaviour in, 776
self-recognition in mark test, 419
sensitivity to gaze in, 235
risk sensitivity theory, 772
risk-averse behaviour
bonobos, 776
cotton-top tamarins, 776
dogs, 776
in decision making, 776
lemurs, 776
risk-seeking behaviour, 776
ritualized agonistic behaviours
tactile communication in, 45
rockpool dwelling gobies (Bathygobius
soporator)
memory retention in, 147
rodents
episodic memory model in, 191
memory enhancement in, 156
odor recognition in Norway rats, 121
replay of order of past events, 130
superior colliculus stimulation in, 307
what-where-when-which memory in, 132
what-where-which memory, 124
rooks (Corvus frugilegus)
affiliative behaviours in, 326
affiliative relationships in, 326
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route learning
in fish, 493
in pigeons, 549
tandem running in ants, 476

R-S learning, 448

Rufous Hummingbird (Selasphorus rufus)
model for memory in the wild, 175-177
nectar foraging in, 176

saccadic/head-orienting movements, 307
sailfin molly (Poecilia latipinna)
eavesdropping on mating interactions, 497
scrub jays (Aphelocoma coerulescens)
reaction to desire, 237
specific hunger anticipation in, 127
what-where-when memory in, 119-120, 131
sedentary marsh wrens (Cistothorus palustris)
cue-based learning biases, 515
sedge warblers (Acrocephalus schoenobaenus)
vocal repetoires in, 505
sedge wren (Cistothorus platensis)
cue-based learning biases, 515
vocal repetoires in, 505
self-awareness, 416
research using mirror-image stimulation,
430-431
self-concept, 416
self-directed behaviour, 415
self-exploration
use of mirror for, 415
self-generated event
in source memory, 192
self-recognition ability
age relation to, 418
neuroanatomical factors in, 428
other species, 430
self-reporting signals, 8
self-selected behaviours, 386
semantic communication in primates, 100-108
semantic knowledge, 122
semantic meaning
of alarm calls in monkeys, 251
of signals, 13
semantic memory, 118
factual knowledge about world, 190
semantic system
noetic consciousness for, 118
semiotic triangle, 100
sender-receiver relationships, symbiotic, 10
sensory perception
in information acquisition in elephants,
367-368
serial-order information processing, 615-616
Serra da Capivara National Park (SCNP),
725
sharks and rays. See elasmobranchs
sharp-wave ripples, 203

shoal quantity discrimination, 581-585
Siamese fighting fish (Betta splendens)
eavsdropping in, 497
numerical systems in, 589
spatial memory impairment with alcohol,
155
side bias, 606
signaller’s meaning
in alarm call interpretation, 251
signalling inner state, 79
signalling social status, 79
signals
acquisition and deplorment, 18
acquisition and use of, 20
attributes of, 9
bidirectional design of, 8
compositionality and multimodality in,
22-23
conspecific and heterospecific recipients, 10
cooperative and competitive, 14
cost to signaler, 11-12
information communicated by, 8
intentionality in, 8
mentalizing in signal use, 253
purpose of, 12-15
selection of, 16-18
semantic meaning, 13
sequence after failure of first, 17
specificity of, 18
single stimulus (S-learning), 448
snakes
eye-like pattern effects in, 298
prediction of movements, 300
social behaviour network
neuroendocrine mechanism and, 284
septum and preoptic area in, 309
social behaviour/interaction
body-axis in attraction, 301
gesture acquisition, 21
hypothalamus-pituitary-interrenal (HPI) in,
285
intellectual development with, 230
neuroendocrine mechanisms in, 284
problem solving in, 228
stress axis in determination of, 286
social bonding, 80
social brain, 455-456
social cognition, 225-439
avian, 322-332
detecting others presence, 232-233
detecting presence of others, 232
implicit vs explicit knowledge in, 262-263
in elephants, 364-366
overview, 225-228
social cognitive adaptation.
detecting others presence, 232-233
social decision making (SDM) network, 284
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social environment
adaptive challenges in, 226-228
general vs. specific intellect development,
230
social facilitation, conspecific presence effects,
448
social function of intellect hypothesis, 228
social imitation, 387
social information, 8
acquisition of, 8
eavesdropping as, 10
from eavesdroppings, 10
optimal use as a group, 480481
social intelligence hypothesis
social learning in, 460
studies on ravens, 332
social knowledge
in ravens, 328
playback paradigms for testing of, 326-327
use in ravens, 328-330
social learning, 447-451
biological basis for, 455-456
breeding decisions in birds, 507-508
comparative perspective on chimpanzees,
547-549
consequences of, 516-519
context effects in tandem running, 479-480
copy if better strategy in, 512
copy successful individuals strategy in, 512
copy the majority strategy in, 512
creativity occurrence in, 711
defined, 443
effects of social relationships in fish,
490-491
emulation and imitation in, 536-537
factors promoting, 453
in animals, 444-447
in birds, 503-521, 548-549
in captivity, 447-451
in chimpanzees, 534-550
in conservation, 519
in conservation and management of
animals, 462
in insect communication, 549
individual-based biases in, 513-515
innovation and, 647, 729
learning in family lines, 711
mechanisms for, 508-511, 535-539
of innovation in parrots, 699—700
shaping migratory tendencies, 508
social relationships and, 512
species-based biases in, 513
spread of behavioural patterns in
population, 458-459
spread of novel behavioiur patterns in wild
animals, 456458
state-based biases in, 454

strategies for, S11-513
strategies in chimpanzees, 539-543
tandem-running recruitment by
Temnothorax ants, 472
transmission biases and strategies in,
459-460
social network approach, in fish, 489491
social relationships
behavioural and contextual cue vs cognitive
mechanism in, 260-263
strategic use of affiliative behaviours, 258
tracking past and future, 255-257
understanding and representing,
256-257
updating information about, 258
social reward, in training fish, 587
social structure
bird groups in, 324-325
in elephant species, 363
in elephants, 364
social learning and, 454
sockeye salmon (Oncorhynchus nerka), 141
solitaire illusion, 593
song sparrows (Melospiza melodia), vocal
repetoires in, 505
source memory, animal model for, 192, 194
southern pied babbler (Turdoides bicolor),
combining calls, 23
spatial memory
hippocampal size and, 176
in hummingbirds, 178-182
in monkeys, 213
spatial-numerical association, in non-human
animals, 602-616
sperm whales (Physeter macrocephalus), novel
behaviours transmission in, 712
spitting cobras (Naja nigricollis), eye-like
pattern effects in, 298
spontaneous recall, 125
spontaneous unique trial paradigm. See
unique trial learning
“spoon-test,” 126
S-S learning, 448
St. Peter’s fish (Sarotherodon galilaeus),
memory retention in, 147, 160
state-based biases in social learning, 454
stimulus/local enhancement
in social learning, 457, 509, 549
learned behaviour and, 448
new techniques for study, 728-729
social learning mechanisms, 536
tool use in chimpanzees, 537
vs. imitation in capuchin monkeys, 728
vs.social imitation, 387
stimulus-respnse (S-R) learning, 448
stridulation, 42
structure in memory, 120
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subjective contours. See modal completion
sub-mentalising hypo, 240
subordinate categories, 622, 628
sulphur-crested cockatoo (Cacatua galerita),
701
superb starling, interspecies alarm calls in, 107
superior colliculus, 307
swamp sparrows (Melospiza georgiana), vocal
repetoires in, 505
sweeping/freeze stimuli, in mice, 309
swordtails (Xiphophorus helleri)
eavesdropping in, 497
group size discrimination, 582
symbiotic relationships, 10
symbol, in semiotic triangle, 100
symbolic communication/representation
by great apes, 57-58
in Grey parrots, 5758
noniconic symbols in, 56-58
symbolic numerical abilities, 602—-603
symmetry-based reciprocity, 354
synaptic plasticity, genetic links in fish,
153-154

tactile communication
begging in vampire bats, 43
between individual elephants, 371-372
dog-human contact, 92
ritualized agonistic behaviours, 45
wolves and dogs, 81
talapoin monkeys (Miopithecus talapoin),
mirror self-recognition testing in, 427
tandem-running ants
recruitment, 473-477
teaching in, 451
teaching, 457
criteria for, 450
in ants, 451
in birds, 511
in chimpanzees, 538
in tandem running ants, 451
species exhibiting, 457
teleost (bony) fishes. See fish
tentacled snakes (Erpeton tentaculatus), 300
territorial communication, 80
theory of mind (ToM), 231
adapting to others’ cognition, 231
awareness of certainty or uncertainty, 756
Cartesian-like roots of, 242
intentional communication and, 253
issues related to, 231-232
metacognition in primates, 755-756
minimal theory of mind in, 249
self-recognition in, 418-419
unobservable intention or goals in, 236
third party reconciliation. See reconciliation
behaviours

three-spined stickleback (Gasterosteus
aculeatus), 19
courtship rituals, 19
environment effects on retention, 148
predator inspection in, 279
social network in, 489
time memory, in hummingbirds, 182-184
time preference reversals, 773
time-of-day dependence, avoidance learning in
fish, 160
time-place association, 182
time-to-collision estimation, 310
Tinbergen, Nikolaas
causes in animal communication, 6
derived activities, 7
tit-for-tat like strategy, 279
tit-for-tat like strategy, in foraging, 279
Tonkean macaques, adaptation to intentions
in, 236
tool use
development by innovation, 644-645
in parrots, 700-701
information encoding in, 127
Torrance Test of Creative Thinking (TTCT),
714
tortoises (7estudo spp.), face-like
discrimination in, 298
transitive inference, 260
treefrogs, numerosity judgments in, 566-567
tufted capuchin monkeys (Cebus apella),
548
turn-taking
alternating signals, 23
in foraging, 279
in meerkats, 24
in starlings, 24
two-spotted gobies (Gobiusculus flavescens),
predator smell recall in, 158

ultimate explanations

adaptation as, 6

phylogeny as, 6
unbound-feature hypothesis, 194
“uncertain” response, 756
unconscious inferences, 247
unexpected question paradigm, 123
unique trial learning, 123
“unwilling vs unable” paradigm, 236

vampire bats, tactile communication in
begging, 43
vertebrate eye-like patterns, predator
deterrentce by, 297
vervet monkeys (Cercopithecus aethiops)
alarm call production in, 9
lexical semantics in, 102
other-reporting signals in, 9
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vervet monkeys (Chlorocebus pygerythrus),
social learning biases in, 548
vervet monkeys, alarm call playback
experiments, 250
visual anticipation paradigm, 240
visual anticipation paradigm, false belief
scenarios testing, 240
visual attention, behavioural cues from, 234
visual communication, 39-40
in elephants, 368-369
in wolves and dogs, 77-78
wolves and dogs, 76-78
visual system
role of subcortical structures, 308
space-number association and lateralization
of, 615
vocal coordination, 22
vocal learning
comprehension learning, 21
definition of, 21-22
in birds, 505-506
modular basis of, 22
phenotype of learner, 22
production, 21
usage, 21
vocal production learning, 21
vocal production variability, 22
vocal signaling in canids, 75-76
vocal usage learning, 21
vocal versatility, 22
vocalizations, 16-17
vomeronasal organ (VNO), 78

warblers
brood parasitism and social learning, 507
vocal repetoires in, 505
warbling antbirds (Hypocnemis spp.), vocal
learning in, 22
warning coloration, 9, 26
warning signals. See alarm signals
wasps (Polistes metricus), 297
weakly electric fish (Apteronotus
leptorhynchus), conspecifics recognition
in, 153
Weber’s Law, 570, 574
Western scrub jays (dphelocoma californica),
observe/non-observer discrimination by,
332
what-where-source-context features, 194
what-where-when memory, 119
binding of components in, 120
effect of instructions in humans, 122

episodic memory as basis of, 194
in hummingbirds, 184-185
representation of caching event, 119
what-where-when paradigm
autonoetic consciousness assessment and,
119
episodic-like memory in rodents, 123
flexibility criterion testing with, 120
what-where-which memory, in rodents, 124
what-where-who memory, in great apes, 125
white-faced capuchins (Cebus capucinus),
social traditions and innovation in,
723-724
Whooping cranes (Grus americana),
migrations pathways and social learning,
508
wild-superb fairy-wrens (Malurus cyaneus), 11
brood parasitism defense for nestlings, 510
eavesdropping in, 11
wolves (Canis lupus). See also canids
quantity discrimination in, 572-574
risk-seeking behaviour in, 776
wild to domestic transition, 81
wood crickets, social learning in, 549
woodpecker finch, innovative capacity in, 645

yellow belied goatfish (Parupeneus
cyclostomus), cooperative hunting in,
275

yellow stingrays (Urobatis jamaicensis),
memory retention in, 141

Yellow-crested cockatoos (Cacatua sulphurea),
697

yellow-eyed juncos (Junco phaeonotus),
risk-seeking in, 772

zebra finches (Taeniopygia guttata)
alterations in song by, 510
social learning and stimulus responses in, 508
vocal learning ability assessment, 22
zebrafish. See also fish
zebrafish (Danio rerio)
circadian rhythm in, 160
continuous variable use by, 584
cooperative behaviour in, 283
drug and chemical effects on memory, 155
environmental complexity in learning and
retention, 149
episodic-like memory in, 150
memory consolidation in, 152
quantitative judgements in, 583
social network structure in, 496
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