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Acemoglu, Daron, 266, 369, 430, 458
adaptation

accumulation, 5
accumulation of adaptations, 70
adaptation cycle, 68
adaptationist fallacies, 66
adaptive cul-de-sac, 65
adaptive landscape, 28, 60, 67
adaptive or fitness landscape, 65
caveat of adaptationism, 102
co-adaptation, 41, 116, 149, 173, 200, 202, 326,
See also coevolution.

compromises, 435
downplaying of, 101
endosomatic, 119
epigenetic, 91
exaptation, 101
exosomatic, 119
functionalism, 187
half-adapted, 39
just so stories, 66, 146, 216
multiple interpretations, 65
multiple sources of evidence, 146
pre-adaptation, 19, 23, 66, 94, 102, 167
sexual selection, 119
spandrels, 101
versus adaptedness, 65
versus self-organisation, 287

adaptive cycle Holling, 112
advertisement, 126, 312, 440

disinformation, 422
aesthetics. See also music.

environmental, 409
sexual attraction, 225

A Farewell to Alms, 367
Africa, 12, 74–75, 97, 200–201, 322, 324, 326, 329,

343, 345, 353, 355, 360–361, 363, 370, 383,
411, 463

African wild dog, 138
age of the Earth, 39, 48, 77
ageing, 12, 63
agrarianisation, 192

agreements. See also climate policy; Paris climate
agreement.

bilateral or multilateral, 416
climate, 411, 416
environmental, 289
group selection, 179
international, 198, 279, 359
negotiations, 416
patents, 299
standards, 290, 313
voluntary, 423

Agricultural Revolution
positive feedback, 204
terminology, 192

agriculturalisation, 348
agriculture

by ants and termites, 135
grains, 192, 281, 348–349, 355
industrialised, 109
selection pressure on biotic resources, 395
slash-and-burn, 200

agriculture, rise of, 347–356
and climate change, 351
civilisations, 353
coevolution, 200
continental axis and spread, 353
dairy farming, 200
domestication of mammalian herbivores,
356

family size, 366
geographical spread, 353
grass species, 354
monotheism, 224
oasis argument, 350–351, 353
plant crops, 75
property rights, 280
proximate factors, 348–351
religion, 217, 224
transition Pleistocene to Holocene, 348
ultimate factors, 347–356

Alchian, Armen, 251–252, 271
Alexander, Richard D., 221
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altruism. See also group selection; kin selection.
conflict and war, 136
evolutionary versus psychological, 137
green beard effect, 170
group selection, 135, 157, 159, 172, 177
ideological, 136
inclusive fitness, 132, 134, 159, 161, 165
indirect reciprocity, 131, 133, 135, 140, 162, 339
intentional, 141
kin selection, 159, 281
kin versus group selection, 159
missionary, 136
monetary valuation, 446
parochial, 163, 172, 443
promoted by institutions, 170
punishment, 440
reciprocal, 30, 131–132, 159, 162–163
reputation effects, 131, 135, 165, 172, 440
selfish gene, 133
sense of justice, 142
signalling, 36, 70, 136, 170
warm glow, 393

Americas, 74, 99, 201, 353, 358, 379
amino acids, 61, 80, 84, 104–106, 326, 342, 344
amphibians, 66, 79, 81–82, 113, 137

link with fish, 72
analogies, 14, 31, See also metaphors.

analogous and homologous features, 69
Anna Karenina principle (Tolstoy), 356
ant queen and genitals, 135
Apollo/Manhattan projects for low-carbon
transition, 419

arms race, 114
Baldwin learning effect, 455
biological and computer viruses, 210
biology/ecology and economics, 393
categorise objects and colours, 149
design/watchmaker, 4
drift, 177, 195
epidemiology, 15
evolutionary games, 260
exchange in economy and nature, 126
genotype/phenotype distinction, 14, 205, 209,
243, 393

human adolescent behaviour and young mammal
predators, 341

immune system and resource management, 394
inventing through analogous thinking, 292
labour division, 83
languages and species, 25
life and a flame, 107
macro-invention and macromutation, 306
market, 125
mathematical, 14
mechanics versus biology, 247
medical and ecosystem interventions, 394
meme and gene, 210, 215, 455

ontogeny–phylogeny analogy, 70
organelles and organs, 80
organisational flexibility and phenotypic plasticity,
276

organisational genetics, 275
organism and colony, 132
phylogeny, 290
punctuated equilibrium in political science, 442
r/K selection, 196
recombination, 246, 254
resilience in socioeconomic systems, 394
selection and markets, 252
selfish gene, 133
skyhook versus crane (Dennett), 35
technological and scientific paradigms, 305
tower of intelligence, 209
tree of life and culture, 198
wings of birds, bats and insects, 69

analogous versus homologous characteristics, 69
Animal Dispersion in Relation to Social Behavior, 159
animals, 81

carnivorous, 345
domesticated, 57, 75, 200, 346, 355–356, 360,
411, 461

endemic species, 73
herd, 356, 412
Ice Age, 99, 351
mouse-sized, 80
multicellular, 78–79
shelled, 79
social, 137–140
symmetrical marine animals, 79
tetrapods, 81
vegetarian, 139
warm-blooded, 82

An Inquiry into the Nature and Causes of the Wealth

of Nations, 27, 247
Anna Karenina principle (Tolstoy), 356
Ansoff, Igor, 272
antelope, 99, 138, 356
anthropocene, 459
anthropoids, 324
anthropology, 6, 8, 14, 132, 143, 147, 154, 187, 192–

194, 203, 342
cultural, 191–194
evolutionary, 7, 194

anthroposphere, 451
antibiotics, 395
antibodies, 11, 92
anti-evolutionism, 33
anti-science, 33
ants, 83, 96, 131–135, 167, 170, 341

and agriculture, 347
functional types, 134

apes, 73, 139–140, 148, 233, 322–323, 398
bipedalism, 330
diseases, 360
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apes (cont.)
empathy, 142
evolution, 324
extant apes, 327
future, 463
great apes, 122, 139, 323, 326–327, 463
half-apes, 324
laughter, 233
non-African, 324
parochialism, 162
predecessors humans, 326
social learning, 208, 340
symbolic communication, 147

Apollo Project, 376, 419
appropriability of innovation benefits, 295–298, 300,

314, 412, See also patents.
Aquinas, Thomas, 4, 141
Arab peninsula, 361
archaeology, 342
Archaeopteryx, 72
Aristotle, 29, 45–46, 141
arms race in evolution

Cambrian explosion, 79
coevolution, 118
evolutionary ecology, 337
positive ecological feedback, 114
Red Queen effect, 117
runaway brain, 337
sexual selection, 120, 227

Armstrong, Karen, 225
Arrow, Kenneth J., 310, 437
Arrow Paradox, 437
art, 195, 199, 225, 228, 232, 243, 343, 369, 371,

See also aesthetics, environmental; music.
evolutionary art, 232

arthropods, 79, 347
Arthur, Brian, 176, 309–311, 435, 439
artificial insemination, 461
artificial intelligence, 409, 465
artificial life, 262, 467
Asia, 99, 138, 151, 224, 324–325, 330, 345, 350,

353–354, 358, 360–361, 370, 378, 463
astronomy, 22, 29, 33, 39, 42, 45
atheism, 39, 454

Darwin, 33
evolutionary biologists, 40
Nobel Prize laureates, 40

Athens, 282, 358
atmosphere, 107

Cambrian explosion, 79
chemical equilibrium, 108
cyanobacteria, 78
great oxidation event, 23, 78–79
oxygen and evolution, 78, 98
protecting shield against radiation, 81

Australia, 74, 99, 166, 330, 342–343, 345, 355, 358,
399, 418

autocatalytic cycles, 106, 204
autopoiesis, 190, 284
autotrophs, 81, 114
Axelrod, Robert M., 142, 163, 177, 399
Axtell, Robert, 245, 263, 393, 435
Ayres, Robert U., 84, 104, 106–108, 308, 392, 421,

451
Azar, Christian, 400, 438–439

Babbage, Charles, 372
baboons, 139, 168, 385
Bacon, Francis, 375
bacteria, 73, 76–77, 95, 115, 126, 200, 409

antibodies, 92
Archaea, 78
blue-green algae, 78
cyanobacteria, 78, 95, 114, 116, 465
Escherichia coli, 76
Eubacteria, 78
evolutionary arms race, 114
friendly, 394
genetic recombination, 85
infection, 12
lateral gene transfer, 93
spontaneous generation of life, 103
symbiosis, 78
unicellular species, 80

Baldwin learning effect, 93, 205–207, 209, 212, 246,
455

Baltics, 380
bands, 139, 198, 229, 231, 342–343, 443–444
banking, 259, 267

Islamic, 281
Bateson, William, 59
bats, 69, 80, 97
Baumeister, Roy, 123
Baumol, William J., 250, 274, 297, 391, 440,

446
bauplan limits, 24, 64, 66, 435, 466
Bavaria, 72
Bayern, 268
Bear, Greg, 467
Beatles, The, 231, 326
Becker, Gary S., 366
Beggars in Spain, 467
behaviour

adolescent, 341
adoption decisions, 302
aesthetic preferences, 225
aggressive, 139
animal, 28, 147
automatic, 145
average or representative, 259
bounded rationality, 15, 177, 216, 252, 256–257,
262, 272, 314, 403–404, 415

bounded rationality and evolutionary progress, 435
comparing evolutionary approaches, 236
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comparing perfect and bounded rationality, 405,
445

cultural effects, 235
decisions under uncertainty, 258
diversity, 184
docility, 145, 177, 220, 222, 466
dual inheritance, 237
effect of social norms, 155
evolutionary psychology, 144
evolving preferences, 437
expected utility, 257
firms. See organisations.
free-rider problem, 142, 147, 164, 170, 173, 219,
253, 281, 336, 347, 443

gene–culture coevolution, 202
genetic influence, 146
goal-seeking versus evolution, 205
heterogeneous agents, 260, 439
heterogeneous firms, 252, 267
heuristics, 145
instincts, 144
investors, 257–258, 404–405, 441, 460
meme instructions, 210
myopia, 396, 405, 439, 461
other-regarding preferences, 179, 216, 439–440
political actors, 441
private and public personas, 443
profit maximising versus seeking, 252–253
prosocial, 162
prospect theory, 258
rebound, 424
risk-seeking and economic growth, 367
routines, 253
search, 253, 282
similarity across cultures, 144
social context, 143
two-part classifications, 234, 335
utility maximising, 252, 447

behavioural sciences, 16, 155
Belgium, 152, 234, 268, 379
Bergstrom, Theodore C., 157, 170–171
‘big mistake’ hypothesis, 162
Binmore, Kenneth G., 260, 436
biodiversity loss, 317

and resilience, 394
due to climate change, 460
evolutionary dimensions, 398
genetics, 393
reserves, 417, 460
set aside half the planet (E.O. Wilson), 460
sixth extinction, 398

biogenetic law, 70
biogeography, 51, 67, 73–74, 152, 171, 232, See also

isolation.
Industrial Revolution on an island, 384
islands, 51, 73, 151–152, 322, 324, 343, 378, 384,
416

music, 232
natural barriers, 198, 329
spatial regularities and similarities, 73

biological reductionism, 189
biology. See ecology; evolution; genetics.

evo-devo, 63
molecular, 57, 63, 70, 76–77, 89, 248

biomedical sciences, 9
biometricians, 50, 59
biomolecules, 106
biophilia, 409
biosphere, 3, 31, 289, 321, 398, 460, 463

biodiversity loss, 398, 459
climate change, 416
coevolution, 459
future, 459
Gaia, 107
human dominance, 398
population limit, 386
without humans, 459

biotechnology, 76, 452
Birchenhall, Chris, 244–245, 262, 403, 440
birds, 73, 79–80, 97

and cats, 347
art by bowerbirds, 225
Australia, 99
black moth variant due to industrialisation, 396
collected by Darwin, 51
cultural evolution of opening milk bottles, 208
cultural evolution of songs, 149
Darwin’s finches, 51
evolution of wings, 28, 35, 57, 69, 83, 97
flightless, 69
flocking, 138
human diseases, 360
imitation of songs, 211
kin selection, 132
K-strategy, 113, 138
link with dinosaurs, 72
musical taste, 227
ravens, 142
social, 83
song imprinting, 208
survival rate, 48
warm-bloodedness, 82

Birmingham, 268
birth, 109, 124, 192, 263, 333, 349, 367–368, 385

channel, 121
complications, 121, 337
control, 213
defects, 115, 123
externalities, 413
group differences, 174
order effect, 202
parental investment, 119
permits, 413
taxes, 413
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birth (cont.)
tradable rights, 413
voluntary control, 166

Black Death, 411
Black Sea, 353
Blackmore, Susan, 176, 205, 211, 434
blood music, 467
blueprints, 15, 20, 84, 143, 202, 275, 294, 370
blushing, 142
Bolt, Usain, 201
bones, 12, 23, 81, 227, 345, 350
Bonnet, Charles, 46
bonobo, 121, 140, 148, 323–324, 326
Boschma, Ron, 267–269, 296, 303, 313
Boserup, Ester, 368
Boulding, Kenneth E., 243, 393, 413
Boulle, Pierre, 463
bounded rationality. See behaviour.
Bowles, Samuel S., 136, 368
Boyd and Richerson, 8, 156, 172, 174–175, 177,

180, 189, 194–198, 200
Boyd, Robert, 132, 162, 173, 226, 329, 342
Brabant, 380
brain, 7, 207, 218, 289

and language evolution, 150
and money, 283
animal evolutionary history, 333
architecture versus learning, 208
asymmetry, 148
birth channel, 121
brain–mind dualism, 333
brain-mind evolution, 332–342
capacity for mercantile trade, 126
coevolution, predator and prey species, 337
coevolution with memes, 212
complexity paradox, 335
conscious and unconscious processes, 334
cooking, 331
cooperation in hunting, 338
costs and benefits of large brain, 337
evolution puzzles, 332
fish diet, 322
free will, 335–337
genetically determined automatisms, 335
gestation period, 340
grandmother, 339
human and dog, 346
human evolution, 337–340
human intelligence limited, 340
‘I feeling’, 336
infected mind, 210
information storing and processing capacity, 334
K-strategists, 113
measure of complexity, 38
memes, 212, 237
menopause, 339
modularity, 144

more efficient food collection and processing, 337
moving particles, 333
neural group selection, 147
neurones, 28, 147, 228, 333–334, 466
private and public personas, 443
reflexes, 335
runaway brain, 337
sexual selection, 117, 122, 337–338
shrinking due to culture, 461
smaller in domesticated animals, 57
social animals, 138, 148
social brain hypothesis, 41, 339
systems dynamics representation of brain
evolution, 338

teenager brain transformation, 341
Brand, Stewart, 465
breeding, 23, 76, 132, 134, 269, 418
Bretton Woods, 308
Brinkman, Baba, 230
Brittany (France), 151
Broad, C.D., 285
Bryson, Bill, 151
bureaucracy, 26, 272, 348, 353, 357, 394
bureaucrats, 193, 359, 447–448
Burnett, James, 46
Bush administration USA:, 427
bushmeat, 10, 326
business cycles, 249, 267, 304, 458, See also long

waves.
Buskes, Chris, 7, 28–29, 145, 189, 219, 228
by-product explanation

and meme, 222
evolved brain, 122, 144, 146, 150, 218, 222
evolved culture, 218
of humour, 234
of mathematics, 228
of religion, 222
spandrels, 66
unsatisfactory, 228
versus evolved adaptation, 66, 146

calcium, 12, 79, 106
California, 269, 278, 316, 355, 428, 431
Calvinist, 137, 365
Cambrian explosion, 78–79, 81, 98, 288
Campbell, Donald T., 29, 147, 211
Canada, 363
cancer, 10, 94, 360

breast, ovary and uterus, 13
carcinogenic substances, 115
skin, 13

canids, 127, 138, 345
cannibalism, 95, 119, 159, 166–167, 202, 356
capacity to fly, evolution of, 28, 35, 69, 83, 97
capital asset pricing model, 257
capitalism, 187, 247–250, 365, 438, 457
CAPM. See capital asset pricing model.
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carbohydrates, 326, 354
carbon

border tariffs, 416
budget, 413
capture and storage, 420
dioxide, 22, 107–108, 415, See also CO2.
intensity, 411, 419
leakage, 414, 426, 452
lock-in, 414
market, 413
pricing, 413, 418, 420
rebound, 415
tax, 412

Caribbean Basin, 383
carnivores, 138, 356

social versus solitary, 138, 356
Carnot, Sadi, 373
Carroll, Glenn R., 273, 278
Carroll, Lewis, 118
carrying capacity. See ecology.
Caspian Sea, 353
cat, 138, 346–347, 398

domestication, 345–347
Catholicism, 40, 218, 224, 281, 361, 365,

454
cattle, 138, 360, 399
Cavalli-Sforza, Luigi Luca, 5, 174, 354
cell, 4, 10, 80, 83

cancer, 10
divisions, 70
egg, 63, 96
eukaryotic, 78
germ-line, 92
light-sensitive, 36
lymphocytes, 92, 467
memory, 91
multicellular organisms, 80
non-genetic inheritance, 91
organs, 80
ovum, 118
protocells, 105
sex, 60
somatic, 16, 59, 135
specialisation, 70
sperm, 39, 80, 118, 120
versus individuals in colonies, 132
wall, 82, 106

cellulose, 69, 82, 106
Chance and Necessity, 465
change in phenotype distribution under three

selection modes (figure), 20
chaos, 262, 284, 287, 460

self-organisation, 285
chemical and spatio-physical structure of DNA and

RNA (figure), 62
chemistry, 22, 29–31, 33, 143, 216, 257, 284, 286,

288, 374–375

chemotherapy, 10
chemoton model, 106
chicken, 137, 166, 360, 399
chiefdom, 193, 359
child tax, 413
chimpanzee, 10, 120–121, 140, 148, 168, 227, 233,

323–324, 326, 333, 341, 463
China, 150, 193, 272, 329, 358, 365, 367, 369–370,

377–379, 398, 429, 431, 457, 466
birth permits, 413

chloroplasts, 58, 78, 95
Chomsky, Noam, 150
chondrites, 22
chordates, 79
Christianity, 32, 38–39, 120, 136, 168, 187,

224–225, 370
chromosomes, 58–59, 61, 65, 84, 96, 103, 214,

See DNA
crossover, 118
epigenetic inheritance, 90
fruit flies, 59
histones, 61, 90
levels of reproduction, 84
memes, 215
methyl markers, 61, 90
molecular analysis, 73
recombination, 63
versus genome, 61
X-chromosome, 73
Y-chromosome, 329

circumcision, 13
city state, 193, 353, 357, 361
civilisation, 12, 193, 353, 358, 466

early civilisations, 358
first civilisations, 353
global, 460
rise and decline, 360, 414, 467
river valleys, 385
stages, 193

cladistics, 77
Clark, Gregory, 367
class struggle, 26, 187
Clausius, Rudolf, 373
clay minerals, 23, 345
climate, 99, 427–429, 433, 457–458, 460, 468, 471

adaptation, 416–417
and cultural diversity, 202
atmospheric regulation, 107
colder regions, 82
glacial, 343
horizontal Eurasian axis, 353
incentive for technological innovation and
industrialisation, 377

innovations, 419
local, 116, 351, 411
Mediterranean, 355
mitigation, 416
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climate (cont.)
regional specialisation, 267
tropical, 362

climate change, 11, 411, 429–430, 457, 459–460
and animal extinction, 350
and human speciation, 322, 330
and limits to growth debate, 400
and low-carbon transition, 402
and rise of agriculture, 350–351
carbon budget, 413
cause of fish speciation, 75
dinosaurs, 98
extinction, large ice age animals, 351
extreme, 364, 406
fossil fuels, 390
impact on biodiversity loss, 398
Pleistocene, 348, 351
population-evolutionary angle, 412
scepticism, 426

climate policy, 9, 412, 414
carbon border tariffs, 416
carbon market, 308, 412
carbon price, 426, 428, 452
carbon pricing, 413, 418, 420, 426–428
carbon tax, 308, 412, 426–427
climate club, 416
combination of instruments, 427–428
emissions trading, 412, 426
evolutionary design, 418–419
regrow forests, 418
timing, 430
ultimate effects, 424–426

Clinton, Bill, 457
clock, mechanical, 369
CO2, 351, 390, 411–412, 415, 420, 422, 424–426,

429, 431, See also carbon dioxide.
Coase, Ronald H., 271, 282
coevolution, 23, 86, 95, 99, 114–116, 156, 188, 190,

199, See also arms race in evolution; (co-)
adaptation; gene–culture coevolution; niche
construction theory.

agriculture, 348
behaviour and institutions, 178
brain-memes, 212
demand–supply, 243
economy and environment, 240
financial and other markets, 259
humans and domesticated animals, 347
Jamaicans’ excellence in sprinting, 201
meme gene, 212
music, technology and culture, 231
mutual selection, 23
predator and prey brains, 337
prehistoric band politics, 443
pseudo, 109, 116
versus co-dynamics, 116, 190, 283, 393

cognition, 162, 175, 202, 226, 333, 335, 444

cognitive science, 16, 41, 145, 147, 154, 335
collective action, 155, 168, 442–443, 468
collective intelligence, 191
colonialism, 224, 353, 363, 383
colonies, 96, 131, 134–135, 137, 157, 159, 167, 221,

289, 368
colonial invertebrates, 131, 137

combined cultural and biological evolution of
behaviour (figure), 186

common-pool dilemma, 179, 314, 389, 393, 401,
408, 446, 468

community concern, 141–142, 163
comparative advantages, 267, 302, 304
comparative anatomy, 69
competition

price versus Schumpeterian, 245, 249
sailing ship effect, 308
Schumpeterian, 250–251, 254–255, 302

complex adaptive system, 240, 262, 288
CAS1, 288
CAS2, 289

complex societies, appearance, 357–359
complex systems, 3, 6, 14, 35, 38, 78, 116, 156, 186,

204, 271, 274, 288–289, 350, 451, 468,
471

complexity, 33–34, 77
agent-based models, 262
anti-explanation, 35
cell, 80
coevolution, 178
collapse of civilisations, 414
complexity theory, 277
consumer–producer interactions, 244
crane versus skyhook metaphor, 35
dynamic, 3
evolutionary dynamics, 24
evolutionary progress, 435
eye evolution, 36–37
genetic, 84
group selection, 164
human body, 70
language, 150
music, 225–226
NK model, 256, 317
number of connections, 262
of brain and mind, 333, 336, 340
of solutions to environmental problems, 424
ontogenetic development, 70
routines of firms, 254
self-organisation versus evolution, 287
social organisation, 134
social science, 184
social structure in cultural evolution, 193
transitions, 403
unevolvable, 35, 94
unpredictability, 437
watchmaker/design argument, 4
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computer, 292, 313, 375
agent-based modelling, 263
analytical engine of Babbage, 372
artificial intelligence, 409, 465
complexity compared to brain, 38
computer science, 94, 284
Dataism, 464
evidence for evolution, 76
games and memes, 214
general purpose technology, 424
human genome, 452
inventions, 292
lock-in, 312
meme vehicle, 216
Moore’s law, 429, 432
network externalities, 309, 453
Pascal and Leibniz calculators, 375
productivity, 302
semiconductor research, 431
Silicon Valley, 269
virus, 210
virus versus cancer, 10

computer simulations of eye evolution (figure), 37
Comte de Buffon, 45
Comte, Auguste, 187
conception, 183, 199, 301, 360
conflict. See group selection, intergroup conflict.
Confucius, 141
consciousness, 41, 128, 148, 214–215, 334–335, 337
consciousness explained, 212
consilience, 8
Constantinople, 225
consumers, 244–245, 250, 252, 259, 297, 302, 308,

313, 403, 405, 415, 420, 423, 425–426, 428,
440, 445, 449

continental drift. See plate tectonics.
contraception, 13, 360, 462
convergence

income, 270, 458
institutions, 179
local prices, 244
welfare states, 250

convergent evolution, 69, 74, 97, 345–346
isomorphism, 275

Conway Morris, Simon, 97, 322
cooking, 7, 331, 342, 344–345, 349

expensive tissue hypothesis, 331–332
invention of fire, 344

Copernicus, Nicolaus, 45
coral, 137, 418
coral reef, 398, 417–418

climate adaptation, 418
Cornwall, 151, 373
Correns, Carl, 59
Cort, Henry, 372
cortex, 126, 133, 223, 233, 333–334
Cosmides and Tooby, 144, 146

Costanza, Robert, 391
Coster, Laurens, 369
cotton, 371, 383

critical factor in industrialisation, 383
versus wool and linen, 371

creationism, 32–42, 72, 222
atheism, 33
Bible, 34, 39–40, 217
Catholic Church, 40, 218, 224, 281, 361, 454
deism, 33, 39
evolutionary creation, 33
intelligent design, 37–38
Koran, 217
logical fallacies, 42
march of progress, 34
miracle, 42, 222
misinterpretation of facts, 33
naturalism, 33
Noah’s flood, 34, 39
non-overlapping magisteria, 39
Old Earth creationism, 33
pseudo-science, 34, 37
scepticism – evolution versus climate change, 426
soul, 40–41, 230
stupid design, 38
supernaturalism, 33
theistic evolution, 33
Young Earth creationism, 33, 40

creative destruction, 249, 256, 266, 269, 302, 437
Crick, Francis, 61, 103, 284
crises, economic, 259, 307, 361–362, 430, 434, 440,

442, 456, 458
crops

drought-resistant, 417
root and tree, 355

cross-fertilisation, 408, 439
crossover, 19, 58, 64

music, 229
Cullis, Roger, 250, 292, 299
cultural evolution, 7, 185

and human genetics, 115
and psychology, 197
animal culture, 209
before agriculture, 342
brain–mind evolution, 184
branching (speciation), 198, 439
cultural group selection. See group selection.
definition, 184
dual inheritance, 16, 194
during Pleistocene, 342–344
economic, organisational and innovation theories,
238

evolutionary software, 232
exosomatic innovation, 393
fire and cooking, 344
four approaches compared, 235–238
future, 453–455
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cultural evolution (cont.)
gene–culture coevolution, 199
gene–culture leash, 204
genotype/phenotype dichotomy, 194
guided variation, 178, 196, 202
Herbert Spencer, 188
horizontal and vertical transmission, 198
human group size and composition, 359
humour, 234
is versus ought to be, 17
Lamarckian, 16, 196
local adaptations, 198
longevity, 343
memes, 210–211
music, 225, 229–230
religions, 219
resistance, 13
role of ancestry, 362
transition of societal stages, 191, 193
versus genetic evolution, 199

cultural evolution concepts
cultural adaptation, 121, 198, 237, 349
cultural creationism, 14, 183
cultural drift. See drift.
cultural habits, 175–176, 195, 199, 327, 360, 444,
453, 461

cultural inertia, 198
cultural parents, mating and offspring, 198
cultural primeval soup, 212
cultural replicator, 15, 210
cultural variation, 17, 175, 177, 195

cultural intelligence hypothesis, 208
cultural transmission, 173–175, 177, 199, 202, 218,

362, See also social transmission.
typology, 197
vertical and horizontal, 362

culture, 7, 120, 124, 183–184, 194
adaptive advantage, 184
commonality and diversity, 184, 198
comparative research, 187
genetic foundations, 194
higher culture, 204
number of functions or tasks, 192
patriarchate, 122, 224
subculture, 153, 196, 198
transmission, 199
universals, 215

Cuvier, Georges, 47
cybernetics, 190, 273, 284
cyclic movement of an ecosystem (figure), 112
Cyert, Richard M., 272
Czechoslovakia, 58

Daisyworld model, 418
Daly, Herman E., 304, 391, 413
Darby family, 384
Darwin Deleted, 50

Darwin family, 26, 47
Darwin machine, 7, 92
Darwin, Charles Robert, 3, 6–7, 16–17, 19, 24–27,

36, 45, 47–48, 50–51, 56–57, 59–60, 64–65, 67,
69, 72–75, 83, 93, 102, 117, 119, 123, 141, 145,
159, 171, 186–189, 205, 210, 216, 218, 240,
247–249, 292, 294, 345, 376, 397, 463

Darwin, Erasmus, 47
Darwin, Robert, 26
Darwin’s bulldog, 48, 60
Darwin’s finches, 51
Darwin’s radio, 467
Darwinian creatures, 209
Darwinism, 7, 57, 93, 194, 205, 249, 455

correlation of growth, 57
criticism, 100
cultural, 194
effects of habit, 57
generalised, 3
neo-Darwinism, 16, 57, 65, 68
ultra-Darwinism, 102
universal, 8, 18, 210, 212
versus Mendelism, 59

Dataism, 464
David, Paul A., 310
Dawkins, Richard, 4, 28, 33, 42, 100, 116, 133, 170,

209, 222, 410, 434
Dawkins’ four evolutionary ‘who’ questions, 28, See

Tinbergen’s four evolutionary levels/questions.
de Vries, Hugo, 59
de Vries, Jan, 364, 379
de Waal, Frans, 132, 137, 140–141, 146, 163, 168
Delisle de Sales, Jean-Baptiste-Claude, 46
demand–supply coevolution, 244
demography, 278, 359

of firms, 278–280
Demsetz, Harold, 271
Denmark, 431
Dennett, Daniel, 6, 17, 102, 209, 212–214, 222, 434
deoxyribonucleic acid. See DNA.
depression, 12, 223, 233, 304–305, 307, 336
Descartes, René, 29
Descent of Man, and Selection in Relation to Sex,

The, 26, 33, 57, 118, 145, 188, 218, 227
determinism, 145, 183, 336

biological, 7, 143, 189
genetic, 143, 146

Detroit, 232, 269
development constraints, 24, 64
devolution, 194, 390
devolution – evolution of environmental problems

(figure), 390
Diamond, Jared M., 99, 121, 144, 150, 198, 321,

348, 352–356, 359, 362, 378
diffusion

and appropriability, 300
and human genetic distance, 368
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and leapfrogging, 458
and long waves, 307, 458
and patents, 300
and timing of climate policy, 430
barriers, 362
by Muslims, 370
evolutionary versus epidemiological models, 15
geographical spread of humans, 342
international, 303, 307
logistic pattern, 303
market level, 302–304
mechanisms, 196
of (agri)culture in Euroasia, 353
of bird behaviour, 208
of books, 369–370
of cultural habits, 327
of culture, 193
of early agriculture, 175, 351, 353
of evolutionary knowledge, 32
of human fertility, 368
of information, 24, 208, 267, 312
of institutions, 179, 281, 368
of market behaviours, 257
of memes, 210, 212–214, 235
of music, 229
of price information, 244
of religions, 219
of scientific knowledge, 374
of social behaviours, 185
of swear words, 153
of technological innovations, 295, 302–304, 343,
361, 371

of technologies in China, 378
of technologies in England, 384
of technologies in the Low Countries, 380
of textile technologies, 379
of viruses, 167
phases, 303, 438
policy, 428
rapid, 349, 405
slow, 307, 403
social, 15
spatial, 223, 268, 270, 353
subsidies, 431
technological, 265
through imitation, 210, 246, 361
versus polygenesis or multilinear evolution,
193

dinosaurs, 72, 79–80, 98–99, 101, 137, 345
discoveries, 61, 214, 306–307, 428

discovery versus invention, 344
diseases, 75, 94, 118, 307, 326, 340, 360, See also

cancer.
AIDS/HIV, 9–10
allergies, 13, 115
Alzheimer’s, 41, 360
Ashkenazi Jews, 340

asthma, 13
atherosclerosis, 12
avoiding due to intelligence, 339
bacteria, 115
Chagas disease, 58
climate change, 417
coevolution with bacteria and viruses, 114
colonialism, 360
contagious, 15, 200, 360, 439, 464
Creutzfeldt–Jakob, 91
duration, 12
Ebola virus, 326
faith-sufferers, 210
from apes, 360
Gaucher disease, 340
genetic engineering, 190
immune system, 92
lifestyle diseases, 12
mad cow disease, 91
malaria, 12, 60, 200, 360
multiple sclerosis, 94, 360
of longevity and civilisation, 12
of Neanderthal, 327
of prey due to weak selection pressure, 399
pathogens, 360
pregnancy sickness, 115
primates, 326
prions, 91
resilience, 112
sex-related, 73
sickle-cell anaemia, 12, 60
similarities, apes and humans, 73
social insects, 134
Tay–Sachs disease, 200, 340
transfer from animals to humans, 10, 200, 203,
360

virus of the mind, 15, 210, 222
distinct attitudes to humans of dogs and cats (figure),

347
distributed human intelligence, 340
distribution of adopters generates logistic diffusion

pattern (figure), 303
diversity, 23, See also biodiversity loss; variation.

balance, 21, 414
cultural, 321, 405
disparity, 21, 414, 439
Europe versus China, 378
genetic, 31, 60, 64, 177, 418
genetic and ecological considerations, 395
institutional-political, 378
non-genetic, 185
of organisations, 275
optimal, 262, 313, 316–318, 405, 414, 471
optimal technological, 414
phenotypic, 31, 127
random variation, 170
versus scale advantages, 318
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DNA, 31, 61, 73, 76, 83–84, 90–93, 95, 97, 103,
105–106, 125, 133, 204, 214–215, 268, 284,
303, 327, 332, 340, See also chromosomes.

genotype, 214
Mitochondrial Eve, 329
repair mechanism, 90, 92, 463

Dobzhansky, Theodosius, 16, 59
dog, 75, 138, 142, 233, 333, 345–347, 356

and music, 226
brain, 346
dingo, 345
domestication, 345–347
grasp of human language, 346
guilt-like behaviour, 163
hunting, 346

dolphins, 82, 121, 138, 142, 208, 333
domestication of dogs and cats, 345–347
domestication of mammalian herbivores, 355–356
Dosi, Giovanni, 239, 245, 267, 295, 304, 438
drift

analogy, genetic and cultural drift, 195
bottlenecks, 73, 329
cultural, 170, 177, 194, 435, 468
founder effects, 73, 310, 377, 435
genetic, 19, 59–61, 73, 86, 89, 96, 101, 146, 177,
194, 329, 463

human speciation, 329
institution, 195
institutional, 177
nearly neutral theory, 90
neutralist–selectionist debate, 90

Drosophila, 59
droughts, 81, 112, 192, 329, 417
dryland management, 412
dual inheritance

definition, 185
theory, 186, 194–199, 235, 237
versus gene–culture coevolution, 199

Dunbar, Robin I.M., 133, 147, 339, 466
Dunbar’s number, 133
Durham, William H., 115, 203, 366
Durkheim, Émile, 187, 218
Dutch Golden Age, 379
Dutch Republic, 379–381

Eastern Europe, 224
eco-adopters and eco-innovators, 423
ecology. See also ecosystem.

behavioural ecology, 7, 109, 132, 137, 146, 238
carrying capacity, 109, 111, 263–264, 279, 386,
396, 413, 461

community, 109
community structure, 111
evolutionary ecology, 86, 95, 109–117, 337
food chain, 98, 111, 114, 345, 398–399
food web, 98, 111, 386, 398, 409, 459
future biosphere, 459–460

heterotrophic species, 81
key species, 111
K-strategy, 113, 399
microevolution, 96
multispecies relationships, 83, 95, 110, 114
mutualism, 83, 114–115, 126, 200
niche, 67, 74, 98, 101, 115
niche construction, 116
organisations, 274
parasite–host interaction, 114
population, 64, 109, 272, 274–275, 278, 288, 389
population ecology, 109
predator–prey interaction, 114, 138, 337, 401
primary producers, 111
r-strategy, 113
trophic levels, 110–111

economic evolution, 8, 18, 85–86, 109, 239–270,
282, 401, 449, See also evolutionary economics

economic growth, 264, 286, 304, 391, 411
after 1500, 364
and energy, 421
and parental investment, 367
differential growth theory, 400
evolutionary theory, 264–267
high growth over, 386
hybrid neoclassical Schumpeterian approach, 266
in classical Greek and Roman societies, 365
neoclassical theory, 266
recombinant, 317
resource curse, 458
Smithian, Solovian and Schumpeterian, 365
versus population growth, 386

economics, 5–6, 8–9, 14, See also evolutionary
economics.

agent-based modelling, 264
agricultural and resource, 391
and biology, 249, 393
Austrian School, 248
behavioural, 9, 16, 246, 258, 436, 440, 456
climate change, 411–432
comparison with biology and physics, 32
convergence, 270
cost–benefit analysis, 317, 391, 437, 446
Darwin’s reference to economics, 25
ecological, 389–410
environmental, 389–410
equilibrium theory, 247, 250–252, 260, 262, 267,
415

externality-welfare approach, 412
finance, 257–259, 316
genuine microeconomics, 24
Goodwin model, 265
group level, 156
heterodox, 27, 262
historical interation with biology, 26
in biology, 123
industrial, 314
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influence physics and engineering, 32
international economics, 269
labour division, 127
lightbulb jokes, 235
macroeconomics, 9, 259–260, 267, 394, 415, 441,
456–457

microfoundations and self-organisation, 286
monetary valuation, 391, 446
Nash equilibrium, 260
neo-Austrian approach, 251, 266, 393, 402
neoclassical, 27, 246, 248, 252–253, 262, 290,
391, 394, 437–438, 445–446

neoclassical Schumpeterian approach, 266
neo-Schumpeterianism, 290
networks, 257
of religions, 168
organisations, 271
partial equilibrium, 244, 247
Philips employment-inflation curve, 265
psychology, 216
real microeconomics, 456
regional economics, 267
representative-agent approach, 24
representative agents, 259
self-organisation, 247
versus biology, 22–27, 32, 123–128, 243,
267–268

economics between biology and physics (figure), 32
economies of scale, 282, 298, 308–309, 313, 440

and population density, 383
and population growth, 385
in innovation, 315
increasing returns to scale, 414

economies of scope, 302, 313
ecosystem, 74, 82, 101, 109, 286, See also ecology.

climate adaptation, 417
climax system, 111–112
cyclic movement, 112
economics and management, 393
loss of predators, 399
resilience, 394
reversible and irreversible dynamics, 393
young, 113

ecosystem selection theory, 166
Edison, Thomas A., 375
Egan, Greg, 464
Egypt, 39, 150, 192–193, 225, 346, 353, 357–358, 361
Ehrlich, Paul R., 114, 421, 461
Eigen, Manfred, 105
Einstein, Albert, 57
Eisden-Tuinwijk, 152
Eldredge, Niles, 99
electricity, 431

and economic growth, 386
electrification, industrial processes, 313
electrification, music, 231
green versus grey, 421

historical transitions, 405, 419–420
inventions, 292
lock-in, 312
macro-invention, 306
renewable, 318
science, 375

elephant, 127, 138, 140, 142, 333, 398
Elysium, 464
emboitement or encasement theory, 47
emergence, 284–286

pairwise novelties, 285
emergent properties, 143, 285
emission permits, 425
emission rights, 413
emotions, 124, 133, 145, 147–148, 213, 225, 228,

333–334
Palaeolithic, 390

empathy, 140–142, 148, 163, 177
employees, 178, 253, 279, 423

group selection, 178
empowerment, 125
encephalisation quotient, 333
endocrine system, 81
Energiewende, 431
energy

batteries, 431
conservation, 137, 415, 419, 422, 424, 426–427
cooking and human evolution, 331
efficiency, 419, 424
gradient, 285
long waves, 306
optimal technological diversity, 414
patents, 421
rebound, 409, 414, 424–427, 431, 452
somatic, 358
storage, 316
technologies, 405–407, 422, 432
transition, 404, 419–420, 423

Energy Return on (Energy) Investment, 422
engineering, 374

analogy with adaptation, 65
diffusion, 369
Dutch Golden Age, 379
ecological, 116, 417
epigenetic, 418
genetic, 76, 190, 204, 375, 452, 466
genetic modification, 115, 452
hydraulic, 370, 380
influence on economics, 32
mechanical, 295
mining, 370
perspective on brain, 332
reverse, 144, 254, 299, 302

England, 26, 47, 51, 58, 60, 75, 187, 193, 232, 235,
240, 249, 268, 299, 305, 362, 367–368, 372,
374, 377, 379–380, 382–384, 396

Industrial Revolution, 371–385
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English Humour for Beginners, 235
enhancement mode, 204
entrepreneur, 249–250, 254, 291, 307, 317, 368
entrepreneurship, 281, 291, 304, 313, 367
environment

abiotic, 23
anaerobic, 114
biotic, 23
biotic and abiotic, 109
effect on group size, 114
evolved knowledge about, 28
umgebung versus umwelt, 409

environmental change, 19, 65, 74, 94, 98, 101, 127,
272, 275, 331, 351, 391

epigenetic adaptation, 91
global, 460

environmental conditioning, 273
environmental pressures, 91, 286, 417, 458
environmental problem shifting, 414
environmental problems, 11, 32, 289, 389–390, 393,

402, 405, 408, 419–420, 424, 434, 460, 466
environmental regulation, 11, 243, 400, 403,

419–421, 423, 427, 429–430
environmental sciences, 6, 116, 389, 391, 408
environmental social sciences, 390–393
environment versus growth debate, 400
enzyme, 84, 105, 201
epigenetic inheritance, 59, 84, 86, 90–92, 133, 205

ecological engineering, 418
epigenetic versus genetic information, 91
reversible epigenetic switches, 91
typology, 91

epigenetic rules, 194–195
primary and secondary, 335

Epstein, Joshua M., 245, 263, 393, 435
ERO(E)I. See Energy Return on (Energy) Investment.
Essay on the Principle of Population, An, 25
ethology, 28, 131, 137
Eufrat, 353
eugenics, 189, 249, 450
Eukaryotes, 78, 84, 115, 118
Eurasia, 327, 329, 353
Europe, 51, 152, 193–194, 249, 268, 280, 327, 330,

343, 345, 352–353, 358, 360–362, 364, 369–
370, 374, 377–381, 384, 411, 463

European origins, industrialisation, 377–379
European Union, 198, 378, 426
eusociality, 134, 159, 161, 167

rareness and ecological dominance, 167
evolution, 434, See also cultural evolution; evolution

of; evolution typology; evolutionary
economics; macroevolution; natural selection;
V-S-I-R algorithm.

and progress, 434
and renewable resource dynamics, 401
as problem-solver, 28
dynamic systems representation, 68

ecological adaptation, 113
evolutionary inefficiency, 39
extended dynamic systems view, 89
fuzzy boundary with development, 93
generalised. See also Darwinism, universal;
V-S-I-R algorithm.

generalised mechanisms, 83
genotype–phenotype causality, 16
gradual and radical change, 84, 94, 100, 192, 281
gradualism versus punctuationism, 100, 102
hierarchical process, 100
homologous characteristics, 69, 149, 227
intermediate stages, 35
major evolutionary innovations, 100, 288
major organic innovations, 77–85
micro versus macro level, 96
modern synthesis, 57, 60, 248
new ways of transmitting information, 83
on other planets, 104
order out of order, 287
population approach, 24
random, directional and cumulative elements, 19
rapid gradualism, 100, 306
rapid through regulatory genes, 100
term popularised by Spencer, 188
transmutation or transformism, 47
unfolding, 31, 70, 248, 287

evolution of
agriculture, 352
civilisations, 360
culture, 174, 184, 359
groups, 156, 359
human brain, 332
humans, 322–332
humour, 233
industrial economy, 366–367, 380, 384
institutions, 280–284
laughing, 233
learning, 204–209
low-carbon technologies, 419–423
memes, 209
morality, 25
music, 225
recycling, 409
religions, 217
science, 29, 374
social behaviour, 131
social behaviour (figure), 142
technologies, 290, 371–372

evolution typology. See also coevolution;
gene–culture coevolution; group selection;
natural selection; V-S-I-R algorithm.

biological, 45, 243
chemical, 31, 73, 86, 105, 109
convergent, 82, 97, 104
cultural, 7, 184
differential, 194
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disruptive, 23
economic, 239–240, 243
ecosystem, 114
generalised, 3–4, 8, 14–15, 20, 28, 38, 63, 86
genetic, 8
gradual, 23, 35, 72, 94, 98, 100, 253
Lamarckian, 16, 57, 85, 92, 188, 196, 204–206,
455

macro, 96
mathematical, 14
meme, 209
micro, 96, 253
modular, 19, 35, 93–94, 277
molecular, 89
multilinear, 193
non-genetic, 8, 11, 24, 63, 189, 435
organisational, 276
pseudo, 22–23
quantum, 100
rapid, 94, 100, 206, 397
recurrent, 36, 97
slow, 78
social, 7
symbiotic, 94–96
technological, 4, 290
unilinear, 193

evolution versus self-organisation, 287–289
evolutionary analphabetism, 14
evolutionary computation, 4, 28
evolutionary economics, 239–270, 414, See also

economic evolution; evolutionary game theory;
modelling, evolutionary.

Alchian–Friedman thesis, 252
and environmental problems, 408
building blocks, 240–245
economic growth, 267
environment and resource issues, 408
evolutionary approach before biology, 24
evolutionary finance, 257–259
formal models, 317
geography, 267–270
history, 247–259
institutions, 240
key concepts, 241
market selection, 252
models, 259–264
Nelson and Winter, 254–255
neo-Schumpeterianism, 240
typology, 239–240

evolutionary game theory, 27, 136, 171, 240, 252,
259–262, 393, 408, 416

bi-matrix games, 260
bounded rationality, 416
coordination game, 142, 261, 401
defectors, 162, 170–171, 401
enforcers, 171, 280, 401
evolutionarily stable state or strategy, 260

one-shot games, 162, 260
prisoner’s dilemma, 260–261, 401
repeated games, 260
replicator equation, 261, 406
representative agent, 261
selection game theory, 262
selection versus learning, 261
spatial game, 172

evolutionary philosophy, 28
epistemology naturalised, 29
evolution as knowledge formation, 27
evolutionary epistemology, 29–30, 211
evolutionary ethics, 141
falsification, 29
historical phenomena, 30
hypothesis versus theory, 30
hypothesis-driven research programme, 69
logical empiricism, 29
logical positivism, 29
methodology, Darwin, 69
moral behaviour, 141
neo-positivism, 29
verificationism, 29

evolutionary progress, 9, 190, 434, 437
complicating factors, 435

evolutionary psychology, 132, 143–147, 238, 333,
462

and dual inheritance, 238
and sociobiology, 7, 235
broad acceptance, 143
cognitive science, 41
comparison with other evolutionary disciplines,
235

crime, 336
debate, 146
definition, 144
domain-specific modules, 144
ethology, 29
evolutionary medicine, 9
fear of animals, 146
four levels of explanation, 145
human genetics, 8
modules for specific tasks, 145
on Trump, 445
parental strategies, 145
social behaviour, 145
topics, 145
treatment of culture, 237
versus behavioural ecology, 147

evolutionary sub-tree of apes/hominoids (figure), 323
evolutionary synthesis, 50, 59, 67, 117, 238, 249
Evolutionary Theory of Economic Change, An, 252
evolutionary thought, 3–4, 13, 25–26, 28, 123, 248,

439
evolutionary versus mechanistic approaches, 27,

111, 116, 156, 183, 247, 284, 309, 399, 408
evolutionism, 188, 434
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exaptation, 33, 35, 66, 102, 315
exchange

mercantile, 126
non-kin, 126
of agricultural for hunted/gathered products,
354

exergy, 421
eXistenZ, 464
exponential growth, 25
exponential versus logistic population growth

(figure), 110
Expression of the Emotions in Man and Animals,

The, 57, 145, 188
extended dynamic systems view of evolution

(figure), 89
externalities. See also spill-overs.

climate change, 412
environmental, 412, 427
information, 257, 440
knowledge, 412
negative, 409
network, 309, 316
of having a child, 413
positive, 269, 314
production, consumption and population, 411–414

extinction
adaptive cul-de-sac, 65
affecting direction of evolution, 399
asymmetric features, 63
Australia and New World, 342
biodiversity loss, 395
caused by humans, 99
climate change, 416
common, 72
Deccan Traps, 99
dinosaurs, 101, 345
five major periods, 98
future, 326
K-strategists, 113
large ice age animals, 351
loss of habitat, 350
mass, 96, 98, 398, 459
megafauna, 350
Neanderthals, 328
of hominines, 190
of humans, 460
patterns different among continents, 74
quantum evolution, 100
sixth extinction, 398
Tasmanian tiger, 345

eye, 35
abundance, 79
analogous organs, 69
blind mole rats, 69
contribution to Cambrian explosion, 79
evolution, 36–37
eyesight future for humans, 461, 464

eyesight, primates, 139
first appearance, 79
mantis shrimp, 36
similarities across species, 97
simulation model, 36
spiders, 36

Faber and Proops, 240, 243, 246, 251, 266, 302,
392–393, 402

facial expression, 126, 140, 202, 233, 335, 339
factors in the evolution of modern music (figure),

230
Fagerberg, Jan, 270, 438
fairness, 142, 159, 440, 443
family

Anna Karenina principle, 356
China, 462
future sexual selection, 462
grandmother support, 339
group selection and nepotism, 163
kin selection, 161
network, 263, 359, 368
nomadic, 359
nuclear and extended, 198
one child, 466
planning, 367
political conservatism, 444
small, 366
social norms, 461
teenagers, 341
values, 444

fats, 106, 326, 342, 354
faunal divide, 74
Fayol, Henri, 272
Fehr, Ernst, 155, 162, 216, 440
Fertile Crescent, 352–356, 361
feudalism, 193, 281, 361, 381
Feyerabend, Paul, 29
finance, 26, 296, 308, 416

and long waves, 307
behavioural, 257, 441
classical approach, 257–258
evolutionary, 257–259
of public goods, 357, 361
of the Industrial Revolution, 383
option pricing theory, 316

fire, 29, 107–108, 112, 190, 345, 411, 417,
459–460

invention of fire, 344–345
firms

large, 271, 282, 291, 295, 315, 456
small, 278, 291, 297

first-mover advantage, 297–298, 353, 423
first-mover disadvantage, 381
fish

brain evolution, 322, 337
cichlids, 75
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culture of macaques, 209
farms, 399
humour, 234
lungfish, 81
market metaphor, 126
Nile perch, 76
organs, 80
overfishing, 399, 460
percoid, 75
rapid speciation, 75
schools, 137
selection pressure by fisheries, 395
shellfish and fire use, 345
social, 83
spinal column, 79
versus marine mammals, 69, 82

Fisher, Ronald A., 59, 64, 132
Fisher’s fundamental theorem, 64
fitness

absolute versus relative, 162–163, 168
affecting culture, 195
cultural versus genetic, 173, 454
definition, 64–65
due to culture, 195–196
Eukaryotes, 78
Fisher’s fundamental theorem, 64
function, 260–261, 317
genetic drift, 89
heterozygote, 60
inclusive, 132, 134, 159, 161, 165
landscape, 65, 373
learned food preferences, 208
learning, 206
non-additive, 161
Popper, 29
relation to welfare, 435
relative, 164
religion, 218, 220
reproductive success, 64–65
verbal communication skills, 202

Fitzroy, Robert, 50
flagella, 35, 95
Flanders, 361, 379–381
floods, 112, 353, 417
Flores (Indonesia), 330
flowers, 50, 58, 75, 82, 115, 126
Fly, The, 467
Flynn, James R., 214
foetus, 41, 115, 467
food production, 282, 348, 357, 422, 452, 461
foraging, 113–114, 139, 147, 167, 342, 348
fossil record, 34, 72–73, 77, 97, 100, 106,

148, 154
gaps, 72
missing link, 31, 34, 72

fossils, 34, 51, 72, 99–100, 326
living, 463

Foucault, Michel, 29, 187
France, 151, 187, 268, 280, 305, 343, 362, 368, 372,

374–375, 379–380, 382–385, 429
Frank, Steven A., 161, 167
Freeman, Christopher, 156, 250, 272, 275, 296, 304,

315, 392, 435
Freeman, John, 273
Frenken, Koen, 257, 317, 373–374, 466
Freud, Sigmund, 218
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neutral, 90
point, 60, 63
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environmental factors, 98
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origin of life, 102
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tree of life, 290
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economic principle, 25
Erasmus’ influence on Darwin, 47
first public presentation, 48
Lamarck’s influence on Darwin, 46–47
Malthus’ influence on Darwin, 25, 47
Malthus’ influence on Wallace, 26
more individuals born than can survive,
48

of cultural variants, 196
Spencer’s influence on Darwin, 25
struggle between individuals rather than species,
25

survival of the ‘sufficiently fit’, 38
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Neo-Darwinian evolution as a dynamic system
(figure), 68

Neolithic Revolution, 356, See agriculture, rise of.
nepotism, 126, 163
nerve system, 81, 83, 144, 147, 215, 334
net primary production, 459
Neumann, John von, 260
Neuromancer, 464
New Deal, 308
New Guinea, 152
New World, 74, 324, 330, 342
New Zealand, 50, 412
Newcomen, Thomas, 373
Newton, Isaac, 45, 57, 186
niche, 98, 115

Darwin’s finches, 51
dinosaurs and mammals, 98, 101
generalists versus specialists, 275
human evolution, 329–330
isolation, 67
market, 275, 298, 316, 406, 408, 423, 428,
439–440, 449

niche construction theory, 116, 459, See also
coevolution.

organisational, 275
semi-protected, 316
technological, 298, 439

Nietzsche, Friedrich, 141
Nigeria, 151–152
Nile, 353, 385
Noailly, Joelle, 171, 179, 393, 401
Nobel Prize, 28, 30, 40, 260, 265, 286, 340, 459
Nordhaus, William D., 400, 416, 430
Norgaard, Richard B., 243, 392–393, 436
norms, 202

crowding out, 468
economic growth, 187
effect on individual behaviour, 155
evolved, 446–447
family, 461
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platypus, 74
Pleistocene, 11, 136, 144, 219, 227, 238, 340,

342–343, 348, 350–351, 462
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structure, 161, 169, 171, 259
subpopulations, 51, 67, 74, 115, 172, 276
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population growth, 25, 111, 385, see also human
population growth.
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Porter, Michael E., 272, 423
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positive feedback, 105, 113–114, 204, 254, 257, 284,

308, 337, 358, 385
Potts, Jason, 94, 262, 302
power law, 471
precautionary principle, 406, 411, 437
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Price, George R., 27, 131, 163, 260
Prigogine, Ilya, 105, 284, 286
primates, 7, 142, 323, 385

archaic, 80
brain size, 333
comparative analysis, 145
comparison with humans, 325
complex social behaviour, 138
consciousness, 41
cultural evolution, 209
diversity, 326
evolution of morality, 162
great apes, 139–140
guilt-like behaviour, 163
indirect reciprocity, 131
musical taste, 227
nonhuman, 139
simians and prosimians, 324
social learning, 208
social strategies, 139
social structure, 139
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product life cycle, 268–269, 301–302, 307
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447
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342, 354–356, 378
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psychology.
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evolutionary forensics, 336
operant conditioning, 207, 212
psychopathology, 223
social psychology, 16, 146, 165, 175, 196–197

public choice theory, 179, 433, 447–448
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public goods, 28, 289, 357, 361, 438
public policy, 243, See also climate policy; subsidies.
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comparing evolutionary and other approaches,
445–448

Darwinian policy, 9, 433
eco-innovators, 423
energy policy, 259
evaluation criteria, 403
evolutionary analysis of policy change, 441–445
evolutionary criteria, 434
evolutionary design, 438
evolutionary environmental policy, 11
evolutionary policy, 9, 190, 313, 406, 433–435,
438–440, 447–448, 450

extended level playing field, 406–407
gender equality, 124
industrial policy, 270, 313
innovation policy, 427
law, 26
managing technical innovations, 313–316
minimal government, 251
niche management, 438
nudges, 440
optimal technological diversity, 316–318
Pareto efficiency, 445
policy effect on evolved norms, 446
policy evaluation, 403, 437, 449
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rebound policy, 425
reflexive policy, 190
regulating advertisement, 422
transition management and policy, 403
unlocking policy, 428
welfare maximisation, 446
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normative conformity, 175
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of non-conformists, 176
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religions, 168, 220, 366

Putterman, Louis, 146, 362
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Quine, W.V., 29
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races, 75, 329, 346, 354
Rankine, William, 373
Rap Guide to Evolution, The, 232
rats, 142, 208, 233, 459
Raup, David M., 34, 98
real options theory, 316, 437
rebound. See carbon rebound; energy rebound.
recapitulation theory, 70
reciprocity, 135, 140, 159, 162, 172, 339

indirect, 128
signalling, 136

recombination, 63, 93, 249, 254, 451
gene transfer, 93
genetic, 20, 85, 118
music, 229
recombinant growth, 317
sexuality, 93

recycling, evolutionary analysis, 409
Red Queen effect, 117, 250, 337
Red Sea, 353
religions, 32, 136, 177, 217

adaptive units, 221
adaptive value, 218–219
anti-syncretic rules, 219
benefits, 218
by-product explanation, 222
conflict between religions, 224
diversity, 217
economic success, 219
evolution of, 167–168, 217–225, 455
four evolutionary theories, 219–225
future, 453–455
group selection, 220
in-/out-group, 221
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interaction group and meme selection, 222
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meme selection, 221
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mono- versus polytheism, 224–225
monotheist, 168
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non-evolutionary theories, 217
projecting human features onto environment, 218
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religious genes, 222
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research and development, 250, 254, 265, 291,
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applied versus basic research, 296, 428
balanced private/public research, 315
basic research, 291, 295, 297, 315, 428, 432
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public research, 315
uncertainty types, 297
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resilience, 286, 394
and biodiversity, 394
climate resilience, 417
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(figure), 425

returns to scale, increasing, 308–313
reuse. See recycling.
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Rome, 358
rose family (Rosaceae), 82
Roughgarden, Joan, 119
Rousseau, Jean-Jacques, 141
Ruhr area, 268–269
Ruse, Michael, 7, 39, 51, 98, 132, 143, 188
Russia, 26, 95, 152, 234, 429
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savannah, 138–139, 152, 322, 330, 410
scale economies, 274, 279, 295, 298, 312, 364
Schelling, Thomas C., 263
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Schrödinger, Erwin, 284
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290, 305, 365, 368
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